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Baden-Baden  and   the   Black   Forest,  Germany. — 

The  region  of  the  Black  Forest  (Schwarzwald)  Ij'ing 
to  the  east  of  the  Khine,  between  Karlsruhe  and 
Basel  (Switzerland),  is  a  thickly  wooded  mountain 
range  of  great  beauty  and  picturesriueness,  containing 
many  climatic  anci  mineral-water  health  resorts. 
The  most  of  those  resorts  have  only  a  summer  season 
extending  from  about  the  middle  of  May  to  the  end  of 
September;  but  the  open-air  cures  for  pulmonary 
tuberculosis  remain  open  the  whole  year,  and  the 
winter  season  is  just  as  efficacious,  if  not  more  so,  in 
the  treatment  of  this  disease  as  are  the  milder  seasons 
of  the  year.  The  climate  in  general  is  that  of  Central 
Europe,  with  the  addition  of  the  peculiar  influence  of 
the  mountains  and  the  thick  fir  forests.  The  eleva- 
tions of  the  climatic  resorts  are  from  one  to  two 
thousand  feet.  In  this  country  comparable  resorts 
are  such  places  as  Rutland,  Mass.,  Saranac  in  the 
Adirondacks,  and  Liberty,  N.  Y. 

Baden-Baden  (650  feet)  lies  at  the  entrance  of  the 
Black  Forest  from  the  north,  six  miles  from  the  Rhine, 
and  is  beautifully  situated;  it  is  surrounded  by  hills 
thickly  wooded  with  the  dark  fir.  It  is  one  of  the 
most  popular  spas  of  Europe,  and,  besides  its  perma- 
nent population  of  1.5,000,  it  is  visited  in  the  summer 
by  about  00,000  people.  Moreover,  the  environs  of 
Baden  are  most  charming,  and  one  can  either  begin  or 
end  a  tour  of  the  Black  Forest  at  this  point. 

The  average  temperature  of  the  year  is  48.3°  F., 
and  for  the  summer  as  follows:  May,  53.9°  F.;  June, 
00.2°  F.;  July,  62.9°  F.;  August,  62.2°  F.;  September, 
56.6°  F.  For  the  autumn,  47.6°  F.;  winter,  34.3°  F. 
The  yearly  rainfall  is  quite  large.  The  surrounding 
hills  afford  shelter  from  the  cokl  winds  in  winter,  but 
in  midsummer  they  prevent  the  cool  breezes  from 
mitigating  the  heat  which,  for  some  pensons,  is  too 
great  for  comfort. 

The  waters  contain  sixteen  grains  of  common  salt  to 
the  pint,  at  a  temperature  of  110°  to  154°  F.  They  are 
used  for  drinking,  but  chiefly  for  bathing,  and  in  vari- 
ous forms  of  douches.  The  maladies  for  which  such 
waters  are  recommended  are  rheumatism,  gout,  lith- 
emia,  gastric  catarrh,  catarrh  of  the  bladder,  scrofula, 
chronic  metal  poisoning,  obesity,  and  chronic  catarrhal 
affections  of  the  respiratory  tract.  The  effect  of  the 
waters  when  drunk  is  diaphoretic,  diuretic,  and  laxa- 
tive. The  bath  establishments  are  extensive  and  well 
appointed,  some  of  them  luxuriously  so,  and  include 
hot-air,  vapor,  pine,  electric,  and  mud  baths,  and 
swimming  pools.  There  is  also  an  inhalation  estab- 
lishment, and  a  section  for  Swedish  massage  and 
mechanical  gymnastics.  There  is  an  elaborate  and 
extensive  Conversations-Haus  with  plea.sant  grounds, 
and  near  at  hand  is  a  Drink-halle,  most  frequented  in 
the  early  morning,  when  the  waters  are  drunk  to  the 
accompaniment  of  mu.sic,  the  usual  custom  in 
European  spas.  There  are  also  several  private  sana- 
toria under  competent  direction.  The  sanitary  condi- 
tion of  the  city  is  satisfactory,  and  the  water  supply 
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for  domestic  purposes  comes  from  mountain  wells. 
The  accommodations  are  abundant,  excellent,  and 
of  varying  price.  The  baths  are  open  all  the  year,  al- 
though they  are  most  frecjuented  during  the  season 
(May  to  October).  There  are  also  milk,  herb,  and 
grape  cures.  The  .situation  of  Baden  with  its  hills 
affords  opportunity  for  the  "Terrain-Cur."  One  can 
also  make  an  "after-cure"  here  after  a  course  of  more 
active  mineral  waters. 

East  of  Baden-Baden,  in  the  northeastern  part  of 
the  Black  Forest,  is  Wildbnd  (1,410  feet),  a  much- 
frequented  spa,  containing  indifferent  thermal  waters, 
of  a  temperature  of  91.3°  to  104.5°  F.,  used  very 
largely  for  bathing,  although  they  are  also  used  for 
drinking  and  gargling.  The  town,  of  about  3,000 
inhabitants,  lies  in  the  narrow  wild  valley  of  the  Enz, 
surrounded  by  hills  covered  with  pines,  and  pos.sesses 
an  agreeable  climate  and  excellent  drinking-water. 
The  mean  yearly  temperature  is  46.5°  F.,  and  the  mean 
monthly  temperatures  for  the  season  are:  May,  53.7° 
F.;  June,  60.8°  F.;  July,  63.1°  F.;  August,  62.6°  F.; 
September,  55.9°  F.  The  waters  are  beneficial  for 
the  class  of  cases  for  which  simple  hot  baths  are 
appropriate,  such  as  chronic  rheumatism,  gout, 
chronic  joint  pains,  metal  poi.soning,  scrofula,  func- 
tional nervous  affections,  catarrah  of  the  respiratory 
organs,  nervous  dyspepsia,  convalescence  from  acute 
and  chronic  diseases,  certain  gynecological  affections, 
and  chronic  skin  eruptions.  The  bracing  mountain  air 
found  here  also  enhances  the  value  of  a  visit  to  this 
resort.  The  application  of  the  waters  is  chiefly  in 
bathing,  and  they  are  conducted  from  the  wells  in  a 
continual  stream  at  their  natural  temperature.  There 
are  also  electric,  steam,  and  hot-air  baths;  massage 
and  gymnastics.  There  are  several  bath  establish- 
ments, the  property  of  the  Government,  two  excellent 
ones,  the  Circat  Bathhouse  and  the  Konig  Karls 
Bad,  and  others  for  the  poor  or  those  of  slender  means. 
There  are  a  variety  of  outdoor  amusements,  such  as 
fishing,  shooting,  and  tennis;  and,  as  in  almost  all 
these  resorts  so  largely  visited  by  English  and 
Americans,  an  English  church. 

Not  far  from  Wildbad  is  SAomherg  (2,130  feet), 
where  are  situated  a  number  of  sanatoria  for  pul- 
monary tuberculosis. 

St.  Blasicn  (2,530  feet),  in  the  southeastern  part  of 
the  Black  Forest,  has  an  excellent  climate  and  situa- 
tion, affording  mountain  and  forest  air,  and  is  resorted 
to,  both  in  summer  and  in  winter.  There  are  pleasant 
walks  among  the  forests  in  the  neighborhood,  and  the 
paths  are  arranged  for  the  "Terrain-Cur."  There  is  a 
well-known  sanatorium  here,  open  the  whole  year  for 
the   open-air   treatment   of   pulmonary    tuberculosis. 

At  Nordrach  (1,470  feet),  near  the  center  of  the 
Black  Forest,  existed  for  many  years  Dr.  Walther's 
celebrated  "Nordarch-Colonie,"  in  a  protected  posi- 
tion, looking  toward  the  south.  The  success  of  Dr. 
Walther  in  the  treatment  of  pulmonary  tuberculosis 
has  given  this  place  and    name   a   world-wide  fame. 
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The  climate  at  all  these  open-air  resortsin  the 
Black  Forest  is  practically  the  same:  the  air  is  fresh 
and  pure,  fairly  dry  and  equable,  and  although  cold 
in  winter  (mean  winter  temperature,  29.6°  F.)  it  is 
sunny  and  there  is  protection  from  the  ■nind.  The 
mountain  influence  is  also  apparent,  and  the  thickl3- 
wooded  character  of  the  countrj-  is  not  w-ithout  value. 

Badenweiler  (1,450  feet),  in  "the  lower  part  of  the 
Black  Forest,  is  a  popular  summer  resort  and  spa,  and 
possesses  great  beauty  of  situation  and  an  excellent 
climate,  pure  air  with  a  moderate  humidity  of  sevent3- 
per  cent.,  and  -an  equable,  mUd  temperature.  The 
mean  average  monthly  temperatures  are:  May, 
53.8°  F.;  June,  61.5°  F.;  Julv,  64.6°  F.;  August,  62. b° 
F.;  September,  57.4°  F.  The  5-early  rainfall  is  about 
forty  inches.  Badenweiler  is  used  much  more  for  a 
climatic  health  resort  than  for  its  waters,  which  are 
indifferent  thermal  (of  84°  F.).  They  are  used  in 
drinking,  in  gargling,  and  in  baths,  and  for  various 
maladies — gout,  rheumatism,  neurasthenia,  chronic 
neuralgia,  diseases  of  the  skin,  catarrh  of  the  respira- 
tory passages,  dyspepsia,  dysmenorrhea,  etc.  There 
are  two  public  bathing  pools,  the  "beautiful  marble 
bath,"  an  open  swimming  pool,  and  bath-rooms  in  a 
number  of  hotels.  The  baths  are  sometimes  artifi- 
cially heated,  and  common  salt  is  added  to  render 
them  more  stimulating.  The  milk  and  whey  cures 
can  also  be  taken  here.  The  sanitary  conditions  of 
the  town  and  the  water  supply  are  good.  There  is  also 
a  steam  disinfecting  apparatus.  The  accommoda- 
tions are  good  in  hotels  and  pensions.  In  the  ^■icinity 
of  Badenweiler  are  various  resorts  of  different  eleva- 
tions   which    offer    favorable    climatic    conditions. 

Rippoldsau  (1,856  feet)  is  situated  in  about  the 
center  of  the  Black  Fore.st  near  the  Ivniebis  Moun- 
tains, in  a  thickly  wooded  valley,  with  typical  forest 
Ecener3',  rocky  precipices,  cascades,  and  the  ever- 
present  fir  trees.  The  waters  are  gaseous  chalybeate, 
containing  bicarbonate  of  iron,  sulphate  of  sodium, 
carbonate  of  calcium,  and  free  carbonic  acid  gas. 
The  waters  are  taken  internally  in  anemia,  chlorosis, 
debility,  dyspepsia,  catarrhal  conditions  of  the 
stomach  and  bowels,  etc.  Iron  baths  are  also  used 
from  two  springs  containing  a  small  amount  of  iron 
and  rich  in  carbonic  acid  gas.  Mud  baths  are  used 
extensively  here,  and  are  said  to  be  effective  in  chronic 
rheumatic  swellings,  various  sexual  disturbances  such 
as  amenorrhea,  spermatorrhea,  and  impotence. 
There  are  also  pine-needle,  electric,  and  sand  baths, 
with  mas.sage  and  gj'mnastics.  The  baths  are  heated 
by  Schwarz's  method,  which  consists  of  the  introduc- 
tion of  steam  into  the  double  bottoms  of  the  separate 
baths.  There  are  two  well-appointed  bathhouses 
containng  twenty-five  bath-rooms.  The  yearly  aver- 
age is  about  thirty-five  hundred  baths.  The  water 
from  some  of  the  springs,  viz.,  Josef's,  Leopold's,  and 
Wenzel's,  are  bottled  and  largely  exported,  as  is  also 
the  salt  (Rippold.sau  salts).  The  accommodations 
are  good.  The  rural  simplicity  of  the  place  remains, 
many  of  the  old-time  costumes  being  still  worn  by 
the  natives. 

There  are  numerous  other  small  spas  and  climatic 
resortsin  the  BlackForest,  aU  attractively  situated  and 
affording  opportunities  for  hj'drotherapeutic  treat- 
ment or  open-air  life  in  a  fresh  invigorating  atmos- 
phere. Indeed,  a  walking,  bicycle,  or  automobile 
tour  through  this  most  picturesque  region  may  well  be 
considered  a  cure  in  it.self  for  tired  nerves  and  the 
mentally  overworked;  and  the  writer,  from  personal 
experience,  can  bear  witness  to  the  charm  and  rest- 
fmness  of  such  an  excursion:  the  air  is  so  fresh  and 
Invigorating,  the  food  so  good,  the  country  scenery 
so  attractive,  and  the  singing  of  the  skylarks  so  sweet 
and  seductive.  Edward  O.  Otis. 


Bado,     Sebastian. — (The     name     is     also    spelled 
Baldus.)     A  Genoese  physican  who  flourished  about 


the  middle  of  the  17th  centurj-,  and  who  was  one  of 
the  first  to  advocate  the  great  efficacy  of  cinchona,  or 
Peruvian  bark,  in  the  treatment  of  fevers.  He 
practised  medicine  at  Rome  for  a  certain  length  of 
time  and  then  settled  in  his  native  citj-,  Genoa.  He 
was  in  regular  attendance  at  one  or  more  of  the 
hospitals,  and  he  was  a  member  of  the  Sanitary 
CouncU  of  Genoa. 

Bado's  first  treatise  on  the  subject  of  cinchona 
bears  the  following  title:  "Cortex  peru\"iffi  redivivus 
profligator  febrium  assertus  ab  impugnationibus 
Melippi  protimi  belgse  medici, "  Genoa,  1656.  The 
second  one  was  published  seven  j-ears  later.  It 
bears  the  title:  "Ana.stasis  corticis  peru\iani,  seu 
Chinse  defensio  Seb.  Badi,  etc.,  contra  ventilentiones 
Jo.  Jacobi  Chiffletii,  gemitusque  Vopisci  Fortunati 
Plempii,  illustrium  medicorum, "  Genoa,  1663.  In 
this  treatise  the  author  gives  the  history  of  the 
discoverj'  of  "quinquina"  and  of  the  way  in  which 
it  was  introduced  into  Europe;  he  also  specifies  in 
what  classes  of  cases  the  drug  will  be  found  useful,  etc. 
Both    Torti    and    Haller    speak    well    of    the    book. 

A.  H.  B. 

Bael  Fruit. ^ — The  fruit  of  Aegle  Marmelos  Correo 
(fam.  RulacecF).  The  bael  is  a  sacred  tree  among  the 
Hindu.s,  and  its  use  in  medicine  pertains  largely  to 
religion  and  mythology.  It  is  a  near  relative  of  the 
orange,  to  which  it  bears  a  general  resemblance  in  tree, 
flower,  and  fruit.  The  fruit,  of  the  size,  shape,  and 
structure  of  an  orange  and  with  a  somewhat  similar 
pidp,  differs  in  ha\-ing  a  hard  smooth  shell,  the  pulp 
mucilaginous,  and  the  seeds  enclosed  in  a  woolly 
covering.  For  medicinal  purposes  it  is  collected  and 
dried  in  slices,  usuaUj'  in  quarters,  with  the  shell 
retained.  In  the  dried  condition  the  pulp  is  dry, 
hard,  and  gummy,  and  of  a  mucilaginous,  slightly 
acid,  and  somewhat  bitter  taste.  Although  it  con- 
tains no  tannin,  or  any  other  constituent  which 
might  be  expected  to  be  medicinal,  it  has  been 
recommended  in  diarrhea  and  dysentery.  Possibly 
the  large  amount  of  mucilage  which  it  yields  may  act 
as  a  demulcent.     There  is  no  fixed  dose. 

H.  H.  RusBT. 

Baelz's    Disease    of    the    Lip. — See    Myxadenitis 

LabialU. 

von  Baer,  Karl  Ernst — Born  at  Piep,  in  the 
Province  of  Esthonia,  Russia,  February  29,  1792. 
He  studied  medicine, 
first  at  the  University 
of  Dorpat,  and  then  at 
Wiirzburg.  At  an  early 
period  of  his  career  he 
devoted  himself  to  the 
study  of  evolution.  At 
first  he  collaborated 
with  C.  H.  Pander  in 
studies  on  the  develop- 
ment of  the  chick. 
Later,  he  extended  his 
researches  to  the  evolu- 
tion of  organisms  gen- 
erally. In  1817  he 
was  in\'ited  by  his  old 
teacher,  K.  F.  Burdach, 
then  Professor  of  Anat- 
omy at  Konigsberg,  to 
become  his  prosector 
and  chief  of  the  new 
Zoological  Museum  in 
that  city.  He  accepted  the  in^^tation,  and  continued 
his  re.searches  with  renewed  vigor.  In  1827  he  pub- 
lished, at  Leipzig,  the  now  famous  treatise  entitled: 
"Epistola  de  ovo  mammalium  et  hominis  genesi, "  a 
work  in  which  appears  for  the  first  time  a  description 
of  his  great  discovery  of  the  human  ovum.     In  the 


Fig.  612.— Karl  Ernst  v.  Baer. 
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following  year  (1S2S)  he  publislicd  tho  first  part  of 
his  largor  worlc,  "  Ueber  die  Entwickclungsgesrliiclito 
dor  Tliicre. "  The  second  part  was  not  published 
until  nine  years  later  (ls:i7).  In  ISii.j  von  Baer 
published  his  treatise  on  the  develoijnient  of  fishes, 
and  in  1S37  lie  was  appointed  leader  of  an  aretic  ex- 
pedition. The  remainder  of  his  active  life  was  devoted 
to  researches  in  geology  as  well  as  in  biology.  In 
1867  he  was  awarded  the  Copley  medal.  He  died  at 
Dorpat  November  28,  1876. 

The  writer  of  the  biographical  sketch  of  von  Baer  in 
the  Encyclopedia  Britannica  speaks  of  the  value  of  this 
investigator's  contributions  to  our  knowledge  of 
biology  in  the  following  terms:  "The  influence  of  von 
Baer's  discoveries  has  been  far-reaching  and  abiding. 
Not  only  was  he  the  pioneer  in  that  branch  of  biological 
science  to  which  Francis  Balfour,  gathering  up  the 
labors  of  many  feUow-workers,  gave  coherence  in  his 
Comparative  Embryology  (1881),  but  the  impetus  to 
T.  H.  Huxley's  researches  on  the  structure  of  the 
Medusw  came  from  him,  and  Herbert  Spencer  found  in 
von  Baer's  'law  of  development'  the  'law  of  all  devel- 
opment.'" A.  H.   B. 

von     Baerensprung,     Friedrich    Wilhelm  Felix. — 

Born  in  Berlin,  Prussia,  March  30,  1S22.  He  studied 
medicine  in  Berlin  and  Halle,  and  devoted  a  great 
deal  of  attention  to  syphilis  and  skin  diseases.  In 
1856  he  was  made  Profe.ssor  Extraordinary  of  the.=e 
two  branches  of  medical  science.  His  death  occurred 
August  26,  1864. 

Baerensprung  ranks  as  one  of  the  leading  derma- 
tologists of  the  nineteenth  century.  He  deserves 
special  recognition  because  he  demonstrated  the  fact 
that  in  herpes  zoster  there  are  pathological  changes  in 
the  .spinal  ganglia.  (His  paper  on  this  subject  is  to  be 
found  in  the  Charite-Annalen.)  His  popularity  was 
still  further  increased  by  the  fact  that — simultane- 
ously with  Traube,  but  quite  independently  of  him — 
he  drew  attention  to  the  necessity  of  ascertaining,  in 
our  examinations  of  patients,  the  temperature  of  their 
bodies.  (See  articles  in  "Miiller's  Archiv,"  18.51 — 
1852.)  A.  H.  B. 

Bagn6res»de-Bigorre. — This  is  a  town  of  about 
12,000  inhabitants,  attractively  situated  in  the 
Hautes-Pyren(^cs,  in  the  extreme  southern  portion  of 
France,  not  far  from  the  Spanish  border.  The  town 
lies  in  the  foothills  of  the  P}'r(?n(5es  at  an  elevation  of 
1,800  feet.  The  surrounding  country  is  very  beau- 
tiful and  affords  many  opportunities  for  pleasant 
e.xcursions. 

The  climate  is  mild  and  bracing  without  sudden 
changes;  the  atmosphere  is  clear  and  pure,  partaking 
more  or  less  of  the  characteristics  of  elevated  regions; 
periodic  winds  traverse  the  valley,  tempering  the  heat; 
of  the  warmest  days.  The  mean  annual  average 
temperature  is  46.5°  F.,  and  there  are  147  rainy  days 
in  the  year.  The  regular  season  extends  from  June 
1  to  October  1,  although  the  place  is  frequented 
both  winter  and  summer  by  the  residents  of  Pau — a 
health  resort  in  the  vicinity — for  the  purpo.se  of 
escaping  the  heat  in  summer,  and  enjoying  the  clear, 
dry,  bright,  and  slightly  frosty  days  of  winter. 

The  town  is  picturesque,  with  a  Spanish  appearance, 
clean  and  cheerful,  with  a  casino,  music,  shops,  an 
English  church,  many  delightful  excursions,  and 
interesting  Roman  remains.  It  is  a  good  place  for  a 
long  or  short  stay.  The  accommodations  are  good 
and  rea.sonable. 

There  are  three  classes  of  waters  obtained  and  used 
at  this  .spa:  A.  Sulphate-of-lime  springs  with  a  trace  of 
arsenic;  B.  .sulphur  waters;  C.  cold  ferruginous  waters. 
The  sulphate*-of-lime  springs  are  the  characteristic 
wafers  of  the  place  and  are  of  a  temperature  vary- 
ing from  88°  to  122°  F.  They  are  used  both  inter- 
nally, and  externally  in  the  form  of  baths,  douches, 


mas.sage,  inhalation,  vapor  baths,  etc.  There  are  a 
large  number  of  hot  sulphate-of-lime  springs;  the 
Source  Salies  is  (he  hottest  and  is  without  sulphur. 
The  water  in  appearance  is  clear,  odorless,  and  of  an 
insipid  taste.  The  direct  effect  of  the  waters  when 
taken  internally  is  to  stimulate  the  appetite  and  di- 
gestion, increa.se  the  excretion  of  urine,  and  render 
more  active  intestinal  and  bronchial  secretions.  The 
baths  are  sedative  and  soothing  to  the  nervous. system; 
render  the  circulation  fuller  and  more  steady,  and  the 
respiration  more  easy. 

The  maladies  for  which  these  waters  are  principally 
employed  are  tho.sc  connected  with  the  nervous  .system, 
such  as  hysteria,  neurasthenia,  insomnia,  cases  of 
overw-ork,  chorea,  neuralgia  and  anemia,  chloro.sis, 
gastrointestinal,  cutaneous,  and  arthritic  disturbances 
depending  upon  a  neurotic  cause;  catarrhal  conditions 
of  the  respiratory  pas.sages;  and  uterine  troubles. 
"The  dominant  indication  at  Bagneres-de-Bigorre," 
says  Burney  Yeo,  "is  neurasthenia." 

The  contraindications  are  acute  febrile  affections 
and  arteriosclerosis  in  elderly  persons. 

There  are  two  bath  establishments  with  all  the 
appliances  for  the  various  kinds  of  baths. 

Considering  the  beauty  of  the  situation,  the  ex- 
cellent climate,  the  charm  of  the  town,  and  the  effects 
of  the  waters,  one  could  hardly  imagine  a  more  favor- 
able resort  for  a  neurasthenic,  or  one  afflicted  with 
insomnia.  Edwahd  O.  Otis. 

Bahamas. — Sec  Nassau. 

Bailey    Springs. — Lauderdale     County,     Alabama. 

Po.sT-OFFi(i;. — Bailey  Springs.     Hotel. 

Access. — Via  the  Louisville  and  Nashville  railroad; 
also  by  all  steamboats  on  the  Tennessee  River. 
Tickets  should  be  taken  to  Florence,  Ala.,  nine  miles 
distant  by  carriage  or  stage.  This  is  one  of  the  old- 
lime  Southern  health  resorts,  the  springs  having  been 
in  use  for  upward  of  seventy-five  years.  They  are 
located  in  a  picturesque  vaUey  surrounded  by  a  semi- 
circular range  of  hills,  among  which  will  be  found  many 
leafy  arcades  and  rocky  nooks.  A  moss-banked  stream 
a  short  distance  from  the  springs,  known  as  Shoal 
Creek,  supplies  visitors  with  facilities  for  boating  and 
fishing.  The  hotel  buildings  are  comfortable,  old- 
fashioned  structures  situated  on  the  summit  of  the  hill, 
about  three  hundred  feet  above  the  level  of  Shoal 
Creek.  They  were  overhauled  and  brought  up  to 
modern  requirements  a  few  years  ago.  The  .springs 
here  are  five  in  number,  known  as  the  "  Rock,"  "  Free- 
stone," "Soda,"  "Alum,"  and  "Sour  Iron"  springs. 
The  most  famous  of  these  is  the  Rock  Spring  the 
analysis  of  which  is  as  follows: 

G  rains 
Solids.  per  Gallon. 

Magnesium 41 

Calcium 2.75 

Sodium 1 .  95 

Sulphur  peroxide 10 

Chlorine 1 .32 

Silica 1.10 

Potassium 19 

Carbonic  acid  gas 6.65 

Organic  matter 41 


14.88 

Ammonia,  free Traces 

Ammonia,  albuminoid 00291 

The  waters  are  recommended  for  renal  di.sease 
attended  by  dropsy,  for  dy.spepsia,  and  for  anemia 
and  general  debility.  They  are  believed  to  posse.ss 
sedative  effects  upon  the  nervous  .system,  and  in  virtue 
of  this  action  are  prescribed  in  ca.ses  of  restlessness  and 
insomnia  due  to  alcoholism,  overwork  and  anxiety. 

The  "Alum"  spring  has  acquired  considerable 
reputation  in  the  local  treatment  of  skin  affections, 
ulcerations,  and  inflammatory  affections  of  the  eye. 

Emma  E.  Walker. 


Baillie,  Walter 
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Baillie,  Walter. — Born  at  Portsham,  England,  in 
1529.  In  155S  he  was  admitted  to  the  practice  of 
medicine  by  the  University  of  Oxford.  In  1561  he 
was  made  Regius  Professor  of  Medicine  at  the  same 
Institution.  1-inally,  he  was  appointed  Physician  to 
the  Queen.  He  died  on  March  3,  1593,  and  his 
remains  were  buried  in  the  interior  chapel  of  the  college. 
One  writer  speaks  of  Baillie  as  "the  Esculapius  of  his 
time,  a  physician  well  grounded  in  the  theory  of 
medicine  and  very  successful  in  its  practice." 

The  following  are  the  titles  of  his  published  writings: 
"  A  Discourse  of  Three  Kinds  of  Pepper  in  Common 
Use,"  1558;  "A  Brief  Treatise  of  the  Preservation  of 
the  Eye-sight,"  Oxford,  1616  (also  1654);  and  "Di- 
rections for  Health,  Natural  and  Artificial,  with 
Medicines   for   all    Diseases  of  the  Eye,"  1624. 

A.  H.  B. 

de  Baillou,  Guillaume. — Born  in  the  vicinity  of 
Paris,  France,  about  1538.  He  received  the  degree  of 
Bachelor  of  Medicine  in  1568,  and  two  years  later  he 
was  given  the  doctor's  cap.  He  was  held  in  such 
high  esteem  by  his  professional  associates  that  they 
made  him  Dean  of  the  Medical  Faculty  in  1580,  and 
reelected  him  at  the  expiration  of  his  term  of  office. 
From  this  time  forward  Baillou  devoted  himself  with 
special  energy  to  the  treatment  of  disease  and  to  the 
collection  of  clinical  data  upon  which  he  might  base 
truthful  descriptions  of  the  maladies  which  came 
under  his  observation.  He  possessed  considerable 
independence  of  character,  as  evidenced  by  his 
refusal  to  take  charge  of  patients  belonging  to  Court 
circles.  On  the  other  hand,  he  showed  himself  ever 
ready  to  give  a  helpful  hand  to  the  poor  whenever 
they  had  need  of  his  professional  services  or  of 
assistance  of  any  kind.  He  died  in  1616,  at  the  age 
of  seventy-eight. 

Gui  Patin,  a  celebrated  physician  who  flourished 
about  1650,  maintained  that,  aside  from  Hippocrates 
and  Galen,  there  were  only  five  medical  authors 
whose  published  writings  he  took  any  pleasure  in 
reading;  and  BaiUou  was  one  of  these  five.  ".\11  the 
other  medical  treatises,"  Patin  said,  "were  feeble 
copies  of  these  excellent  books."  BaUlou's  chief 
distinction  lay  in  the  fact  that  he  was  one  of  the 
pioneers  in  the  movement  to  interrogate  nature 
directly  and  not  to  continue  the  harmful  practice  of 
following  the  teachings  of  the  ancients  blindly.  In 
his  writings  BaiUou  makes  it  evident  that  he  was  a 
talented  observer  and  a  practitioner  of  wide  experi- 
ence. His  writings  were  not  put  in  print  duiing  his 
lifetime;  the  manuscripts  became  the  property  of  his 
nephews,  and  they  published  them  from  time  to  time 
during  the  years  1635-1650.  Here  are  the  titles  of 
a  few  of  the  more  important  of  Baillou 's  works: 
"Consiliorum  medicinalium,"  in  three  volumes,  Paris, 
1635-1649;  "Epidemiorum  et  ephemeridum  libri  II," 
Paris,  1640;  "De  convulsionibus  libellus,"  Paris, 
1640;  "Opuscula  medica  de  arthritide,  calculo  et 
urinarum  hypostasi,"  Paris,  1643;  "De  virginum  et 
mulierum  morbis  liber,"  Paris,  1643;  and  "Opera 
omnia,"  published  in  several  editions  from  1635  to 
1762.  A.  H.   B. 

Balanites  Roxburgh!!  Planch. — (Fam.  Simaruba- 
cew.)  The  bark  and  fruit  of  this  small  tree  are  ancient 
drugs  of  India,  where  they  are  u.sed  as  purgatives  and 
anthelmintics,  both  for  human  beings  and  for  cattle. 
The  active  principle,  or  the  chief  one,  appears  to  be 
saponin.  Oil  of  Balanites  is  obtained  from  the  kernels, 
and  is  said  to  be  similar  to  peanut  oil.     H.  H.  Rusby. 

Balanitis  and  Balanoposthitis. — OdXawjs,  an  acorn; 
tt/wOt],  the  foreskin.)  An  inflammation  of  the 
mucous  membrane  covering  the  glans  penis  (balanitis) 
and  of  that  lining  the  prepuce  (posthitis).  This  is  a 
purely  local  affection  which  occurs  very  commonly  as  a 
complication  of  the  various  venereal  diseases  and, 


much  more  rarely,  with  diabetes  mellitus.  It  has, 
however,  no  necessary  relation  with  either,  and 
results  more  often  from  other  and  simpler  forms  of 
irritation. 

Etiology. — The  anatomy  of  the  part  is  the  pre- 
disposing cause  for  this  inflammation,  the  apposing 
surfaces  of  the  mucous  membrane  favoring  the  re- 
tention of  urine,  smegma,  or  various  pathological  dis- 
charges until  they  may  decompose  and  serve  as  irri- 
tants for  the  delicate  mucous  surfaces.  If  a  prepuce 
is  redundant  and  phimotic  the  opportunities  for  such 
retention  of  irritating  substances  are  so  much  the 
greater. 

Diabetes,  rheumatism,  and  gout  also  predispose  to 
this  disease. 

The  immediate  cause  of  the  inflammation  may  be 
the  mechanical  irritation  of  friction  (chafing  of  cloth- 
ing, etc.)  or  the  irritating  discharges  of  syphilitic  and 
chancroidal  lesions,  and  urethral  discharges,  gonor- 
rheal or  non-gonorrheal.  Vaginal  and  uterine  dis- 
charges introduced  under  the  prepuce  during  coitus 
may  also  serve  as  the  exciting  cause  of  the  inflamma- 
tion. By  far  the  commonest  cause,  however,  is  un- 
cleanliness  and  the  con.sequent  decomposition  of  urine 
and  smegma  with  resulting  irritation,  and  Fournier 
says  that  two-thirds  of  all  cases  are  caused  in  this  way 
by  simple  lack  of  cleanliness,  while  the  other  third  is 
caused  by  the  irritation  of  venereal  discharges. 

Symptoms. — In  the  common  and  mild  type  of  this 
inflammation  a  sensation  of  heat  and  itching  is  usually 
the  first  suggestion  of  trouble.  Examination  reveals 
a  reddened  and  swollen  membrane  and  the  beginnings 
of  an  offensive  discharge  of  a  thick  creamy  character. 
The  intensity  of  the  process  is  u.sually  greatest  in  the 
sulcus  back  of  the  corona  glandis,  as  it  is  there  that  the 
discharge  has  the  best  opportunity  to  accumulate. 
If  the  disease  progresses  a  stage  further,  the  next 
result  is  a  series  of  small  excoriations  which,  together 
with  a  more  profuse  discharge  and  a  much  greater 
swelling  of  the  prepuce  (which  in  its  turn  results  in  a 
more  or  less  complete  inflammatory  phimosis),  com- 
pletes the  picture  of  the  severe  type  of  the  disease 
which  often  occurs  as  a  complication  of  syphilis, 
chancroid,  and  gonorrhea.  Even  in  the.se  cases  the 
complication  is  not  the  result  of  the  activity  of  the 
specific  germs  of  these  diseases,  but  is  a  consequence 
of  the  irritating  character  of  their  discharges,  or  of 
an  infection  with  pus-producing  germs  contained  in 
them. 

The  erosions  sometimes  extend  and  involve  most  of 
the  mucous  membrane  of  both  glans  and  prepuce, 
in  which  case  they  are  apt  to  develop  a  circinate 
margin  which  is  quite  characteristic. 

Complications. — Occasionally  the  process  becomes 
so  se\-ere  that  gangrene  results  unless  interference  be 
prompt  and  effectual.  The  sloughing  process  may 
result  in  a  more  or  less  complete  destruction  of  the 
prepuce  and  the  formation  of  considerable  cicatricial 
tissue.  Occasionally  the  glans  penis  is  found  protrud- 
ing through  an  opening  which  has  sloughed  through  the 
prepuce.  Such  extreme  destruction  of  tissue  takes 
place  naturally  only  in  phimotic  cases  in  which  opera- 
tive interference  is  impossible  or  is  neglected. 

An  hypertrophy  of  the  tissues  of  both  prepuce  and 
glans  penis,  similar  to  that  seen  at  times  as  a  result  of 
the  long-continued  irritation  of  a  rubber  urinal,  may 
result  in  persons  who  are  subject  to  repeated  attacks 
of  balanitis.  This  hypertrophy  is  said  to  occur 
more  commonly  in  the  balanitis  which  accompanies 
diabetes  mellitus,  and  the  thick,  rigid  prepuce  is 
often  a  great  mechanical  annoyance.  It  may, 
finally,  assume  an  epitheliomatous  character. 

Condylomata  fretiuently  develop,  most  frequently 
in  the  postcoronal  sulcus,  in  cases  bf  recurrent 
balanitis. 

Lymphadenitis  occurs,  but  rarely  results  in  sup- 
purating bubo. 
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Paraphimosis  of  the  thickened  and  inflamed  pre- 
puce is  not  an  uncommon  complication. 

Diagnosis. — The  diagnosis  is  usually  easy  except 
in  cases  in  which  inflammatory  phimosis  exists  and 
a  purulent  discharge  with  non-retractile  prepuce  is 
present.  In  such  cases  a  distinct,  localized  area  of 
induration  felt  through  the  swollen  prepuce  suggests 
the  initial  lesion  of  syphilis,  and  continued  search 
generally  reveals  other  indications  of  that  disease. 
Gonococci  in  the  pus  establish  the  gonorrheal  origin 
of  the  process,  while  the  e.xtent  of  the  inflammation 
together  with  its  rapid  progress  and  the  frequent  pres- 
ence of  chancroidal  Mlcers  on  the  preputial  margin 
will  u.sually  serve  to  indicate  the  chancroidal  origin 
of  the  disea.se.  If  the  prepuce  is  retractile  and  the 
lesions  can  be  seen  anci  examined,  the  diagnosis  is 
usually  simple.  The  history  of  the  case  and  the  ap- 
pearance of  other  lesions  usually  make  the  sj-philitic 
origin  of  the  inflammation  plain,  while  the  markedly 
circumscribed  character  of  the  erosions  (which  quickly 
become  typical  chancroidal  ulcers),  together  with 
the  greater  inflammatory  hardness  and  thickening 
of  the  tissues  of  the  glans  and  prepuce,  usually  leave 
no  doubt  as  to  the  chancroidal  character  of  the  proc- 
ess. Erosions  due  to  herpes  cannot  always  be  dis- 
tinguished from  tho.<e  of  balanitis,  although  in  most 
ca.ses  some  few  small,  discrete,  herpetic  vesicles  will 
prove  characteristic  enough  to  make  the  diagnosis  clear. 

Prognosis. — The  progncsis  is  good,  but  one  should 
not  forget  the  possibility  of  the  gangrene,  which 
occurs  rarely  in  old  and  debilitated  persons  or  in  those 
cases  in  which  proper  treatment  is  neglected  or  is 
impossible. 

Tre.^tment. — The  prophylaxis  of  this  inflamma- 
tion consists  in  cleanliness.  Retraction  of  the  pre- 
puce and  daily  washing  of  the  subpreputial  cavity 
usually  suffice  to  prevent  a  recurrence  of  the  trouble. 

Treatment  of  the  ordinary  type  of  the  inflamma- 
tion should  be  carried  out  about  as  follows:  (1)  re- 
traction of  the  prepuce;  (2)  a  mild  antiseptic  wash, 
e.g.  dilute  lead  wash  or  1  to  5,000  corro.sive  subli- 
mate; (3)  careful  drj'ing  of  the  exposed  surfaces  in 
such  a  manner  as  not  to  chafe  and  irritate  them;  (4) 
dusting  on  an  unirritating  powder  such  as  bismuth, 
bismuth  and  calomel  in  ecjual  parts,  thj-mol  iodide 
(in  the  chancroidal  cases),  oxalate  of  cerium;  (.5) 
separating  the  powdered  surfaces  of  membrane  by  a 
verj-  thin  layer  of  absorbent  cotton. 

If  the  discharge  is  profuse  and  the  erosions  are 
extensive  it  is  often  of  advantage  to  omit  the  pow- 
der and  to  substitute  a  thin  layer  of  absorbent  cot- 
ton wrapped  about  the  glans  penis  and  then  moistened 
with  lead  wash  or  some  equally  unirritating  lotion. 
Erosions  or  ulcerations  which  do  not  heal  readily 
should  be  gently  touched  with  a  bit  of  cotton  on  a 
cotton  carrier  slightly  moistened  with  a  solution  of 
nitrate  of  silver — five  to  twenty  per  cent,  as  needed 
in  individual  cases. 

Phimotic  cases  are  often  very  troublesome,  as  their 
proper  cleansing  is  well  nigh  impossible  of  attain- 
ment. They  should  be  irrigated  very  often,  in  severe 
cases  every  hour  or  two,  with  warm  water  followed 
by  mild  antiseptic  solutions,  a  large  urethral  syringe 
with  a  blunt  nozzle  being  as  convenient  an  instru- 
ment as  any  for  the  purpose.  Corrosive  sublimate 
solution,  1  to  5,000,  carbolic  acid  solution,  1  to  100, 
lysol,  and  creolin  are  all  good  irrigating  fluids,  but 
the  writer  does  not  approve  of  the  u.se  of  peroxide 
of  hydrogen  in  these  cases,  as  it  is  very  irritating  and 
often  cau.ses  much  preputial  swelling  if  used  in 
strength  sufficient  to  make  it  of  much  value. 

If  the  di.sease  proves  stubborn  and  there  is  a  proba- 
bilit}'  that  the  ulcerative  process  is  extending  under 
the  tight  and  swollen  foreskin,  every  effort  should 
be  made  to  reduce  the  acuteness  of  the  inflammation 
with  hot  soakings,  etc.,  and  then  an  operation  under 
the  strictest  aseptic  and  antiseptic  precautions  should 


be  performed,  the  patient  being  told  that  he  is  not  to 
expect  a  primary  healing.  In  such  ca.ses  the  dorsal 
incision  of  the  prepuce  may  prove  adequate  to  the 
needs  of  the  case,  but  more  frequently  a  complete 
circumcLsion  is  necessary.  Even  in  the  chancroidal 
ca.-ics  the  writer  ha.s  never  met  with  any  untoward 
result  from  such  operative  procedure.s,  although  pri- 
mary healing  is  by  no  means  the  rule. 

In  aU  cases,  however  mild,  care  should  be  taken  in 
urinating  to  retract  the  foreskin  sufficiently  to  lay 
bare  the  region  of  the  meatus  if  pos.sible,  so  that  the 
urine  may  pass  clear  of  the  prepuce  and  not  contami- 
nate thesubpreputial  cotton,  and  so  render  its  very 
frequent  renewal  more  than  ever  imperative. 

Cleanliness,  then,  with  mild  but  constantly  repeated 
anti.septic  wa.shes,  and  the  dorsal  incision  or  circum- 
cision when  needed  in  severe  cases,  forin  the  basis 
of  all  treatment.  Paul  Thorndike. 

Balantidium. — A  genus  of  Infusoria  that  is  some- 
times found  in  man.  B.  coli  is  found  in  the  intestine, 
often  with  diarrhea,  and  is  .said  even  to  cause  ulcers 
in  the  intestinal  mucosa.  B.  miniUum  is  found  in  cases 
of  catarrhal  inflammation  of  the  intestine.  See 
Protozoa.  A.  S.  P. 

Balard,  Antoine  Jerome.-^Bom  at  Jlontpellier, 
France,  on  .September  30,  1S02.  In  1S26  he  dis- 
covered in  sea-water  a  previously  unknown  element, 
and  he  gave  to  it  the  name  bromine.  This  achieve- 
ment brought  him  considerable  fame,  and  in  1S51  he 
was  made  Professor  of  Chemistry  at  the  College  de 
France,  in  Paris.  He  died  in  the  latter  citv  on  April 
30,  1S76.  A".   H.    B. 

Baldness. — See  Alopecia. 

Balfour,  Francis  Maitland. — Born  at  Edinburgh, 
Scotland,  on  Nov.  10,  1S51.  He  devoted  all  his  atten- 
tion, after  1S71,  to  original  researches  in  the  domain 
of  animal  morphology.  His  first  published  writing 
(1S78)  was  a  monograph  on  the  Elasmobranch 
Fishes.  His  next  work  was  a  large  treatise  on  Com- 
parnlive  Embryology,  in  two  volumes — the  first,  pub- 
lished in  ISSO,  deals  with  the  invertebrates,  and  the 
second  (ISSl)  with  the  vertebrates.  In  18S2  Cam- 
bridge University  made  him  a  special  professor  of 
animal  morphology.  Shortly  after  he  received  tliis 
appointment  he  was  taken  ill  with  tj'phoid  fever,  and 
it  was  during  a  trip  which  he  made  to  Switzerland 
for  the  purpose  of  regaining  his  health  after  this  seri- 
ous illness,  that  he  lost  his  life  (July  19,  1882)  in  at- 
tempting the  ascent  of  one  of  the  peaks  of  the  Mont 
Blanc  group.  .\.  H.  B. 

Ballardvale  Spring. — Essex  County,  Massachusetts. 

Location. — Andover. 

Access. — The  Ballardvale  Spring  is  about  one 
mile  from  the  railway  station  at  Lowell  Junction, 
Massachusetts.  It  is  within  a  few  feet  of  good  auto- 
mobile transportation. 

The  following  analysis  of  the  water  was  made  by 
the  Bureau  of  Chemistry  in  1910: 

Parts  per  JIiluox. 

.\mmoiiium  chloride.  .'.    trace. 

Potassium  chloride 0.49 

Sodium  nitrate 0.05 

Sodium  chloride ...  3. 82 

Sodium  sulphate ...  1 .92 

Sodium  bicarbonate 0.25 

Magnesium  bicarbonate 2.SS 

Calcium  bicarbonate 4.54 

Ferric  oxide ...  0.10 

Silica .  7.30 

Total ..   21.35 

Gases.  c.c. 

Carbon  dioxide  (free) 1-7 

Carbon    dioxide    (set   free  from   bicarbonate   upon 

evaporating  to  drjTiess) 0.9 

Temperature  of  water  40°  F. 
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The  water  i.s  a  very  slightly  mineralized,  sodic, 
bicarbonated,  muriated  water  of  the  alkaline-saliue 
type.     The  spring  has  a  large  flow. 

The  water  has  been  found  useful  in  dyspepsia, 
rheumatism,  prostatic  irritation,  and  the  albuminuria 
of  pregnancy.     The  water  is  used  commercially. 

Em.m.\.  E.  W'.\lki:r. 


Ballottement. — This  term,  which  means  literally 
tossing,  was  introduced  bj-  Baudelocque  to  denote  the 
sensation  imparted  to  the  exploring  finger  when  the 
gravid  uterus  is  suddenly  forced  upward  or  backward. 
This  sensation  is  produced  by  the  fetus,  a  solid  body, 
floating  in  the  amniotic  fluid.  Pajot  likens  the  sen- 
sation to  that  produced  by  the  finger  in  striking  a 
piece  of  ice  -floating  in  a  vessel  of  water.  When  the 
finger  is  applied  dry  to  the  lump  of  ice,  the  latter  first 
slips  down  into  the  water,  and  if  the  finger  be  left  in 
position  the  ice  bobs  up  and  strikes  it.  The  first  act 
is  termed  single  ballottement  and  the  complete  act 
double  ballottement.  A  further  division  is  into  ab- 
dominal and  vaginal  ballottement,  although  the  latter 
is  commonly  implied  when  the  word  is  in  ordinary 
u.se. 

In  abdominal  ballottement  the  element  of  gravity 
is  not  present.  A  hand  is  placed  against  the  abdomen, 
on  eitner  side  of  the  uterus,  and  while  one  hand  is 
fixed,  the  fingers  of  the  other  are  pressed  abruptlj' 
against  the  uterine  w-all.  As  a  rule  single  ballotte- 
ment is  readily  obtained,  but  the  recoil  or  choc  en 
Tetour  is  often  not  forthcoming.  Instead  of  tliis  the 
opposite  or  passive  hand  often  feels  a  counterstroke 
when  the  pressure  is  made.  If  the  fundus  has  reached 
the  level  of  the  navel,  the  pressure  of  the  fetal  head 
at  this  region  may  be  revealed  by  abdominal  ballotte- 
ment properly  carried  out.  The  proper  maneuver 
is  to  place  the  right  palm  against  the  fundus,  while 
sudden  pressure  is  made  against  the  latter  with  the 
finger  tips  of  the  left  hand  previously  pressed  deeply 
into  the  abdomen.  Abdominal  ballottement  may 
sometimes  be  obtained  as  early  as  four  and  a  half 
months,  but  is  not  clean  cut  as  a  rule  until  the  be- 
ginning of  the  si-xth  month. 

Vaginal  ballottement  can  seldom  be  elicited  until 
after  the  middle  of  the  fourth  month.  To  obtain 
it  the  tips  of  the  inde.x  and  middle  fingers  are  intro- 
duced into  the  anterior  vaginal  cul-de-sac,  face  down- 
ward. Vclpeau  advi-sed  that  the  fingers  be  place<l 
against  the  cervix.  Pressure  is  then  made  against 
the  lower  segment  of  the  uterus  until  the  most  de- 
pendent portion  of  the  fetus  is  felt.  The  latter  is 
then  suddenly  thrust  away  bj'  the  fingers,  whereupon 
it  rises  in  the  amniotic  fluid.  Ordinarily  the  choc 
en  retour  is  not  only  tardily  perceived  but  it  is  also 
but  slightly  in  evidence.  As  a  rule  vaginal  ballotte- 
ment is  done  with  the  patient  standing  or  reclining. 
It  may  be  eff'ected  in  the  lying  posture  but  is  less 
trustworthj'. 

Ballottement  is  hardly  suited  for  a  universal  re- 
source in  the  diagnosis  of  pregnancy,  for  it  can  seldom 
be  elicited  in  breech  and  shoulder  presentations  and 
is  without  value  in  the  diagnosis  of  twin  pregnancy. 
Since  pressure  is  made  in  the  inferior  segment  in 
vaginal  ballottement  the  latter  is  of  no  value  when 
the  insertion  of  the  placenta  is  low  down  in  the  uterine 
cavity. 

The  chief  value  of  ballottement  is  early  in  the 
middle  third  of  gestation,  before  other  pathogno- 
monic signs  are  in  evidence.  Hence  the  earher  it  can 
be  obtained,  the  greater  its  value.  When  the  test  is 
positive  at  the  fourteenth  week,  the  existence  of 
pregnancy  is  practically  assured,  irrespective  of  the 
outcome  of  other  tests.  But  since  as  a  rule  it  cannot 
be  depended  upon  until  some  days  after  the  twentieth 
week,  the  diagnosis  should  have  been  made  by  other 
means  by  that  time.  Therefore,  it  is  not  of  much 
value  in  routine  work.  Edw.\rd  Preble. 

G 


Ballston  Spa. — Saratoga  County,  New  York. 

Post-office. — BaUston.     Hotels. 

Access. — From  Albany  via  Delaware  and  Hudson 
Railroad,  thirty-two  miles  north.  The  location  is 
seven  miles  southeast  of  Saratoga  Springs.  The 
town  is  connected  with  these  places  by  both  steam 
railroad  and  trolley. 

The  fame  of  Ballston  Springs  is  almost  coeval  with 
that  of  Saratoga,  and  at  one  time  it  was  a  formidable 
rival  of  that  celebrated  resort.  Ballston  is  a  very 
attractive  town,  where  those  who  wish  to  avoid  the 
whirl  of  Saratoga  may  live  quieth^  and  drink  excel- 
lent mineral  waters  at  the  same  time.  There  are  two 
excellent  sanatoria  in  the  town.  Some  of  the  springs 
are  very  heavily  mineralized.  Following  are  analyses 
of  four  of  the  most  important: 

OxE  UxiTED  States  Gallox  Contains: 


Solids. 

Artesian   Lithia 

Spring.      C.   F. 

Chandler. 

Grains. 

Comstock,  former- 
ly Franklin  Min- 
eral Spring.  C.  F. 

Chandler.     Grains. 

-o  .  g 
a  J 

12.66 

16  88 

Sodium  bicarbonate 

11.93 

94.60 

43.41 

29  20 

iron  oxide). 

238.16 

202.33 

5.76 

Magnerium  bicarbonate. .  . 

39.10 

180.60 
0.87 
7.75 

1.58 
3.88 

177.87 

Trace. 

6.78 

1.61 
1.23 

Lithium  bicarbonate 

Iron  carbonate 

Iron  bicarbonate 

5.95 

1.76 

0.52 
0.05 

Trace. 

750.03 

33.28 

3.64 

Trace. 
0.12 
0.08 
0.76 

Trace. 

0.76 
0.01 

Trace. 

659.34 

33.93 

4.67 

Trace. 
0.24 
0.26 
0.74 

Trace. 

424.96 

Sotassiura  chloride 

Sodium  bromide 

Calcium  fluoride 

Sodium  iodide 



143.73 

1.30 

Silica 

1.00 

8.00 

Organic  matter 

Total 

247.15 

1,233.25 

1,184.37 

486.56 

Gas. 

Cubic 
Inches. 

Cubic 
Inches. 

Cubic 
Inches. 

Cubic 
Inches. 

Carbon  dioxide 

4,261.14 

460.06 

244.00 

It  will  thus  be  observed  that  these  waters  are  quite 
similar  to  those  of  Saratoga.  Some  of  them  are 
indeed  much  richer  in  mineral  ingredients  than  any 
of  the  Saratoga  waters.  They  are  all  saline,  but 
some  of  them,  as  will  be  .seen,  are  quite  heavily  im- 
pregnated w'ith  calcium,  iron,  and  magnesium.  The 
waters  are  certainly  of  great  value  for  medicinal  pur- 
poses, and  have  proved  useful  in  disorders  of  the 
stomach,  liver  and  kidneys;  also  in  constipation,  gout, 
and  rheumatism.  There  are  several  other  well- 
known  springs  at  Ballston,  among  them  being  the 
Washington  Lithia  Well  and  the  Iron  .Spring. 

Emma  E.  Walker. 


Balm. — This  name,  as  well  as  various  compounds 
of  it,  has  been  applied  to  so  many  diff'erent  plants 
that  its  use  is  altogether  indefinite.  Only  four  of 
these  drugs  are  of  anv  degree  of  importance,  and 
tlieir  descriptions  should  be  sought  as  follows:  For 
Lemon  Balm,  to  which  the  term  balm  is  most  appro- 
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priately  applied,  see  Melissa;  for  Boe  Balm,  soe 
Monarda;  for  Patchouli  Balm,  see  Patchouli;  for 
Mountain  Balm,  see  Eriodiclyon.       H.  H.   Rusby. 

Balm,  Lemon. — See  Melissa. 

Balm  of  Qilead. — A  resinous  exudation  or  so-called 
balsam,  from  the  Balsamodendron  gileadense  Kunth 
(fam.  Burseracea-},  a  small  tree  of  the  Red  Sea  region. 
It  has  ordinary  aromatic  stimulant  properties.  It 
is  no  longer  in  use,  but  pos.se.s.ses  considerable  histor- 
ical interest.  The  name  has  also  been  applied  to  our 
northern  balsam  fir  and  its  products  (.see  Canada 
Balsam),  as  well  as  to  the  buds  of  Populus  candirans 
Alton.  H.  H.  Rusby. 


Balneology. — The  scientific  medical  study  of  loath- 
ing and  medical  springs  (Oxford  Dictionary).  Bal- 
neology is  a  part  of  the  larger  science  of  medical 
hj'drology  wliich  is  that  department  or  division  of 
medical  science  which  treats  of  the  use  of  waters, 
especially  mineral  waters,  for  therapeutic  purposes 
(Foster's  Encyclopedic  Medical  Dictionary).  Hy- 
drotherapy is  a  term  usually  appUed  to  the  use  of 
ordinary  water,  not  necessarily  mineralized,  for 
medical  treatment;  but  of  late  there  is  a  tendency  to 
enlarge  the  apphcation  of  this  word  so  as  to  include 
balneology  as  weO. 

The  history  of  the  science  of  hydrology,  including 
balneology  and  hydrotherapy,  is  most  interesting, 
reaching  back  to  the  earliest  period  of  civilization, 
reveaUng  the  most  remarkable  variations  in  popu- 
larity and  relative  position  in  the  importance  assigned 
to  it  in  medical  practice.  The  temples  dedicated  to 
^Esculapius,  the  god  of  medicine,  were  erected  near 
these  springs  and  they  were  commonly  made  the 
sites  of  hospitals,  medical  schools,  baths,  and  resorts 
for  the  sick.  According  to  Peale,  for  five  centuries 
mineral  waters  were  almost  the  only  medicines  used 
in  Rome.  It  is  claimed  that  there  were  at  one  time 
800  thermae  in  Rome  some  of  wliich  were  marvels  of 
luxury  and  their  ruins  are  now  among  the  most 
interesting  relics  of  the  Eternal  City.  For  historical 
notes  see  Peale,'  Fox,-  and  Weber. ^ 

To  trace  this  science  from  rude  beginnings  to  the 
present  would  require  a  volume.  Tlie  modern 
student  and  practitioner  is  confronted  with  the  most 
difficult  and  abstruse  ciuestions  relating  to  the  chem- 
istry of  mineral  springs  and  their  phj-siological  action 
that  are  almost  the  despair  of  those  of  ordinary 
scientific  training.  The  chemical  analy.ses  of  waters 
on  which  so  much  stress  has  been  laid  ever  since 
analytical  chemistry  has  been  employed  to  determine 
their  character  are  now  themselves  in  process  of 
passing  into  history.  A  glance  at  the  recent  publica- 
tions of  the  chemical  division  of  the  United  States 
Geological  Survey  shows  how  completely  the  modern 
chemist  has  changed  his  notation  to  conform  with  the 
latest  discoveries  in  the  science  of  radicles,  molecules, 
atoms,  and  ions.  (See  Chase  Palmer,*  Talbot,  and 
Blanchard.^) 

\n  ion  is  an  atom  or  group  of  atoms,  forming  in 
itself  a  complete  individual,  and  possessing  a  charge 
of  electricity;  it  may  be  produced  by  the  dissociation 
of  larger  electrically  neutral  molecules  (that  is,  of 
the  molecules  of  compounds  as  ordinarilj'  expressed 
by  their  chemical  formulas)  into  smaller  ones  bearing, 
respectively,  equivalent  amounts  of  positive  and  nega- 
tive electricity.  In  every  solution  the  aggregate  of 
charges  on  the  positive  ions  which  it  contains  must 
be  exactly  equalized  by  the  sum  of  the  charges  on 
the  negative  ions  present,  otherwise  the  solution  as  a 
whole  could  not  be  electrically  neutral.  There  is, 
apparently,  in  solutions  some  specific  power  in  the 
solvent  by  virtue  of  which  it  is  able  so  to  force  itself 
in  between  the  parts  of  the  molecules  as  to  separate 
them  into  ions.     Different  solvents  vary  greatly  in 


the  extent  to  which  they  po.ssess  this  power,  water 
ranking  as  the  most  powerful.  (See  Talbot  and 
Blanchard.') 

Dr.  R.  Fortescue  Fox,-  of  London,  presents  this 
subject  clearly:  "In  all  medicinal  springs  no  doubt 
much  importance  attaches  to  the  form  in  which  the 
ingredients  are  presented  in  a  more  or  less  dilute  solu- 
tion. It  would  even  seem  that  very  dilute  waters 
are  sometimes  the  most  active.  Water  has  the  power 
of  fluidifying,  or  rendering  motile,  the  majority  of 
solids.  This  fluidification,  as  in  the  case  of  vaporiza- 
tion, is  associated  \\ith  a  loo.sening  of  the  mechanical 
and  chemical  structure  of  the  particles.  This  proc- 
ess as  applied  to  salts  is  described  as  dissociation. 
Water  further  has  the  property  of  taking  up  mole- 
cules produced  in  this  manner  between  its  own  mole- 
cules, rendering  them  fluid  and  motile,  dissolving 
them,  and  increasing  their  chemical  activity.  More- 
over, these  separated  particles,  or  ions,  whether  basic 
or  acid,  carry  a  positive  or  negative  electric  charge 
and  do  not  exhibit  the  usual  properties  of  the  free 
elements.  In  a  solution  of  sodium  chloride,  for 
instance,  completely  ionized,  neither  the  cation 
(sodium)  nor  the  anion  (chlorine)  exhibit  the  proper- 
ties of  these  elements  in  free  state.  It  is  note- 
worthy that  the  degree  of  ionization  is  in  proportion 
to  the  dilution  of  the  solution.  In  man}-  medicinal 
waters  it  is  supposed  that  the  saline  constituents  are 
in  a  state  of  complete  ionization." 

We  now  have  some  insight  into  the  remarkable 
effect  of  waters  of  low  mineralization  and  can  underr 
stand  why  the  free  motihty  of  the  particles  of  matte- 
may  be  essential  to  active  metabolic  processes  as  lias 
been  suggested. 

All  waters  carrjnng  less  than  150  parts  per  million 
of  total  mineral  matter  are  considered  "low";  over 
500  parts,  "high";  and  over  2,000  parts  "very  high." 
Of  course  low  concentrations  of  powerful  radicles 
like  arsenic  may  be  therapeutically  very  powerful. 

Once  firmly  established  in  the  mind,  the  ionic  form 
of  expression  in  parts  per  million  or  milUgrams  per 
kilogram  will  be  found  the  easiest  to  comprehend  and 
to  calculate  and  in  harmony  with  that  will  be  the 
universal  methods  of  stating  the  composition  of 
waters. 

Equivalents  for  Converting  Analyses  of  Water 
INTO  Parts  per  Million. 

Parts  per      100,000  X  0.7      =  grains  per  imperial  gallon  (277  cu.  in.) 

Parts  per  1 ,000,000  X  0.07   =  grains  per  imperial  gallon 

Parts  per  1,000,000X0.058  =  grains  per  U.  S.  gallon  (231  cu.  in.) 

Grains  per  imperial  gallon  H-0.7       =  parts  per  100,000 

Grains  per  imperial  gallon  .^0.07     =  parts  per  1,(X)0,000 

Grains  per  U   S.  gallon        H-0..5S     =  parts  per  100,000 

Grains  per  U.  S.  gallon         h-O.OoS  =  parts  per  1,000,000 

One  part  per  hundred  (percentage)  =  10,000  parts  per  million 

One  part  per  thousand  =  1,000  parts  per  million 

One  gram  per  hter  ~  1 ,000  parts  per  miUion 

One  milligram  per  liter  =1  part  per  million 

One  grain  per  U.  S.  gallon  =17,118  parts  per  million 

One  grain  per  imperial  gallon  =14,261  parts  per  million 

The  definition  of  a  mineral  water  varies  with  tlie 
point  of  view  of  the  chemist,  the  geologist,  the  physi- 
cian, and  the  dealer.  Each  has  liis  standard  and  no 
arbitrary  line  depencUng  on  total  content  of  minerals 
or  salts  in  solution  can  be  drawn  between  so-called 
pure  waters  and  those  commonly  denominated  as 
mineral  waters.  Indeed  the  most  pojDular  and  com- 
mercially valuable  "mineral"  water  in  America  has 
almost  a  minimum  of  solid  constituents. 

In  what  form  and  in  what  combinations  the  simplest 
salts  exist  in  mineral  waters  or  in  artificial  solutions 
demands  the  most  serious  attention.  Take,  for 
example,  pure  water  and  add  to  it  sodium  chloride 
and  potassium  sulphate;  we  have  instantly  formed 
in  solution  sodium  sulphate  and  potassium  chloride  in 
addition  to  the  two  original  salts  as  well  as  the  sodium, 
pota.ssium,  chloride,  and  sulphate  ions.  So  the  chem- 
ists tell  us.     The  electrolytic  dissociation  theory  goes 
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farther  and  gives  us  an  entirely  new  conception  of 
the  relation  of  radicles  or  ions  in  various  solutions. 

An  inkling  of  the  state  of  the  radicles  of  salts  in 
solution  is  given  in  what  chemists  in  later  years  have 
been  stating  as  the  "h^-pothetical  combinations" 
appended  to  their  analj'ses  so  as  to  correlate  them 
with  the  time-honored  method  of  notation. 

In  the  past  we  have  been  furnished  with  data  of 
the  most  diverse  kinds.  Crook'"  after  an  inspection 
of  about  1,000  analyses  noted  that  at  least  fort3'-two 
methods  of  stating  the  results  have  been  employed. 
Thej'  are  aU  likely  now  to  be  superseded  bj-  the  ionic 
form  which  assigns  weights  directly  to  the  chemically 
active  parts  of  the  dissolved  substances  instead  of 
using  those  parts  to  build  imaginary  structures 
(C.  Palmer) .  Tlie  sooner  we  adopt  a  value  of  milhgrams 
per  liter,  or  parts  per  miUion,  discarding  the  historic 
"gallon"  and  think  only  of  radicles  instead  of  salts 
we  shall  make  a  great  advance  and  put  ourselves  in 
harmony  with  modern  nomenclature. 

For  a  comparison  of  these  methods  take  the 
anah'sis  of  sea  water,  a  mineral  water  of  the  widest 
distribution. 


There  maj'  be  a  combination  of  gases  indicated  by 
the  term  sulphocarbonated,  etc.;  we  may  also  carry  the 
subdivision  further  and  according  to  the  predominant 
basic  radicle  term  the  water,  sodic,  lithic,  potassic, 
calcic,  magnesic,  chalybeate  (containing  iron), 
aluminous,  or  in  combinations  as  "calcic,  magnesic," 
etc. 

Alkaline  TV.^ters. — These  may  be  termed  sodic, 
sodic-magnesic,  alkahne-chaly  bea  te  ,  or  calcic. 
AlkaUnity  may  be  due  to  sodium,  potassium,  or 
Uthium  (primar3'  alkalinity);  or  it  may  be  due  to  the 
presence  of  alkahne  earths,  calcium  and  magnesium 
(secondary  alkalinity).  The  term  "primarj-,"  in 
this  connection,  indicates  an  association  with  the 
alkalies  of  the  oldest  rock  formations  of  which  the 
alkahes  are  the  principal  soluble  decomposition 
products.  The  alkahnity  of  waters  due  to  contained 
calcium  and  magnesium  is  termed  "secondary"  be- 
cause they  occur  in  connection  with  rocks  of  more 
recent  or  secondary  (stratified)  formation.  Springs 
of  this  class  commonly  contain  carbonic  acid  gas 
which  increases  palatability  and  solvent  power;  they 


Ocean  Water. 

Amounts  Assigned  to  Hj-pothetical  Combinations. 

Amounts  to  Radicles. 

Combinations. 

Jlilligrams  per             Grains  per 
liter.                    U.  S.  gallon. 

Radicles.                       \     Milligrams  per 
1             Uter. 

Sodium  chloride  (XaCl) .... 

27.215 
3,807 

1,658 

1578.4 
220.8 

Sodium  (Na)   ...      .                                      10,710 

AfftompiHiim   phloriHp  fMgf!l-») 

'    Pnf.issiiim  <K1                                                                390 

Magnesium  sulphate  (MgSO*) 

flfi    1                      Cnlr-iiim   (Pal                                                                          4>0 

1,260                              7.1.0                  llfiBT-esiiim  (Mel 1.300 

Potassium  sulphate  (K-.SO*) 

863 

76 

121 

50.0 

4.4 
7.0 

Sulphate    (SOO 2,700 

Chloride  (CD  .      .              ....             19,350 

Bromide  (Br) 60 

.35.000 

2029.7 

33,000 

The  classification  of  mineral  waters  has  been  at- 
tempted by  many  men  of  man^'  minds  but  we  believe 
we  owe  to  Dr.  A.  C.  Peale,  of  the  Smithsonian  Institu- 
tion, Washington,  the  best  and  most  comprehensive 
classification  which  he  first  presented  in  a  paper  read 
before  the  .\merican  Climatological  Association  in 
1887.  He  has  classified  all  the  mineral  springs  of  the 
United  States  that  have  been  analj-zed  and  he  has 
found  it  to  meet  the  requirements  in  every  case. 

All  mineral  waters  are  divided  into  two  great  groups 
and  are  then  treated  precisely  alike  with  reference  to 
their  chemical  contents.  Group  A,  cold  (non-thermal) 
springs.  Group  B,  thermal  springs.  A  spring  is 
"thermal"  when  its  temperature  is  above  the  mean 
annual  temperature  of  its  locality;  it  is  "cold"  when 
below  that  temperature.  A  spring,  therefore,  might 
be  thermal  in  .\laska  when  a  spring  having  an  iden- 
tical temperature  would  be  cold  in  Virginia. 


{Sulphated. 
Borated. 
Muriated. 

i  Sulphated. 
Borated. 
Muriated, 
/  Sulphated. 
I  Muriated. 

(Sulphated. 
Muriated. 
Silicious. 
Class  5.  Xeutral  or  indifferent  waters. 


Class 


Class  3.  Saline 


The  existence  or  non-existence  of  gaseous  contents 
may  be  shown  thus:  (1)  Xon-ga.seous:  (2)  Carbonated 
(containing  CO,) :  (3)  Sulphureted  (containing  H;S); 
(4)  .-Vzotized  (having  nitrogen  gas);  (5)  Carbureted 
(having  carbureted  hydrogen);  (6)  Radioactive  waters. 
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also  merge  by  gradation  into  the  succeeding  classes, 
alkaline-saline  and  saline.  Some  of  the  notable 
alkaUne  springs  in  the  United  States  are:  the  Xavajo 
spring  at  Manitou,  Colorado;  Ukiah  Vichy,  Cahfornia, 
and  Cahfornia  Seltzer;  Waukesha  Springs  (White 
Rock,  Clysmic),  Wisconsin;  Londonderry  Spring, 
New  Hampshire. 

These  waters  stimulate  the  action  of  the  stomach 
and  check  acidity  and  fermentation;  they  increase  the 
urine  and  lower  its  acidity  and  have  a  good  influence 
on  the  mucous  membrane  of  the  entire  digestive 
tract.  Hence  they  are  used  in  the  treatment  of  acid 
dyspepsia  and  flatulence.  They  are  useful  in  chronic 
gastric  catarrh  with  hyperchlorhydria,  rheumatism, 
and  gout. 

Diabetes  was  at  one  time  supposed  to  be  favorably 
influenced  by  the  alkaline  waters  and  even  yet 
patients  suff'ering  from  tliis  complaint  are  commonly 
sent  to  Vichy  or  to  Carlsbad.  This  mode  of  treatment 
arose  from  the  view  put  forward  by  Mailke  that  the 
disease  was  due  to  incomplete  oxidation  of  sugar 
owing  to  lack  of  alkali  in  the  blood.  This  doctrine  has 
long  since  passed  away,  but  the  practice  founded  on 
it  still  survives.  Many  patients  are,  in  reality,  much 
benefited  by  a  course  at  Vichy  or  at  Carlsbad;  but 
there  is  every  reason  to  believe  that  this  is  due  not  to 
the  waters  but  to  the  careful  regulation  of  the  diet. 
The  alkaline  salts  have  been  shown  by  many  observers 
to  have  no  power  to  diminish  the  formation  of  sugar, 
while  in  all  cases  the  copious  administration  of  water 
is  injurious.  Unless  alkalies  are  called  for  on  some 
independent  ground  they  should  not  be  given  in 
diabetes.     (W.  R.  Huggard."*) 

Lilhic  Alkaline  Waters. — It  used  to  be  believed, 
and  spring  owners  never  failed  to  claim,  that  there 
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are  wonderful  virtues  in  the  lithium  waters  of  this 
class.  The  advertised  analyses  showed  as  high  as 
twentj'-two  grains  per  gallon  of  carbonate  of  lithium 
in  one  case  and  absolutely  fictitious  amovmts  in 
many  cases.  The  U.  S.  (iovcrnnient  has  put  a  stop 
to  this  and  the  word  "lithia"  does  not  now  ajjpear  on 
so  many  mineral  water  labels  as  formerly.'  It  is  not 
proved  that'  lithia  has  any  therapeutic  effect  very 
different  from  its  congeners,  sodium  and  potassium. 
"Lithium  ajipears  in  several  alkaline  waters,  but 
in  such  minute  quantities  as  to  have  no  therapeutic 
value.  The  form  in  which  it  usually  occurs  is,  more- 
over, the  chloride  which  is  devoid  of  solvent  action 
on  uric  acid  and  its  compounds."     (W.  R.  Huggard.'') 

The  waters  of  Carlsbad  in  Austria,  Fachingen  in 
Germany,  and  \'ichy  in  France  are  notable  examples 
of  the  alkaline  waters. 

Calcic-M amnesic  Alkaline  Waters. — The  waters  of 
secondary  alkalinitj',  or  those  containing  notable 
amounts  of  calcium  and  magnesium,  are  commonly 
denominated  calcareous  waters.  They  contain  a 
notable  proportion  of  the  alkaline  earths  belonging 
to  the  secondary  geological  formations.  The  salts  of 
calcium  are  sparingly  soluble  in  water  and  give  it  a 
characteristic  usually  termed  "hardness."  "Waters  of 
excessive  hardness  are  entirely  unsuitable  for  drink- 
ing but  this  quality  does  not  prevent  their  use  for 
batliing.  Most  of  the  thermal  springs  of  Virginia 
and  West  Virginia  belong  to  this  class,  tiie  strongest 
or  hardest  being  used  for  the  baths  and  those  of 
weaker  character  being  used  internally.  The  Warm 
Springs,  Hot  Springs,  and  HeaUng  Springs  of  Virginia 
are  in  the  same  valley  where  limestone  belonging 
to  the  Silurian  and  Cambrian  (Valley  Limestone) 
formations  underlie  the  surface.  These  thermal 
springs  range  in  temperature  from  84°  to  10G°  F.  and 
have  been  used  since  Revolutionary  days  for  bathing 
and  internal  use.  The  Healing  Springs  water,  which 
is  principally  used  internally,  contains  calcium  bicar- 
bonate as  its  principal  mineral,  anah'ses  showing 
356  parts  per  million  or  356  milligrams  per  kilogram 
(20.7  grains  per  gallon).  Calcium  sulphate  is  absent. 
This  absence  of  calcium  sulphate  is  a  great  advantage, 
as  indigestion  and  constipation  are  less  hkely  to  be 
caused.  In  this  respect  Heahng  Springs  water  bears 
a  close  resemblance  to  those  of  Wildungen.  The  waters 
used  for  bathing,  those  coming  from  the  BoUer  spring 
at  Hot  Springs,  are  too  hard  for  internal  use. 

One  of  the  notable  discoveries  of  the  last  century 
was  made  by  Thomas  Clark,  of  England,  who,  in 
1841,  patented  a  process  for  removing  the  objection- 
able constituents  of  hard  water.  He  discovered  that 
ordinary  hme  water  precipitated  the  soluble  calcium 
bicarbonate  as  calcium  carbonate  and  that  all  the 
calcium  was  removed  simultaneously  from  the  water 
so  treated  and  from  the  reagent  as  well.  This  process 
has  been  of  immense  value  industrially  and  hygieni- 
cally  and  has  been  widely  employed.' 

Ocean  water  contains  an  excessive  amount  of 
calcium  and  magnesium,  not  altogether  dissociated 
from  the  chlorine,  amounting  in  all  to  420  parts  per 
million  for  calcium  and  1,300  parts  for  magnesium; 
the  carbonate  content  in  this  case  is  70,  the  chlorine 
content  amounting  to  19,350. 

Calcic,  or  calcareous,  waters,  when  not  associated 
with  chlorine  or  the  sulphate  radicle,  have  a  beneficial 
effect  in  cases  of  gout  and  rheumatism  and  in  counter- 
acting hyperacidity  of  the  stomach  and  urinary 
tract.  The  calcium  salts  are  excreted  by  the  intes- 
tine in  the  form  of  a  phosphate  and  so  the  latter's 
transference  to  the  kidneys  and  urine  is  prevented. 
Von  Noorden  has  shown  that  the  total  amount  of 
phosphates  in  the  urine  is  diminished  and  as  the 
reaction  of  the  urine  approaches  alkalinitj',  the 
proportion  of  clisodium  to  monosodium  phosphates 
is  modified  in  favor  of  the  former. 

ilost  of  these  waters  contain,  in  the  natural  state, 
carbonic  acid  gas  and  therefore  are  best  used  at  their 


source.  Calcium  salts  are  eagerly  sought  by  the 
acids  of  imjjerfect  digestion.  The  latter  readily 
combine  with  the  bases  thus  furnished,  and  probably 
in  this  manner  obviate  union  with  similar  ba.ses  found 
in  bone,  cartilage  of  joints,  and  in  other  natural 
tissues  of  the  Ijody.  A  proper  selection  of  food  is 
usually  enjoined  at  spas  for  treatment  of  rheumatism 
and  gout,  in  which  vegetables  rich  in  salts  are  recom- 
mended so  that  diet  goes  hand  in  hand  with  mineral 
waters  in  the  treatment  of  these  affections. 

Calcic  and  magnesic  waters  favorably  influence 
rheumatism  of  a  suljacute  or  chronic  tj-pe,  pyelitis 
from  kidney  concretion,  chronic  gonorrhea,  and 
bronchial  catarrh.  They  probably  also  favorably 
affect  scrofulosis,  rachitis,  and  osteomalacia  as  they 
supply  the  deficient  salts. 

Very  recently  attention  has  again  been  called  to  the 
need  of  lime  salts  in  the  treatment  of  tuberculosis. 
It  is  claimed  that  lime  starvation  should  he  corrected 
by  dietetic  methods  and  in  this  way  calcareous  waters 
should  have  a  prominent  place.     (Van  Gieson.*) 

There  are  vaiuable  thermal  calcareous  springs  in  the 
mountains  of  Virginia,  West  Virginia,  and  Arkansas, 
some  of  them  almost  entirely  free  from  sulphureted 
hydrogen.  There  are  valuable  cold  sulphureted 
calcic-magnesic  sulphated  alkaline-saline  waters  at 
Richfield  and  Sharon,  New  York.  The  waters  of 
Bedford  Springs,  Pennsylvania,  of  Contrex(5ville, 
France,  and  Leuk,  Switzerland,  are  non-gaseous 
calcic,  sulphated  waters. 

Saline  Waters. — This  large  and  important  class 
presents  all  gradations  from  the  weaker  alkaline 
salines  to  the  strong  brines.  They  may  contain  large 
quantities  of  hydrogen  sulphide  (H,S)  or  carbon 
dioxide  (COj).  Like  the  alkaline  wafers  they  may 
be  referred  to  as  having  primary  salinity  (Na,K)  or 
secondary  salinity  due  to  the  presence  of  the  calcium 
and  magnesium  (earths)  and  the  stronger  acid 
radicles.  The  term  "tertiary  salinity"  is  used  to 
represent  acid  waters  in  which  the  percentage  values 
of  the  strong  acids  present  are  greater  than  those  of 
the  alkalies  and  earths. 

Well-known  examples  of  saline  waters  are  those  of 
Mount  Clemens,  Michigan;  Glen  Springs,  Saratoga 
Springs,  Clifton  Springs,  Columliia  Springs,  New  York; 
Caledonia  Springs,  between  Montreal  and  Ottawa, 
Canada;  Byron  Springs,  Eureka  Springs,  and  Calistoga 
Springs,  California.  These  show  a  large  amount  of 
chlorides  and  are  therefore  called  "muriated  sahnes." 
Another  large  division  is  called  "sulphated  saline" 
because  of  the  predominance  of  the  sulphate  radicle. 
They  contain  magnesium  sulphate  (Epsom  salt)  and 
sodium  sulphate  (Glauber's  salt)  or  tneir  respective 
radicles.  Other  bases  such  as  calcium  and  iron  are 
also  commonly  associated;  likewise  large  quantities  of 
hydrogen  sulphide. 

The  salines  have  an  important  place  therapeutically 
on  account  of  their  laxative  or  purgative  properties. 
They  have  an  immense  commercial  value  and  although 
in  the  United  States  there  are  large  numbers  of  these 
springs  whose  waters  have  been  extensively  sold  for 
a  hundred  years  we  nevertheless  import  vast  quanti- 
ties from  Europe.  The  importation  and  sale  of 
saline  waters  of  the  sulphated  variety  includes  well- 
known  Hunjadi,  .\penta,  Rubinat,  Carabana,  Scid- 
litz,  and  Friedrichshall. 

It  should  be  noted  that  in  the  Saratoga  waters,  for 
example,  there  is  more  lithium  than  in  so-called  lithia 
waters;  the  preponderance  of  the  sodium  chloride, 
however,  determines  the  character  of  Saratoga  waters, 
such  as  Congress  and  Hathorn,  as  saUne  and  they  are 
u.sed  accordingly.  The  chloride  of  magnesium  in 
saline  waters  is  a  constituent  of  the  Miitterlage  of 
salt  works;  it  is  present  in  the  Dead  Sea  and  in  the 
stronger  brines  of  Michigan  and  New  York.  Potas- 
sium chloride  and  calcium  chloride  are  of  no  great 
advantage,  as  such,  when  taken  internally  although 
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the  former  is  credited  with  increasing  the  flow  of  bile 
and  improving  the  appetite.  It  is  doubtful  if  we  can 
differentiate  any  effect  from  these  lesser  constituents 
when  using  waters  in  wiiich  other  elements  greatly 
preponderate. 

The  use  of  sodium  chloride  waters  undoubtedly 
causes  an  increase  in  the  flow  of  gastric  juice,  bile, 
pancreatic  juice,  and  intestinal  fluid;  the  appetite  is 
usually  increased  and  the  whole  digestive  tract 
freshened.  There  is  little  opportunity  for  intestinal 
putrefaction,  fermentation,  or  autointoxication  from 
the  alimentary  canal  when  these  waters  are  faithfully 
and  judiciously  used.  The  chlorinated  waters  have 
some  advantages  over  tlie  sulphated  waters,  or  bitter 
waters,  in  the  case  of  thin  persons  whose  portal 
circulatorj'  system  is  supposed  to  be  sluggish.  They 
correct  atonic  dyspepsia,  furred  tongue,  bad  taste  in 
the  mouth  and,  as  noted,  almost  always  improve  the 
appetite.  This  is  the  secret  of  the  immense  popularit\' 
of  Saratoga  Springs  in  the  earher  days;  those  who 
went  there  to  drink  the  waters  were  well  rewarded 
and  we  trust  that  we  may  see  that  spa  restored  to  its 
former  sphere  of  usefulness. 

The  waters  of  French  Lick,  in  their  concentrated 
form,  are  liliewise  purgative  and  depend  on  the  pres- 
ence of  sulphates. 

Saline  waters  have  long  been  employed  externally 
for  rheumatic  and  gouty  affections;  in  connection 
with  carbon  dioxide  they  are  used  very  extensively 
for  the  treatment  of  cardiac  diseases.  The  plan  of 
treatment  afforded  at  Nauheim  in  Germany  where 
the  brothers  Schott  met  with  remarkable  success,  has 
been  adopted  at  other  European  spas  and  has  been 
imitated  with  more  or  less  success  by  artificial  means. 
The  great  advantage  which  Nauheim  has  lies  in 
the  immense  quantity  of  water  containing  carbonic 
acid  gas  in  connection  with  chlorides  and  in  the  prox- 
imity of  the  salt  works  where  a  strong  brine,  or  miitter- 
lage,  is  available  for  use  in  baths.  Last,  but  not 
least,  the  physicians  of  the  place  have  developed  a 
plan  of  treatment  suited  to  a  large  number  of  patients 
presenting  a  group  of  symptoms  of  cardiac  and 
circulatory  disturbances.  Constant  experience  in  a 
given  class  of  cases  is  a  great  aid  in  adapting  the 
treatment  to  individual  needs.' 

Iron,  or  Chaltbe.\te,  Waters. — "Steel"  waters 
of  Europe.  Iron  is  found  very  frequently  in  mineral 
waters  and  in  all  of  the  four  principal  classes.  We 
may  have  an  alkaline  chalybeate;  an  alkahne-sahne 
sulphated  chalj'beate;  an  alkaline-saline  muriated 
chalybeate,  and  an  acid  sulphated  or  muriated 
chalybeate. 

There  are  no  absolutelj'  pure  chalybeate  waters  but 
the  iron  exists  in  connection  with  the  bicarbonates, 
sulphates,  chlorides  and  with  other  metals  such  as 
calcium,  magnesium,  and  aluminum.  They  are 
thermal  or  non-thermal  and  are  associated  with  free 
carbonic  acid  gas  and  hydrogen  sulphide.  A  water 
containing  bicarbonate  of  iron  is  usuaUy  preferable 
for  continued  use  as  a  tonic  to  one  holding  sulphate 
of  iron,  as  the  latter  is  more  astringent. 

Free  sulphuric  acid  and  alum  salts  render  some  iron 
springs  unfit  for  use;  but  where  these  constituents 
are  in  moderate  quantity  and  may  be  taken  at  their 
source  the  effect  is  often  beneficial.  A  relaxed 
mucous  membrane  with  a  tendencj'  to  diarrhea  and 
anemia  may  be  treated  successfully  with  a  water  of 
this  type.  Good  examples  are  Rockbridge  alum  water, 
Virginia,  or  the  Oak  Orchard  Springs,  New  York. 

For  continued  use  in  anemia  and  chlorosis  -we 
naturally  choose  a  water  with  bicarbonate  of  iron, 
from  a  cold  spring  with  an  ab\mdance  of  carbonic 
acid  gas.  In  the  United  States  we  have  Berkeley 
Springs,  West  Virginia;  "Round"  Spring  at  Aurora 
Springs,  Missouri.  Those  of  Spa  in  Belgium.  Schwal- 
bach,  in  Germany,  and  St.  Moritz  in  Switzerland. 
These  waters  contain  respectively  109  parts,  95  parts, 
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and  47  parts  per  miUion  (in  each  gallon  6.4,  5.6,  and 
2.8.  grains)  of  bicarbonate  of  iron.  They  are  agreeable 
to  take  bj'  reason  of  the  large  amount  of  carbonic 
acid  gas  present. 

EngHsh  chalybeate  spas  include  Tunbridge  wells 
in  Kent  and  Fhtwick  Well  in  Bedfordshire.  The 
Flitwick  water  contains  2,428  parts  per  million  of 
sulphate  of  iron  (170  grains  to  the  gallon)  and  is 
bottled  for  sale.  The  waters  of  Harrogate  and 
Buxton  also  contain  iron;  the  so-called  "Ivissingen" 
well,  one  of  the  eighty  springs  of  Harrogate,  contains 
about  ten  grains  of  bicarbonate  of  iron  per  gallon; 
while  the  "Chloride  of  Iron"  well  contains  227  parts 
per  million  (13.3  grains  of  chloride  of  iron  per  gallon) 
and  191  parts  per  miUion  (11.2  grains  per  gallon)  of 
bicarbonate  of  iron.  The  waters  of  these  chalybeate 
springs  of  Harrogate  are  bottled  after  being  artifi- 
cialh'  charged  witii  carbonic  acid  gas.  At  Harrogate 
they  are  generally  taken  after  being  heated. 

Waters  containing  bicarbonate  of  iron  require 
great  care  in  botthng  as  most  of  the  iron  is  liable  to 
be  deposited  on  the  sides  of  the  bottle  in  the  form  of 
an  insoluble  oxide.  To  prevent  tliis  the  waters 
must  be  sterilized  to  prevent  the  growth  of  any 
microbes;  they  must  be  thoroughly  charged  w-itli 
carbonic  acid  gas  and  be  very  carefully  closed. 
Chalybeate  waters  always  give  the  best  results  when 
taken  directly  from  the  spring. 

One  reason  whj^  the  iron  waters  do  not  act  so  well 
after  bottling  is  that  if  much  lime  is  present,  as  is 
frequently  the  case,  the  iron  precipitates.  The  waters 
of  Schwalbach,  on  that  account,  keep  better  than 
those  of  Pyrmont  which  contain  Ume  in  abundance. 
Those  from  the  Prince  de  Conde  Spa  keep  the  best 
of  all  and  may  be  given  in  quantities  of  from  one  to 
four  tumblers  a  day.  They  aid  digestion  and  improve 
the  quality  of  the  blood. 

Iron  waters  are  best  taken  after  meals  in  quantities 
varying  from  four  to  eight  ounces.  The  use  of  eight 
ounces  may  produce  headache  in  susceptible  patients. 
It  is  best  to  order  a  saline  water  before  breakfast 
when  giving  iron  waters. 

The  waters  of  Franzenbad,  Marienbad,  and  Kissin- 
gen  (Rakoczy)  aU  contain  some  bicarbonate  of  iron 
and  are  bottled  for  use.  Iron  springs  are  rather 
common  in  the  United  States.  One  of  the  purest 
chalybeate  springs  gives  the  following  analysis: 

''Round"  Sprixg,  Aukora  Springs,  Missouri. 


Parts  per 
million. 

Grains  per 
U.  S.  gallon. 

Ferrous  carbonate. . 

87.8 
15.9 
118.9 
68.6 
41.4 
24.4 

5  13 

Ferrous  oxide 

Magnesium  chloride 

Sodium  chloride 

Calcium  sulphate 

0.93 
6.95 
4.01 
*>  42 

Lithia 

1.43 

Iron 

Salts. 

Parts  per 
million. 

Grains  in  one 
gallon. 

Cresson  Springs,  Pa.,  Iron  spring 
Cresson  Springs,  Pa.,  .-Vlum  spring 

Mardela  Spring,  Md 

Rock  Enon  Springs,  Va 

^la-ssanetta,  Va 

487.8 
763.4 
196.8 
243.0 
53.0 
135.2 
481.0 
17,973.0 

28.5 
44.6 
11.5 
14.2 
3  1 

Napa  Soda  Springs,  Cal 

Topeka  Mineral  Well,  Kansas. . . 
Matchless  Mineral  Water,  Ala. .. 

7.9 

28.0 

1,050.0 

Chalj-beate  waters  are  useful  in  anemia,  general 
debility,  and  scrofula.  The  more  astringent  waters 
may  be  chosen  in  cases  of  chronic  diarrhea  and   in 
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malarial  cachexia.  Iron  waters  are  generally  deemed 
unsuitable  in  any  case  of  fever,  in  gastric  irritability 
and  in  pulmonary  diseases  only  if  hemorrhage  is  a 
feature.  Like  most  mineral  waters  they  are  diuretic. 
If  associated  with  a  little  arsenic  or  manganese  their 
value  is  probably  enhanced. 

Arsenic  Waters. — Waters  of  this  class  are  found 
in  the  United  States  and  Europe,  the  best  known 
being  as  follows: 


Parts  per 
million. 


Grains  of  As 
per  gallon. 


^MontDore,  Puy  de  Dome.  France 
l^evico,  Austrian  Tyrol,  .Strong  . 

Koncegno 

Crockett  Arsenic  Lithia  Spring, 
Montgomery  Co.,  Va. 


11.9 

10.2 

3.9 

2.4 


0.7 
0.6 


0.14 


These  waters  contarn  iron  as  sulphate.  The  small 
quantity  of  arsenic  acid  or  arsenous  salts  is  readily 
taken  up  in  the  blood  stream  and  increases  the  amount 
of  hemoglobin.  Arsenic  has  an  effect  on  the  skin 
which  seems  to  be  better  nourished.  According  to  the 
investigations  of  Schultz  and  Binz  the  process  of 
transformation  of  arsenous  acid  into  arsenic  within 
the  body  may  possibly  cause  a  to-and-fro  movement 
of  the  oxygen  atoms  in  the  protoplasm  which,  in 
connection  with  the  direct  effect  of  small  doses  of 
arsenic,  stimulates  the  processes  of  tissue  formation. 

Gaseous  Waters. — The  presence  of  gases,  such  as 
nitrogen,  carbon  dioxide,  or  hydrogen  sulphide,  adds 
a  distinctive  character  to  mineral  waters  and  some- 
times suggests  the  name  of  the  spring.  It  is  a  well- 
known  fact  that  the  estimation  of  gases  in  mineral 
waters  is  quite  uncertain,  varying  more  than  in  the 
analyses  of  solid  contents  by  different  chemists. 
Gases  are,  naturallj',  volatile  and  must  be  estimated 
at  the  spring  and  even  then  the  results  vary  greatly. 
The  fact  that  waters  are  released  from  all  pressure  on 
their  emergence  at  the  springs  determines  the  escape 
of  the  contained  gas.  This  has  led  to  some  very 
interesting  questions  and,  incidently,  to  lawsuits. 
These  hinged  on  the  point  whether  a  water  was  still 
natural  when  the  original  gas  had  escaped  and  when 
the  gas,  or  other  similar  gas,  has  been  recombined  with 
the  water  under  artificial  pressure.  Natural  waters 
were  formerly  admitted  free  of  duty  into  the  United 
States  and  artificial  waters  were  taxed.  The  famous 
case  of  the  U.  S.  Government  vs.  the  Apollinaris  Co. 
was  decided  after  much  litigation  in  favor  of  the  latter. 

It  should  be  remembered  that  a  given  quantity  of 
water,  e.g.  one  liter  of  water  at  15°  C.  and  at  the 
ordinary  atmospheric  pressure,  can  contain  the  same 
volume,  one  liter  of  carbonic  acid  gas;  but  to  contain 
five  times  that  bulk  it  must  be  subjected  to  a  pressure 
of  five  atmospheres.  In  the  case  of  hydrogen  sul- 
[ihide,  at  lo°  (J.  and  at  atmospheric  pressure,  as  much 
as  3.24  volumes  can  bo  contained.  Heating,  however, 
in  ad  cases  speedily  reduces  the  percentage  of  gas 
contained  and  hence  it  is  that  cold  ga.seous  springs 
are  usually  more  highly  charged  than  hot  gaseous 
springs.  Practically,  all  carbonated  waters  when 
bottled  for  sale  are  artificially  charged.  All  mineral 
waters  should  be  taken  as  fresh  as  po.ssibie.  If 
bottled  waters  are  used  the  best  of  corks  should  be 
used  and  if  this  point  is  neglected  the  water  is  liable  to 
deteriorate,  lo.se  its  proper  taste,  and  may  be  positively 
dangerous.  Hence  waters  should  be  purchased  from 
a  large  dealer  whose  stock  is  never  allowed  to 
deteriorate. 

Radioactive  Waters. — Professors  B.  B.  Boltwood 
and  J.  H.  Pratt,  of  New  Haven,  have  tested  a  large 
number  of  mineral  springs  for  radioactivity.  Of  the 
waters  of  Hot  Springs,  Arkansas,  they  report  forty-four 


radioactive  to  a  marked  degree;  this  is  due  to  dis- 
solved radium  emanation  (a  gas)  and  not  due  to  the 
presence  of  salts  or  other  radioactive  solids;  the  tufa 
deposited  by  the  springs  does  not  conta'ii  any  appre- 
ciable traces  of  radium.  Padioactivity  is  a  quality 
lost  very  soon  after  bott'ing. 

We  should  endeavor  to  cultivate  a  rational  u.se  of 
mineral  waters  and  a  true  knowledge  of  their  contents 
and  physiological  action.  The  majority  of  people 
depend  on  the  advertised  anah'sis  of  waters  and  the 
statements  of  their  owners,  or  their  agents,  regHTdine 
thc'r  action  on  the  system.  Others  rely  upon  personal 
experience  at  the  fountain-head  or  on  ptiysicians  who 
have  studied  their  effects.  The  empiric  method  and 
the  scicntihc  investigation  should  go  hand  in  hand. 
The  United  States  Government  and  the  French  Gov- 
ernment through  the  "Commission  des  Eaux  Miner- 
ales"  of  the  Acad^mie  de  Medecine  have  taken  this 
matter  in  hand.  For  the  past  twenty  years  no  mineral 
water  can  be  advertised  as  such  or  can  a  mineral 
water  station  be  exploited  in  France  without  the  favor- 
able recommendation  of  the  commission  under  whose 
direction  the  analyses  are  made.  Such  a  guarantee 
of  accuracy  has  been  lacking  in  the  United  States 
until  recently.  It  needs  only  a  glance  at  the  U.  S. 
Government  report  on  Lithia  Waters  to  see  what 
absurd  claims  were  made  by  mineral  spring  ow-ners 
as  to  the  amount  of  lithia  contained  when  the  U.  S. 
Government  chemists  showed  that  the  lithia  content 
in  many  cases  was  inappreciable.* 

Although  there  is  a  widespread  belief  in  the  specific 
action  of  mineral  waters  when  used  for  bat liing  there 
is  no  scientific  basis  for  the  supposition  that  any  of  the 
mineral  contents  are  absorbed  through  the  uninjured 
skin  when  the  body  is  immersed.  This  subject  is  a 
large  and  important  one  and  has  been  the  subject  of 
most  careful  observations  in  Germany  and  Austria." 
The  beneficial  action  of  mineral  waters  when  ex- 
ternally used  depends  on  the  action  on  the  periph- 
eral nerves  or  end  organs  of  the  skin  and,  by  them, 
on  the  central  nervous  system;  and  on  the  thermic 
stimulus  in  connection  with  the  physical  force  used 
in  the  applications.  The  thermic  stimulus  is  suc- 
ceeded by  a  reaction  which,  in  most  cases,  is  brought 
about  when  the  waters  are  properly  appUed.  The 
body  reacts  to  heat  or  plus  (iiyperthermal)  stimula- 
tions, and  to  cold  or  minus  stimulations.  We  can 
thus  heighten  innervation,  lower  or  abolish  it  at  the 
point  of  application,  or  in  the  central  organs,  or  by  re- 
fle.x  processes  in  the  most  varied  motor  and  vasomo- 
tor tracts.  As  Winternitz  puts  it:  "Thermal  stimula- 
tions are  therefore  indicated  when  innervation  re- 
quires to  be  strengthened,  suspended,  or  altered." 
He  assigns  in  this  class  of  effects  the  first  place  to 
the  action  of  baths  on  the  vasomotor  center.  This  is 
the  kej'  to  the  action  of  baths  in  fever. 

Balneology  includes  not  only  the  internal  adminis- 
tration of  waters  but  also  baths  in  mineral  springs. 
These  uses  of  waters  are  almost  always  associated 
and  different  obser\'ers  from  time  immemorial  have 
attached  different  values  to  these  two  therapeutic 
methods.  At  most  spas  both  modes  are  utilized. 
Their  combination  in  a  given  case  usually  gives  the 
best  results.  At  resorts  like  Saratoga  the  internal 
u.se  of  the  spring  waters  takes  precedence,  while  at 
Mount  Clemens,  Michigan,  White  Sulphur  Springs, 
West  Virginia,  and  Nauheim  in  Germany  baths  are 
chiefly  rehed  upon.  At  Hot  Springs,  Virginia, 
French  Lick,  Indiana,  Carlsbad,  Austria,  and  Aix- 
les-Bains  and  Vichy  in  France  the  combined  method 
prevails.     It  is  rather  significant  that  in   the   three 

*  Lately  the  United  States  Government  has  undertaken  a 
thorough  investigation  of  the  chemical  and  medicinal  properties 
of  the  waters  of  Hot  Springs,  Arkansas,  where  there  are  two 
government  hospitals  and  where  the  entire  property,  including  the 
springs  belongs  to  the  United  States.  This  commi.ssion  involving 
an  outlay  of  $50,000  will  probably  be  authorized  by  the  present 
Congress. 
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great  resorts  for  the  treatment  of  gout  and  rheuma- 
tism in  the  United  States  these  affections  have  been 
treated  with  great  success  for  many  years  with  baths 
of  widely  different  character.  Take,  for  example,  the 
analyses  of  waters  at  Hot  Springs,  Virginia,  Hot 
Springs,  Arkansas,  and  Mount  Clemens,  Michigan. 
Tne  latter  baths  have  over  one  thousand  times  as 
much  solid  contents  as  the  Arkansas  baths  and  eighty 
thousand  times  as  much  common  salt.  The  Arkansas 
Springs  have  half  as  much  calcium  bicarbonate  as  the 
Virginia  Hot  Springs.  Neither  contain  iron,  while  the 
Mount  Clemens  baths  are  rich  in  iron. 


Analysis  in  parts 

per  million. 

Hypothetical 

combinations. 


Hot  Springs, 

Arkansas. 
Big  Iron  Spg. 


Hot  Springs, 
Virginia. 
Boiler  Spg. 


Mt.  Clemens, 

Michigan. 
Park  Baths. 


NH4CI  

KCl  

NaCl 

MgCh  

CaCl. 

Na:SO» 

MgSO, 

K;SO, 

MgFr 

NaBO] 

Mg(HC03)2.... 
CaCHCOs): .... 
FE2O3  +  AI2O3. 

FE203 

MnCHCOs)!  ... 

SiOi 

CaS04   


0.119 
3.050 
1.650 


10.06 
1.30 


1.98 

20.10 

190.00 

0.27 


1.09 
45.60 


9.3 


63.0 
146.0 
11.5 


52.0 
397.0 


33  5 
33.0 


12.500 
112.482 

25,743 
125,800 


1,176 


495 


2,490 
18,103 


Total  solids. . .         284.88 

745.3 

298,789 

Gases.       CO2  Cubic  inches  1 .6 

24.6 

3.5 

HiS  per  gallon        0 

0 
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If  we  assume  that  approximately  equal  results  are 
achieved  by  a  course  of  bathing  in  waters  so  dissimilar 
we  cannot  avoid  the  influence  that  the  chemical 
constituents  of  these  different  springs  are  not  per  se 
th3  active  therapeutic  agents.  That  certain  baths 
should  be  used  for  a  case  of  syphilis  and  the  same  for 
a  case  of  gout  with  good  results  ought  to  suggest  that 
the  hydrotherapeutic  or  balneological  methods 
employed  are  more  potent  than  the  fact  that  the 
waters  emploj'ed  have  a  special  chemical  analysis. 
The  differentiation  of  mineral  springs  for  therapeutic 

Eurposes  luissome  practical  basis;  but  we  believe  it  has 
een  carried  too  far,  especially  in  European  practice. 

Guy  Hinsdale. 
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Balsatnum  Peruvianum. — Balsam  of  Peru.  "A 
bal.-^am  obtained  from  Toluifcra  pereirw  (Royle) 
Baillon  (fam.  Lcguminosa:) ."  (U.  S.  P.)     This    is   a 


good-sized  tree,  with  a  dark,  smooth  trunk,  Ijranching 
near  the  ground.  It  attains  often  a  height  of  sixteen 
or  eighteen  meters  (.52  to  58  feet),  and  resembles,  in 
its  botanical  characters,  T.  balsamum,  described  in  the 
succeeding  article.  It  is  a  native  of  Central  America, 
and  protected,  but  not  really  cultivated,  as  a  source 
of  the  balsam,  in  the  Indian  reservation  land.s  of  San 
Salvador,  along  the  Balsam  Coast.  It  is  has  been 
introduced  into  Cej-lon,  where  it  flourishes  vigorously. 

Balaam  of  Peru  was  one  of  the  earliest  products 
carried  to  the  Old  World  from  Central  .\mcricaj  and 
was  at  first  extravagantly  prized  for  its  medicinal 
properties,  as  well  as  for  its  use  as  incense  in  the 
Catholic  churches.  It  was  at  first  exported  indirectly, 
l3y  way  of  more  southern  South  American  ports, 
and  by  this  means  it  received  its  misleading  name  of 
balsam  of  Peru.  None  genuine  is  now-,  or  ever  has 
been,  produced  in  Peru. 

The  collection  is  made  in  November  or  December,  at 
the  end  of  the  rainy  season,  when  the  bark  is  fuU  of 
resin.  The  Indians,  to  whom  the  trees  belong,  then 
beat  the  trunks  on  four  sides  with  the  heads  of  their 
axes,  or  with  hammers,  so  as  to  bruise  four  strips  of 
bark,  and  leave  as  many  similar  ones  untouched. 
After  a  few  days,  they  scorch  or  ignite  the  contused 
surfaces  with  torches,  which  serves  to  increase  the 
flow  of  re.sin,  and  then,  waiting  another  week,  tear 
off  the  loosened  strips  of  bruised  bark  and  swathe 
the  stems  in  rag.s,  to  absorb  it.  When  the  ■cloths  are 
saturated,  they  are  boiled  in  a  vessel  of  water,  and 
the  balsam  melted  out  of  them  collects  in  the  bottom, 
and  is  easily  separated.  The  following  year  the 
remaining  portions  are  similarlj'  treated;  and  in  the 
second  year  those  operated  upon  first;  so,  by  judi- 
cious treatment,  a  continuous  annual  yield  is  obtained 
for  a  number  of  years. 

Balsam  of  Peru  is  a  dark,  thickish  liquid,  looking  at 
a  little  distance  like  dark  molasses;  it  does  not  draw 
out  into  a  thread  and  is  not  sticky;  when  shaken  up 
upon  the  sides  of  a  containing  glass,  the  thin  layer  so 
obtained  is  yellowish  or  reddish-brown  and  trans- 
parent. Its  specific  gravity  is  1.140  to  1.50  at  15° 
C  A  specific  gravity  of  1.140  or  higher  will  exclude 
the  more  important  adulterants.  It  has  a  rather 
smoky,  but  not  unplea.sant,  balsamic  and  slightly 
vanilla-like  odor  and  a  taste  which,  at  first  mild, 
becomes  later,  in  the  fauces,  warm  and  acrid.  It  is 
in.soluble  in  water,  yielding  to  it  only  a  little  free 
cinnamic  acid,  but  mixes  freely  with  chloroform  and 
absolute  alcohol.  It  does  not  dry  or  undergo  much 
change  upon  exposure  to  the  atmosphere,  and  should 
contain  no  fat.  Thirty  per  cent,  of  it  should  dissolve 
in  benzin.  An  artificial  mixture  is  now  largely  sold 
in  this  country  as  "synthetic"  Balsam  of  Peru,  and 
much  that  is  sold  as  genuine  contains  an  admixture 
of  more  or  less  of  the  artificial. 

The  composition  of  the  balsam  is  not  very  simple, 
but  the  principal  constituents  are:  (1)  not  more 
than  thirty-two  per  cent,  of  a  resin  insoluble  in  carbon 
disulphide,  and  which  may  be  separated  by  means 
of  that  agent;  (2)  nearly  sixty  per  cent,  of  cinnamein, 
a  brownish,  aromatic  liquid  (benzj-lic  cinnamate, 
which  this  is  supposed  es.sentially  to  be  when  pure,  is 
really  a  crystalline  solid) ;  (3)  traces  of  cinnamic  and 
benzoic  acids  and  more  or  less  stjTol  and  stj'racin. 
Additional  amounts  of  benzoic  and  cinnamic  acids, 
with  styrol  and  toluol,  are  obtained  on  dry  distilla- 
tion. Benzoate  of  benzyl  also  occurs  in  varying 
amounts.  At  least  sixty-five  per  cent,  should  con- 
sist of  aromatic  substances.  Balsam  of  Peru  has  no 
specific  physiological  action.  It  is  a  mild  carminative 
and  diffusive  stimulant,  and  acts  as  an  antiseptic, 
especially  in  excretion  through  the  urinary  passages. 
Locally,  it  is  mildly  parasiticidal,  and  it  acts  as  a  dis- 
infectant and  stimulating  application  to  wounds  and 
ulcers  which  lack  a  di.spo.sition  to  heal.  For  the  latter 
purpo.se,  a  ten  per  cent,  solution  in  castor  oil  or  vase- 
line is  u.sed.     Travelers  in  tropical  South  America  com- 
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nionly  carry  the  balsam  and  apply  it  freely  to  fresh 
wounds.  The  dose  is  n^  x.  to  xxx.  (0.6  to  2.O.).  There 
is  no  official  preparation.  The  volatile  oil,  distilled 
off,  is  an  article  of  commerce  used  in  perfumery. 

Henry  H.  Rusby. 


Balsamum  Tolutanum. — Baham  of  Tolu.  "  A 
bal.sani   obtained   from   Toluijera  balsarnum  L.  (fam. 

Leguminosce)."     (U.  S.  P.) 

This  is  a  fine,  large  evergreen  tree,  with  a  tall, 
straight  stem,  often  rising  from  thirteen  to  nineteen 
meters  (forty  to  sixty  feet)  without  a  branch,  then 
bearing  a  fine  round  crown.  The  leaves  contain 
abundance  of  fragrant  oil,  the  branches  and  stem  are 
filled  with  oil  and  resin.  It  is  a  native  of  Venezuela 
and  New  Granada.  The  balsam  has  been  exported 
from  the  latter  state  since  the  middle  of  the  sixteenth 
centviry.  It  is  collected  by  the  Indians,  and  was 
already  an  object  of  value  among  them  when  the 
country  was  discovered.  Deep  V-shaped  incisions 
.  are  made  in  the  trunk,  and  at  or  below  the  point 
where  they  meet  a  ves.sel  is  fastened  to  receive  the 
exudation.  These  receptacles  are  usually  cala- 
bashes or  gourds,  and  many  such  may  be  arranged 
at  the  same  time  around  the  stem  of  a  large  tree. 
As  they  become  filled,  they  are  emptied  into  leather 
bags,  in  which  they  are  carried  to  the  market  or  town, 
and  there  again  they  are  at  present  usually  emptied 
into  tin  cans  for  exportation. 

It  is  a  soft  brown,  resinous  substance,  when  fresh 
sometimes  thin  enough  to  pour;  usually  soft  enough 
to  be  dipped  out  with  a  spoon  or  spatula,  but  upon 
expo.sure  becomes  harder  and  finally  brittle,  although 
easily  softened  by  warmth.  It  has  a  brown  color, 
but  in  thin  layers  is  yellowi.sh,  and  either  transparent 
or  cloudy,  by  the  deposition  of  crystals  of  cinnamic 
acid.  The  odor  is  delicate  and  very  pleasant,  recall- 
ing that  of  Siam  benzoin,  and  improves  with  age. 
The  balsam  is  almost  insoluble  in  water,  but  freely 
soluble  in  alcohol  and  chloroform.  Its  most  impor- 
tant constituent  is  benzj'l  benzoate,  a  volatile  oil, 
but  solid  at  a  temperature  below  20°  C.  There  are 
also  some  benzj'l  cinnamate,  traces  of  cinnamic  and 
benzoic  acids,  and  a  variable  amount  of  resin,  usually 
nearly  ninety  per  cent.  About  one  per  cent,  of  a 
volatile  oil  (tolane)  is  obtained  upon  distilling  with 
water.  The  resin  can  be  separated  into  two  resins 
by  treatment  w-ith  alcohol. 

The  medicinal  quaUties  of  tolu  are  even  less 
marked  than  those  of  Peru  balsam,  as  the  acrid 
quality  of  the  latter  is  almost  wanting  in  the  former; 
still  it  is  very  much  the  more  in  use,  on  account  of  its 
pleasant  odor  and  taste.  It  is  usually  called  expec- 
torant, etc.,  and  is  a  common  ingredient  in  cou.gh 
mixtures,  but  in  a  form  which  is  medicinally  wholly 
inert,  further  than  for  a  passing  local  effect  upon  the 
fauces.  If  given  with  any  expectation  of  modifying 
the  bronchial  surfaces,  it  must  be  in  doses  of  not  less 
than  gr.  xv.  to  xxx.  (1.0-2.0)  or,  probably,  better  by 
vapor.  Of  the  preparations,  the  syrup  has  a  strength 
of  one  per  cent.,  and  this  consists  of  the  oil  and 
crystallizable  acids  only,  not  of  the  resin.  It  is  simply 
a  vehicle.  The  tincture,  Tinctura  Tolutanum,  U.  S.  P., 
strength  ten  per  cent.,  represents  the  entire  balsam, 
but  contains  a  large  dose  of  alcohol  in  addition  to  the 
medicine  in  question.  In  the  compound  tincture  of 
benzoin  (Tinctura  Benzoini  Composita,  U.  S.  P.)  it  is 
a  subordinate  adjunct.  So  the  best  ways  to  give  the 
balsam  internally  and  alone  are  bj'  pill  or  an  emulsion 
extemporaneously  made.  Both  this  and  the  preced- 
ing balsam  are  used  in  toilet  soaps  and  for  similar 
purposes,  as  perfumes,  etc.  Henry  H.  Rusby. 


Baltimore. — The  chief  city  of  Maryland,  with  a 
population  of  5.58,785.  It  is  picturesquely  situated 
on  the  north  branch  of  the  Patapsco  River,  14  miles 


from  its  entrance  into  Chesapeake  Bay,  and  about 
200  miles  from  the  ocean.  It  is  a  large  manufacturing 
and  commercial  center,  and  has  a  capacious  and 
.safe  harbor.  It  is  the  .scat  of  the  great  Johns  IIo|)kin3 
University  and  Ho.spital,  is  well  built,  and  has  a  large 
park  of  OSO  acres  (Druid  Hill  Park).  It  is  about  40 
miles  from  Washington  and  100  miles  from  Phila- 
delphia. It  is  said  to  be  a  very  healthy  city,  and  has 
a  mild  climate,  as  the  following  table  indicates: 

Climate  of  Baltimore.    Md.,    LATrrcDE   39°    18',    Longitiide 

76°  37'.     Period  op  Observation.  13  Years;  Elevation  of 

Place   of   Observation  Above  Sea  Level,  14  Feet. 


Data. 


January.        July.  Year. 


Temperature — Average  mean  or 
normal. 

Average  daily  range 

Mean  of  wannest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity — Average  mean  relative 
Precipitation — .\verage  in  inches . 
Wind — Prevailing  direction 

Average  hourly  velocity  in  miles. 
Weather — Average  number  of 
clear  days. 

Average  number  of  fair  days.  .  . 

Average  number  of  fair  and 
clear  days. 


34.6°  F. 

78.5° F. 

13. 5°  F. 

16. ST. 

40. 5°  F. 

86.8°  F. 

27°      F 

70°     F. 

71°      F. 

99°     F. 

6°      F. 

59°     F. 

70.8% 

64.3% 

3.05 

4.06 

N.W. 

S.W. 

3.5 

5.6 

7 

9.2 

13.2 

14.5 

20.2 

23.7 

.50  F. 


66.4% 

-51.98 

\.W. 

5.8 
108 


151 
259 


Explanation  of  Temperature. — The  average  mean 
or  normal  temperature  is  deduced  from  the  mean 
temperature  of  individual  months,  obtained  from 
three  daily  observations,  viz.,  at  7  a.m.,  3  p.m.,  and 
11  P.M.  For  example,  the  mean  temperature  for 
all  the  Januarys  of  the  twelve  vears  was  31.5°  F.  at 
7  A.M.;  38.2°  F.  at  3  p.m.;  and  34.2°  F.  at  11  p.m. 
Adding  these  together  and  dividing  by  three  we  have 
34.6°  F.  as  the  average  mean  January  temperature 
for  the  period. 

The  mean  of  the  highest  temperature  for  any 
given  month  is  the  average  daily  maximum  tem- 
perature of  all  the  days  of  that  month  throughout 
the  entire  period  of  observation.  Thus,  for  example, 
in  the  period  of  thirteen  vears  there  are,  for  the  month 
of  January,  13x31=40"3  days,  and  40..5°  F.  repre- 
sents the  maximum  height  which  the  thermometer 
may  be  expected  to  reach  on  each  of  these  days. 
This  temperature,  therefore,  represents  the  maximum 
temperature  of  a  normal  January  day.  In  the  same 
way  the  mean  of  the  coldest  is  obtained;  if  we  sub- 
tract one  from  the  other  we  have  the  average  daily 
variation  or  range  of  temperature.  In  this  case,  for 
instance,  it  is  13.5°  F.  for  January.  The  highest  or 
maximum  temperature  is  the  highest  reached  upon 
any  day  of  the  given  month  in  any  year  of  the  period; 
for  example,  71°  F.  was  the  highest  temperature  in 
any  day  of  any  January  of  the  period.  The  lowest 
or  minimum  is  the  lowest  reached  on  any  day — e.g. 
6°  F.  in  this  ca.se.  These  extremes,  as  Dr.  Richards 
remarks,  represent  the  "chances"  the  invalid  has 
got  to  take  in  any  resort;  they  do  not  indicate  what 
temperature  he  may  expect,  but  what  it  may  be  his 
good  or  evil  fortune  to  encounter. 

The  other  terms  used  in  the  table  are  self-explana- 
tory. Edward  O.  Otis. 


von  Bamberger,  Heinrich. — Born  in  Prague,  Bohe- 
mia, Dec.  27,  1822.  He  received  the  degree  of  Doc- 
tor of  Medicine,  from  the  University  of  his  native 
city,  in  1S47.  In  1854  he  was  called  to  fill  the  Chair 
of  Special  Pathology  and  Therapeutics  in  the  Uni- 
versity of  Wilrzburg.  In  1872,  upon  the  death  of 
Oppolzer,  he  was  made  Professor  of  Special  Pathology 
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and  Therapeutics,  and  Director  of  tlie  Medical 
Clinic,  in  tlie  University  of  Vienna.  His  attractive 
manner  of  lecturing  and  the  clear  and  logical  explana- 
tions of  disease  which  he  made  at  the  bedside  soon 
rendered  him  one  of  the  most  notable  members  of 
the  Faculty  of  Medicine.  He  died  November  9,  ISSS. 
Bamberger's  two  most  important  publications  are 
these:  "Lehrbuch  der  Krankheiten  des  Herzens," 
Vienna,  1S57;  and  "Die  Krankheiten  des  chylopoe- 
tisehen  Systems,"  2nd  edition,  Wiirzburg,  1SC4. 

A.  H.  B. 


Bamboo  Brier. — Under  this  name  the  tuberous 
roots  of  Smilax  pseudochina  L.  (fam.  Liliacece)  are 
quite  extensively  u.sed  in  the  Southern  States  as  a 
substitute  for  sarsaparilla,  their  near  relative. 

H.  H.  RtisBT. 


Bandaging. — Bandages  are  used  for  the  following 
purposes:  to  apply  firm  pressure,  to  secure  splints  or 
dressings,  to  afford  support,  or  to  correct  deformity. 
They  are  made  of  almost  any  fibrous  material,  as 


gauze,  flannel,  unbleached  muslin,  or  cheese-cloth; 
but  whatever  the  material,  it  must  be  both  strong 
and  supple.  The  most  commonlj'  used  bandage  is 
the  "roller"  bandage;  and  it  is  to  this  kind  that  the 
following  remarks  are  applied.  This  is  of  various 
lengths  and  widths,  according  to  the  parts  to  which 
it  is  to  be  applied.  Thus,  for  digits  the  roUer  should 
be  three-quarters  of  an  inch  wide,  and  two  or  three 
yards  long;  for  upper  limb  and  head,  two  to  two  and 
a  half  inches  wide  and  about  six  j'ards  long;  for  lower 
limb,  two  and  a  half  to  three  inches  wide  and  about 
eight  or  nine  yards  long;  for  the  trunk,  four  to  six 
inches  wide  and  about  ten  yards  long.  The  material 
must  be  torn  into  strips  and  have  neither  selvage  nor 
seams. 

To  make  a  "  roller, " 
turn  about  six  or  eight 
inches  of  bandage 
upon  itself,  and  thou 
roll  this  upon  itself 
till  it  is  a  hard  and 
firm  cylinder;  this 
forms  a  center  around 
which  as  much  more 
material  as  is  neces- 
sary   can    be    rolled. 

This  rolling  is  accomplished  by  holding  the  two  poles  of 
the  cjdinder  between  the  thumb  and  fingers  of  one 
hand,  while  the  unrolled  part  passes  between  the 
thumb  and  index-finger  of  the  other  hand.  The  hand 
holding  the  roll  is  alternately  supinated  and  pronated, 
the  cj'linder  gradually  getting  larger  (see  Fig.  613). 
The   center   cannot   be    displaced  from    a    properly 
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rolled  bandage.  Bandages  were  formerly  thus  rolled 
by  hand,  but  this  wearying  and  tedious  method  i.s 
now  replaced  by  some  simple  form  of  machinery. 

The  free  end  of  the  "roller"  is  called  Wie  initial 
extrcmiiy;  the  end  in  the  center  of  the  cylinder  is 
called  the  terminal  extremity;  between  these  two 
extremities  is  the  body;  there  are  two  surfaces,  the 
external  and  internal. 

When  each  extremity  of  the  bandage  is  rolled  to- 
ward the  center,  so  that  two  cylinders  are  formed, 
the  bandage  is  called  a  "double-roller."  The  ordinarj' 
single  "roller"  answers  almost  all  purposes. 

Bandaging  cannot  be  learned  from  a  book,  but  a 
few  general  rules  may  prove  of  service.  The  surgeon 
should  face  the  patient  and  not  stand  at  the  side  of 
the  limb.  The  limb  should  be  placed  in  the  position 
it  is  to  occupy  when  it  is  bandaged.  The  external 
surface  of  the  roller  is  to  be  applied  to  the  part;  it 
should  pass  from  the  inner  side,  over  the  front,  to  the 
outer  side,  and  from  below  upward.  If  the  left  limb  is 
to  be  bandaged  the  surgeon  should  use  his  right  hand 
and  viee  versa;  hence  the  ambidextrous  man  has  the 
advantage.  Use  a  narrower  bandage  in  preference 
to  a  wider  one,  except  in  bandaging  the  trunk.  Bind 
firmly,  evenly,  and  tightly,  but  not  too  tightly. 

To  remove  a  bandage,  unwind  the.  bandage  a  few 
turns  and  at  the  same  time  gather  up  the  folds  in  a 
loose  mass;  rapidly  transfer  this  gradually  increasing 
mass  from  one  hand  to  the  other,  taking  care  that 
the  part  does  not  become  entangled  in  the  loops. 
Bandage  scissors  may  be  used. 

Bandages  have  been  named  from  their  use  (as 
suspensory  of  breast),  mode  of  application  (as  spiral, 
circular,  reversed),  shape  (as  figure-of-eight,  spica), 
originator  (as  Barton,  Gibson,  Velpeau),  etc. 

Many  names  and  varieties  formerly  used  are  now 
obsolete,  as  dolabra,  ascia,  etc.;  and  others  are  obso- 
lescent. The  modern  tendency  is  toward  simplicity; 
and  bandaging  is  no  longer  the  fine  art  it  was  once 
considered.  The  elaborate  details  formerly  indulged 
in  are  not  now  considered  necessary.  But  at  the 
same  time  bandages  should  be  applied  properly, 
securely,  and  neatly.  There  is  no  excuse  for  the 
careless  bandaging  now  seen  more  often  than  was 
formerly  the  case.  For  our  present  purpose  bandages 
may  be  considered  as: 

1.  Simple,  including  circular,  oblique,  spiral,  spi- 
ral re\ersed,  spica,  figure-of-eight,  recurrent. 

2.  Compound,  including  T  (single  and  double), 
four-tailed,  many-tailed,  and  handkerchief. 

1.  Simple. — (a)  Circular,  in  which  each  turn 
exactly  covers  the  previous  turn.  This  is  used  for 
cylindrical  parts  of  the  body  as  the  forehead,  neck. 

(6)  Oblique.  This  is  used  to  retain  dressings 
loosely  applied  (as  in  burns) ;  the  succeeding  turns  do 
not  overlap  at  all  (see  Fig.  614). 

(r)  Spiral,  in  which  each  turn  overlaps  about  one- 
third  of  each  previous  turn.  Used  for  conical  parts 
of  the  body,  but  is  now  largely  replaced  by — 


Fig.  614. — Oblique  Bandage. 

(d)  Spiral  Reversed.  Since  in  the  spiral  the  upper 
edge  is  tight,  while  the  lower  is  loose,  the  spiral  reversed 
was  introduced  to  remedy  this  defect.  To  make  a 
reverse,  the  bandage  must  be  kept  rolled  up  with 
three  or  four  inches  of  slack  onlj-,  and  the  bandage 
retained  in  place  by  finger  and  thumb;  without  trac- 
tion turn  the  bandage  down  with  a  good  slope  down- 
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ward,  so  that  it  is  well  doubled  over.     Some  little 
praotice  is  necessary  to  get  the  knack  of  doing  this 


Fig.  615. — Spiral  Reversed,  I. 
neatlj'  and  well.     The  common- 


est   error    is    in    holding 
tightly    what    should     be 
"slack,"   and  in 
t  "     not  making  suffi- 

cient slope.  Figs.  G15,  616,  617,  and  ^ 
618,  show  this  bandage  in  progress  and  f''''- 
completed.  (l'- 

(e)   FiguTe-of-eight    looks    on    com-  \ 
pletion  much  like  a  spiral 
reversed,  but  its  applica-  ^ 

tion   is  not  the  same  (see  "^ 

Testudoand  Spica).  It  is 
used  over  a  joint  or  on  the 
length  of  a  limb,  but  care 
must  be  taken  to  have   a 


too 
the 


Fig.  617. — Spiral  Reversed,  III. 

((/)  liecitrrent.  Used  for 
amputation  stumps  and  the 
head.  For  description  see 
below. 

{h)  Testudo  is  a  modification  of  figure-of-eight  used 
about  an  articulation.  In  the  testudo  invcrsa  the 
spirals  overlap  from  without  inward,  the  last  turns 
covering  the  center  of  the  joint; 
while  in  the  testudo  reversa  the 
first  turn  passes  over  the  center 
of  the  joint,  and  the  spirals 
diverge  therefrom  (see  Figs.  619 
and  620). 

He.\d.  Recurrent  Bandage. — 
Take  a  roUer  and  make  two  cir- 
cular turns  round  forehead;  then 
at  center  of  forehead  hold  band- 
age, give  it  half  a  turn,  take  it 
over  to  occiput,  have  an  assistant 


Fio.  616. — Spiral  Reversed,  II. 

wide    sweep    and     open 

loops  to  the  S;  it  is  also 

applicable  to  projecting 

iiiir-,    and    to    the   junction    of   a 

lb  with  the  trunk;  in  this  latter 

position  it  is  often  called — 

(/)    A   spica,   the   succeeding  and 

overlapping  turns  being  supposed  to 

resemble    an    ear   of    corn    (spica)    There   are    many 

varieties   of  spica:    ascending,   descending,   anterior, 

posterior,  lateral,  single,  double.     See  Fig.  621. 


Fig.  61&. — spiral  Reversed  Completed. 

hold  it  there,  and  then  after  half  a  turn  go  forward 
again  to  forehead,  just  overlapping  a  portion  of  the 
previous  turn.  Continue  this  until  the  scalp  is  covered 
all  over,  and  finish  with  two  circular  turns  round  the 


Fio.  619. — Ttstudo  Inversa. 
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forehead;  insert  a  few  pins  where  the  pieces  overlap 
(see  Fig.  622).  A  similar  proceeding  is  used  for  an 
amputation  stump. 

A  more  secure  bandage  for  the  scalp  is  the  trans- 
verse recurrent;  in  this,  the  roUer  is  passed  transversely 
over  the  head  instead  of  backward  and  forward. 


^<. 


Fig.   620. — Testudo  Eeversa. 

Barton's  Bandage. — Begin  at  external  occipital 
protuberance,  go  outward,  upward  over  right  parietal 
bone,  across  vertex,  down  left  side  of  face  in  front  of 
ear,  under  chin,  and  up  the  right  side  of  the  face  in 
front  of  ear  to  vertex,  then  over  left  parietal  bone 
to  starting-point.  Now  tal<e  a  turn  round  right  side 
of  jaw  across  chin,  round  left  side  of  jaw,  back  to 


Fig.  621. — .Spica  of  the 
Shoulder. 


Fig.  622. — Recurrent  Band- 
age of  the  Head. 


nucha,  and  up  to  occipital  protuberance.  Repeat 
from  beginning  and  fasten  at  points  of  junction. 
This  bandage  is  among  the  most  useful  of  the  ban- 
dages for  the  head,  and  is  emploj-ed  to  fix  the  lower 
jaw  in  cases  of  fracture  or  dislocation  of  that  bone, 
and  also  to  apply  dressings  to  the  chin  (Fig.  623). 


/>-/       j 


Fig.  623. — Barton's  Bandage. 


Fig.  624. — Galen's  Bandage. 


Somewhat  similar,  and  u.sed  for  the  same  purpose, 
is  Gibson's  bandage.  Owing  to  its  liability  to  slip  and 
change  its  position,  it  is  not  so  satisfactory  as  Barton's 
bandage. 

Galen's  bandage,  sometimes  called  poor  man's 
bandage,  or  six-tailed  bandage,  is  very  easily  made 
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and  applied.  Take  a  piece  of  cloth  or  handkerchief 
wide  enough  to  reach  from  the  occiput  to  the  eye- 
brows and  long  enough  to  come  down  and  meet  under 
the  chin.  Each  side  is  cut  into  three  strips  or  tails, 
leaving  a  whole  piece  of  from  four  to  six  inches  on 
top  of  the  scalp.  Then  putting  the  bandage  in  place 
take  the  two  middle  tails  and  fasten  them  under  the 
chin,  bring  the  two  anterior  tails  backward  and  the 


Fig.  625. — Breast  Bandage. 


Fig.  626.— T-Bandage. 


two  posterior  ones  forward,  and  fasten  them  over  the 
temporal  region  (see  Fig.  624). 

Four-tailed  bandage  (for  scalp  and  fracture  of  lower 
jaw). — Fit  the  center  snugly  over  the  chin,  take  the 
two  under  tails  and  bring  them  up  over  the  top  of 
the  head  well  forward,  and  tie  them  tighth'  there; 
then  bring  the  upper  taOs  and  tie  them  tightly  over 
the  lamljda.  Finallj',  tie  these  two  knots  together. 
Considerable  pressure  can  be  ob- 
tained with  this  bandage. 

For  the  Eye. — Place  a  narrow  band- 
age over  head  and  let  it  hang  down 
in  front  of  sou7id  eye;  then  over  this 
pass  a  circular  bandage  round  both 
eyes.  Fasten  the  posterior  end  of 
tiie  narrow  slip  to  the  circular  band- 
age, and  lift  the  anterior  end  of  the 
narrow  slip  and  fasten  it  on  it.self, 
thus  uncovering  the  sound  eye  (this 
is  called  Borsch's  bandage). 

Trunk.  Spiral  of  Chest. — One  or  Fig.  627. — Gauntlet 
two  circular  turns  are  taken  around  of  the  Hand. 
the  waist,  and  the  bandage  is  carried 
upward,  with  ascending  spirals,  each  over-lapping  one- 
half  of  the  previous  turn,  as  far  as  the  axilla.  The 
roller  is  now  carried  round  to  the  back,  then  obliquely 
over  the  opposite  shoulder,  and  down  to  the  starting- 
point  in  front.  Here  it  is  pinned,  also  wherever  the 
vertical  piece  crosses  the  horizontal  turns. 

Bandage  of  Breast. — Take  the  roUer  round  the  waist 
below  the  breast,   commencing  in  front  and  passing 


-^/ 


Fig.  62S. — Velpeau's  Bandage.       Fio.  629. — Desault's  Bandage. 


toward  the  sound  side;  then  ascend  over  the  lower 
part  of  the  injured  breast  to  the  opposite  shoulder, 
returning  by  the  axilla  to  the  horizontal  turn  where 
it  pas.ses  round  the  waist  again.  The  olilifjue  turns 
over  the  breast  are  continued  and  carried  up  to  the 
shoulder  till  tlie  gland  is  entirely  covered  (.see  Fig.  625). 
Another  simple  bandage  of  breast,  equally  effective 
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for  compression  and  support,  is  made  of  a  wide  strip 
of  cloth  passed  round  front  of  chest  over  one  or  both 
breasts,  under  arms,  and  meeting  at  back,  where  by 
means  of  eyelets  and  lacing  considerable  pressure 
can  be  exerted. 

T-bandages  (.Fig.  626)  are  made  of  two  strips  fastened 
to  each  other  at  right  angles;  this  bandage  is  chiefly 
u.sed  in  keeping  dressings  in  the  perineum.  The 
transverse  part  is  fastened  round  the  body,  and  the 
tail  or  tails  brought  up  between  the  thigh  and  genitals 
and  fastened  to  the  transverse  part. 

Upper  Extremity. — Take  two  circular  turns  about 
the  wrist,  then  go  obliquely  across  the  dorsum  of  the 
hand  to  the  extremity  of  the  fingers,  then  by  spirals 
and  reverses  ascend  the  hand  to  tlie  root  of  the  thumb. 
A  few  figure-of-eight  turns  will  cover  the  wrist;  the 


i 
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Fig.  630. — B.indage  of 
Scultetus.  and  its  Applica- 
tion to  the  Leg. 


forearm  is  covered  by  spiral  reverses,  the  elbow  by  a 
testudo  or  figure-of-eight,  and  the  arm  by  spiral 
reversed  turns. 

For  a  finger  or  fingers  separately  use  a  roUer  of 
three-quarters  of  an  inch  thick,  take  two  or  three 
circular  turns  round  the  wrist,  then  go  across  the 
dorsum  of  the  hand  to  the  root  of  the  finger,  then 
take  oblique  turns  to  the  tip  of  the  finger;  here  take  a 
circular  turn  and  then  by  means  of  spiral  reverses 
reach  the  base  of  the  finger  and  finish  by  figure-of- 
eight  turns  between  finger  and  wrist,  and  a  couple  of 
circular  turns  around  wrist. 

Gauntlet  of  the  hand  is  represented  in  Fig.  627. 

Velpeau's  bandage  for  fractured  clavicle,  which  was 
formerly  much  employed,  is  now  seldom  used,  being 
replaced  to  a  large  extent  by  adhesive  plaster.  It  is 
shown  in  Fig.  62S. 

Desault's  bandage  (Fig.  629),  also  much  in  vogue 
formerly,  is  now  fast  disappearing;  it  was  cumbersome 
with  its  three  rollers,  axillary  pad,  and  sling.  The 
pad  was  either  too  small  to  be  of  much  use,  or  else 
large  enough  to  be  injurious. 

Spica  of  Shoulder. — Two  circular  turns  and  spiral 
reverses  round  upper  arm  from  behind  forward,  go 
over  the  shoulder  across  front  of  the  chest  under 
opposite  axilla  and  return  across  the  back  to  the 
shoulder  whence  it  started;  repeat  this  five  or  six 
times.  This  is  a  figm-e-of-eight,  the  large  loop  going 
round  the  chest. 

Lower  Extremity. — Take  two  circular  turns 
round  ankle,  and  an  oblifiue  across  dorsum  of  foot 
to  the  toes;  make  a  circular  turn  here,  and  with 
spiral  reverses  cover  the  foot;  take  figure-of-eight 
round  ankle,  spiral  reverse  up  leg;  treat  knee  with 
figure-of-eight,  and  thigh  with  spiral  reverses.  If  the 
heel  is  to  be  covered  a  testudo  can  be  employed. 

The  bandage  of  Scultetus  may  at  times  be  used 
advantageously  for  the  leg.     (See  Fig.  630). 

Spica  of  Groin. — Place  a  laj'cr  of  cotton  in  the  groin 
to  prevent  irritation.  Begin  with  a  couple  of  cir- 
cular turns  around  the  waist  away  from  the  hip  to  be 
bandaged,  then  down  over  the  front  of  the  thigh 
from  without  inward,  then  around  back  of  thigh 
and  up  over  the  front  of  the  groin  and  around  waist. 
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This  plan  is  repeated,  each  turn  overlapping  one- 
third  of  previous  turn;  and  finally  a  circular  turn  is 
taken  round  the  waist. 

Double  spica  of  groin  is  more  of  a  curiosity  than  of 
practical  utility. 

Fixed  dressings,  plaster-of-Paris  bandages,  and 
handkerchief  dressings  will  bo  described  in  the  article 
on  Dressings,  Surgical.  R.  J.  E.  Scott. 

Bandl,  Ludwig  B. — Born  in  Himberg,  Lower 
Austria,  Nov.  1,  1S42.  He  received  the  degree  of 
Doctor  of  Medicine  from  the  University  of  Vienna, 
in  1S67.  From  1S75  to  ISSO  he  held  the  position 
of  an  Instructor  ("Privatdozent")  in  Obstetrics  and 
Gynecology  in  the  University  of  Vienna;  and  in  the 
latter  year  he  was  made  an  extraordinary  professor 
in  the  same  branch  of  medicine.  In  1878  he  received 
the  appointment  of  Director  of  the  Section  of  Women's 
Diseasesin  the  General Poliklinik  of  Vienna.  In  18S6, 
a  very  short  time  after  he  had  been  called  to  fill  the 
regular  Chair  of  Obstetrics  and  Gynecology  in  the 
University  of  Prague,  his  mind  became  affected,  and 
he  was  sent  to  an  agylum  in  Dobling,  near  Vienna. 
He  died  in  the  latter  institution,  from  disease  of  the 
brain,  on  Aug.  26,  1892.  Bandl's  ring,  the  contrac- 
tion ring  marking  the  division  between  the  upper  and 
lower  segments  of  the  uterus,  was  named  after  him 
because  it  was  he  who  first  described  it. 

The  following  are  among  Bandl's  more  important 
published  writings:  "Ueber  Ruptur  der  Gebarmutter 
und  ihre  Mechanik,"  Vienna,  1875;  "Ueber  das 
Verhalten  des  Collum  uteri  in  der  Schwangerschaft 
und  wahrend  der  Geburt,"  Stuttgart,  1878;  and 
"Die  Krankheiten  der  Tuben,  des  Beckenperi- 
toneums  und  Beckenzellgewebes,"  in  Pitha-Billroth's 
Handbuch  der  Chirurgie.  A.  H.  B. 

Banff  Hot  Springs. — Loc.\tiox. — Rocky  Mountain 
Park,  Canada. 

Post-office. — Banff,  Alberta. 

Access. — From  the  east  or  west,  via  Canadian 
Pacific  Railway. 

According  to  the  analysis  of  F.  D.  Adams,  of  the 
Geological  Survey  of  Canada, 

On"E  Imperial  Gallon  Contaixs; 

Solids.  Grains. 

Chloride  of  sodium 0.771 

Sulphide  of  sodium 0.624 

Sulphide  of  potassium 0.673 

Sulphide  of  magnesium 11.504 

Sulphide  of  calcium 39 .  428 

Bicarbonate  of  calcium 11 .583 

Bicarbonate  of  iron 0. 126 

Alumina - Undetermined. 

Silica 2. 789 

Organic  matter Trace, 

70.498 
Carbonic  acid,  free 3.041 


73.539 


The  waters  also  contain  sulphureted  hydrogen  to 
the  amount  of  0.3  grain,  equivalent  to  0.8  cubic  inch. 

These  well-known  hot  sulphur  springs  are  situated 
on  the  line  of  the  Canadian  Pacific  Railway  near  the 
eastern  face  of  the  Rocky  Mountains.  They  are  in 
an  extensive  reservation  of  4,000  square  miles  in 
extent  held  by  the  Canadian  Government  as  a  national 
park.  The  waters  are  the  property  of  the  Govern- 
ment and  are  supplied  to  the  sanitarium  and  the  hotel. 
At  the  springs  the  waters  are  free  to  the  public.  The 
springs  that  are  utilized  are  two  in  number,  and 
issue  from  the  mountain-side  at  about  800  and  1,000 
feet  above  the  Bow  River,  which  flows  through  the 
valley,  and  4.500  feet  above  sea  level.  The  flow  of 
water  is  continuous;  that  from  the  upper  and  hotter 
spring  would  form  a  cylindrical  stream  five  inches  in 
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diameter.  The  lower  spring  is  much  larger,  and  issues 
from  a  large  cave  in  which  is  formed  a  natural  basin 
some  six  feet  in  depth.  The  temperature  of  the  water 
remains  about  the  same  all  the  year,  that  of  the  upper 
spring  being  114°  F.  and  that  of  the  lower  95°  F. 

These  springs  are  now  among  the  most  popular  on 
the  American  continent  and  are  visited  annually  by 
increasing  numbers  of  tourists  and  invalids.  Over 
63,000  registered  in  1911.  The  liberality  of  the 
Government  in  the  case  of  the  springs  and  the  absence 
of  extortionate  charges  making  them  a  most  desirable 
resort. 

There  has  recently  been  erected  a  large  modern 
sanatorium,  under  private  management,  for  the 
convenience  of  invalids  and  such  as  desire  the  use  of 
the  waters  apart  from  the  surroundings  of  the  large 
hotels.  Every  facility  for  the  application  of  steam 
and  hot  water  baths  has  been  provided  under  tlie 
immediate  supervision  of  the  proprietor,  who,  with 
the  aid  of  a  staff  of  assistants,  directs  the  proper  use 
of  the  waters.  There  are  a  number  of  hotels  in  Banff, 
but  the  most  popular  is  the  Banff  Springs  Hotel  under 
the  management  of  the  Canadian  Pacific  Railway. 
It  provides  accommodatiom  for  about  1,.500  and  an 
additional  fire-proof  wing  is  being  erected.  The 
water  from  the  springs  is  conveyed  by  pipes  to 
the  Hotel  and  a  complete  modern  equipment  for 
hydropathic  treatment  is  provided,  witli  trained 
attendants. 

The  surrounding  country  is  a  series  of  snow-clad 
peaks,  which  possess  all  the  grandeur  of  the  mountain 
range,  and  a  number  of  Swiss  guides  are  kept  to  assist 
those  who  may  desire  to  explore  the  mountains. 
Facilities  for  hunting  and  fishing  are  unsurpassed. 
The  hotels  and  sanatorium  are  open  throughout  the 
year. 

The  following  record  is  taken  at  the  Government 
observatory  on  the  spot: 

Banff,  .\lbert.4,  N.  "W.  T.,  L.\titude  N.  51°  10'.    Loxcttdde  W. 
115^  35'.     Height  Above  .Sea  Level,  4,542  Feet. 


Months. 


Pressure. 


Temperature. 


January. . . 
February. . 

March 

April 

May 

June 

July 

August.. .  . 
September. 
October.  .  . 
November 
December.. 

Year. . . . 


Extremes. 


25.22,25 
25.19,25 
25.25125 
25.32J25 
25.31  25.6' 
25.35125.8: 
25.3825 
25.39  25 
25.3225 
25.39  25 
25.20  25 
25.36  25 


.61  24, 
.73|24, 
.63124, 
.71J24, 
.67|24, 
25 
.63,24, 
.59'25, 
.79  24, 
.79  24, 
.63!24. 
.S5  24, 


25.30  25.71  24.89,35.5  85.3-27.31 


Extremes. 


4  30.2 
,3  44.2 
.9*41.8 
,665.1 
.9|72.4 
,ll80.1 
.285.3 
,9  85 
,073.3 
,047.6 
,9t41.8 
,248.0 


-8.9 

-23.2 

-27.3 

7.8 

20.8 

30.2 

30.5 

32.01 

24.8 

15.8 

-15.8 

-25 


0.81 
3.08 
2.15 

4.54 
2.37 
1.73 
1.09 

co- 
cog 


24.65 
9.95 


8.65 
1.08 


4.54 
2.37 
1.73 
1.09 
0.93 
0.20 


15.93  44.33  20.36 


Note. — Barometer  not  reduced  to  sea  level 

The  air  is  exhilarating  and  the  climate  very  favor- 
able, the  heat  of  summer  and  the  cold  of  winter  rarely 
being  excessive.  There  are  few  places  on  this  conti- 
nent where  the  conditions  for  carrying  out  the  high- 
altitude  cure  are  as  favorable  as  they  are  at  Banff. 
The  Canadian  Alpine  Club  has  erected  its  club  house 
near  the  hotel. 

Be.\umont  S.mall. 

Bang's  Method  of  Limiting  Bovine  Tuberculosis. — 

This  resource  is  practically  one  of  isolation  of  diseased 
animals  in  dairy  herds,  as  a  result  of  which  badly 
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infected  stock  is  slowly  but  surely  changed  to  sound 
stock  without  hardships  to  the  dairyman  or  inter- 
ference witli  breeding.  Animals  visibly  diseased  are 
promptly  slaughtered  and  do  not  figure  in  the  method. 
Isolation  is  carried  out  on  all  animals  which  react 
pcsitively  to  tuberculin,  and  herds  are  tested  annu- 
ally. The  reacting  animals  seldom  present  any 
evidence  of  iU  health  and  are  isolated  in  special 
stables  or  compartments,  cared  for  by  special  attend- 
ants and  used  like  sound  stock  for  milking  and  breed- 
ing. The  newly  born  calves  are  appUed  to  tlie  udders 
but  one  day,  and  are  then  isolated  and  fed  on  the 
boiled  milk  of  healthy  cows.  The  isolated  calves  are 
tested  every  .six  months  with  tubercuhn  and  but  few 
react  positively.  The  isolation  stables  are  thoroughly 
disinfected. 

The  method  originated  with  Professor  B.  Bang  of 
the  Royal  Veterinary  School,  Copenhagen,  and  its 
successful  application  is  due  to  his  activities.  His 
first  tests  were  made  in  1S92  and  one  year  later  upon 
his  initiative,  the  first  State  Aid  was  granted.  It  was 
not  until  190.5  that  the  farmers  bj-  forming  an  associa- 
tion for  carrying  out  the  principles  of  the  method 
became  officially  cooperative  in  the  movement. 
During  the  interim  some  originally  badly  contami- 
nated herds  showed  such  a  degree  of  improvement 
that  one  of  them  is  now  supplying  the  city  of  Copen- 
hagen with  special  milk  for  babies.  In  general  it  may 
be  stated  that  the  stricter  the  isolation  the  sounder 
the  herd.  In  the  earlier  years  of  the  method  its 
strictness  was  the  cause  of  considerable  laxity  in  its 
enforcement,  but  with  its  money  value  proven,  the 
shortcomings  are  found  to  be  due  less  to  neglect 
than  to  the  lack  of  means  of  some  of  the  smaller  far- 
mers. The  State  supplies  all  the  tuberculin  without 
cost  and  aids  in  other  ways.  E.  P. 

Banti's  Disease. — The  term  splenic  anemia  was  first 
introduced  into  medicine  by  Griesinger  in  1S07,  but 
the  condition  wliich  it  denoted  had  been  recognized 
over  a  score  of  years  earher.  But  since  anemia  and 
splenomegaly  maj'  each  e.xist  in  numerous  forms  the 
association  of  the  two  conditions  in  the  same  subject 
did  not  necessarily  represent  a  clinical  entity.  In 
1882,  G.  Banti,  pathologist  in  Florence,  collected  all 
the  scattered  cases  of  the  association  from  Uterature, 
and  analyzed  them  along  with  some  personal  material. 
He  was  thereby  enabled  to  establish  the  existence  of 
a  definite  malady  of  wliich  the  essential  lesion  is 
primary  splenomegaly  which  in  turn  gives  rise  to  a 
special  anemic  blood  picture.  As  distinguished  from 
secondary  splenomegaly,  the  most  striking  peculiarity 
of  the  idiopathic  form  is  its  amenabihty  to  radical  sur- 
gical intervention.  Banti's  monograph  on  the  disease 
which  has  since  been  associated  with  his  name  is 
entitled  "Dell'  anemia  splenica"  and  was  one  of  the 
publications  of  the  Royal  Institute  (University)  of 
Florence.     See  Splenic  Anemia  and  Splenomegohi. 

E.  P. 

Bantingism. — This  empirical  diet  against  corpulence 
would  be  described  to-day  as  of  a  low  calorie  (LlOO), 
high  protein  type  (fift}'  per  cent,  animal  food),  the 
daily  allowance  amounting  to  but  twenty-five  ounces, 
with  reduction  of  carbohydrates  and  fats  to  a  mini- 
mum. The  chief  interest  of  the  subject  at  present 
is  historical,  as  the  diet  itself  is  quite  unscientific, 
despite  the  fact  that  it  did  secure,  with  hardships  and 
some  risk,  results  which  are  much  more  readily  and 
safely  obtainable  to-day  by  other  means.  The  diet 
was  carried  out  and  popularized  bj'  a  \a.x  Englishman, 
■William  Banting,  for  whom  it  is  named.  It  is  hardly 
correct,  however,  to  state  that  he  invented  it,  for  its 
provisions  are  said  to  occur  in  a  work  on  diet  by  a 
French  physician  which  appeared  shortly  before 
Banting's  experiments  upon  himself;  and  he  also 
admits  that  he  received  advice  on  the  subject  from 
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a  Dr.  Harvey.  After  he  had  failed  to  take  oft  fli.'sli 
by  training,  he  carried  out  his  di(-t  with  marked 
succe.ss,  his  weight  having  been  reduced  tliereby  from 
202  to  l.')6  pounds.  His  popular  pamphlet  on  the 
subject  ("Letters  on  Corpulence,  addressed  to  the 
Public")  first  appeared  in  London  in  18(i3  and  wont 
through  several  editions,  the  last  of  wliich,  much 
amplified,  was  published  in  1869. 

For  many  years  the  word  Bantingism  was  synony- 
mous with  the  dietetic  management  of  obesity,  even 
when  the  regimen  used  differed  materially  from  that 
originally  prescribed;  and  the  verb"  to  bant"  acquired 
some  vogue  in  this  connection.  Eventually  Banting- 
ism was  supplanted  by  scientific  dietetics.  (See 
Obesity.)  E.  P. 


Barbados. — This  is  the  most  easterly  of  the 
West  Indian  Islands,  and  is  about  a  five  or  six  days' 
journey  from  New  York.  The  island  is  about  twenty- 
one  miles  long  by  fourteen  broad,  and  has  a  total 
area  of  106  square  miles — a  little  larger  than  the  Isle 
of  Wight.  The  population  is  199,542,  or  over  1,1S0 
to  the  square  mile,  one  of  the  most  densely  populated 
areas  of  the  world.  The  negroes  outnumber  the 
whites  by  nine  to  one. 

The  island  seems  very  flat  as  one  approaches  it, 
but  it  rises  in  terraces  to  a  ridge  culminating  in  Mt. 
Hillaby,  1,105  feet  above  the  sea  level.  The  soil  for 
the  most  part  is  composed  of  coral  limestone,  and  is 
very  fertile.  There  are  no  streams  of  any  importance, 
and  no  natural  harbor,  only  an  open  roadstead, 
Carlisle  Bay. 

Barbados  is  said  to  be  the  healthiest  of  all  the 
West  Indian  Islands.  The  temperature,  as  a  rule, 
varies  from  75°  F.  to  86°  F.,  rarely,  even  on  the  coldest 
days,  falling  below  65°  F.  For  three-fourths  of  the 
year  invigorating  N.  E.  trade  winds  delightfully 
temper  the  tropical  heat.  "  On  the  windward  side, 
the  climate  is  especially  invigorating,  and  the  island 
is  much  patronized  by  residents  in  neighboring  col- 
onies as  a  health  resort.  There  are  two  seasons,  the 
wet  and  the  dry,  the  latter  extending  from  December 
to  the  end  of  May.  The  annual  rainfall  varies  from 
50  to  70  inches,  the  average  being  57.74  inches.  The 
mean  relative  humidity  is  72  per  cent.  The  death 
rate  is  not  more  than  20  per  thou.sand. 

There  is  no  system  of  drainage  at  Barbados  out- 
side of  the  garrison,  but  it  is  said  (Hutchinson)  that 
the  porous  nature  of  the  land  renders  this  unneces- 
sary. The  town  and  suburbs  are  supplied  abundantly 
with  pure  drinking  water.  Residence  in  Bridgetown 
itself  is  not  to  be  recommended  to  invalids,  but  one 
may  safely  select  either  Hastings  or  Fontabelle,  in 
the  suburbs,  or  Scotland,  which  is  considered  the 
healthiest  residence  portion  of  the  island.  Cases  of 
typhoid  fever  are  occasionally  encountered,  and 
yellow  fever  is  sometimes  brought  from  the  other 
islands,  but  there  is  almost  perfect  immunity  from 
smallpox,  diphtheria,  scarlet  fever,  measles,  and 
other  infectious  diseases.  "The  records  of  the 
garrison  there  for  the  last  twenty-five  years  show- 
that  it  is  the  healthiest  station  at  which  troops  are 
quartered  anywhere  in  the  world"  (Moxly).  The 
accommodations  are  good  and  reasonable.  The  Marine 
hotel  at  Hastings,  two  miles  from  town,  is  an  attract- 
ive place,  w'ith  good  sea  bathing  and  is  conducted 
by  an  American. 

The  characteristics  of  the  climate  are  tho.se  of  an 
insular  tropical  climate,  moist,  bland,  and  equable, 
with  only  slight  variations  in  the  temperature.  The 
northeast  trade  winds  blow  steadily  during  the  day, 
and  as  a  rule  they  are  not  unpleasantly  strong. 
During  the  dry  sea.son  from  December  to  May,  there 
are  no  rains  or  heavy  dew-s.  Although  sunstroke  is 
said  to  be  rare,  it  is  wi.se  to  follow  the  custom  of  the 
natives  and  carry  a  sun  umbrella  during  the  hottest 
hours  of  the  day — from  eleven  to  four. 


Such  a  climate  as  this  is  manifestly  unsuited  for 
cases  of  pulmonary  tuberculosis.  "It  is  more  than 
useless,"  says  one  who  has  had  a  large  experience 
with  this  climate,  "to  send  consumptives  to  these 
islands."  There  are  various  conditions  and  diseases, 
however,  which  are  greatly  benefited  by  a  residence 
here;  such  are  the  various  forms  of  nervous  prostra- 
tion, or  mental  fatigue,  neurasthenia,  chronic  renal 
diseases,  the  various  cardiac  derangements  or  diseases, 
catarrhal  and  irritative  affections  of  the  throat,  and 
laryngitis.  Such  a  climate  is  also  very  suitable  for 
old  people  or  those  possessing  little  vitality,  and  for 
weaklj'  children.  It  may  also  be  recommended  to 
those  who  desire  to  avoid  the  risk  of  bronchitis  or 
other  acute  respiratory  affections  so  common  in 
northern  latitudes.  "Tropical  Islands,"  says  Hutch- 
inson, "are  bad  places  for  rheumatism;  the  same  con- 
stant moisture  that  plays  so  large  a  part  in  curing 
nervous  difficulties  produces  and  intensifies  all  forms 
of  rheumatic  affections." 

Sea  bathing  is  one  of  the  features  of  this  island,  the 
temperature  of  the  water  being  about  78°  F.  At 
Hastings  there  is  a  reef  of  coral  which  protects  bathers 
from  the  sharks.  From  the  experience  of  a  personal 
trial  the  writer  can  heartily  recommend  Barbados 
as  a  delightful  winter  resort.        Edward  O.  Otis. 

Barcoo  Rot. — See  Veldt  Sore. 

Bard,  Samuel. — Born  in  Philadelphia,  April  1, 
1742.  His  father,  John  Bard,  was  one  of  the  most 
distinguished  practitioners  of  his  time,  the  friend  and 
companion  of  Franklin.  After  receiving  his  aca- 
demic education  at  Iving's  College,  New-  York,  to 
which  city  his  parents  had  moved  in  1746,  Samuel 
Bard  was  sent  (Sept.,  17G1)  to  Edinburgh  to  fit  him- 
self for  the  profession  of  medicine.  He  received  the 
degree  of  Doctor  of  Medicine  in  1765.  Upon  his 
return  to  New  York  he  at  once  entered  upon  the 
practice  of  his  profes- 
sion, in  association  with 
his  father.  It  was 
about  this  time  that  he 
took  an  active  part  in 
the  organization  of  a 
medical  school  in  New- 
York,  in  connection 
with  King's  College 
(afterward  named 
Columbia  College).  Ac- 
cording to  the  state- 
ment of  the  late  Dr. 
James  P.  White,  one  of 
the  biographers  of  Dr. 
Bard,  this  medical 
school  "would  apoear 
to  bo  the  first  regularly 
organized  complete 
facultj'  for  that  purpose 
in  America."  Philadel- 
phia's claim  to  priority  in  the  establishment  of  the  first 
medical  school  in  this  country  rests  upon  the  undis- 
puted fact  that,  for  two  or  three  years  previous  to 
the  date  of  inauguration  of  the  King's  College  school, 
lectures  on  medical  topics  had  been  delivered  in 
that  city.  It  was  also  largely  owing  to  the  influence 
and  active  work  of  Dr.  Bard  that  a  spacious  and 
well-organized  hospital,  afterward  known  as  the 
"New  York  Hospital,"  w-as  established  in  1791  on  a 
beautiful  plot  of  ground  facing  the  city's  main 
thoroughfare.  During  the  occupation  of  New  York 
by  the  British  troops  Dr.  Bard  removed  to  New 
Jersey,  but  in  1784,  after  the  cessation  of  hostilities, 
he  again  resumed  his  professional  duties  in  that  city. 
■'While  the  General  Government  was  sitting  in  New 
York  President  Wasliington  had  recourse  to  Dr. 
Bard's  professional  skill  in  his  own  case."  (Stone.) 
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Fig.  631.— Samuel  Bard. 
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In  1798,  after  forming  a  partnership  with  Dr.  David 
Hosack,  Dr.  Bard  retired  to  his  country  seat  at 
Hj'de  Park,  on  the  Hudson,  and  continued  to  live 
there  during  the  remainder  of  his  life.  "In  1S13, 
when  a  separation  took  place  between  Columbia 
College  and  its  Medical  School,  upon  the  remodeUing 
of  the  latter,  Dr.  Bard  became  the  Pre.=ident  of  the 
College  of  Phj-sieians  and  Surgeons.  This  honorable 
position  he  continued  to  hold  during  life."  (Stone.) 
His  death  occurred  May  24,  1821. 

The  onlj'  large  work  published  by  Dr.  Bard  is  that 
entitled:    "A  Treatise  on  Obstetrics."         A.  H.  B. 

Barger's  Springs. — See  Greenbrier  Springs. 

Barium. — Salts  of  barium  are  of  more  interest  to  the 
physician  from  the  point  of  view  of  toxicologj-  than 
from  that  of  therapeutics.  Barium  compounds  are 
all  poisonous,  the  soluble  ones,  of  course,  more  actively 
so  than  the  insoluble.  Therapeutically,  barium 
has  been  assumed  to  have  a  power  over  scrofulous 
conditions  analogous  to  that  of  iodides  or  of  mercurials, 
but  no  striking  results  have  ever  been  demonstrated 
from  its  use.  The  chloride  is  the  only  barium  salt  of 
medicinal  interest. 

Barium  chloride,  BaCl,.  2H,0,  is  not  now  official 
in  the  United  States  Pharmacopa^ia.  It  is  a  white, 
crystalline  salt,  occurring  in  rnombic  tablets,  per- 
manent in  the  air.  It  dissolves  freely  in  water  and 
diluted  alcohol,  and  has  a  bitter,  disagreeable  taste. 
It  can  be  given  medicinallv  in  doses  of  from  one-tenth 
to  one-half  grain  (0.006 "to  0.0.3)  well  diluted.  In 
syphilis  and  scrofulous  conditions  twice  this  dosage 
ha-s  been  employed. 

Barium  dioxide,  BaO,,  was  official  in  the  U.  S.  P. 
1890,  being  employed  in  the  manufacture  of  the  solu- 
tion of  hydrogen  dioxide. 

Toxicology  of  the  B.\mum  S.\lts. — Several  of  the 
soluble  salts  of  barium,  especially  the  nitrate,  Ba- 
(NOj^j,  and  the  chloride,  BaCI,,  are  used  largely  in 
the  chemical  laboratorj^  as  tests  for  sulphuric  acid. 
The  compound,  however,  which  is  most  famiUar  in 
commerce  is  the  sulphate,  BaSC)^,  wliich  is  known  as 
banjtes  or  heavy  spar.  This  is  a  heavy,  white,  opaque 
substance,  much  employed  as  a  general  adulterant  on 
account  of  its  weight,  but  especially  for  mixing  with 
and  adulterating  paints.  Its  high  degree  of  insolu- 
bility deprives  it  of  any  specific  poisonous  action, 
except  possibly  as  a  mechanical  irritant. 

The  soluble  barium  compounds,  especially  those 
above  mentioned,  are  irritant  poisons.  Cases  of 
poisoning  by  them  are,  however,  rare,  and  have  been 
mostly  the  result  of  accident,  the  salt  having  been 
mistaken  for  one  of  the  ordinary  saline  cathartics. 

In  the  recorded  cases  of  poisoning  b}'  barium  salts 
the  quantities  taken  have  usually  been  rather  large, 
varying  from  one  hundred  grains  to  half  an  ounce. 
But  one  dram  of  the  chloride  and  also  the  same 
quantity  of  the  carbonate  has  caused  death.  The 
sj-mptoms — which  do  not  arise  immediately — are  those 
of  irritant  poisoning,  nausea,  with  sharp  burning  pains 
in  the  stomach,  followed  by  vomiting  and  purging. 
Loss  of  muscular  power  has  been  noted  in  some  of  the 
cases,  but  most  nave  exhibited  convulsions  toward 
the  end.  No  characteristic  brain  symptoms  are 
developed,  but  giddiness  and  headache  have  been 
observed. 

Postmortem  examination  shows  the  usual  ap- 
pearances of  irritant  poisoning,  inflammation  of  the 
mucous  membrane  of  the  stomach  and  bowels,  and 
extravasation  of  blood. 

Death  has  usually  occurred  in  less  than  twenty 
hours,  in  some  cases  even  in  two  hours;  the  average 
period  is  about  twelve  liours. 

The  antidote  in  poi.soning  by  barium  salts  is  any 
soluble  sulphate,  such  as  Epsom  salt,  Glauber's  salt. 
or  alum.     These  form  at  once  the  insoluble  and  inert 
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barium  sulphate,  which  can  easily  be  removed  from 
the  stomach  bj'  the  promotion  of  vomiting.  An- 
odynes and  stimulants  will  also  be  necessary. 

There  is  no  difficulty  in  recognizing  a  barium  salt. 
Sulphuric  acid  or  any  soluble  sulphate  produces  at 
once  an  opaque,  white  precipitate  of  barium  sulphate, 
distinguished  by  its  entire  insolubiUty  in  water,  in 
acids,  or  in  alkalies.  R.  J.  E.  Scott. 


Barium  Springs. — Iredell  County,  North  Carolina. 
Post-office. — Barium  Springs. 

Access. — Via  Southern  Railroad  to  Barium  Springs 
station,  thence  one-half  niUe  to  the  springs.  The 
location  is  five  miles  from  StatesviUe  and  forty  miles 
from  Charlotte.     There  is  now  a  Lodge  at  the  springs. 

This  spring  has  been  known  since  1775.  From  the 
fact  that  cattle  refused  to  drink  from  it  the  spring 
was  formerly  known  as  "Poison"  spring.  It  is  lo- 
cated on  the  top  of  a  rocky  knoU,  about  fifteen  feet 
higher  than  a  brook  not  over  forty  feet  distant,  and 
eight  to  ten  feet  higher  than  eight  other  springs 
around  the  base  of  the  knoU  and  over  one  hundred 
feet  distant.  The  spring  has  no  visible  outlet,  j-et 
the  water  remains  at  a  constant  level,  never  freezing 
and  never  stagnating.  There  are  nine  springs  in  the 
group. 

According  to  an  analysis  by  Professor  Ledoux  it 
contains  seventeen  grains  per  United  States  gallon 
of  barium  sulphate  and  chloride,  phosphoric  acid, 
and  iron.  Professor  Chandler's  analysis  shows  the 
presence  also  of  a  small  quantity  of  sulphuric  acid, 
lime  salts,  and  magnesia.  The  water  is  used  com- 
mercially, and  is  said  to  possess  value  in  syphilis, 
eczema,  indigestion,  and  ulceration  of  the  stomach. 

Barlow's  Disease. — See  Scurvy. 

Barnes,  Robert. — Born  in  Norwich,  England, 
September  4,  1S17.  He  studied  medicine  at  Uni- 
versity College,  London,  and  St.  George's  Hospital, 
becoming  a  member  of  the  Royal  College  of  Surgeons 
in  1842.  After  a  j-ear  of  study  in  Paris  he  returned 
to  London  where  he  obtained  an  appointment  as 
obstetric  surgeon  to  the  Western  General  Dispensary, 
at  the  same  time  lecturing  at  the  Hunterian  School  of 
Medicine  and  doing  editorial  work  for  the  Lancet.  In 
1848  he  took  the  M.  D.  degree  and  in  1859  became  a 
fellow  of  the  Royal  College  of  Physicians.  This 
same  year  he  was  appointed  assistant  obstetric 
physician  to  the  London  Hospital,  becoming  obstetric 
physician  in  1863.  Two  years  later  he  exchanged 
this  for  a  similar  position  at  St.  Thomas's  Hospital, 
and  ten  years  later  became  obstetric  physician  at  St. 
George's  Hospital  where  he  remained  for  another  ten 
3'ears,  receiving  then  an  appointment  as  consulting 
obstetric  physician.  During  nis  term  at  each  of  these 
three  hospitals  he  lectured  on  midwifery  at  the  asso- 
ciated medical  school.  Barnes  was  one  of  the  founders 
of  the  London  Obstetrical  Society  and  was  its  president 
in  1865-6.  But  this  society  having  placed  its  seal  of 
disapproval  upon  the  practice  of  operative  gynecology 
by  professed  obstetricians,  he  withdrew  in  1884  and 
founded  the  British  Gynecological  Society,  of  which 
he  was  the  honorary  president  up  to  the  year  of  his 
death,  in  which  j'ear  the  two  societies  were  reunited 
to  become  one  of  the  section  of  the  Royal  Medical 
Society.     He  died  on  May  12,  1907. 

Barnes  was  a  teacher  and  lecturer  rather  than  a 
writer,  yet  during  his  long  professional  life  of  half  a 
centurj'  he  made  a  number  of  contributions  to  medical 
literature.  Among  these  were:  "Obstetrical  Opera- 
tions," 1870;  "Medical  and  Surgical  Diseases  of  Wo- 
men, "  1S73;  "Obstetric  Medicine  and  Surgery, "  1884; 
"Causes  of  Puerperal  Fever,"  1887.  He  also  read 
thirty-two  papers  before  the  Obstetrical  Society; 
these  are  printed  in  the  Transactions.     The  name  of 
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BartlrU  Sprlnes 


Barnes  is  associated  with  a  bag  for  dilating  tlie  cervix, 
and  also  with  one  of  the  pelvic  curves  wliich  he 
described.  T.   L.   S. 


de    Barthez,    Antoine    Charles    Ernest. — Born    in 

Narbonne,  France,  in  ISll.  He  received  the  degree 
of  Doctor  of  Medicine  in  Paris,  in  l.s:i9.  He  is  chiefly 
known  as  the  author,  in  conjunction  with  F.  Rillief, 
of  a  large  treatise  on  diseases  of  children,  a  work 
which  was  very  popular  in  its  day,  and  which  was 
crowned  both  by  the  Academy  of  iledicine  and  by  the 
Academy  of  Sciences.  This  book,  which  was  first  jjub- 
lished  (3  vols.)  in  1!S4.3,  passed  tlirough  three  editions, 
the  last  one  in  18.S4.  Its  title  is:  "Traits  clinique  et 
pratique  des  maladies  des  enfants."  Barthez  died  on 
December  6,  1S91.  A.  H.  B. 


Barthez,  Paul  Joseph. — Born  in  Montpellier, 
France,  December  11,  1734.  He  received  his  degree 
of  Doctor  of  Medicine  in  17.53  from  the  University  of 
his  native  town.  In  1754  he  visited  Paris  and 
remained  there  one  year.  During  this  period  he 
made  friends  among  the  more  influential  classes  and 
through  their  aid  he  secured  the  position  of  a  regular 
surgeon  in  the  army;  but  he  soon  tired  of  this  life, 

and  in  1761  he  offered 
himself  as  a  candidate  for 
the  vacant  chair  of  medi- 
cine in  the  University  of 
Montpellier  and  was  ac- 
cepted by  a  unanimous 
vote.  It  was  said  of  him, 
as  Haller  once  said  of 
Bocrhaave,  that  "other 
physicians  may  be  his 
equal  in  knowledge,  but 
in  the  art  of  teaching  he 
has  not  a  single  rival." 
His  practice  increased 
and  brought  him  a  fair 
share  of  wealth,  but  in 
the  course  of  a  few  years 
he  lost  interest  in  his 
professional  career  in 
Montpellier  and  aspired 
to  such  higher  honors 
as  were  obtainable  only 
in  a  metropolitan  city  like  Paris.  Thus  in  1781 
we  find  him  established  in  that  city  and  already 
beginning  to  receive  the  consideration  and  respect 
which  he  so  much  coveted.  The  Duke  of  Orleans 
chose  him  as  his  first  physician,  in  succe.s.sion  to 
Tronchin  who  had  recently  died.  In  the  years 
which  followed  still  other  and  greater  honors  were 
conferred  upon  him,  but  they  failed  to  bring  Barthez 
much  genuine  happiness  or  satisfaction.  His  bad 
temper  made  it  extremely  difficult  for  others  to  get 
along  with  him  and  also  kept  him  in  a  constant 
state  of  dissatisfaction  with  himself.  He  therefore 
experienced  much  unhappiness  in  his  old  age.  Death 
occurred  from  stone  in  the  bladder  on  October  15, 
1806.  Of  his  p\iblished  works  it  will  be  sufficient  to 
mention  the  following  two  as  being  the  most 
meritorious:  "Nouveaux  el(5ments  de  la  science  de 
I'homme,"  Paris,  1S06,  2  vols.;  "Nouvelle  mecanique 
des  mouvements  de  I'homme  et  des  animaux," 
Careasonne,  1798.  A.  H.  B. 

Bartholin's  Gland. — See  Vulvovaginal  Gland. 

Bartholinus,    Caspar    or    Qaspard. — The     son     of 

Thomas  and  grandson  of  the  first  Caspar,  or  Gaspard, 
Bartholinus  was  born  in  Copenhagen  in  1655.  In 
1074,  when  but  nineteen  years  old,  he  received  from 
the  king  the  honorary  appointment  of  professor  of 
pliilosophy   at  the   University.     For  the  next  three 


Fig.  6.32. — Paul  Joseph  Barthez. 


years  he  studied  physics  and  anatomy  at  various 
universities  in  Eiu'ope,  and  in  1G77  began  to  lecture 
on  these  subjects  in  Copenhagen.  In  1078  he  received 
the  (li'gree  of  Doctor  of  Medicine.  For  nearly  a  quar- 
ter t)f  a  century  he  continued  his  studies  in  anatomj-, 
k'cturing  regularh'  on  this  subject  and  on  physics 
at  the  University,  but  in  1701  practically  retired 
from  professional  work,  having  become  greatly  inter- 
ested in  politics.      He  died  in  1738. 

Caspar  Bartholin  described  the  duct,  also  called 
ductus  major  Rivini,  and  the  gland  (glandula  vestibu- 
laris major)  which  are  called  by  his  name.  The 
discovery  of  these  structures  is  sometimes,  however, 
erroneously  credited  to  his  father  or  his  grandfather. 

T.  L.  S. 


Bartholinus,  Thomas. — Born  in  Copenhagen,  Den- 
mark, October  20,  1616.  His  medical  studies  were 
conducted  at  first  under  the  guidance  of  his  father, 
Kaspar  Bartholinus,  who  was  a  man  of  considerable 
distinction  as  a  physician,  philologist,  and  theologian; 
but  in  1637  Thomas  went  to  Leydcn,  in  Holland, 
for  the  purpose  of  perfecting  his  knowledge  of  the 
science  of  medicine.  Afterward,  in  accordance  with 
a  custom  which  was  almost  univer.sally  observed  at 
that  period,  he  traveled  over  a  large  part  of  Europe, 
visiting  first  Paris  or  Montpellier,  and  remaining  two 
years  in  one  or  the  other  of  these  centers  of  learning. 
Then  he  pas.sed  over  into  Italy  and  devoted  three 
years  to  the  study  of  anatomy,  botany,  and  the 
practice  of  medicine,  in  Padua.  His  work  here  was  so 
highly  esteemed  that  he  was  made  Prorector  of  the 
University  of  Padua  on  November  20,  1642.  He 
visited,  one  after  another,  aU  the  most  distinguished 
physicians  in  Naples,  Sicily,  and  Malta.  The  degree 
of  Doctor  of  Medicine  was  conferred  on  him  by  the 
University  of  Basle,  October  14,  1645.  Soon  after 
his  return  to  Copenhagen,  in  1646,  he  was  given  the 
chair  of  mathematics,  and  in  1648  the  chair  of  anat- 
omy was  also  assigned  to  him.  In  1056  he  was  chosen 
Dean  of  the  Faculty  of  Medicine.  Six  years  later 
he  asked  to  be  relieved  of  his  professional  and  execu- 
tive functions  on  account  of  his  physical  infirmities. 
The  King  of  Denmark  granted  his  jjetition  and  con- 
ferred uj)on  him  the  title  of  Honorary  Profes.sor.  In 
1670,  when  Bartholinus  had  the  misfortune  to  lose 
his  entire  library  through  the  burning  of  his  chateau 
at  Hagested,  near  Copenhagen,  the  King  very  gener- 
ously granted  him  exemption  from  all  taxes  and 
assessments,  made  him  his  physician  and  one  of  his 
councilors,  and  at  the  same  time  bestowed  upon  him 
a  large  pension.  Two  years  later  the  University 
gave  him  the  position  of  librarian,  thus  restoring  to 
him  in  large  measure  the  pri^•ilcges  from  which  he 
had  been  deprived  through  the  loss  of  his  books. 
His  death  occurred  on  December  4,  1680.  The 
ninety-two  treati.ses  which  he  is  said  to  have  written 
and  published  afford  ample  evidence  that  Bartho- 
lin was  a  man  of  great  and  varied  erudition. 

A.  H.  B. 

Bartlett  Springs. — Lake  County,  California. 

Post-office. — Bartlett  Springs.  Hotels  and  house- 
keeping cottages. 

.Access. — The  Springs  may  be  reached  by  one  of 
two  routes:  Northwestern  Pacific  route,  leaving 
Sausalito  Ferry,  San  Francisco,  at  7:45  a.m.  train  to 
Pieta,  where  automobile  or  stage  may  be  taken  to 
Clear  Lake,  thence  by  gas  boat  to  Bartlett  Landing 
where  stage  or  automobile  transports  passengers  to 
the  Springs. 

Southern  Pacific  route.  Ferry  foot  of  Market 
Street,  7  a.m.,  or  Sacramento,  10:05  .\.m.;  thence  to 
Williams,  at  which  point  automobile  or  stage  may  be 
taken  to  the  Springs. 

These   springs   have   been    known   for   upward   of 

21 


Bartlett  Springs 


REFERENCE    HANDBOOK   OF    THE    MEDICAL    SCIENCES 


forty  years  and  have  become  widely  noted  as  a 
health  resort.  No  more  pure  and  invigorating  cli- 
mate can  be  found  than  that  of  Lake  County;  and 
the  Bartlett  springs,  being  located  in  a  canon,  with 
high  mountains  on  the  north  and  south,  are  par- 
ticularly well  located  to  resist  sudden  changes  of  tem- 
perature. The  altitude  is  2,3.50  feet.  There  is  no 
rain  from  Jime  to  October.  The  thermometer  shows 
a  mean  of  8.5°  F.  in  the  summer  and  is  never  below 
20°  F.  in  the  winter;  and  the  surrounding  scenery  is 
grand  and  inspiring.  On  the  springs  property,  con- 
sisting of  1,S00  acres,  can  be  found  hundreds 
of  mineral  springs,  no  two  having  exactly  the 
same  composition.  The  following  analysis  of  the 
principal  spring,  by  Mr.  George  E.  Colby,  shows  an, 
alkaline-carbonated  water  of  moderate  strength 
which  possesses,  especially  in  the  sodium,  calcium, 
and  magnesium  compounds,  active  remedial  agents. 


One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride -          0.50 

Sodium  bicarbonate 1 .05 

Potassium  bicarbonate .39 

Magnesium  carbonate 6  62 

f'alcium  carbonate 30. 14 

Calcium  phosphate 0.49 

Calcium  sulphate .03 

Iron  compounds Traces. 

SUica 3  47 

Lithium ■. Traces. 

Borium  carbonate.       .  .             ,  05 

Strontium .             .00 

Boric  acid Traces. 

Organic  matter Traces. 

Total .       43.34 

Ga-ses.  Cubic  inches. 

Free  carbonic  acid 24  .  21 

Ammonia Faint  trace. 

Temperature  of  water 54°  F. 

Dr.  'U'inslow  .\nderson's  analj-sis  shows  slightly 
more  solids  jjer  gallon  and  a  somewhat  smaOer  pro- 
portion of  carbonic  acid.  There  are  other  well- 
known  springs  here,  including  the  "  Soda, ""  Iron," 
"Sweet,"  and  "Gas"  springs.  There  are  mineral 
tub  and  vapor  baths  with  competent  masseurs  and 
attendants.  A  feature  of  great  interest  in  the  neigh- 
borhood is  the  gas  tunnel,  running  eighty  feet  into 
the  mountain-side.  A  large  flow  of  carbonic  acid 
gas  issues  steadily  from  the  mouth  of  the  tunnel. 
It  rises  to  a  height  of  eighteen  feet  above  the  ground 
and  bjf  force  of  gravity  rolls  down  the  mountain-.side 
in  considerable  volume.  Many  smaU  animals  and 
reptiles,  including  bird.s,  squirrels,  lizards,  etc.,  in 
trying  to  cross  its  path  become  asphy.xiated.  Skele- 
tons of  some  of  the  victims  may  be  seen  for  quite  a 
distance  from  the  tunnel's  mouth.  The  waters  of 
Bartlett  Springs  are  highly  recommended  in  chronic 
rheumatism,  gout,  sciatica,  calculous  di.sea.ses,  diseases 
of  the  liver,  scurvy,  kidney  disorders,  eczema,  dys- 
pepsia, and  chronic  alcoholism.  They  are  bottled 
and  have  an    extensive    sale    on    the    Pacific  coast. 

Emma  E.  Walker. 


von  Basedow,  Karl  A.^ — Born  in  Dessau,  Germany, 
on  March  28,  1799.  His  medical  studies  were  prose- 
cuted chiefly  in  Halle,  Prussian  Saxony.  He  estab- 
lished himself  in  practice  in  Mer.seburg  in  1822,  and 
remained  there  until  the  day  of  his  death,  which 
occurred  on  April  11,  1854,  from  an  infection  con- 
tracted at  a  postmortem  examination  of  the  body 
of  a  per.son  who  had  died  of  "spotted  typhus."  The 
work  which  has  given  Basedow  a  permanent  place 
in  the  history  of  medicine,  will  be  found  in  "Casper's 
Wochenschrift"  for   the  year   1840.     The  article  is 
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entitled:  "Exophthalmus  durch  Hypertrophic  des 
Zellgewebes  in  dcr  Augenhohle."  The  disease  here 
referred  to  is  known  at  the  present  time  as "  Ba.se- 
dow's  disease,"  "Graves'  disease,"  or  "exophthalmic 
goiter."  A.  H.  B. 

Basedow's  Disease. — See  Exophthalmic  Goiter. 

Baseilhac,  Jean. — This  distinguished  surgeon-monk, 
better  known  as  Frere  Cosme  (or  Come)  or  Brother 
Cosnuis  was  born  in  1703  at  Poyestruc,  near  Tarbes, 
in  the  department  of  Hautes  Pyrenees,  France.  Both 
his  father  and  liis  grandfather  were  masters  in  surgery, 
and  he  began  in  earl)'  youth  to  follow  in  their  foot- 
steps. He  spent  three  years  at  Lyons,  under  the 
tutelage  of  his  uncle,  also  named  Baseilhac,  and 
served  for  two  j'ears  as  a  pupil  in  the  Hotel-Dieu,  the 
great  hospital  of  Lj'ons.  From  that  city  he  went  to 
Paris,  and  in  1726  was  admitted  as  a  pupil  in  the 
Hotel-Dieu  of  that  city,  and  not  long  afterward  he 
was  appointed  surgeon-in-ordinary  to  Prince  Frangois- 
Armand  of  Lorraine.  Upon  the  latter's  elevation  to 
the  dignity  of  Bishop  of  Bayeux,  in  Normandy, 
young  Baseilhac  followed  him  to  his  new  place  of 
residence,  and  took  charge  of  the  hospital  which  he 
had  built  at  his  own  expense.  In  1729,  after  the 
death  of  the  bishop,  Baseilhac  was  received  as  a 
member  of  a  religious  brotlierhood;  and  from  that 
time  onward  he  bore  the  name  of  "  Brother  John  of 
St.  Cosmus,"  or  Frere  Cosme.  The  taking  of  this 
step  was  apparently  designed  by  Baseilhac  as  a 
means  of  enabling  him  to  devote  himself  more  com- 
pletely to  surgical  work,  for  which  he  felt  that  he  had 
a  special  vocation;  and,  as  cases  of  stone  in  the  bladder 
came  under  his  care  at  that  period  in  increasing  num- 
bers, he  turned  his  attention  more  particularly  to 
the  cure  of  this  condition  by  operative  interference. 
In  the  main  the  results  were  surprisingly  good,  and 
the  lateral  operation  and  the  concealed  lithotome 
were  soon  adopted  by  the  majority  of  French  sur- 
geons, and  by  many  surgeons  in  other  European 
countries.  The  constantly  increasing  number  of  the 
patients  with  stone  in  the  bladder  who  required  opera- 
tive treatment  led  to  the  estabhshment  in  1753,  by 
Brother  Cosmus,  of  a  special  hospital  for  such  cases 
in  the  vicinity  of  the  gate  of  St.  Honore  in  Paris.  It 
is  said  that  over  one  thousand  lithotomies  were  per- 
formed in  tills  institution,  either  by  its  chief  or  by 
his  nephew,  who  acted  as  his  assistant.  Brother 
Cosmus  died  on  July  S,  1781,  at  the  age  of  seventy- 
eight. 

According  to  Dezeimeris  the  art  of  surgery  is  in- 
debted to  Frere  Come  for  other  improvements  be- 
sides that  which  he  introduced  in  connection  with 
the  operation  of  Uthotomy.  It  appears  that,  from 
1750  onward — that  is,  only  a  little  later  than  Daviel — 
he  performed  the  operation  of  extraction  for  cataract 
with  instruments  of  his  own  invention.  Before  the 
time  of  Daviel,  it  will  be  remembered,  couching  was 
the  only  operative  procedure  employed  for  the  relief 
of  this  condition.  Brother  Cosmus  performed  a  large 
number  of  successful  operations  by  the  extraction 
method.  Finally,  Scarpa,  in  Itis  treatise  S\d  taglio 
ipogastrico  per  V e.strazione  dclla  pietra  nella  vescica 
orinaria  (Milan,  1820),  speaks  of  his  operation  for 
the  extraction  of  a  stone  from  the  bladder  by  the 
hypogastric  route  as  practically  a  new  method,  and 
as  reflecting  everlasting  credit  upon  its  author. 

Of  the  published  writings  of  Baseilhac,  the  fol- 
lowing deserve  mention:  "  Recueil  de  pieces  impor- 
tantes  sur  I'operation  de  la  taille  faite  par  le 
lithotome  cach^,  avec  un  m^moire  conccrnant  la 
retention  de  I'urine  causae  par  remabrras  du  canal 
de  I'uretre,"  Paris,  1751;  "Addition  h  la  suite  du 
recueil  de  toutes  les  pieces  qui  ont  ^tS  pubh^es  au 
sujet  du  lithotome  cach^,"  Paris,  1753;  and  "  Nouvelle 
m^thode  d'extraire  la  pierre  par-dessus  k  pubis," 
Paris,  1779. 
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It  i.s  a  curious  commentary  on  wliat  makes  for  fame 
that  Baseilhac's  natne  (in  religion)  ha.s  been  preserved, 
not  in  relation  to  his  surf^ical  work,  but  attadied  to  a 
caustic  paste  of  arsenic,  red  sulphide  of  mercurj-,  and 
burnt  sponge,  known  as  Fre-e  Coine's  paste. 

A.  H.  B. 

Basil. — (fam.  Labiatw.)  Ocimum  hasiVicum  L., 
the  common  garden  basil,  is  an  annual  Asiatic  mint, 
cultivated  in  kitchen  gardens  in  Europe  and  America, 
and  of  a  mint-like  and  agreeable  odor.  The  drug 
con.sists  of  the  dried  herb,  which  contains  about  one 
and  a  half  per  cent,  of  essential  oil,  consisting  mostly 
of  a  stearoptene,  basil  camphor,  which  readily  cr3-stai- 
lizes  in  the  oil  upon  standing  in  the  cold. 

The  use  of  basil  is  culinary  rather  than  medicinal; 
it  has  the  carminative  qualities  of  the  family,  and 
may  be  used  for  the  same  general  purposes.  Its 
chief  use  is  as  a  flavor.  Dose  of  an  infusion,  ad 
libilutn;  of  the  oil,  rrL-  iij.  to  viij.  (0.2  to  0.5). 

H.  H.  RusBY. 

Basle  Anatomical  Nomenclature. — See  Analomical 
yomtnclature. 

Basophilia. — This  term  denotes  that  property  of 
tissues  in  virtue  of  which  they  stain  deeply  with  basic, 
as  distinct  from  acid,  dyestuffs.  In  its  most  narrow 
technical  sen.se  it  characterizes  in  this  respect  certain 
red  blood-corpuscle.s,  not  necessarily  pathologically 
altered.  In  theory  all  strongly  basic  coloring  matters 
are  implied,  but  as  a  matter  of  practice  the  stains  used 
to  demonstrate  the  presence  or  absence  of  basophilia 
are  restricted  to  two — pure  methj-lene  blue  and  the 
mixture  known  as  Giemsa. 

Basophilic  staining  is  eminently  granular  or 
punctate  in  character;  or  in  other  words  the  stained 
objects  are  minute  granules  scattered  throughout 
the  cell-bod}'.  Hence  .sj'nonymous  with  basophilia 
are  such  terms  as  basophilic  granulation,  basophilic 
stippling,  etc.  The  granules  exhibit  a  wide  range  in 
respect  of  numbers,  size,  shape,  and  mode  of  grouping. 
Thus  they  may  be  few  or  many,  spheroidal,  rod- 
like, or  angular,  etc.,  and  may  be  either  uniformly 
disseminated  or  grouped  in  lines  or  zones. 

The  significance  of  basophilia  is  practically  un- 
known. It  is  not  necessarily  pathological,  for  it  is  oc- 
casionally encountered  in  blood  apparently  normal. 
It  is  seen  in  certain  stages  of  embrj'onal  blood  and 
also  in  bone-marrow.  It  may  be  produced  sometimes 
by  feeding  normal  subjects  with  hemoglobin  and 
dietetic  articles  containing  much  blood  ('"blood  pud- 
dings"). 

In  pathological  states  basophilia  is  very  frequently 
seen  in  the  anemias  but  is  also  encountered  freely  in 
various  morbid  states  in  which  anemia  is  absent. 
It  may  be  said  in  general  to  accompany  all  the  anemias, 
but  in  a  very  variable  degree,  so  that  it  is  no  criterion 
of  severity  and  has  neither  diagnostic  nor  prognostic 
significance.  Even  in  those  forms  of  anemia  in 
which  it  occurs  most  constantlj'  it  may  be  unaccount- 
ably absent.  In  pernicious  anemia  it  is  much  more 
sparingly  present  than  in  some  of  the  benign  forms. 
In  the  so-called  Biermer's  anemia  and  also  in  post- 
hemorrhagic anemia  its  presence  is  said  to  be  entirely 
without  significance.  On  the  other  hand,  as  might 
be  expected  from  analogy,  when  there  has  been 
absorption  of  hemorrhagic  exudates,  basophilia  may 
be  strikingly  in  evidence.  In  chlorosis  it  is  usually 
but  feebly  present,  while  in  the  anemia  of  saturnism 
it  may  be  markedly  in  evidence,  but  never  in  such  a 
manner  as  to  furnish  a  criterion  of  the  severity  of  the 
intoxication. 

The  significance  of  basophilia  has  been  the  occasion 
of  much  controversy,  based  in  part  on  conflicting 
finds.  Of  two  camps  of  polemists,  one  holds  it  to  be  a 
degenerative,  the  other  a  regenerative  phenomenon. 
Much    depends   apparently   on    the   question   of   its 


relatively  constant  occurrence  in  normal  embryos. 
Naegeli,  seeking  to  harmonize  the  oppo.sing  view.s, 
as.serts  positively  that  ba.sophilia  is  present  at  some 
period  of  embryonal  life,  although  absent  in  both  the 
earlier  and  later  stages.  This  fact  with  its  occurrence 
in  bone-marrow  leads  him  to  conclude  that  the 
phenomenon  is  one  of  attempted  regeneration.  He 
finds  no  evidence,  to  offset  this,  that  basophilia  is  the 
result  of  a  toxigenic  degeneration. 

Edward  Preble. 

Bassia  Oil. — See  Palm  Oil. 

Bath,  England. — A  town  of  53,761  inhabitants, 
beautifully  situated  in  the  vallej'  of  the  Avon,  on  the 
slopes  of  surrounding  hills,  one  hundred  and  seven 
miles  southwest  from  London.  Bath  has  been  a 
town  of  much  reputation  for  its  thermal  springs 
ever  since  the  days  of  the  Roman  occupation,  and 
extensive  Roman  remains  still  exist  there.  Through- 
out English  literature  freciuent  mention  is  made  of 
Bath,  and  it  has  had  various  vicissitudes  of  fortune; 
having  been  at  one  time  one  of  the  most  fashionable 
watering  places  of  England,  and  then  degenerating 
into  a  quiet  and  somewhat  neglected  residential 
town  for  retired  and  invalided  officials.  Quite 
recently,  however,  the  reputation  of  the  place  has 
again  been  rising.  Owing  to  its  sheltered  position, 
being  surrounded  by  hiUs,  Bath  affords  an  excellent 
winter  residence,  and  a  course  of  treatment  can  be 
taken  at  any  season  of  the  j-ear;  although  May, 
September,  and  October  are  considered  the  best 
months. 

The  following  meteorological  data  are  taken  from 
"Climates  and  Baths  of  Great  Britain,"  1S95,  to 
which  the  writer  is  indebted  for  the  facts,  contained 
in  this  article: 


Observations  for 

20  Years  (1866-1885). 

[Fahrenheit  Scale.) 

Seasons. 

Mean. 

Highest. 

Lowest. 

Range. 

Spring 

48.40 
60.3 
50.7 
41.4 

51.2° 
63.5 
52.3 
46.3 

45.8° 
5S.1 
48.5 
36.4 

5.4° 
5.4 

3.8 

Winter 

9.9 

Thirteen  out  of  twenty  winters  had  a  mean  tem- 
perature above  40°  F.  The  mean  annual  rainfall  was 
32  + inches.  Autumn  is  the  wettest,  and  spring  the 
driest  season.  The  thermal  waters  are  derived  from 
three  springs:  the  Hot  Bath,  of  120*^  F.;  the  King's 
Bath,  of  117°  F.;  and  the  Cross  Bath,  of  104°  F. 
They  are  the  hottest  baths  of  any  in  Great  Britain, 
those  of  Buxton  coming  next.  The  waters  come 
under  the  head  of  "simple  thermal,"  and  the  analysis, 
according  to  Mr.  Attfield,  is  as  follows: 

One  Imperial  Gallon  Contains: 

Solids.  Grains. 

Calcium  carbonate 7 .  85 

Calcium  sulphate 94. 11 

Calciumt  nitrato .56 

ilagnesiuni  carbonate .56 

Magnesium  chloride 15.24 

Sotiium  chloride 15 .  19 

Sodium  sulphate .  -  .  23 .  16 

Potassium  sulphate ...  6.70 

Ammoniuni  nitrate 1 .06 

Ferrous  carbonate 1 .22 

Silica  carbonate 2 .  71 

Total 168.36 

Traces  of  rubidium,  lithium,  and  strontium. 

Dissolved  gas 
per  imp.  pint. 

Oxj'gen 0 .  74 

Nitrogen 4.60 
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There  are  various  establishments  for  the  applica- 
tion of  these  waters:  (1)  The  King's  and  Queen's 
Public  and  Private  Baths  adjoining  the  Grand  Pump 
Room;  and  adjoining  the  King's  Bath  is  the  Roman 
Bath.  (2)  The  Royal  Private  and  Hot  Baths.  The 
hot  bath  here  is  an  open  one  holding  7,570  gallons. 
(3)  The  New  Royal  Private  and  Swimming  Baths 
attached  to  the  Grand  Pump  Room  Hotel.  (4)  The 
Cross  Bath,  a  cheap  public  one.  All  these  establish- 
ments belong  to  the  corporation  of  Bath. 

In  connection  with  these  baths  provisions  are 
made  for  giving  the  "massage  douches"  like  those  at 
Aix-les- Bains,  reclining  douche  baths,  BerthoUet's 
local  vapor  baths,  the  "Scottish  douche,"  sitz  baths, 
and  various  sprays  and  pulverizations  for  nasal  and 
faucial  troubles.  There  is  also  the  umbrella  spray 
chamber  wherein  strong  but  thin  streams  of  hot 
mineral  water  play  upon  a  metallic  dome  and  are 
pulverized.  Tlie  room  in  consequence  becomes 
filled  with  a  sort  of  mist,  and  is  u.sed  for  patients 
suffering  from  chronic  catarrh  of  the  respiratory 
passages.  There  are  also  swimming  baths  of  various 
temperatures. 

Originally  the  general  method  of  using  the  waters 
externally  was  by  immersion  in  deep  cisterns,  the 
patient  standing  in  them  covered  with  water  up  to 
his  neck.  Covered  in  this  fashion  he  could  move 
about  to  promote  flexibility  of  the  joints.  These 
immersion  baths  are  still  in  vogue,  the  temperature 
varying  from  9S°  to  10-1°  F.  There  are  other  baths 
arranged  for  patients  in  a  reclining  instead  of  an 
erect  position,  and  also  arrangements  whereby  help- 
less patients  can  be  lowered  into  the  water,  like  the 
impotent  man  at  the  pool  of  Bethesda.  A  fountain 
in  the  Grand  Pump  Room  supplies  water  for  drinking, 
the  amount  usually  drunk  being  from  four  ounces  to 
half  a  pint  twice  a  day. 

"Special  virtue  is  claimed  for  the  Bath  treatment 
in  diseases  which  involve  the  articular  structures 
(chronic  rheumatism),  and  sufferers  from  such  dis- 
eases constitute  a  very  large  proportion  of  the  patients 
who  seek  relief  at  Bath."  In  gout  and  gouty  affec- 
tions the  Bath  treatment  appears  to  be  especially 
efficacious.  In  anemia,  neuralgia,  and  many  dis- 
eases of  the  skin  it  is  of  undoubted  value.  It  is  also 
used  in  various  other  maladies,  as  those  of  the  diges- 
tive, respiratory,  and  nervous  systems.  It  is  contra- 
indicated  in  aU  acute  diseases  with  high  temperature, 
in  pulmonary  affections,  in  tuberculous  affections 
of  the  joints,  and  in  heart  disease. 

The  accommodations  are  abundant,  varied,  and 
good. 

From  a  personal  visit  the  writer  can  attest  to  the 
attractiveness  of  Bath  as  a  place  of  temporary  resi- 
dence; its  situation,  as  has  been  said,  is  beautiful, 
and  the  city  itself,  ^ith  its  crescents  and  ter- 
races, its  abbey  church  and  its  fine  Victoria  Park, 
and  all  its  interesting  histor}',  has  much  to  divert 
one.  There  are  also  pleasant  excursions  in  the 
neighborhood.  Edw.wrd  O.  Otis. 


Bath  Alum  Springs. — Bath  County,  Virginia. 
Post-office.— Bath  Alum.     Hotel  and  cottages. 

Access. — This  resort  is  situated  midway  between 
Millboro  on  the  main  line  and  Hot  Springs  on  the  valley 
branch  of  the  Chesapeake  and  Ohio  Railroad,  being 
ten  mileo  from  either  point. 

The  location  is  at  the  base  of  Warm  Springs 
Mountain  in  a  rugged,  broken  .section  of  country. 
The  weather  during  the  season  from  May  to  Novem- 
ber is  characteristically  clear,  bracing,  and  delight- 
ful, with  few  di.sagreeable  days.  The  springs  are  six 
in  number.  'We  present  the  following  analysis  of 
Spring  No.  2,  which  is  fairly  representative  of  the 
group,  by  Prof.  AV.  H.  Taylor: 


OxE  L'nited  States  Gallon  Contains; 

Solids.  Grains. 

Sodium  sulphate 1 .  13 

Calcium  sulphate 1 .  71 

Lithium  sulphate Trace. 

Magnesium  sulphate .46 

Potassium  sulphate .34 

Aluminum  sulphate 29 .  99 

Ammonium  sulphate Trace. 

Manganese  sulphate .03 

Iron  persulphate 26 .  78 

Sodium  chloride .11 

Silica 1.9.5 

Sulphuric  acid 2 .88 

Total 65.38 

Spring  No.  1  contains  4.65  cubic  inches  of  carbonic 
acid  gas  per  United  States  gallon. 

It  wiU  be  seen  that  the  waters  are  strongly  alumin- 
ous and  chalybeate  -n-ith  a  fair  proportion  of  free  acid. 
They  are  astringent  and  tonic  in  their  effects.  Thus 
they  have  been  found  useful  in  chronic  disorders  and 
relaxed  conditions  of  the  mucous  membranes,  in  skin 
diseases,  and  in  general  debility. 

E-M.MA  E.   W.\LKER. 

Baths. — See  Balneology  and  Hydrotherapy. 
Batteries,  Electric. — See  under  Electric. 

Battey,  Robert. — Born  in  Richmond  County, 
Georgia,  on  November  26,  1S2S.  He  studied  medi- 
cine in  Philadelphia — partly  at  the  College  of  Phar- 
macy, partly  at  the  University  of  Pennsylvania,  and 
the  rest  of  the  time  at  Jefferson  Medical  College — 
and  received  the  degree  of  Doctor  of  Medicine  from 
the  latter  institution  in  1S57.  His  permanent  home, 
except  for  the  short  period  (1S72-1S75)  during 
which  he  occupied  the  Chair  of  Obstetrics  at  Atlanta, 
in  the  same  State,  was  at  Rome,  Georgia.  During 
his  residence  at  Atlanta  he  edited  the  Atlanta  Med- 
ical and  Surgical  Journal.  It  was  also  during  this 
same  period  (about  1872)  that  he  published  an  ac- 
count of  the  operation  which  bears  his  name — 
"  Battey 's  operation"  (removal  of  the  normal  ovaries 
to  induce  an  artificial  menopause  for  the  cure  of 
uterine  fibroids  and  other  conditions).  He  died 
November  S,  1895. 

Dr.  Battey  was  a  frequent  contributor  to  periodi- 
cal medical  literature,  most  of  his  writings  dealing 
with  the  subject  already  mentioned,  as  well  as  with 
such  topics  as  the  following:  the  operative  treatment 
of  vesico-vaginal  fistula;  injections  of  water  into  the 
large  intestine;  incision  of  the  perineum  for  the 
relief  of  chronic  catarrh  of  the  urinarj'  bladder;  the 
removal  of  a  large  fibrocystic  tumor  from  the  side  of 
the  neck  in  the  neighborliood  of  the  carotid  artery; 
etc.  During  the  Civil  War  he  served  as  Surgeon  in 
the  Confederate  Army.  A.  H.   B. 


Baudelocque,  Jean  Louis. — Born  in  HeiUy,  near 
.\miens,  France,  November  30,  1745.  He  obtained 
his  medical  education  in  Paris,  and  was  successful 
in  securing  a  first  prize  in  competition  with  his 
fellow  students  at  the  Royal  College  of  Surgery. 
Not  long  afterward,  the  professor  of  midwifery  was 
taken  ill  and  was  obliged  to  give  up  his  lectures. 
Thinking  that  the  illness  would  not  be  of  long  dura- 
tion, and  having  been  struck  with  the  cleverness  and 
good  sense  of  Baudelocque,  who  had  been  following 
his  instruction,  he  requested  him  to  lecture  in  his 
place  until  his  health  should  be  restored.  The  invi- 
tation was  accepted,  and  Baudelocque  performed 
the  duties  of  the  position  in  such  a  satisfactory  man- 
ner that  he  decided  thenceforth  to  devote  himself 
entirely  to  midwifery.  In  the  meantime  the  regu- 
lar professor,  Solayres,  died.  As  Baudelocque 
proved  to  be  both  an  admirable  instructor  and  a 
most  skilful  accoucheur,  only  a  short  time  elapsed 
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Fio.  633. — Jean  Louis  Baudelocque. 


before  he  attained  a  wide  reputation  and  a  very 
large  practice.  A  few  months  before  his  death  (May 
2,  1810)  he  was  selected  to  be  the  accoucheur  of  the 
empress,  Marie  Louise. 

When    Baudelocque  appeared   on   the   scene  mid- 
wifery was  practically  a  perfected  branch  of  medical 

knowledge.  The  part 
which  he  played,  there- 
fore, was  not  that  of  a 
material  contributor 
to  midwifery's  stock 
of  facts,  but  rather 
that  of  one  who  clari- 
fies and  simplifies  the 
knowledge  already 
po.ssessed  by  his  con- 
temporaries.  His 
manual  dexterity  was 
very  great  and  his 
powers  of  observation 
unusually  keen.  It  is 
perhaps  not  quite  cor- 
rect to  say  that  he 
made  no  material  con- 
tributions  to  the 
knowledge  of  mid- 
wifery existing  at  that 
time;  he  certainly  per- 
fected the  art  of  ascertaining  the  diameters  of  the 
pelvis  on  the  living  subject,  and  he  determined  with 
greater  accuracy  the  relations  of  the.se  to  the  diameters 
of  the  fetal  head.  Of  the  numerous  monographs  and 
larger  treatises  published  by  Baudelocque  it  will  be 
sufBcient  to  name  the  following  two:  "L'art  des 
accouchemens,"  Paris,  1781;  "An  in  partu  propter 
angustiam  pelvis  impossibili,  symphysis  ossium  pubis 
secanda?"  Paris,  1776.  A.  H.  B. 


Bauhin,  Caspar.- — Born  in  Basel,  Switzerland, 
January  17,  1.5(30.  He  began  the  study  of  medicine 
in  his  native  city,  but,  desiring  greater  privileges  for 
acquiring  knowledge  than  could  be  there  obtained, 
he  visited  Padua,  Italy,  and  availed  himself  of  the 
instruction  given  b}-  such  celebrated  teachers  as 
Picoluomini,  Fabricius  of  Aquapendente,  Mercurialis, 
Capivaccio,  and  still  others.  He  devoted  his  time 
chiefly  to  the  study  of  anatomy  and  botany.  From 
15S9  to  1614  he  fiUed  the  chairs  of  anatomj'  and 
botany  in  the  University  of  Basel,  and  in  the  latter 
year  he  succeeded  Felix  Plater  in  the  positions  of 
first  physician  of  the  city  and  professor  of  the  practice 
of  medicine,  in  the  I'niversitj^  His  death  occurred 
December  5,  1624.  The  ileocecal  valve  (valvula  coli) 
is  sometimes  called,  after  this  antomist,  the  valve  of 
Bauhin.  Of  his  numerous  writings  the  following  de- 
serve special  mention:  "  De  humani  corporis  partibus 
externus,  etc.,"  Basel,  loSS;  "  De  ossium  natura," 
Basel,  1604;  "De  compositione  medicamentorum," 
Francfort,  1610.  A.  H.  B. 


Bayacuru. — The  root  of  Statice  brasiliensis  Boiss. 
(fam.  Plumhaginacece) ,  a  seashore  plant  of  the  south- 
ern Atlantic,  Containing  twelve  and  one-half  per 
cent,  of  tannin,  this  is  a  valuable  astringent.  There 
is  no  good  authority  for  its  use  in  other  directions. 

H.  H.  RusBY. 


Bayberry. — Candlcberry.  Wax  Myrtle.  These 
names  and  various  aboriginal  and  foreign  equivalents 
are  applied  to  various  species  of  the  peculiar  genus 
Myrica  (fam.  Myricaceoe),  but  especiallj-  to  the 
M.  cerifera  L.,  a  very  abundant,  medium-sized  shrub 
growing  on  and  near  the  Atlantic  coast  of  the  United 
States.  Its  leaves  are  stronglj'  and  very  pleasantly 
fragrant,    and    have    been    used   for    their   aromatic 


stimulant  properties.  The  bark  contains  a  con- 
siderable percentage  of  tannin,  as  well  as  a  small 
amount  of  the  volatile  oil,  some  resin,  and  an  amaroid. 
It  has  been  considerably  used  in  gr.  x.xx.  do.ses  as  an 
astringent  and  tonic  and  also  locally  for  its  astringent 
effects.  The  fruits  are  thickly  coated  with  wax, 
so  as  to  impart  a  conspicuous  bluish-white  color  to 
them,  and,  through  their  abundance,  to  the  entire 
plant  when  in  the  leafless  state.  This  wax  has  been 
removed  and  has  found  its  way  more  or  less  into 
commerce.  H.  H.  Rusby. 


Bay  Leaves. — Under  this  name  three  distinct 
leaves  have  come  to  be  known.  One  of  them,  the 
Cherry  Laurel — Prunus  lauro-cerasus  L.  (fam. 
Rosacea:) — is  to  be  regarded  quite  as  a  spurious  article, 
with  composition  (j'ielding  prussic  acid)  and  proper- 
ties quite  distinct.  These  leaves  are  about  sLx  inches 
long,  sharply  serrate,  have  one  or  more  pairs  of  de- 
pressed glands  near  the  stem  on  the  under  side,  yield 
the  bitter-almond  odor  when  macerated,  and  have 
the  same  taste.  Both  of  the  others  properly  bear  the 
name,  and  they  agree  closely  in  composition  and 
properties.  The  Royal  Bay,  or  European  laurel, 
is  the  leaf  of  Laurus  nobilis  L.  (fam.  Lauraccos).  It 
is  usually  less  than  four  inches  in  length,  oblong, 
acute  at  both  ends,  verj'  thick,  pale  green,  entire, 
but  with  the  margin  peculiarly  crisped  or  wavy 
at  right  angles  with  the  surface.  It  lacks  the  large 
basal  glands  of  the  last,  as  weU  as  its  bitter-almond 
odor  and  taste.  This  is  the  leaf  usually  used  as 
bay  in  cooking.  The  third,  our  formerly  official 
bay  leaf,  or  wild  clove  leaf,  is  from  Pimenla  acris 
(Swz.)  Wight,  (fam.  Myrlacece),  and  yields  the  oil  a 
description  of  which  follows.  These  leaves,  about  as 
long  as  the  last,  are  twice  as  broad.  They  are  of  a 
dark  green  or  brown  color,  somewhat  glossy,  rather 
thin,  and  have  very  numerous,  fine,  straight  parallel 
secondary  veins.  H.  H.  Rusby. 


Bay,  Oil  of. — Oleum  Mtrci^.  A  volatile  oil  dis- 
tilled from  the  leaves  of  Pimenta  acris  (Swz.)  Wight, 
(fam.  Myrtacece). 

The  oil  is  usually  distilled  in  the  West  Indies,  and 
imported  into  the  United  States  in  bottles,  although 
of  late  an  increasing  quantity  has  been  distUled  from 
the  dried  leaves,  imported  here.  The  oil  thus  ob- 
tained is  not  quite  so  bright  and  fragrant  as  the  best 
imported,  but  is  much  better  than  the  common 
grades.  Oil  of  bay  is  a  brownish  or  dark  brown 
liquid,  of  an  aromatic,  somewhat  clove-like  odor,  a 
pungent,  spicy  taste,  and  a  slightly  acid  reaction. 
Specific  gravity  about  0.975  to  0.990.  It  is  a  mLxture 
of  light  hydrocarbons  with  eugenol  (see  Cloves). 

Its  medicinal  qualities  are  those  of  the  stimulating 
oils  in  general  (allspice,  cajuput,  cloves,  etc.),  but 
it  is  employed  only  as  a  grateful  perfume.  Bay  rum, 
which  is  the  form  in  which  it  is  generally  used,  was 
originally  made  by  distiUing  with  rum  from  the 
fresh  leaves  and  branches.  But  this  imported  per- 
fume is  now  generally  substituted  by  a  simple  solu- 
tion of  the  oil  in  cologne  spirit  or  alcohol,  flavored  or 
not  according  to  the  taste  of  the  manufacturer.  As 
it  is  considerably  used  about  the  sick,  a  formula  was 
furnished  b3'  the  Pharmacopceia,  as  follows:  "  Spiritus 
MyrcioB,  oil  of  myrcia,  16  parts;  oil  of  orange  peel, 
1  part;  oil  of  pimento,  1  part;  alcohol,  1,220  parts; 
water,  a  sufficient  quantity."  H.  H.  Rusby. 


Bayle,  Caspar  Laurent. — Born,  August  IS,  1774, 
in  \'ernet,  a  small  village  in  the  mountains  of  Prov- 
ence, France.  He  began  the  study  of  medicine  at  the 
Univer.sity  of  Montpellier,  and  then  (in  1798)  became 
a  pupO  in  the  Paris  School  of  Medicine.  Shortly 
afterward  he  received  the  appointment  of  Assistant 
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ill  Anatomy.  The  degree  of  Doctor  of  Medicine  was 
given  to  him  in  ISOl.  From  the  latter  date  to  180S 
he  was  connected  with  La  Charite  Hospital,  first  as 
interne  and  later  as  one  of  the  regular  attending 
phj'sicians.     His  death  took  place  on  May  11,  1816. 

Ba3'le  was  universaUj'  admitted  to  be  one  of  the 
most  skilful  practitioners  of  his  day  in  Paris.  His 
chief  characteristics  were:  wonderful  tact  in  his 
management  of  patients;  promptness  in  making  a 
diagnosis,  which  commonly  turned  out  to  be  correct; 
and  the  possession  of  the  power  of  predicting,  in  the 
cases  in  which  recovery  was  not  to  be  expected,  the 
precise  nature  and  extent  of  the  lesions  that  would 
be  found  at  the  postmortem  examination.  All  his 
published  works,  which  treat  of  a  variety  of  medical 
topics,  indicate  that  Bayie  possessed  in  a  high  degree 
all  those  qualities  which  go  to  make  up  an  observer 
of  the  first  rank.  A.  H.  B. 


Bazin,  Antoine  Pierre  Ernest. — Born  February  20, 
1S07,  at  Saint- Brice.  France.  Although  the  son  and 
grandson  of  physicians,  young  Bazin  at  first  showed 
no  inclination  to  foUow  in  their  footsteps,  but  rather 
wished  to  study  engineering.  Yielding,  however,  to 
the  entreaties  and  almost  commands  of  his  father,  he 
took  up  the  study  of  medicine  for  which  he  showed 

from  the  start  a  peculiar 
aptitude.  He  obtained 
his  medical  degree  in 
1834.  In  1847  he  was 
appointed  physician  to 
the  Hopital  Saint-Louis 
and  from  that  time  de- 
voted himself  chiefly  to 
the  study  of  diseases  of 
the  skin,  becoming,  in 
point  both  of  time  and 
".fe:^  of    renown,    one   of   the 

fts-^  first  of  French  dermatol- 
^.^P\  ogists.  In  1853  he  pub- 
>  .-   :^      hshed  his  first  important 
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Fig.  634. — Antoine  Pieir 
Ernest  Bazin. 


work  on  the  nature  and 
treatment  of  the  tineas, 
in  which  he  demon- 
strated that  they  were 
parasitic  in  causation, 
and  differentiated  the  Achorion,  Trichophyton,  and 
Microsporon.  From  1S56  to  1860  he  published  numer- 
ous articles  on  the  scrofulous,  arthritic,  and  herpetic 
dermatoses,  and  later  on  the  syphilides.  In  1862 
his  lectures  on  the  diseases  of  the  skin  caused  by 
external  irritants  were  published,  and  finally  he  de- 
voted considerable  time  to  the  study  of  balneotherapy 
in  its  relation  to  the  cure  of  constitutional  disorders 
and  of  diseases  of  the  skin.  In  1872  he  left  the 
Hopital  Saint-Louis,  after  a  continuous  service  of 
twenty-five  years,  and  during  the  remaining  years  of 
his  life  contributed  a  large  number  of  articles  on 
dermatological  subjects  to  the  "  Dictionnaire  ency- 
clop^dique  des  sciences  medicales."  On  December 
14,  1878,  he  succumbed  to  an  attack  of  pulmonary 
congestion. 

Bazin's  contributions  to  medical  literature  were,  as 
above  noted,  almost  exclusively  on  dermatological 
subjects,  although  prior  to  his  appointment  to  the 
Hopital  Saint-Louis  he  had  written  several  articles  on 
general  disorders,  one  of  his  first  theses  sustaining  the 
theory  that  many  of  the  pulmonary  affections  were 
merely  local  manifestations  of  systemic  disease. 
For  many  years,  and  even  to-day  by  French  writers, 
the  term  Bazin's  disease  was  applied  to  erythema 
nodosum  and  also  to  buccal  psoriasis.  T.  L.  S. 


B.    B.    Mineral    Springs. — Pike    County,    Missouri. 
Post-office. —  Bowling  Green.     Hotels,   in  Bowl- 
ing Green. 


Access. — Via  Chicago  and  Alton  or  the  Hannibal 
and  St.  Louis  Railroad  to  Bowling  CJreen.  This 
health  and  pleasure  resort  is  open  trie  j-ear  round. 

The  springs  are  two  in  number.  Their  waters  are 
widely  sold  in  the  TA'estern  States.  The  following 
analj'sis  was  made  in  1910: 


Grains  per  Gallon 

Silica  

99 

Oxides  of  iron  and  aluminum. . 

73 

Calcium 

;s.73 

Magnesium 

44.78 

Sodium 

3. 58 

1.3 

.03 

Sulphuric  anhydride.  . 

1»5.43 

Chlorine 

1.68 

Carbon  dioxide 

S.47 

42.08 

Phoiqjhoric  anhydride 

Trace 

37 

328.21 

This  is  a  very  strong  sulphated-saline  water,  with 
excellent  purgative  properties,  containing,  as  it  does, 
the  sulphates  of  both  magnesium  and  sodium.  As  a 
laxative  it  is  recommended  in  wineglassful  doses  at 
bedtime,  the  stomach  being  empty.  It  is  said  to 
possess  tonic  effects  when  taken  in  wineglassful  doses 
or  less  after  each  meal.  It  is  beneficial  in  dis- 
order of  stomach,  liver,  and  kidneys.  Its  action  as 
a  diuretic  and  uric  acid  solvent  makes  it  valuable  as 
an  antirheumatic.  When  heated  and  used  for  bathing 
it  is  valuable  in  rheumatism. 

Emm.\  E.  Walker. 


Bdellium. — The  bdelliums,  for  there  are  two  varie- 
ties, are  gum  resins  of  the  fankincense  type,  from  at 
least  two,  probably  several  species  of  Commiphora. 
Tlie  East  Indian  b'deUium  is  reputed  to  come  from 
Commiphora  mukul  (Hook)  Engl.;  that  of  Africa 
from  C.  africana  (Arn)  Endl.  (fam.  Burseraceoe). 
The  latter  is  the  variety  official  in  France;  neither  is 
so  in  any  other  country. 

BdeUium  resembles  myrrh  in  appearance  and 
qualities.  It  is  in  small  yellowish  or  reddish-brown 
tears,  or  sometimes  in  larger  masses;  transparent, 
fragrant,  brittle.  It  softens  between  the  teeth,  and 
crackles  in  the  flame.  The  odor  and  taste  resemble 
those  of  myrrh,  but  are  weaker.  It  contains  about 
sixty  per  cent,  of  resin,  between  thirty  and  forty  of 
gums,  mostly  bassorin,  and  one  or  two  of  volatile  oil. 

Bdellium  "is  a  mild  local  stimulant  like  myrrh,  of 
which  it  is  almost  an  exact  duplicate,  though  in- 
ferior. It  is  sometimes  used  as  an  adulterant  of 
m\-rrh.     It  is  now  ard  then  used  in  Europe  in  plasters. 

H.  H.  RusBY. 


Beale,  Lionel  Smith. — Born  in  London,  England,  in 
1828.  After  he  had  completed  his  medical  education 
(probabh'  not  before  18.57)  he  was  made  Professor  of 
the  Principles  and  Practice  of  Medicine  in  King's 
College,  and  an  Attending  Physician  in  ICing's 
College  Hospital,  in  London.  His  death  occurred 
March  26.  1906.  Of  his  numerous  contributions  to 
medical  literature  the  following  deserve  to  be  men- 
tioned: "Tables  for  the  chemical  and  microscopical 
examination  of  urine  in  health  and  disease,"  1856; 
"How  to  work  with  the  microscope,"  1861,  4lh 
edition;  "The  microscope  in  its  application  to  practi- 
cal medicine,"  1867,  3rd  edition.  A.  H.   B 

Bearberry. — See  Vva  Ursi. 

Beard,  George  Miller. — Born  in  MontviUe,  Connecti- 
cut, on  May  8,  1839.  Four  years  after  graduation 
from  Yale  College,  in  the  class  of  1862,  he  began  the 
study  of  medicine  at  the  College  of  Physicians  and 
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Surgi'ons,  New  York.  During  tho  first  year  of  his 
course  in  that  institution  he  publishod  (18GC)  an 
essay  entitled:  "Electricity  as  a  Tonic."  Nino 
years  later  he  published,  in  association  with  Dr.  A. 
D.  ]{ockwell,  a  book  which  attained  considerable 
popularity — viz.,  "Medical  and  Surgical  Electrici4y,  " 
1875.  Of  his  other  publications  the  following 
deserve  special  mention:  "Hay  Fever,  or  Summer 
Catarrh,"  1876;  and  "American  Nervousness, 
with  its  Cau.ses  and  Consequences  (nervous  ex- 
haustion, neurasthenia),"  1880.  For  many  years 
neurasthenia  was  called  "Beard's  Disease."  He  died 
in  New  York  on  January  23,  1883.  A.   H.   B. 


Bearsfoot. — The  root  of  Polymnia  Uvedalia  L., 
(fam.  Coniposita-),  a  very  coar.se  perennial  herb, 
common  through  most  of  the  United  States.  The 
alterative  proi)erties  claimed  for  it  are  of  the  most 
vague  character,  and  we  have  no  good  authority 
for  its  use.  H.  H.  Kusby. 


Beaumont,  William. — An  American  army  surgeon 
who,  in  the  early  part  of  the  nineteenth  century,  made 
a  most  valuable  contribution  to  our  knowledge  of 
the  action  of  the  human  gastric  juice  upon  diflfercnt 
kinds  of  food.  He  was  born  in  Lebanon,  Connecti- 
cut, in  1785.  From  1812  to  1840  he  was  a  surgeon  in 
the  LTnited  States  Army,  being  stationed  first  at  Fort 
Niagara,  N.  Y.,  then  at  Michilhinackinac,  Michigan, 


Fia.  635. — WilliajB  Beaumont. 

and  finally  at  Plattsburgh,  on  Lake  Champlain,  N.  Y. 
He  afterward  took  up  his  residence  in  St.  Louis, 
Missouri,  and  died  in  that  city  on  April  25,  1853. 
The  event  which  gave  Beaumont  the  opportunity 
of  making  his  celebrated  experiments  is  set  forth  by 
him  in  full  detail  in  an  article  which  he  published  in 
No.  VHI  of  the  American  Medical  Recorder,  1825,  and 
which  bears  the  following  title:  "The  Case  of  Alexis 
St.  Martin,  who  was  wounded  in  the  Stomach  by  a 
Load  of  Duck-shot,  with  Experiences."  The  full 
report  of  his  experiments  with  the  gastric  juice  wliicli 
he  obtained  from  St.  Martin's  stomach  by  means  of  a 
glass  tube  pa.s.sed  through  the  fistulous  opening,  will 
be  found  in  the  book  which  he  pubhshed  in  18.33,  and 
which  bears  the  title:  "  E.xperiments  and  Observa- 
tions on  the  Castric  Juice  and  the  Physiology  of 
Digestion,"  Plattsburgh,  N.  Y.,  1833.  It  is  a  remark- 
able fact,  and  one  that  reflects  great  credit  upon  the 
intelligence  of  Beaumont,  that  he  should  so  fully 
have  appreciated  the  value  of  the  opportunity  which 
the  case  of  St.  Martin  thus  unexpectedly  placed  within 
his  reach.  Nor  is  it  any  less  remarkable  that  he, 
a  man  so  imperfectly  trained  for  work  of  this  nature 


and  so  scantily  e(iui))ped  with  apparatus,  should 
have  succeeded  in  carrying  out  successfully  tho 
e.xperiments  which  he  made — experiments  which 
shed  a  flood  of  light  upon  the  physiology  of  digestion, 
the  knowledge  of  which  was  at  that  jjeriod  very 
scanty.  .\.   II.   B. 


Beaumont,  William  Rawlins. — Born  in  London, 
England,  in  1803.  After  receiving  a  liberal  education 
he  prosecuted  his  medical  studies  at  St.  Bartholomew's 
Hospital,  as  testified  by  Abernethy,  who.se  dressing 
pupil  he  was,  and  who.se  esteem  he  had  won,  as  also 
that  of  Sir  .Astley  Cooper,  Lawrence,  Herbert  Mays, 
Marshall  Hall,  and  others  of  renown  in  the  medical 
profe.s.sion.  In  Paris  he  studied,  during  a  period  of 
ten  months,  under  Amussat,  who  perceived  in  him 
"un  zele  et  luie  aptitude  rares."  He  obtained  the 
license  to  practise  surgery,  and  was  admitted  a 
Member  of  the  Royal  College  of  Surgeons,  London,  in 
December,  1826.  In  1836  ne  was  elected  a  I'ellow  of 
the  Royal  Medical  and  Chirurgical  Society.  London, 
and  he  served  as  Surgeon  to  the  Islington  Dispensary 
for  some  years  prior  to  1840.  In  1841  he  went  to 
Canada  and  settled  in  Toronto,  where,  two  years 
later,  he  was  appointed  to  the  Professorship  of 
Surgery  in  the  University  of  King's  College  (now  the 
University  of  Toronto).  In  1872  he  was  elected 
Professor  of  Surgery  in  the  Medical  Faculty  of 
Trinity  College,   and  afterward  Professor  Emeritus. 

In  1836  he  invented,  and  described  before  tho 
Royal  Medico-Chirurgical  Society,  an  instrument  for 
passing  sutures  in  deep-seated  parts  (as  in  the  opera- 
tion for  cleft  palate),  which  was  admired  by  Brunei, 
the  great  engineer,  and  was  reputed  by  Tiemann,  the 
surgical  instrument  maker  of  New  York,  to  have  been 
the  origin  of  the  Singer  sewing  machine.  An  account 
of  the  invention  was  pubhshed  in  various  places — in 
the  Transactions  of  the  Medico-Chirurgical  Society  for 
1836,  in  the  Medical  Gazette  for  the  same  vear,  and, 
finally,  in  The  Lancet,  of  March  17,  1866.  Boamuont 
also  invented  several  other  instruments.  He  died  on 
October  12,  1875,  at  the  age  of  .seventy-two. 

Of  his  pubhshed  writings  the  following  deserve  to 
receive  special  mention:  "On  the  Treatment  of  Frac- 
tures of  the  Leg  and  Forearm  by  Plaster  of  Paris," 
1831;  "On  Polypi,"  1838;  "A  Case  of  Large  Carti- 
laginous Tumor  of  the  Lower  Jaw,"  1850;  "Clinical 
Lectures  on  Traumatic  Carotid  Aneurysm,"  in  The 
Lancet,  1854;  "The  Several  Forms  of  Lithotomy," 
ibid.,  1857;  and  "A  Deeply  Penetrating  Wound 
Throiigh  the  Orbit  (five  and  one-half  inches  deep),  fol- 
lowed by  Recovery,"  ibid.,  1862.  (From  data  kindly 
furnished  by  Dr.  A.  Primrose   of  Toronto.) 

A.  H.  B. 

Bebeeru  Bark. — See  Bibiru  Bark. 

Beclard,  Jules. — Born  in  Paris,  France,  Dec.  17, 
1818.  His  father,  Pierre  Augustin  Beclard,  was  one 
of  the  most  learned  anatomists  of  the  early  part  of 
the  nineteenth  century.  Jules  received  the  degree 
of  Doctor  of  Medicine  in  1842.  In  1851  he  issued  a 
new  and  revised  edition  of  his  father's  book,  "Ele- 
ments d'anatomic  gen(5rale";  and  in  1855  he  published 
a  treati.se  on  physiology,  entitled:  "Traits  ^l^mentaire 
do  physiologie  humaine,  etc."  A  sixth  edition  of  this 
work  was  printed  in  1870.  He  also  contributed  many 
articles  to  the  "Dictionnaire  encyclop^dique  des 
sciences  m^dicales."  In  1872  he  was  elected  to  the 
Chair  of  Physiology  in  the  Medical  Faculty  of  Paris, 
and  in  1881  he  was  made  Dean  of  the  Faculty.  His 
death  occurred  on  Feb.  9,  1887.  A.  H.   B. 


Becquerel  Rays. — These  are  in\nsible  rays  which 
are  omitted  by  the  disintegration  of  atoms,  the  force 
involved   being   known  as  radioactivity.     This  force 
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is  not  resident  in  all  matter,  or  at  least  is  not  known  to 
be,  but  is  limited  to  the  salts  of  four  metallic  elements, 
to  wit,  radium,  uranium,  tliorium,  and  actinium,  our 
knowledge  of  the  latter  being  speculative.  Radio- 
active substances  give  off  rays  of  three  different  kinds. 
The  alpha  rays  so-called  represent  atoms  of  helium 
which  carry  a  positive  electric  discharge  and  have  a 
velocity  of  about  15,000  miles  a  second.  They  are 
heat  rays  and  do  not  penetrate  solid  matter.  The 
beta  rays  consist  of  free  electrons,  identical  with  the 
electrons  of  the  cathode  rays  of  the  vacuum  tube. 
They  possess  at  times  nearly  the  velocity  of  hght  and 
can  penetrate  solid  matter.  The  nature  of  the  third 
tjTje  or  gamma  rays  is  less  obvious,  but  it  is  generally 
believed  that  they  are  immaterial,  consisting  simply 
of  a  wave  motion  imparted  to  the  ether  by  the  beta 
rays  and  closelj'  allied  to  Rontgen  rays.  The  beta 
and  gamma  raj's  are  inseparable.  The  exercise  of 
radioactivity  by  the  radioactive  elements  causes  a 
progressive  disintegration  of  the  latter,  with  tlie  for- 
mation of  so-called  "transitional  elements."  The 
latter  have  received  special  designations,  usually 
numerical,  as  Radium  A,  Thorium  B,  etc.,  but  in 
some  instances  they  have  individual  names.  Tlius 
Polonium,  sometimes  mentioned  as  an  element,  is  the 
same  as  Radium  G.  For  a  consideration  of  the 
parent  radioactive  elements  and  their  derivatives  see 
Radiography.  The  most  significant  belief  concerning 
these  elements  is  that  radium  itself  is  only  a  deriva- 
tive of  uranium.  This,  of  course,  involves  the  con- 
viction that  all  the  so-called  elements  are  derivatives, 
and  that  those  of  lower  atomic  weights  are  derived 
from  heavier  ones.  The  known  radioactive  elements 
are  the  heaviest  known. 

The  Becquerel  raj's  were  discovered  in  1896  by 
Professor  Henri  Becquerel  while  experimenting  with 
fluorescent  salts  with  reference  to  their  abilitj-  to  send 
raj's  through  opaque  substances.  A  photographic 
plate  having  been  enveloped  in  dark  paper  various 
fluorescent  substances  were  placed  outside  the 
latter  in  full  daylight.  First  it  was  found  that  a 
uranium  salt  was  able  to  affect  the  plate,  not  onlj' 
in  the  presence  of  daylight  but  even  in  darkness. 
Next  it  appeared  that  tlie  new  form  of  activity  had 
no  connection  with  fluoresscence  or  it  occurred  with 
non-fluorescent  uranium  salts.  Among  tliose  wlio 
took  up  the  study  of  the  new  rays  was  Mme.  Curie,  a 
student  who  saw  in  them  a  good  subject  for  her  gradu- 
ation thesis. 

We  have  seen  that  of  the  Becquerel  rays  the  beta 
and  gamma  rays  were  practically  known  before 
his  discovery;  for  the  former  are  verj'  closelj'  alhed 
to  the  cathode  rays  and  the  latter  to  the  Rontgen 
rays.  Both  are  considered  more  fully  under  Radio- 
graphy. The  alpha  rays,  therefore,  constitute  the 
principle  element  in  Becquerel's  discovery.  Many 
facts  have  been  ascertained  concerning  them.  They 
represent  the  greater  part  of  the  energy  set  free.  Their 
properties  are  due  largelj*  to  tlie  fact  that  they  are 
particulate,  the  particles  being  of  consideraljle  mag- 
nitude. Since  their  penetrative  powers  are  shght 
their  impact  against  various  soUd  substances  causes 
a  notable  .series  of  phenomena.  Many  salts  and 
crude  minerals  are  rendered  fluorescent,  and  this 
property  is  utiUzed  for  measurements  of  the  rays. 
The  latter  can  be  deflected  by  the  magnet  and  this 
property  is  likewise  used  for  quantitative  estimations. 
It  was  held  originally  that  radioactive  matter  could 
render  indifferent  substances  radioactive  in  turn; 
but  later  it  was  learned  that  radium  emanations 
are  merely  deposited  on  the  surfaces  of  bodies  which 
arrest  them.  Edward  Preble. 

Bedbugs. — True  bugs  of  the  genus  Cimex.  Charac- 
teristic species  suck  blood  from  man  (C.  lectularius) , 
and  other  vertebrates.  Some  species  are  also  known 
to  carry  sporozoan  diseases.     See  Insects,   parasitic. 

A.  S.  P. 
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Beddoes,  Thomas. —  Born  at  Shiffnall,  in  Shrop- 
shire, England,  on  .\pril  13,  1760.  He  received  the 
degree  of  Doctor  of  Medicine  from  the  University  of 
Oxford  in  1786,  and  two  years  later,  after  he  had 
visited  Paris,  he  was  appointed  reader  in  chemistry 
in  the  same  institution.  About  the  year  1792  he 
made  preparations  for  establisliing  what  he  termed 
a  "Pneumatic  Institution,"  a  place  where  various 
diseases  might  be  treated  by  the  inhalation  of  differ- 
ent gases.  Six  years  later  this  institution  was 
established  at  Clifton,  with  Humphry  Davy  as  its 
first  superintendent;  but  it  seems  not  to  have  been  a 
success,  and  was  soon  converted  into  an  ordinary 
hospital  for  the  sick.  Beddoes  died  on  December  24, 
1808. 

Of  the  different  works  which  he  published,  the 
following  deserve  to  be  mentioned:  An  Essay  on 
Consumption,"  1799;  "An  Essay  on  Fever."  1807; 
and  "  Hygeia,  or  Essays  Moral  and  Medical,"  1807. 
Beddoes  is  spoken  of  by  his  biographer  in  the 
Encyclopedia  Britannica  as  "a  man  of  great  powers 
and  wide  acquirements,  wliichhe  directed  to  noble  and 
philanthropic  purposes. "  A.  H.  B. 


Bedford,  Gunning  S. — Born  in  Baltimore,  Mary- 
land, in  1806.  After  he  had  received  the  degree  of 
Doctor  of  Medicine  he  visited  Europe  and  remained 
there  for  two  years,  for  further  professional  studies. 
Upon  liis  return  to  this  country  in  1833  he  was 
elected  Professor  in  the  Charleston  (S.  C.)  Medical 
College.  Then  later  (1834),  in  association  with  Dr. 
Valentine  Mott,  he  founded  in  New  York,  the  Uni- 
versity Medical  College — an  institution  in  which  he 
occupied  the  Chair  of  Obstetrics  and  Gynecology  up 
to  the  year  1862.  His  death,  from  cerebral  apoplexy, 
occurred  on  September  5,  1870. 

Bedford's  most  important  contributions  to  medical 
hterature  are  his  "Clinical  Lectures  on  the  Diseases 
of  Women  and  Children"  (eight  editions  up  to  1868) 
and  his  "The  Principles  and  Practice  of  Obstetrics" 
(four  editions).  A.  H.   B. 


Bedford  Springs. — Bedford  Count)',  Pennsylvania. 
Post-office. — Bedford.     Hotel. 

Access. — The  Baltimore  and  Ohio  and  Western 
Marj'land  Railroads  transfer  passengers  at  Cumber- 
land, Md.,  and  the  Pennsylvania  Railroad  at  Altoona. 
and  Huntingdon,  Pa. 

The  Bedford  Mineral  Springs  have  their  source  in  a. 
beautiful  valley  on  the  eastern  slope  of  tlie  Alleghany 
Mountains,  at  an  elevation  of  ten  hundred  and 
eighty  feet  above  tide  water.  The  location  is  one 
mile  and  a  half  south  of  the  old  historic  town  of 
Bedford,  the  county  seat  of  Bedford  County,  in  a 
region  noted  for  its  pure,  invigorating  air,  salubrious 
climate,  and  beautiful  and  varied  scenery.  The 
medicinal  virtues  of  the  springs  were  known  as  early 
as  the  year  1804. 

Since  those  early  daj's  the  resort  has  maintained 
a  steady  popularity  with  the  tourist,  pleasure-seeker, 
and  invalid,  and  it  may  to-day  be  ranked  among  the 
best  of  the  many  excellent  summer  watering  places 
which  the  country  affords.  In  addition  to  the  numer- 
ous attractions  of  chniate,  and  scener)',  the  visitor 
will  find  a  very  comfortable  modern  hotel,  well 
equipped  with  the  most  recent  improvements.  A 
good  orchestra  is  maintained  during  tlie  season.  The 
magnesia  spring  has  been  mainly  instrumental  in 
giving  the  place  its  reputation.  It  issues  from  an 
opening  in  the  rock,  about  three  feet  in  length  and 
eighteen  inches  in  width,  and  flows  about  2,000  gal- 
lons of  water  per  hour,  without  interruption  or  inter- 
mission, the  year  round.  A  recent  examination  of 
the  hitherto  somewhat  neglected  Bowling  Alley 
Spring  shows  it  to  be  quite  as  strong  in  magnesium. 
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salts,  while  carrying  loss  lime.  We  present  analyses 
of  these  two  springs,  made  in  1S05  by  Victor  G. 
Bloede,  analytical  chemist,  of  Baltimore: 

Magnesia  Spring. 


One  United  States  Gallon  Contains: 


Solids. 
Sodium  carbonate.  .  . 

Sodium  chloride 

JIagnesiura  sulphate. 
Magnesium  carbonate 
Potassium  carbonate. 
Calcium  sulphate. .  .  . 

Lithium  chloride 

Silica 

Iron  oxide. 

Alumina 

Ammonia 


Grains. 
2.04 
yo 

32!  54 
6.06 
.38 
107. SO 
.22 
.36 
.0.5 
.11 
.02 


Total 150.30 

Free  carbonic  ariil 1 .  So 

Water  of  crystallization  and  volatile  matter 36.41 

Bowling  Alley  Spring. 
One  United  States  Gallon  Contaix.s: 

Solids.  Grains. 

Sodium  bicarbonate 9 .  70 

Sodium  chloride 1.12 

Magnesium  sulphate 32.96 

Magnesium  carbonate .5 .  23 

Calcium  sulphate 83 .  20 

Silica 1.10 

Iron  oxide .04 

Alumina ,  .               .09 

Ammonia Trace. 

Total 133.44 

Pree  carbonic  acid 2. 17 

AVater  of  crystallization  and  %'olatile  matter.. . .  37.74 


These  analyses  show  very  potent  waters  of  the  sul- 
phatcd-saline  and  calcic  variety.  They  are  laxative 
in  small  doses,  purgative  in  larger.  Furthermore, 
they  have  a  considerable  diuretic  influence,  and  each 
contains  sufficient  iron  to  counteract  the  debilitating 
tendencies  often  met  with  in  waters  of  this  character. 
The  Magnesia  Spring  contains  also  a  small  amount 
of  the  chloride  of  lithium,  which  serves  to  widen  the 
sphere  of  its  probable  utihty.  The  Bowling  Alley 
Spring  is  quite  freely  charged  with  that  ever-valuable 
ingredient  of  saline  waters,  the  carbonate  of  sodium, 
which  renders  it  very  u.seful  as  an  antacid  and  anti- 
fermentative,  in  addition  to  its  cathartic  properties. 
These  waters  may  be  counted  upon  to  render  goofi 
service  in  flatulent  dyspepsia,  functional  disturbances 
of  the  Uver,  abdominal  engorgement,  and  chronic 
constipation.  They  are  also  highly  recommended  by 
many  well-known  physicians  for  gouty  and  rheu- 
matic disorders  and  for  affections  of  the  kidney  and 
bladder.  They  are  u.sed  commercially.  There  are 
several  other  valuable  .springs  in  the  neighborhood. 

The  following  is  the  analysis  of  one  of  these: 

Bedford  Ch-\ltbeate  Spring. 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Calcium  carbonate 8. So 

-M.ay:nesium  carbonate 1 .20 

Iron  carbonate .44 

Magnesium  carbonate Trace. 

.Sodium  carbonate .39 

Potassium  carbonate .13 

Calcium  sulphate 2.74 

Calcium  phosphate .03 

•Sodium  chloride .12 

Hydrogen  sulphide. Trace. 

Silicic  acid .79 

Carbonic  acid  (free) 5 .  60 

Total 20.29 


The  physiological  action  of  this  water  tends  to 
increase  the  appetite,  promote  the  digestion  of  food, 
and  improve  the  quality  of  the  blood.  The  pre- 
dominance of  the  calcareous  salts  would  .seem  to 
give  the  water  an  astringent  and  constipating  in- 
fhience.  These  effects,  however,  have  not  been 
observed  by  tliose  who  have  used  it  freely.  It  has, 
in  fact,  seemed  to  exert  a  mild  laxative  action,  and 
is  furthermore  quite  an  efficient  diuretic.  Its  action 
resembles  that  of  the  well-known  Bocklet  Springs, 
near  Ki.s.singcn,  in  Bavaria.  The  water  is  used  for 
loathing  as  well  as  for  drinking.  The  water  is  use- 
ful in  ca.ses  of  anemia,  general  debility,  and  amen- 
orrhea, and  in  convalescence  from  acute  diseases. 
This  water  and  the  residual  .salts  obtained  by  evapora- 
tion are  used  commercially;  an  extract  and  an  oint- 
ment are  prepared  from  the  latter 

Eji.m.\  E.  Walker. 

Bed-sores. — See  Deciibitvs. 

Beggiatoa. — The  solitary  genus  of  the  family  Brggia- 
toaccw  of  the  fission-fungi.  The  cells  are  of  the  form 
described  under  Beggiatoaceie  and  contain  sulphur 
granules;  for  this  reason  they  are  sometimes  re- 
garded as  forming  a  sub-genus  or  species  of  Thioth  lix. 

T.  L.  S. 


Beggiatoaceae. — A  family  of  Schizoniycetes,  or 
fission-fungi,  comprising  cells  arranged  in  elongated 
filaments,  not  surrounded  with  a  sheath,  but  pro- 
vided with  an  undulating  membrane.  Division 
occurs  in  one  (the  transverse)  plane  only.  The  fam- 
ily includes  but  one   known  genus,  Beggiatoa. 

T.  L.  S. 

Belascaris. — A  genus  of  parasitic  round  worms  in 
which  the  anterior  end  of  the  body  is  bent  ventrally. 
B.  mystax  is  often  pre.sent  in  cats  and  has  sometimes 
been  found  in  man.     See  Nematoda.  A.  S.  P. 


Belknap  Hot  Medical  Springs. — Lane  County, 
Oregon. 

Post-office. — Belknap  Springs.   Camping  grounds. 

Access. —  Via  Southern  Pacific  Railroad  to  Eugene, 
125  miles  south  of  Portland;  thence  there  is  a  good 
wagon  road,  and  stages  in  summer  go  within  6  miles 
of  the  place. 

The  location  of  these  springs  Is  in  the  heart  of  the 
Cascade  Mountains,  2,000  feet  above  the  sea  level. 
This  is  a  very  fine  and  picturesque  region,  and  it 
presents  many  attractions  to  the  tourist  and  invalid. 
The  chmate  is  equable,  the  weather  during  the  sum- 
mer months  being  generally  clear  and  pleasant,  with 
cooling  winds. 

The  average  summer  temperature  is  65°  F.,  while 
it  is  stated  that  the  average  winter  range  is  but 
twenty  degrees  lower.  The  Mackenzie  River,  near 
by,  is  famous  for  its  magnificent  trout;  and  deer  and 
other  game  abound  in  this  region.  There  is  only  one 
spring,  but  it  yields  about  12,500  gallons  per  hour. 
The  temperature  of  the  water  is  1.38°  F.  The  follow- 
ing analysis  was  made  in  1891  by  Prof.  G.  W.  Shaw, 
of  the  Oregon  State  Agricultural  College,  at  Corvallis: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Calcium  phosphate 13.91 

Calcium  chloride 62 .  20 

Potassium  chloride 7 .68 

Magnesium  chloride 2  .90 

,Sodium  chloride ,  53.93 

Manganese  chloride Traces. 

Silica 4 .  72 

Iron  and  alumina .17 

Total 145.51 
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The  bathing  facihties  comprise  medicated,  steam, 
electric,  and  shower  baths,  hot  or  cold,  with  massage. 
A  large  swimming  tank  is  an  attractive  feature.  Tlie 
baths  are  attracting  considerable  attention  in  the 
treatment  of  rheumatism,  kidney  disorders,  syphilis, 
and  skin  diseases.  E.mm.\  E.  Walker. 


Bell,  Sir  Charles. — Born  at  Edinburgh,  Scotland, 
in  November,  1774.  After  he  had  passed  through 
the  usual  course  of  preliminary  schoohng  he  embraced 
the  profession  of  medicine  and  devoted  himself 
chiefly  to  the  study  of  anatomy,  under  the  direction 
of  his  elder  brother,  John  Bell,  the  anatomist.  Wliile 
he  was  stiU  a  pupil,  he  published  in  Edinburgh,  in 
179S,  Ills  first  work,  entitled  "A  System  of  Dissec- 
tions, explaining  the  Anatomy  of  the  Human  Body, 
the  Manner  of  Displaying  the  Parts,  and  their  Varie- 
ties in  Disease."  For 
manj'  years  this  book 
was  considered  an  ex- 
cellent guide  for  the 
student  in  anatomy. 
In  1S02  he  published  a 
series  of  engravings  of 
original  drawings, 
showing  the  anatomy 
of  t  he  brain  and  nervous 
sj'stem.  In  1804  he 
wrote  the  third  volume 
of  "The  Anatomy  of 
v~  the  Human  Body,  by 
John  and  Charles  Bell ; " 
this  volume  containing 
the  anatomy  of  the 
nervous  system  and  of 
the  organs  of  special 
sense.  Toward  the  end 
of  the  same  year  lie  left 
Edinburgh  and  settled 
in  London;  but  before  leaving  Edinburgh  he  had 
written  his  work  on  the  "Anatomy  of  Expression." 
This  book,  which  was  published  in  London  shortly 
after  his  arrival  in  that  city,  attracted  a  good  deal  of 
attention.  Seven  years  later,  in  ISll,  he  pubUshed 
his  "  New  Idea  of  the  Anatomy  of  the  Brain,"  in 
which  he  announced  the  discovery  of  the  different 
functions  of  the  nerves  corresponding  with  their 
relations  to  different  parts  of  that  organ.  In  his 
larger  work,  "The  Nervous  System  of  the  Human 
Body,"  published  in  1830,  the  results  of  his  long- 
continued  and  valuable  researches  in  this  compara- 
tively new  department  of  anatomy  and  physiology 
are  set  forth  in  more  perfect  detaU. 

Charles  Bell's  reputation  as  a  surgeon  began  in 
1807,  when  he  wrote  a  "System  of  Comparative 
Surgery,"  in  which  surgery  is  regarded  almost  wholly 
from  an  anatomical  and  operative  point  of  view. 
This  book  at  once  placed  him  in  the  highest  rank 
of  English  writers  on  surgery.  In  1812  he  was 
appointed  surgeon  to  the  Middlesex  Hospital,  and 
he  retained  tliis  post  for  twenty-four  years.  During 
this  period  he  pubhshed  a  number  of  treatises  and 
articles  on  surgical  tonics;  but  it  was  not  until  1S39 
or  1840  that  he  wrote  liis  larger  work,  entitled  "Insti- 
tutes of  Surgery."  In  1830,  when  William  IV. 
ascended  the  throne,  Charles  Bell  was  knighted.  In 
1836  he  gave  up  liis  large  practice  in  London  and 
accepted  the  chair  of  surgery  in  the  L'niversity  of 
Edinburgh.  His  death  occurred  on  April  28,  1842. 
Bell's  paralysis  and  a  number  of  other  neurological 
eponyms  were  called  after  him. 

Sir  Charles  Bell's  remarkable  skill  as  an  artist 
undoubtedly  aided  liim  very  materiaUy  in  attaining 
Lis  great  reputation  as  an  anatomist,  as  a  physiologist, 
and  as  a  surgeon;  a  reputation  wliich  appears  to  have 
been  as  great  on  the  continent  of  Europe  as  through- 
out Great  Britain  and  her  colonies.  A.   H.   B. 


Fio.  636.— Sir  Charles  Bell. 


Bell,  John. —  Born  at  Edinburgh,  Scotland,  on 
May  12,  1763.  He  received  liis  medical  education 
at  tlie  University  of  Edinburgh,  and  in  1790  he  began 
to  give  courses  in  anatoni}',  which  attracted  large 
audiences,  and  in  wliich  he  was  assisted  by  liis 
younger  brother  Charles.  In  1793  he  pubhshed  a 
book  entitled  "Discourses  on  the  Nature  and  Cure 
of  Wounds,"  and  in  1801  his  "Principles  of  Surgery." 
Bell's  muscle,  a  band  of  muscular  fibers,  bounding  the 
trigonum  vesicae,  was  first  described  bj'  liim.  He 
died  at  Rome  on  April  15,  1820.  (Consult  also  the 
preceding  article  on  Charles  Bell.) 

A.  H.   B. 

Bell's  Palsy. — See  Facial  Paralysis. 

Belladonna. — Deadly  Xighlshadc.  "  Black  Cherry." 
(For  a  description  of  the  belladonna  plant,  see  article 
on  Poisonous  Plants.)  The  belladonna  plant  yields 
two  official  medicinal  articles,  namely,  Belladonnm 
Folia,  "the  dried  leaves,"  and  Belladonna  Radix,  "the 
dried  root  of  Atropa  belladonna  L.  (fam.  Solanacece) ." 
The  leaves  are  required  to  contain  at  least  0.3  per 
cent,  and  the  root  at  least  0.45  per  cent,  of  mydriatic 
alkaloids. 

Belladonna  is  a  native  of  Europe  and  adjacent 
Asia,  where  the  drug  is  mostly  collected  from  wild 
plants.  In  Europe  it  is  also  largelj'  cultivated  for 
medicinal  purposes.  It  has  become  naturalized  to 
a  slight  extent  in  the  United  States.  The  composi- 
tion of  leaf  and  root  is  very  similar,  the  difference 
being  rather  in  the  greater  quantitative  irregularity 
of  the  leaves  than  in  kind.  'The  leaves  do,  however, 
contain  a  rank-smelling  principle  not  present  in  the 
root,  rendering  them  objectionable  for  some  purposes, 
but  possibly  of  greater  therapeutic  value.  They 
contain  also  considerable  chlorophyll,  wliich  causes 
their  extract  to  impart  an  objectionable  green  stain 
to  clothing,  when  used  in  plasters.  Both  articles 
may  be  regarded  as  exceptionally  irregular  and  un- 
certain in  cjuality.  Some  of  the  cau.ses  of  this  irregu- 
larity are  not  known,  so  that  no  methods  of  physical 
examination  of  the  drug  can  eliminate  them,  a  chem- 
ical assay  being  requisite.  Others  are  known  and  can 
be  detected  Tjy  careful  examination.  Since  the 
publication  of  the  preceding  edition  of  this  work,  the 
writer  has  given  constant  and  careful  attention  to  the 
character  of  importations  of  these  leaves  and  roots,  and 
has  found  both  subject  to  frequent  and  .serious  adult- 
eration with  other  leaves  and  roots.  The  most  com- 
mon adulterant  of  the  leaves  is  Scopola  leaf.  This  is 
much  thinner  and  shows,  in  the  mass,  as  blackish- 
bro\\n  and  much  more  shrivelled.  On  soaking,  and 
flattening,  its  shape  is  seen  to  be  broadest  above  the 
middle,  the  base  gradually  tapering  downward.  Its 
fruit  is  a  small  pod,  from  which  the  upper  part  sepa- 
rates as  a  lid.  Next  in  frequency  and  importance  is 
the  adulterant  Phytolacca  or  poke-berry  leaf.  This 
is  extremely  difficult  to  detect  except  when  the  stem- 
tips,  bearing  the  inflorescence,  are  present.  These 
are  slender  racemes,  from  two  to  six  inches  long, 
bearing  numerous  buds  as  large  as  a  pin-head,  and 
perhaps  some  open  flowers  one-eighth  to  one-fourth 
inch  broad.  The  leaves  are  thicker,  stiffer,  and  nearly 
oblong.  Those  of  henbane,  digitalis,  and  verbascum 
are  all  hairy,  while  belladonna  is  smooth;  those  of 
henbane  and  potato  are  toothed  or  lobed,  while  the 
margin  of  belladonna  is  entire.  The  leaves  of  datura, 
or  stramonium,  come  in  a  crumpled  mass,  closely 
resembling  that  of  belladonna  leaf,  and  one  is  often 
mistaken,  upon  superficial  examination,  for  the  other. 
The  belladonna  mass  is,  however,  almost  invariably 
of  a  brownish-green  color,  a  bright  green  indicating 
an  immature  leaf,  while  that  of  stramonium  is  of  a 
clear,  usually  a  dark,  green  color.  Upon  soaking 
and  flattening  out  a  leaf,  the  large,  angular  teeth  or 
lobes  of  the  latter,  with  their  very  unequal  base,  con- 
trast strongy  with  the  entire  margin,  regular  outline. 
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and  nearly  equal  base  of  the  former.  As  to  the  roots, 
they  are  greatly  subject  to  substitution,  adulteration, 
and  imperfection  of  quality,  which  are  much  more 
readily  detected  by  pliysical  inspection  than  is  the 
case  with  the  leaves.  Scopola  is  very  largely  sxib- 
stituted  for  belladonna,  especially  in  Europe.  Its 
constituents  and  properties  are  very  similar  to  thos(! 
of  belladonna,  but  it  contains  some  hyoscinc.  As 
the  two  drugs  present  not  the  slightest  similarity, 
tliis  action  can  be  regarded  only  as  wilful  and  delib- 
erate, as  is  the  addition  of  the  roots  of  poke,  burdock, 
medicago,  and  of  one  which  appears  to  be  wild, 
unpeeled  marshmallow.  The  two  last  named  are 
flexible,  while  belladonna  is  stiff  and  brittle.  Bur- 
dock has  a  soft  pith  or  a  hollow  center.  The  three 
last-mentioned  forms  of  adulteration  are  highly 
objectionable,  as  the  articles  have  no  properties  at 
all  Uke  those  of  belladonna.  Poke-root  is  the  com- 
monest and  most  serious  adulterant  of  all.  A  few 
years  since  not  a  pound  of  belladonna  root  was  to  be 
found  in  the  American  market  that  did  not  contain 
this  dangerous  adulterant  and  the  federal  authorities 
were  obliged  to  permit  the  picking  over  of  importa- 
tions in  order  to  provide  the  country  with  supplies. 
The  detection  of  poke-root  is  not  difficult.  Its  outer 
surface  bears  circular  rows  of  very  small,  mostly 
lighter  colored,  wart-like  projections.  The  transverse 
section  of  poke-root  shows  concentric  rings  of  light 
and  darker  tissue,  the  one  projecting  slightly  beyond 
the  other.  On  longitudinal  section  these  two  tissues 
show  as  longitudinal  bands.  Dust  scraped  from  the 
section  shows  needle-shaped  crystals  of  calcium 
oxalate  w-hen  %'iewed  under  the  microscope,  and  the 
same  is  true  of  the  leafy  tops  when  mixed  with  bella- 
donna leaves.  The  imperfection  of  genuine  bella- 
donna root,  aside  from  obviously  bad  conditions  of 
mould  and  worminess,  relate  to  its  being  too  young 
(when  less  than  two-fifths  inch  in  thickness)  or  old, 
thick,  and  woody.  The  active  constituent  resides 
chiefly  in  the  bark;  hence  old  thick  pieces,  in  which 
the  increase  of  weight  is  chieflj^  of  inert  woody  fiber, 
must  be  inferior.  The  two  drugs  are  described  as 
follows: 

The  Leaves. — From  ten  to  fifteen  centimeters  (four 
to  six  inches)  long  and  about  half  as  broad,  ovate, 
abruptly  and  almo.st  equally  narrowed  into  a  petiole 
of  extremely  variable  length,  the  apex  acute  or  acut- 
ish,  but  not  acuminate  or  tapering,  entire  on  the 
margin,  smooth,  thin,  drying  brownish  green,  the 
upper  surface  browner,  the  lower  greener  and  paler, 
both  surfaces  minutely  whitish  punctate;  odor  slight; 
taste  bitterish,  somewhat  acrid. 

The  Root. — In  cylindrical,  but  slightly  tapering, 
coarsely  wrinkled  pieces,  bearing  their  bark,  rarely 
exceeding  fifteen  centimeters  (six  inches)  in  length, 
having  a  thickness  of  ten  millimeters  (two-fifths  inch) 
to  twenty-five  millimeters  (one  inch),  often  split;  ex- 
ternally of  a  light  brownish  gray,  much  subject  to 
abrasion,  which  reveals  a  lighter  inner  laj'er,  internally 
whitish;  breaking  with  the  characteristic  emission  of 
a  puff  of  dust,  and  exhibiting  a  nearly  smooth  and 
starchy  fracture,  indistinctly  many-radiate  near  the 
bark;  nearly  inodorous;  taste  sweetish,  afterward  bit- 
terish and  .stronglj'  acrid.  Portions  of  the  stem  and 
of  thick,  hard,  woody  crowns  should  not  be  included. 

Composition. — The  minor  constituents  of  the  leaves 
are  starch,  gum,  wax,  and  asparagin;  and  of  the  roots, 
starch.  The  active  constituents  of  both  are  the 
mydriatic  alkaloids,  about  one-tenth  to  one-half 
per  cent,  in  the  leaves,  one-fourth  to  three-fourths 
per  cent,  in  the  root.  As  regards  the  identity  and 
precise  relative  amounts  of  the  different  alkaloids, 
discussion  is  in  the  present  state  of  our  knowledge 
unprofitable,  and  in  view  of  their  very  similar  thera- 
peutic effects,  equally  unimportant.  Bclladonnine 
and  hyoscinc  (if  the  latter  be  really  present  at  all — 
see  Hi/oscyamvs)  are  in  such  small  amounts  as  to  be  ab- 
solutely unimportant.     The  only  alkaloid  other  than 


atropine  which  is  present  in  appreciable  amount  is  h>/- 
o.-ici/amine,  and  the  action  of  this  is  so  nearly  identical 
witli  that  of  atropine  as  to  render  its  presence  of  no 
importance.  Theoretically,  the  relations  of  the  two 
la.st  named  are  of  great  interest.  They  are  so  clo.sely 
similar  that,  even  when  in  the  pure  condition,  it  is 
almost  impossible  to  distinguish  them.  It  is  believed 
that  very  young  roots  will  yield  only  hyoscyamine, 
old  ones  chiefly  atropine.  It  is  not  by  any  means 
certain,  however,  that  the  extraction  of  one  proves 
that  it  so  existed  in  the  living  plant.  It  is,  further, 
very  uncertain  as  to  the  maintenance  of  their  iden- 
tity when  the  respective  alkaloids  are  taken  into 
the  stomach  or  the  system.  Certainly  their  prac- 
tical effects  are  generally  regarded  as  identical,  so 
that  therapeutic  interest  in  tne  drug  centers  finally 
in  its  percentage  of  total  alkaloid.  Since,  according 
to  the  above  showing,  the  preparations  of  belladonna 
must  vary  so  widely,  and  as  the  determination  of  their 
strength  is  no  longer  difficult,  none  should  ever  be 
used  whose  percentage  of  total  alkaloids  is  not  known. 
The  cultivated  leaves  of  California,  where  this  in- 
dustry has  been  developed  by  Dr.  .Ubert  Schneider, 
yield  from  50  to  100  per  cent,  more  alkaloid 
than  the  ordinary  commercial  European  product, 
and  bring  a  correspondingh'  higher  price.  In 
considering  the  properties  of  belladonna,  then,  we 
may  restrict  our  attention  to  those  of  the  alkaloid 
atropine. 

Atropine  or  Atropina  (C^Hj^NOj). — "An  alka- 
loid obtained  from  belladonna.  .A.s  it  occurs  in  com- 
merce, it  is  ahvaj's  accompanied  bj'  a  smaJ  propor- 
tion of  h}'osc)'amine  extracted  along  with  it,  from 
which  it  cannot  be  readily  separated."  (U.  S.  P.) 
It  occurs  in  white,  acicular  crystals,  or  as  a  fine 
white  powder,  odorless,  bitter,  and  acrid,  becoming 
yellowish  on  exposure.  It  is  soluble  in  water  to  the 
extent  of  nearly  four  grains  to  the  ounce,  and  freely 
soluble  in  alcohol,  as  well  as  in  fifty  parts  of  glycerin. 
It  readily  forms  salts.  Chemically,  it  is  a  compound 
of  the  alkaloid  tropine  (which  lacks  the  properties 
of  atropine)  and  tropic  acid.  Hence  alkalies,  be- 
sides acting  as  precipitants,  as  in  the  case  of  other 
alkaloids,  may  take  away  the  tropic  acid  and  con\-ert 
the  atropine  into  inactive  tropine.  Decomposition 
also  occurs  if  it  be  heated  with  water  or  acids. 

Action. — Atropine  has  no  action  upon  the  unbroken 
skin  unless  absorption  occur.  Its  tendency  to 
absorption  is  verj'  slight,  but  can  be  increased  by 
inunction  or  to  an  uncertain  extent  by  application 
in  the  form  of  a  plaster,  for  a  continuous  period,  under 
the  influence  of  the  heat  and  confinement  and  the 
friction  resulting  from  natural  movements.  Mixing 
it  with  glycerin  or  with  alcohol  or  other  volatile 
substance  also  leads  to  its  absorption.  It  will  then 
act  both  locally  and  systemically,  and  more  or  less 
poisonous  symptoms  can  be  thus  induced.  Its  local 
action,  applied  thus  or  to  a  denuded  surface,  or 
injected  into  the  tissues,  is  that  of  a  paraij'zant  of 
the  nerve  endings,  especially  the  sensory.  When 
pain  is  present,  tliis  sensory  depression  is  increa.sed 
by  the  lessened  irritation  due  to  slightlj-  decreased 
muscular  movement.  The  systemic  effects  will  be 
considered  later.  The  local  effects  upon  mucous 
membranes  are  also  shghtlj'  benumbing,  due  to  sen- 
sory paralysis,  and  inhibitory  of  the  secretions, 
through  paralysis  of  the  nerve  endings  which  excite 
them.  The  local  effect  in  the  eye  is  to  paralyze  the 
endings  of  the  third  nerve,  thus  allowing  the  iris  to 
relax,  producing  wide  dilatation  of  the  pupil,  and 
also  to  destroy  the  power  of  accommodation. 

The  direct  systemic  effects  are  entirely  upon  the 
nerve  tissues,  more  upon  the  periphery  than  upon  the 
centers.  The  central  effects  are,  moreover,  for  the 
most  part,  rendered  inoperative  in  the  net  practical 
results  ob.served,  because  the  peripheral  actions  are 
antagonistic  to,  and  more  than  sufficient  to  overcome 
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them.  Of  the  centers,  the  highest  are  affected  most 
and  the  lower  successively  less.  The  primary  effects 
upon  the  centers  are  stimulant,  the  secondary  depres- 
sant. The  most  prominent,  therefore,  is  cerebral 
stimulation,  excitement  or  delirium.  Even  in  the 
mildest  ca.se,  the  stimulation  can  be  seen  to  be  of  an 
intoxicant  or  uncontrolled  character.  The  cardiac 
centers,  both  vagus  and  accelerator,  are  stimulated. 
The  first  result,  through  the  vagus,  is  a  slowing  of  the 
heart,  whicli  almost  at  once  jaelds  to  a  quicl<ening,  at 
first  probably  through  the  accelerator  stimulation, 
afterward  by  the  secondary  depression  of  the  vagus, 
and  lastly,  as  a  result  of  depressant  action  on  the 
vagal  endings.  The  vasomotor  centers  are  stimu- 
lated, with  a  brief  rise  of  blood  pressure;  this  is 
quickly  overcome,  cliiefly  by  the  peripheral  effects, 
but  partly  by  the  secondary  depression  of  the  centers. 
Some  claim  also  that  the  secondary  dilatation  of  the 
vessels  is  due  to  direct  stimulation  of  the  dilator 
centers,  but  this  action  would  probably  be  very 
brief.  The  respirator}'  centers  are  stimulated,  with 
quicker  and  deeper  breathing  at  first,  followed  by  re- 
verse conditions.  The  heat  centers  are  stimulated, 
and  there  is  a  rise  of  temperature.  As  heat  loss  by 
evaporation  of  perspiration  is  wanting,  this  central 
action  is  not  fully  counteracted  at  the  periphery, 
even  though  the  superficial  vessels  are  dilated;  thus 
the  rise  of  temperature  is  maintained. 

The  peripheral  effects  of  atropine,  for  the  most  part, 
counteract  and  overcome  the  central.  They  are  of  a 
paralyzing  nature,  and  relate  both  to  movement 
and  secretion.  In  regard  to  movement,  inhibitory 
endings  may  be  paralj'zed  so  as  to  allow  a  result  which 
is  but  apparent  stimulation,  as  in  the  secondary 
quickening  of  the  heart  due  to  paralysis  of  the  vagal 
ends,  and  the  permission  of  an  increase  in  persitalsis, 
due  to  paralysis  of  the  splanchnic  terminations.  The 
latter  action  results  in  a  laxative  effect  upon  the 
bowels. 

The  same  effect  is  produced  upon  the  eye  as  results 
locally,  as  above  described.  All  the  buccal  secretions 
are  checked,  and  the  mouth  and  throat  are  made  dr\'. 
The  pancreas  secretion  is  similarly  checked.  The 
effect  upon  the  production  of  respirator}'  mucus  is  the 
same  as  that  upon  the  buccal,  and  the  air  passages 
become  comparatively  dry.  Thus  it  may  be  sedative 
to  respiratory  irritation;  but  the  effect  is  apt  to  be 
very  transient.  The  same  drj'ing  effect  is  produced 
upon  the  skin.  The  skin  is  red,  liowever,  from  vas- 
cular dilatation,  resulting  from  paralysis  of  the 
motor  nerve  endings  in  the  arterial  muscular  fibers. 
This  reddening  is  sufficient  to  produce  a  scarlatina- 
like flushing  which  has  led  to  errors  of  diagnosis. 
Atropine  has  a  strong  tendency  to  dry  up  the  milk. 

Most  of  the  therapeutic  actions  of  belladonna  are 
explained  by  the  above  pharmacodynamic  deductions. 
Some,  however,  are  still  puzzling. 

The  local  uses  of  belladonna  are  of  almost  as  great 
importance  as  the  internal.  Prominent  among  them 
are  the  uses  of  atropine  in  the  local  treatment  of  the 
eye.  The  dilatation  of  the  pupil  by  it  permits  of 
intraocular  examination,  checks  iritic  adhesions 
or  breaks  them  down  if  formed,  and  checks  ocular 
hernia.  These  results  are  accompanied  by  a  lessening 
of  pain  and  even  a  reduction  of  inflammation. 

Many  forms  of  superficial  and  some  deeply  seated 
ains,  as  rheumatism  and  neuralgia,  are  sometimes  re- 
icved  by  the  belladonna  plaster,  or  by  the  liniment  well 
rubbed  in,  or  by  a  solution  in  chloroform  or  camphor. 
Cardiac  and  respiratory  pains  are  often  relieved  simi- 
larly. Toothache  may  be  relieved  by  direct  applica- 
tion of  atropine  to  the  nerve.  Many  forms  of  itching 
are  promptly  relieved  and  local  inflammations  scat- 
tered. I'ain  from  hemorrhoids  is  partly  relieved. 
The  checking  of  the  milk  secretion  can  sometimes  bo 
produced  by  local  application  of  the  plaster.  Appli- 
cation of  a  solution  of  atropine  will  often  check  local 
perspiration,   though  it  is  quite  uncertain.     In  the 

32 


111 


nature  of  local  apph  cations  may  be  regarded  the 
intramuscular  or  deep  injection  of  atropine,  often 
combined  with  morphine,  to  relieve  pain  or  spasms 
which  cannot  be  modified  by  its  superficial  appli- 
cation. Inhalation  of  a  spray  containing  atropine, 
for  the  relief  of  asthma,  may  also  be  regarded  in 
the  same  light. 

Internally,  belladonna  is  probably  more  often  used, 
in  large  doses,  to  check  incontinence  of  urine,  and  as 
an  adjunct  of  cathartics  or  laxatives,  than  for  anything 
else.  "While  it  alone  may  act  as  a  la.xacive,  it  is  very 
uncertain.  Continually  used,  esperiailj'  together 
with  nux  vomica,  it  may  overcome  chronic  constipa- 
tion. Next  in  importance  is  its  use  in  respiratory 
disea.ses,  where  it  has  a  wide  field  of  usefulness.  In 
asthma,  it  often  gives  relief  when  nothing  else  wiU, 
and  by  varying  its  use  with  that  of  its  related  alka- 
loids permanent  benefit  may  be  secured.  A  similar 
benefit  may  result  from  its  use  in  whooping-cough. 

It  checks  e.Kcessive  secretion,  especially  from  the 
nose.  With  this  result,  irritable  cough  (of  suitable 
causation)  is  greatly  relieved.  It  is  an  excellent 
remedy  for  relieving  the  sweats  of  phthisis.  Sore 
throat,  unless  of  the  exces.sivelj'  dry  variet)',  is  very 
favorabh'  influenced.  Cardiac  inflammation  or  pain 
is  benefited  by  its  internal  administration,  as  well  as 
by  local  application.  Belladonna  is  a  useful  antidote 
to  poisoning  by  morphine. 

The  official  preparations  of  belladonna  leaves  are 
the  extract,  of  which  the  dose  is  0.008  to  0.03  grams 
(gr.  J  to  J),  and  the  fifteen  per  cent,  tincture,  dose 
0.3  to  2.0  c.c.  (Tr^v.  to  xx.x.).  Of  the  extract,  there 
is  a  ten-per-cent.  plaster  and  a  twenty-per-cent. 
ointment.  Of  the  root  there  is  a  fluid  extract,  dose 
0.06  to  0.2  c.c.  (TT\i.  to  iij.),  and  of  this  we  have  a 
liniment,  ninetj'-five  parts  with  five  parts  of  camphor. 
Children  bear  larger  doses  of  atropine  or  belladonna, 
proportionally  to  their  age,  than  adults. 

Commercial  belladonna  plasters  are  usually  made 
either  from  belladonna  root,  to  overcome  the  disagree- 
able stain  and  odor  of  the  leaf  extract,  or  from  the 
rhizome  of  scopola.  Probably  the  very  great  bulk 
of  them  is  made  from  the  latter.         H.  H.  Rusbt. 


Bellini,  Lorenzo. —  Born  in  Florence,  Italy,  Sept.  3, 
1643.  He  began  the  study  of  medicine  in  Pisa  at  an 
unusually  early  age.  Before  he  reached  liis  twentieth 
year  he  had  already  published  (Florence,  1662)  an 
account  of  his  very  interesting  researches  relating 
to  the  structural  anatomy  of  the  kidneys.  A  short 
time  afterward  he  was  chosen  Professor  of  Anatomy 
at  the  University  of  Pisa,  and  he  filled  that  position 
with  distinction  during  a  period  of  thirty  years. 
His  death  occurred  in  Florence  on  January  8,  1704. 

Bellini  occupies  a  distinguished  rank  in  the  his- 
tory of  medicine,  not  merely  as  an  anatomist,  but  also 
as  a  practitioner  of  the  art.  He  was  the  chief 
physician  of  the  Grand  Duke,  Como  III.,  and,  at  the 
suggestion  of  Lancisi,  physician-in-ordinary  of  Pope 
Clement  XL,  he  was  made  chief  consultant  of  liis 
Holiness.  His  principal  writings  have  been  pubhshed 
in  two  volumes,  under  the  title  of  "Bellini  Opera 
Omnia,"  Venice,  1708.  A.  H.   B. 

Bellocq,  Jean=Jacques. — Born  in  Saint-Maurin, 
France,  in  1732.  In  17.51  he  visited  Paris  and 
devoted  him.self  for  three  years  chiefly  to  the  study 
of  surgery  and  midwifery.  In  1774  he  was  given  the 
po.sition  of  lieutenant  to  the  Surgeon-in-Chief  of  the 
king.     He  died  on  December  28,  1809. 

Bellocq  is  known  to  modern  surgeons  through  the 
fact  that  he  invented  a  hollow  sound  or  cannula 
which  stiU  bears  his  name.  A.  H.   B. 


Bends. — .\   relatively  mild  form  of  compressed-air 
illness  occurring  in  caisson  workers.    The  term  is  also 
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employed  as  a  synonym  of  caisson  disease  as  a  whole. 
It  is  believed  by  some  that  "bends"  in  the  restricted 
sense  of  the  term  is  not  a  mild  degree  of  the  severe 
and  fatal  forms  of  caisson  disease  but  a  condition 
sui  generis.  The  symptoms,  while  showing  consider- 
able variation,  may  be  briefly  described  as  severe 
muscular  and  articular  pains  in  the  extremities, 
attended  by  more  or  less  muscular  weakness.  The 
descriptive  term  "bends"  implies  that  the  Hmbs  are 
commonly  flexed  as  a  result  of  the  attack,  but  this 
flexion  does  not  necessarily  take  place.  The  date 
and  place  of  the  introduction  of  tne  word  are  not 
accurately  known,  but  the  condition  is  said  to  have 
existed  among  the  caisson  workers  who  were  active 
in  the  construction  of  the  East  River  or  Brooklyn 
Bridge  and  the  Mississippi  bridge  at  St.  Louis  and 
who  may  have  coined  the  name.  The  first  mention 
of  the  term  by  a  medical  man  seems  to  ha\-e  been  in 
18S2  by  Broughton,  who  states  that  it  was  at  that 
time  of  common  occurrence  in  the  newspapers.  (See 
Caisson  Disease.)  E.  P. 


Benedict's  Syndrome. — Tliis  is  one  of  the  character- 
istic syndromes  of  disease  of  the  midbrain.  The 
peculiar  symptomatology  niaj'  follow  a  variety  of 
destructive  lesions  of  certain  areas  in  these  parts. 
It  may  follow-  an  infectious  thrombus,  an  endarteritis 


a  paraly.sis  agitans  and  a  multiple  sclerosis,  in  that 
it  is  persistent,  and  it  al.so  has  a  slight  intention 
(nullity  to  it.  Benedict  described  his  first  case  under 
tlie  caption  Paraly.sis  Agitans. 

The  lesion  occupies  a  site  partly  coinciding  with 
that  of  the  Weber  syndrome,  but  also  probably  in- 
volves the  red  nucleus  as  w'eU.  (SeeBraiH.-  MUlbrain 
Diseases.)  Smith  Ely  Jellikfe. 


Benn6  Oil. — Oleum  Sesami;  Teel  Oil.  A  fLxed 
oil  expressed  from  the  seeds  of  Sesamum  indicum  L. 
(fain.  PedatineiT). 

The  benn^  plant  is  an  erect,  hairy  annual,  two  to 
four  feet  high,  supposed  to  have  originated  in  Africa, 
but  so  long  and  so  widely  cultivated  that  knowledge 
of  its  nativity  has  been  lost.  It  has  been  grown  for 
its  edible  seeds,  and  for  their  oil,  of  which  the  yield 
is  sixty  or  seventj'  per  cent.,  and  which  is  used  as 
food  and  for  many  other  purpo.ses.  The  plant  is 
grown  to  some  extent  in  our  Southern  States.  The 
oil  is  j'ellow  or  yellowish,  inodorous,  and  of  a  pleasant, 
nut-like  flavor.  Its  specific  gravity  is  0.919  to  0.923 
at  15°  C.  At  -  3°  C.  (26.6°  F.)  it  becomes  thick,  and 
at  —  5°  C.  (23°  F.)  it  congeals.  Concentrated  sul- 
phuric acid  converts  it  to  a  brownish-red  jelly.  Its 
properties  are  purely  nutritive  and  demulcent. 

H.  H.   Rt-SBT. 


^'Corp  yen 

"  "'^      trocapito 

t(Hip  pont.in. 
—    \ 

''\ 

optic    \^  //-  frofito  ^'-, 
^ariet.  sp.' 


'M^   ''-Siinffer-West/M.. 


Jk  ^'^""^^^•'^^^»M&f^^^-  i-^ 


ir/rrmttf  trfrbniH 


pyra//ti\ 


Fig.  637. — Level  of  Midbrain  involved  in  Benedict's  Syndrome. 


syphilitica  or  sclerotica,  a  tumor,  tuberculosis,  etc. 
Four  characteristic  syndromes  are  described  for  le- 
sions of  the  midbrain — tliey  are  simply  the  more 
pronounced  of  a  list  of  slightly  varying  syndromes. 
The  Weber  syndrome  is  the  basis  of  the  Benedict 
syndrome.  The  former  consists  of  a  hemiplegia  of 
one  side  with  an  oculomotor  palsy  of  the  other.  It 
is  usually  due  to  a  disorder  w-ithin  the  cerebral  pe- 
duncles, usually  at  the  lower  end  about  the  level  of 
the  red  nucleus.  In  Benedict's  syndrome  there  is 
added  to  the  Weber  sj^ndrome  a  tremor  on  the  para- 
lyzed side.     This  tremor  is  usually  a  cross  between 
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Bennet,  James  Henry. — Born  in  1816  in  Manchester, 
England.  He  received  his  medical  education  in 
Paris  (M.  D.  in  1843)  and  afterward  began  to  practice 
his  profession  in  London.  During  the  early  part  of 
his  career  he  continued  to  reside  in  that  citj',  devoting 
himself  largely  to  obstetrics  and  gynecology;  but 
after  1869  he  spent  his  winters  regularly  in  Mentone, 
in  the  southeastern  part  of  France.  His  death  occurred 
in  .Vugust,  1S91. 

Bennet  is  known  to  the  medical  profession  on  this 
side  of  the  -Atlantic  almost  exclusively  as  a  charming 
writer  on  climatology  and  climatotherapeutics.     His 

33 


Bennet,  James  Henry 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


fjrinoipal  publications  on  these  topics  are  the  fol- 
owing:  "Winter  and  Spring  on  the  Shores  of  the 
Mediterranean;  or  the  rivieras  of  Itaiy,  Spain,  Sar- 
dinia, Malta,  Corfu,  Corsica,  Sicily,  Algiers,  and 
Tunis  as  winter  climates,"  oth  edition,  1875;  "Re- 
searches regarding  the  Treatment  of  Pulmonary 
Phthisis,"  3rd  edition,  1878;  "La  Corse  et  la 
Sardaigne,"  Paris,  1876.  A.  H.  B. 


Bentley  Springs. — Baltimore  County,  JIaryland. 

Post-office. — Bentley  Springs. 

These  springs  are  situated  on  the  line  of  the 
Northern  Central  Railroad,  a  division  of  the  Penn- 
sylvania Railroad,  about  thirty  miles  from  Baltimore 
and  seventy  miles  from  Washington.  The  elevation 
above  tide  water  is  about  six  hundred  feet.  In 
addition  to  the  two  principal  springs  there  are  perhaps 
as  manj'  as  one  hundred  others,  some  of  which  have 
important  chalybeate  properties.  The  surroundings 
of  the  springs  are  very  interesting  and  attractive. 
The  following  analyses  of  two  of  the  chief  springs  are 
by  Professor  Aiken,  formerly  of  the  University  of 
Maryland: 

The  "Nucta"  or  "Station"  Spring. 
One  U^^TED  States  Gallox  Contains; 


Solids. 
Calcium  carbonate. .  . 
Sodium  carbonate.  .  . 
Magnesium  carbonate. 

Calcium  sulphate 

Sodium  chloride 

Silicic  acid 

Iron  (a  trace)  \ 

Alumina  and  loss  J   '  ' 


Grains. 
.    0.34 
.37 

.  30 

.19 

.      .33 

.       .02 


Total  minerarcontents 1 .82 

Organic  matter 36 


Total  solid  contents 2.18 

The  Lower  Spring. 

Solids.  Grains. 

Calcium  carbonate 0.64 

Magnesium  carbonate 68 

Sodium  carbonate 46 

Iron  carbonate 89 

Sodium  chloride 27 

Calcium  sulphate 35 

Sihcic  acid 43 

Alumina  and  loss 03 


Inorganic  contents. 
Organic  matter. . . 


3.75 
0.91 


Total  contents 4.66 

The  water  is  a  mild  example  of  the  alkaline-saline- 
calcic  class.  It  has  been  used  for  upward  of  thirty 
years,  in  kidney,  liver,  and  stomach  disorders,  and  in 
chronic  bowel  affections.     It  is  used  commercially. 

Em.ma  E.  Walker. 


Benzacetine. — Acotamido-ethyl-salicvlic  acid,  C^Hj 
NHCHjCO.OCoHj.COOH.  This  occurs  in  colorless 
crystals  which  are  almost  insoluble  in  water  and 
have  a  melting  point  of  205°  C.  (401°  F.).  Frank 
introduced  it  as  a  .sedative  and  antineuralgic  said  to 
be  of  special  value  in  cases  of  migraine.  The  dose 
is  gr.  viij.  to  xv.  (0.5-1.0),  which  may  be  repeated 
in  one  hour  if  necessary.  W.  A.   Bastedo. 


Bcnzanilide.  — Phenylbenzamide,  benzoylanihde, 
CaHs.NHCU.Cells,  obtained  by  the  action  of  benzoic 
anhydride  on  aniline.  It  occurs  in  small,  white, 
shining  scales,  tasteless,  odorless,  insoluble  in  water, 
soluble  in  alcohol,  1  in  60.     It  is  chemically  and  thera- 
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peutically  allied  to  acetanilide.  The  advantages 
claimed  for  it  are  that  it  possesses  less  toxic  proper- 
ties and  after  its  use  the  rise  of  temperature  is  more 
slow;  but  it  has  failed  to  become  a  popular  remedy. 
It  does  not  cause  any  disturbance  of  respiration  or  of 
digestion.  The  circulation  is  slowed,  the  vascular 
tension  being  reduced.  In  poisonous  amounts  it 
produces  collapse,  resembUng  in  this  respect  acetani- 
lide. In  some  cases  large  doses  have  altered  the 
color  of  the  urine,  rendering  it  of  a  greenish  tinge, 
which  is  increased  after  exposure  to  hght.  It  has 
been  recommended  especially  for  use  with  children. 
The  adult  dose  is  gr.  x.  (0.6).  T.  L.  S. 

Benzene. — See  Benzol. 

Benzin. — Under  the  title  of  Benzinum,  the  United 
States  Pharmacopoeia  makes  official  the  substance 
commonly  known  as  petroleum  benzin  or  petroleum 
ether.  It  is  thus  defined  and  described:  "A  distillate 
from  American  petroleum,  consisting  of  hydrocar- 
bons, chiefly  of  the  marsh-gas  series  [C5H,„,CjH„, 
and  homologous  compounds].  Benzin  should  be 
carefully  kept  in  well-stoppered  bottles  or  tin  cans,  in 
a  cool  place,  remote  from  lights  or  fire.  A  transparent, 
colorless,  diffusive  hquid,  of  a  strong  characteristic 
odor,  sUghtly  resembling  that  of  petroleum,  but 
much  less  disagreeable,  and  having  a  neutral  reaction. 
Specific  gravity:  0.638  to  0.660  at  25°  C.  (77°  F.). 
Boihng  point,  4.5°  to  60°  C.  (113°  to  140°  F.).  Insolu- 
ble in  water;  soluble  in  about  six  parts  of  alcohol, 
and  readily  soluble  in  ether,  chloroform,  benzol, 
volatile  oils,  and  fixed  oils  with  the  exception  of  castor 
oil.  Benzin  is  highly  infiammable,  and  its  vapor, 
when  mixed  with  air  and  ignited,  explodes  violently." 
(U.S.  P.) 

Much  confusion  arises  from  the  similarity  in  name 
and  general  appearance  between  this  substance — a 
mixture  of  hydrocarbons  of  the  marsh-gas  series — 
and  the  chemical  body  benzene  or  benzol  (CjHj),  a 
single  hydrocarbon  of  the  aromatic  .series  (see  Benzol). 
The  two  articles  must  carefulh'  be  distinguished. 

Benzin  is  not  used  in  medicine,  but  is  useful  to  the 
pharmacist  for  its  solvent  powers  over  fats,  resins, 
volatile  oils,  and  other  bodies. 

Benzinum  Purificatum. — Purified  Petroleum  Benzin 
was  introduced  into  the  eighth  revision  of  the  U.  S.  P. 
so  as  to  provide  a  solvent  which  would  not  communi- 
cate a  disagreeable  odor  to  preparations  such  as  is 
the  case  when  ordinary  benzin  is  used.  It  is  also 
officially  used  in  the  preparation  of  deodorized  opium, 
tincture  of  deodorized  opium,  and  tincture  of 
lactucarium.  Edw.\rd  Curtis. 

R.  J.  E.  Scott. 


Benzoic  Acid  and  Benzoates. — Benzoic  Acid,  C^Hj. 
COOH,  once  known  as  Jloircrs  of  benzoin,  is  a  mona- 
tomic  acid  of  the  aromatic  series,  existing  ready 
formed  in  a  number  of  balsams  and  gum  resins, 
notably  in  benzoin,  and  also  easUy  obtainable,  artifi- 
cially, by  decomposition  of  hippuric  acid  or  of  deriva- 
tives of  toluene  or  of  naphthalin.  The  benzoic 
acids  of  commerce  are  derived  from  aU  these  sources. 
Benzoic  acid  from  benzoin  is  characterized  by  a 
special  degree  of  lightness  and  puffiness,  and  by  a 
distinct  benzoin  odor.  The  acid  derived  from  hip- 
puric acid  is  manufactured  out  of  the  urine  of  cows 
and  horses,  and  formerly  was  distinguishable  by  a 
urinous  odor,  but  as  at  present  made  is  quite  pure  and 
entirely  free  from  such  smell.  The  acid  from  this 
source  is  commonly  known,  commercially,  as  German 
benzoic  acid. 

Benzoic  acid  is  official  in  the  United  States  Phar- 
macopceia  under  the  title  Aciduni  Benzoicum,  Benzoic 
Acid.  The  source  of  the  article  is  not  prescribed,  but 
the  acid  is  said  to  be  "obtained  from  benzoin  by  sub- 
hmation,  or  prepared  artificially."     Although  no  men- 
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tion  is  made  of  tlie  German  acid  manufactured  out  of 
liorse  urine,  j'et  it  is  proper  to  say  tliat  the  article  so 
derived,  if  free  from  smell,  is  perfectly  pure  and 
decent  for  medical  use.  A  benzoic  acid  made  from 
toluene,  and  having  an  odor  Hke  that  of  bitter 
almonds,  is  probably  not  piu'c,  and  such  a  sani|)le 
should  be  rejected.  Benzoic  acid  is  doscrilied  o(Ii- 
cially  as  follows:  "  White  or  yell()\vi.sh-\vliite,  lustrous 
scales  or  friable  needles,  odorless,  or  having  a  slight, 
characteristic  odor  resembling  that  of  benzoin,  and 
an  acid  pungent  taste,  somewhat  volatile  at  a 
moderately  warm  temperature,  and  acquiring  a 
yellow  color  on  exposure  to  liglit.  Soluble  in  281 
parts  of  water,  and  in  1.8  parts  of  alcohol  at  2.5°  C. 
(77°  F.);  in  lo  parts  of  boiling  water,  and  in  1  part 
of  boiling  alcohol.  Also  soluble  in  3  parts  of  etlier, 
7  parts  of  chloroform,  and  readily  soluble  in  carbon 
disidphide,  benzene,  fixed  and  volatile  oils,  but 
sparingly  soluble  in  benzin.  Benzoic  acid  volatilizes 
freely  with  the  vapor  of  water.  On  heating  it  to  100° 
C.  (212°  F.),  it  begins  to  sublime.  At  121.4°  C. 
(250.5°  F.)  it  melts,  and  at  a  liiglier  temperature  it  is 
consumed  without  leaving  a  residue.  The  acid  sub- 
limed from  benzoin  has  a  lower  melting-point  and  a 
greater  solubihty  in  water,  than  that  prepared  arti- 
ficiaUy."     (U.  S.  P.) 

Benzoic  acid  "should  be  kept  in  dark  amber- 
colored,  well-stoppered  bottles,  in  a  cool  place."  As 
to  effects  upon  the  animal  sj'stem,  benzoic  acid  is 
locally  irritant  to  sensitive  surfaces,  its  concentrated 
vapor,  if  inhaled,  causing  violent  sneezing  and  cough- 
ing, and  even  bronchial  inflammation.  Yet,  when 
sw-allowed,  benzoic  acid  is  singularly  innocent. 
Even  gram  doses  cause  but  a  feeling  of  abdominal 
warmth  and  increase  of  bronchial  mucus,  and  serious 
derangement  is  scarcely  possible  by  any  likely  dosage, 
intentional  or  accidental.  The  action  of  benzoic 
acid,  of  interest  in  medicine,  is  upon  the  urine. 
Under  the  influence  of  the  drug,  given  by  the  mouth, 
an  acid  urine  tends  to  be  of  increased  acidit}',  an 
alkaline  to  become  acid,  and  a  urine  prone  to  decom- 
pose before  voidance  to  lose  such  tendency.  The 
increased  aciditj'  of  mine  determined  by  benzoic 
acid  is  mainly  accounted  for  by  the  presence  in  the 
secretion  of  hippuric  acid,  imdoubtedly  derived,  by 
chemical  change,  from  the  benzoic  acid  itself.  This 
conversion  of  benzoic  into  hippuric  acid  is  probably 
wrought  in  the  kidneys  (Meissner  and  Shepard). 
Arrest  of  putrefaction  in  urines  by  benzoic  acid  is 
probably  simph'  an  e.xample  of  the  general  antiseptic 
action  of  the  drug.  Opposite  statements  have  been 
made  by  investigators  concerning  the  influence  of  ben- 
zoic acid,  taken  medicinally,  upon  urinary  excretion 
of  urea  and  uric  acid,  some  finding  the  proportion  of 
one  or  other  of  these  excreta  to  be  lessened,  and 
others  observing  the  same  to  be  imaffected. 

Besides  the  action  upon  the  urine,  benzoic  acid  is 
important  for  its  antiseptic  power,  in  wliich  it  prob- 
ably stands  on  a  par  with  salicylic  acid. 

The  therapeutic  applications  of  benzoic  acid  are 
principally  tne  internal  giving  of  the  acid  under  its 
own  form  for  the  acidifying  of  the  urine  in  cases  in 
which  that  secretion  tends  to  be  alkaline  and  unduly 
phosphatic,  or  for  the  prevention  of  decomposition 
of  the  urine  in  the  bladder  in  ca.ses  of  vesical  catarrh. 
The  acid  may  also  be  used  as  an  antiseptic.  In 
saline  combination,  principally  as  sodium  benzoate, 
benzoic  acid  has  also  been  employed  in  acute  rheu- 
matism, as  an  innocent  but  therapeutically  effective 
substitute  for  .saUcylic  acid  or  the  salts  thereof 
(Senator),  and  in  pulmonary  consumption,  diph- 
theria, scarlet  fever,  and  other  diseases  of  that  cate- 
gory. In  these  apphcations,  however,  the  repu- 
tation of  the  medicine  is,  at  the  present  writing, 
decidecOy  on  the  wane. 

For  its  legitimate  use  in  urinary  disorders,  benzoic 
acid  may  be  given  several  times  daily  in  doses  of 
from  0.65  to  2.00  grams  (gr.  x.  to  xxx.),  administered 


in  pill  form,  with  soap  as  the  excipient,  or  given 
in  mixture.  Tlie  Pharmacopceia  gives  the  average 
dose  as  0.500  grams  or  .seven  and  one-half  grains. 
Free  solution  of  benzoic  acid  in  water  can  be  deter- 
mined by  the  addition  of  four  parts  of  .sodium  phos- 
phate or  one  and  a  half  parts  of  borax.  Solutions  for 
antiscplic  purpo.scs  should  range  from  two-per-cent. 
strength  upward,  solution  in  water  being  effected  by 
the  additions  just  cited. 

Benzoates. — Such  of  the  benzoates  as  arc  u.sed  in 
medicine  are  employed  for  the  sake  of  tlie  benzoic 
acid  of  their  compo.sition.  Their  discussion,  there- 
fore, belongs  to  this  place.  The  benzoates  official  in 
the  United  States  Pharmacopceia  are  the  sodium, 
lithium,  and  ammonium  salts. 

Sodium  Benzoate,  CuH,,,.COO.Na. — This  salt  is 
official  as  Sodii  Bemoas,  Sodimn  Benzoate,  and  is 
described  as  "a  white,  amorphous  granular  or 
cystaUine  powder,  odorless,  and  having  a  sweetish 
astringent  taste.  Permanent  in  the  air.  Soluble, 
at  25°  C.  (77°  F.),  in  1.6  parts  of  water  and  in  43 
parts  of  alcohol;  in  1.3  parts  of  boiling  water, 
and  in  12  parts  of  boiling  alcohol.  When  heated, 
the  salt  melts,  emits  vapors  having  the  odor  of  ben- 
zoic acid,  then  chars,  and  finally  leaves  a  residue  of 
sodium  carbonate  and  carbon.  To  a  non-luminous 
flame  it  imparts  an  intense  j'ellow  color.  Its  aqueous 
solution  is  neutral  or  sUghtly  alkaline  to  litmus  paper. " 
(U.  S.  P.)  The  salt  should  be  kept  in  well-stoppered 
bottles.  Sodium  benzoate  is  made  by  treating  a 
sodium  carbonate,  in  hot  saturated  aqueous  solution, 
with  benzoic  acid,  and  the  quality  of  the  salt  will  be 
determined  by  the  quality  of  the  benzoic  acid  used 
in  its  manufacture.  The  article  described  by  the 
Pharmacopceia  is  intended  to  be  made  from  bonzoin- 
benzoic  acid.  Specimens  made  from  hippuric-benzoic 
acid  and  from  toluene-benzoic  acid  have  been  found 
to  be  less  freely  soluble  in  water  than  the  above,  and 
to  yield  pale  yeUow  and  turbid  solutions  of  an  acrid, 
bitter  taste,  and  of  an  odor  of  horse  sweat  or  of  bitter 
almonds,  according  to  the  source  of  the  benzoic  acid. 

Physiologicall}-,  sodium  benzoate  is  about  as  harm- 
less as  a  salt  can  bo,  but  has  been  found  to  produce 
fully  the  curative  action  of  benzoic  acid  itself  in  acute 
rheumatism,  and  has  been  loudly  vaunted  as  of 
wonderful  avail  in  pvilmonary  consumption,  diph- 
theria, etc.  It  has  been  given  internally  in  doses 
amounting  to  from  five  to  twenty  grams  (gr.  Lxxv.  to 
5v.)  a  day,  without  serious  derangement,  and  for 
pronounced  effect  in  acute  rheumatism  the  fullest 
limit  of  such  dosage  may  be  necessary.  The  Pharma- 
copceia gives  the  average  dose  as  one  gram  or  fifteen 
grains.  In  diphtheria,  inhalations  of  atomized  spray 
and  insuflJlations  of  the  powdered  salt  upon  the  diph- 
theritic patch  have  also  been  practised. 

Lithium  Benzoate,  CeH,.COO.Li. — The  salt  is 
official  as  Lithii  Benzoas,  Lithium  Benzoate.  It  is 
thus  described:  "A  light,  white  powder,  or  small, 
shining  crystalline  scales;  odorless,  or  of  faint  benzoin- 
like odor,  and  of  a  coohng,  sweetish  taste;  permanent 
in  the  air.  Soluble  at  25°  C.  (77°  F.),  in  3  parts  of 
water,  and  in  13  parts  of  alcohol;  in  2.5  parts  of 
boiling  water,  and  in  10  parts  of  boiling  alcohol. " 
(U.  S.  P.)  The  presence  of  sodium  benzoate  increa.ses 
the  solubihty  in  water  and  lessens  that  in  alcohol. 

Lithium  benzoate  is  made  by  direct  decomposition 
of  lithium  carbonate  by  benzoic  acid;  and,  as  in  the 
case  of  the  making  of  sodium  benzoate,  benzoin- 
benzoic  acid  should  be  used  for  the  manufacture. 

Lithium  benzoate  is  an  innocent  .salt,  seemingly 
jnelding  to  a  certain  degree  simUar  results  to  benzoic 
acid  itself  in  urinary  affections  (see  under  Benzoic 
Acid,  ante).  It  has  been  used  in  such  conditions  in 
the  place  of  the  uncombined  acid,  in  doses  of  from 
one  to  two  grams  (gr.  xv.  to  x-xx.)  several  times 
daily.  The  Pharmacopoeia  gives  the  average  dose  as 
one  gram  or  fifteen  grains. 
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Ammonium  Benzoaie,  C^Hs.COO.XH,. — The  salt  is 
official  as  Ammonii  Benzoas,  Ammonium  Benzoate. 
It  is  thus  described:  "Thin,  white  laminar  crystals. 
or  a  crj-stalline  powder;  odorless,  or  having  a  slight 
odor  of  benzoic  acid,  a  saUne.  bitter,  afterward 
slightly  acrid  taste,  and  gradually  losing  ammonia 
on  exposure  to  the  air.  Soluble  at  25°  C.  (77°  F.),  in 
10.5  parts  of  water  and  in  25  parts  of  alcohol; 
in  1.2  parts  of  boiling  water  and  7.6  parts  of 
boiUng  alcohol."  (U.  S.  P.)  The  salt  is  made  by 
adding  benzoic  acid  to  water  of  ammonia,  and,  as  in 
the  case  of  the  other  benzoates,  benzoin-benzoic  acid 
should  be  used  in  the  making.  The  benzoate  should 
be  kept  in  well-stoppered  bottles. 

Ammonium  benzoate  is  an  innocent  salt,  and 
affects  the  urine  after  the  manner  of  benzoic  acid 
itself.  It  is  used  in  place  of  the  acid  in  urinary 
disorders  (see  Benzoic  Acid,  above),  in  doses  of  from 
one  to  two  grams  (gr.  xv.  to  xxx.)  several  times 
daily.  The  Pharmacopoeia  gives  the  average  dose  as 
one  gram  or  fifteen  grains.  It  amounts,  medicinally, 
to  a  soluble  form  of  benzoic  acid,  and  can  readily  be 
made  extemporaneously  in  solution  by  saturating 
benzoic  acid  with  water  of  ammonia.  Let  the  amount 
of  benzoic  acid  to  be  prescribed  be  mixed  with  a  little 
water,  then  neutrahzed  with  water  of  ammonia,  and 
the  whole  brought  to  a  desired  volume  of  solution  by 
further  addition  of  water  (Squibb). 

Edwakd     Curtis. 
R.  J.  E.  Scott. 


Benzoin. — Bexzoixum,  "Gum  Benjamin.''  "A 
balsamic  resin  obtained  from  Slyrax  benzoin  Dry- 
ander  and  another  unidentified  species  of  Styrax 
(fam.  Styracea-)."  (U.  S.  P.)  The  tree  here  named 
is  known  to  be  the  source  of  the  Sumatra  variety 
of  benzoin,  but  is  probably  not  that  of  the  Siam 
variety.  It  is  a  good-sized  tree,  rather  widely  dis- 
tributed through  the  East  India  Islands,  and  to  a 
considerable  extent  cultivated  in  Sumatra.  At  the 
age  of  about  six  j'ears,  when  the  tree  is  six  to  eight 
inches  in  diameter,  collections  begin.  They  are  con- 
tinued for  from  fifteen  to  twenty  years,  the  product 
becoming  darker  and  more  inferior  with  each  suc- 
ceeding year.  The  sap  exudes  from  incisions 
made  for"  the  purpose,  as  a  milky  juice  which  is 
collected  in  tears,  at  first  whitish,  then  becoming 
yellow,  or  rtisty  brown,  but  still  milky  wliite  when  frac- 
tured. If  tlii's  concrete  product  of  the  young  trees 
is  packed  separately,  it  results  in  a  more  or  less 
loosely  constructed  cake,  of  excellent  quaUty.  Ordi- 
narily, however,  there  is  a  considerable  quantity, 
often  very  large,  of  a  darker  substance  which,  run, 
or  perhaps  kneaded,  into  the  interstices,  and  then 
hardening,  converts  the  contents  of  the  boxes  in 
which  it  comes  packed  into  a  solid  mass  of  a  pinkish 
or  reddish  gray,  or  of  a  gray  or  sometimes  graj'- 
browTi  color,  in  which  the  white  or  yellowish  tears 
are  firmly  embedded.  It  is  believed  that  this 
interstitial  substance  consists  of  the  soft  product 
from  old  trees,  or  even  of  a  very  inferior  substance 
obtained  by  barking  and  scraping  the  trunks.  Even 
this  inferior  variety  may  be  regarded  as  good  in 
comparison  with  the  very  large  quantity  of  adul- 
terated benzoin  wliich  reaches  us.  Adulteration 
was  formerly  practised  by  embedding  large  stones 
in  the  center  or  ends  of  the  mass,  but  the  inspection 
of  the  blocks  by  splitting  them  diagonally  in 
various  directions  checked  this,  and  recourse  is 
now  had  to  fine  gravel,  sand,  or  other  earthy  mat- 
ter, for  the  purpose.  Benzoin  thus  adulterated 
is  called  "drossy."  Large  amounts  of  bark,  wood 
and  other  vegetable  tissue  are  often  present.  Ben- 
zoin, when  cold,  breaks  with  a  sharp,  brittle  frac- 
ture, and  a  shining  or  sparkling  surface,  but  becomes 
more  or  less  plastic  or  adhesive  in  a  warm  at- 
mosphere.    It   has   a   very  pleasant   balsamic  odor 
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and  a  rather  mildly  aromatic,  somewhat  acrid 
and  unpleasant  taste.  Benzoic  acid  sublimes  from 
it.  Five  parts  of  warm  alcohol  should  dissolve 
nearly  all  of  it,  if  pure. 

Sia/n  benzoin  is  packed  in  similar  boxes,  but  con- 
sists of  a  porous  mass  of  tears  only,  loosely  cohering 
or  separate.  These  tears  are  known  in  trade  as 
"marbles"  or  "almonds"  and  the  respective  grades 
are  known  as  "large"  or  "small  marbled."  The 
outer  surface  of  these  tears  becomes  of  a  darker 
yellow  or  brown  than  the  Sumatra,  but  thej'  also  are 
white  internally.  They  are  much  more  fragrant,  re- 
minding one  somewhat  of  vanilla.  This  variety  is 
much  more  expensive  than  the  Sumatra,  and  is  little 
subject  to  adulteration. 

The  principal  constituent  of  benzoin,  as  to  per- 
centage, constituting  almost  the  whole  of  it,  is 
resin,  but  its  active  constituent  is  benzoic  acid, 
which  see.  There  is  a  little  volatile  oil,  and  usually 
a  trace  of  cinnamic  acid.  Both  varieties  contain 
vanillin,  the  Sumatra  usually  considerably  less  than 
one  per  cent.,  the  Siam  often  one  and  a  half  per  cent, 
or  more.  Styracin  is  usually  present  in  the  extent 
of  two  or  three  per  cent,  and  these  are  various  cinna- 
mic and  benzoic  compounds. 

Action  and  Uses. — So  far  as  the  medicinal  action 
and  use  of  benzoin  is  concerned,  it  is  identical  with 
benzoic  acid,  in  proportion  to  its  percentage.  Other- 
wise it  is  used  in  pharmacy  for  perfuming  medicinal 
substances  or  for  rendering  them  antiseptic,  and  very 
largely  in  the  manufacture  of  perfumer}'.  The  official 
preparations  are  the  Adeps  Benzoinatus,  or  benzoinated 
lard,  which  contains  two  per  cent,  of  it;  the  tinc- 
ture, of  twenty-per-cent.  strength,  which  is  the  dis- 
tinctly medicinal  preparation,  the  dose  2  to  4  c.c. 
(fl.  OSS.  to  i.);  and  the  compound  tincture  or  "Friar's 
Balsam,"  containing  twelve  per  cent,  of  benzoin,  eight 
per  cent,  of  storax,  four  per  cent,  of  balsam  tolu,  and 
two  per  cent,  of  purified  aloes,  the  do.se  being  the 
same  as  of  the  last.  Hexrt  H.  Rusbt. 


Benzol. — This  substance,  formerly  called  benzene, 
is  the  simplest  hj-drocarbon  of  the  aromatic  series, 
having  the  formula  CjH,.  It  is  thus  a  definite 
chemical  compound,  and  must  carefully  be  dis- 
tinguished from  benzin  (q.v.),  a  composite  sub- 
stance obtained  as  a  distillate  from  coal  oil.  Ben- 
zol or  benzene  is  a  thin,  colorless  fluid,  very  volatile 
and  very  inflammable,  and,  when  pure,  of  a  not 
disagreeable  aromatic  odor.  It  is  practically  in- 
soluble in  water,  but  dissolves  in  four  parts  of  al- 
cohol. It  may  be  obtained  by  distilling  a  mi.xture 
of  benzoic  acid  and  lime,  or  by  fractional  distillation 
of  the  material  known  as  coal  naphtha,  a  derivative 
of  coai  tar. 

Benzol  is  of  more  value  in  pharmacy  than  in 
medicine.  For  pharmaceutical  purposes  it  is  notable 
for  its  extensive  solvent  power,  dissolving  readily 
such  comparatively  insoluble  substances  as  India 
rubber,  guttapercha,  sulphur,  phosphorus,  and  iodine; 
many  resins  and  alkaloids  also  dissolve  readily  in 
it.  PhysiologicalH',  benzene  has  little  local  effect, 
but  taken  internally  determines  into.xication,  coma, 
and  anesthesia.  It  has  been  given  internally  in  doses 
of  a  few  drops  in  dyspepsia  associated  with  fermenta- 
tion of  the  Ingesta,  and  also  in  trichinosis,  but  is  rarely 
employed  and  is  not  official  in  the  L'nited  States 
Pharmacopoeia.  Edw.\rd  Curtis. 

R.  J.  E.  ScoTT. 

Benzonaphthol. — See  Betanaphlhol  Benzoate. 

Benzo  -  phenoneid.  —  Tetra-methyl-<Uapsido-benzo- 
phcnoid.  A  non-irritating  though  powerful  germi- 
cide, obtained  by  the  decomposition  of  an  anihne 
dye.  It  is  similar  to  pyoktanin,  is  soluble  in  100 
parts   of   water,    and   is   not   caustic.     Like   yellow 
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pyoktanin  it  has  been  used  in  corneal  ulcers,  pus- 
tular keratitis,  and  various  ulcerative  lesions  of 
the  skin  and  mucous  membranes. 

W.  A.  Bastedo. 


Benzosulphinidum. — The  official  (U.  S.  P.)  name  of 
the  product  commonly  known  as  saccharin;  the  official 
name  in  the  British  Pharmacopceia  is  Glusidum  or 
glucusiniide.  This  is  a  coal-tar  product,  a  derivative 
of  toluene,  with  the  formula  C„H,(CO)(SO,)NH. 
It  occurs  as  a  light  white  powder,  odorless,  but  with 
an  intensely  sweet  taste.  It  is  very  sliglitly  soluble  in 
cold  water,  more  so  in  boiling  water,  alcoliol,  and 
glycerin.  Its  solution  gives  an  acid  reaction,  and  it 
forms  with  alkalies  sweet  salts  which  are  freely 
soluble.  The  sodium  salt  is  the  saccharin  of  com- 
merce. It  may  be  prepared  by  dissolving  100  parts 
in  water  and  neutralizing  the  solution  with  bicar- 
bonate of  .sodium  and  evaporating  to  dryness;  this 
forms  113  parts  of  soluble  gluside  or  .saccharin. 

Except  in  its  sweetening  power,  saccharin  is 
not  allied  to  sugar  in  any  way.  It  does  not  affect 
polarized  light,  it  lacks  the  essential  character  of 
sugar  to  produce  alcohol  by  fermentation,. -and  when 
administered  does  not  increa.se  the  production  of 
sugar  in  the  sj'stem.  It  is  this  latter  quality  that 
renders  it  of  value  in  the  dietary  of  diabetes,  where 
it  is  desired  to  avoid  the  use  of  sugar. 

Saccharin  is  nearly  500  times  as  sweet  as  sugar. 
One-half  grain  being  equal  to  an  ordinary  lump  of  white 
sugar.  By  improvements  in  the  process  of  manu- 
facture the  degree  of  sweetness  has  been  greatly  in- 
creased. Formerly  it  was  a  mixture  of  para-  and 
ortho-.salts;  the  former  a  tasteless  salt,  is  now  en- 
tirely removed.  Its  disadvantages  are  the  distaste 
that  the  patients  are  liable  to  have  for  it  after  continu- 
ing its  use  for  a  time,  and  the  dry,  acrid  sensation 
which  it  .sometimes  produces  in  the  pharynx. 

In  medicines  it  may  be  used  to  replace  sugar  and 
syrup  for  tlie  purpose  of  rendering  them  palatable, 
one  grain  with  a  six-ounce  mixture  furni.shing  sweet- 
ness equal  to  one  ounce  of  ordinary  sj'rup.  To 
facilitate  dispensing,  the  following  solutions  are 
prepared : 

Liquor  Saccharini  (National  Formulary):  Benzo- 
sulphinidum, 512  grains;  bicarbonate  of  sodium, 
240  grains;  alcohol,  4  fluidounc.es;  water,  sufficient 
to  produce  16  fluidounces.  Each  dram  represents 
four  grains  of  saccharin. 

Elixir  Glusidi  (Unofficial  Formulary  of  the  Briti.sh 
Pharmaceutical  Conference):  Gluside,  480  grains; 
bicarbonate  of  sodium,  288  grains;  rectified  spirit 
2i  fluidounces;  distilled  water,  enough  to  make  20 
ounces.     Each  dram  represents  three  grains  of  gluside. 

Saccharin  may  be  given  freely;  in  some  cases  re- 
ported its  prolonged  use  has  produced  symptoms  of 
gastric  disturbance  with  indigestion,  but  this  rarely 
occurs. 

Saccharin  possesses  antiseptic  properties  in  com- 
mon with  otlier  coal-tar  derivatives,  and  for  this 
reason  it  has  been  suggested  as  a  remedy  in  many 
diseases.  It  has  been  u.sed  in  pulmonary  phthisis, 
acute  articiuar  rheumatism,  scarlatina,  intestinal 
catarrh,  cystitis,  and  a  number  of  other  disorders  in 
which  its  antiseptic  action  might  prove  of  service. 
Of  these,  cystitis  is  the  only  one  in  which  any  satis- 
factory results  have  been  obtained.  In  this  condi- 
tion it  is  administered  internally  and  renders  tlie 
urine  antiseptic  during  its  excretion.  When  there 
are  pus  and  an  alkaline  reaction,  this  is  rapidly 
overcome,  and  the  urine  becomes  clear  and  normal 
in  character;  the  change  in  the  urine  being  accom- 
panied by  a  corresponding  improvement  in  the  mu- 
cous membrane  of  the  bladder.  Three  grains,  in 
divided  doses,  daily,  is  the  ciuantity  recommended, 
this  is  to  be  continued  for  a  prolonged  period. 

BE.iUMONT  Small. 


Bcnzoyl  =  eugenol.  —  C„H,.C,H,,.OCIl3.0C()C„H,. 
This  is  aconil)iiuilion  of  benzoic  acid  and  eugenol,  com- 
bining the  anti.septic  properties  of  oil  of  cloves  w'ith 
tho.se  of  benzoic  acid.  It  occurs  in  large  colorless 
prisms  or  in  small  needle-shaped  crystals,  is  odorless 
and  tasteless,  insolulsle  in  water,  and  freely  soluble  in 
alcohol,  ether,  chloroform,  and  acetone.  It  is  an  in- 
testinal antiseptic,  and  being  to  some  extent  eliminated 
by  the  bronchial  mucous  membrane,  it  may  act  as 
a  stimulant  and  anti.septic  to  the  respiratory  tract. 
So  far  its  u.se  has  been  confined  to  ca.ses  of  pulmon- 
ary and  intestinal  tuberculosis.  Dose,  gr.  vij.  to 
XV.  (0.5-1.0)  in  powder  or  capsule,  or  mixed  with 
milk.  W.  A.  Bastedo. 


Benzoyl-tropeine.—  C,H„C„H,CONO.  Tropine, 
the  mother  substance  of  atropine,  is  heated  to  100° 
C.  with  benzoic  and  dilute  hydrochloric  acids.  The 
resulting  silky  needles  constitute  benzoyl-tropeine. 
They  are  insoluble  in  water,  have  a  strongly  basic 
reaction,  and  with  acids  form  soluble  salts.  This 
compound  seems  to  stand  chemically  between  co- 
caine and  atropine,  and  it  partakes  of  the  nature 
of  each.  Thus  Filehne  found  it  to  be  a  valuable 
local  anesthetic  when  apphed  to  the  eye,  it  at  the 
same  time  cau.sing  dilatation  of  the  pupil.  Its  exact 
pharmacology  has  not  been  studied.  The  soluble 
salts  may  be  used  in  one  to  four  per  cent,  .solution. 

W.  A.  Bastedo. 


Berberine.— 2(C,„H„N0,  4-9H,,0).  An  alkaloid  ob- 
tained chiefly  from  Berberis  vulgaris  L.,  but  very 
common  in  other  plants,  especially  in  the  families 
Berberidacere,  Ranunculacea-,  and  Meniipermacece. 
It  occurs  in  yellow,  needle-shaped  crj'stals,  or  as  a 
yellow  crystalline  powder,  and  is  soluble  in  alcohol 
and  hot  water.  It  forms  numerous  yellow  crystal- 
line salts.  It  is  not  poisonous.  Aside  from  its 
effects  as  a  simple  bitter,  its  phy.siological  action  is 
rather  weak.  It  is  somewhat  stimulant  to  un- 
striped  muscular  fiber,  yet  it  causes  a  fall  of  blood 
pressure  and  slightly  lowers  the  temperature.  Large 
doses  are  irritant  and  may  produce  purgation.  It  is 
usually  given  as  the  sulphate.  The  dose  as  a  tonic 
is  0.03  to  0.06  gram  (gr.  ss.  to  i.).  Doses  of  ten  to 
fifteen  times  these  amounts  are  antiperiodic. 

Henry  H.  Rusby. 


Berberis. — Oregon  Grape  root,  Barberry.  The  rhi- 
zome and  roots  of  Berberis  aquifoliurn  Pursh  or  of 
other  species  of  Berberis  Linne.  (Fam.  Berberidacece.) 
(U.  S.  P.)  The  genus  Berberis  contains  more  than 
100  species,  very  widely  distributed  throughout  the 
north  temperate  zone  and  extending  along  the  moun- 
tains into  and  through  the  tropics.  They  are  beautiful 
erect  or  prostrate,  yellow'-flowered  shrubs  or  small 
trees,  the  evergreen  leaves  mostly  pinnate  and  usually 
spinidose-toothed.  All  parts  are  permeated  by  the 
alkaloid  berberine,  the  largest  percentage  occurring  in 
the  bark,  and  more  particulany  in  that  of  the  root. 
In  most  places  where  the  species  grow  they  have 
gained  a  high  reputation  as  bitter  tonics. 

B.  vulgaris  L.  is  an  erect  species  of  Europe  and  ad- 
jacent Asia,  naturalized  to  some  extent  in  North 
America,  its  scarlet  fruit  largely  used  in  olden  times 
as  cranberries  now  are.  Botli  the  root  and  the  bark 
have  long  been  used  medicinally  as  an  antiperiodic, 
febrifuge,  and  tonic.  Besides  the  berberine,  it  con- 
tains the  alkaloids  oxyacanthine  and  berbamine. 
Oxyacanthine  is  at  first  white,  but  turns  yellow  on 
exposure  to  light.  The  two  last-named  alkaloids 
apparent!}'  do  not  exert  much  influence,  as  the  action 
of  berberis  is  practicall}'  that  of  its  berberine. 

B.  aquifoliurn  Pursh,  Oregon  grape  root  or  moun- 
tain grape,  is  a  low,  diffuse,  blue-fruited  species,  very 
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abundant  in  the  Northwestern  United  States.  It 
and  similar  species  of  the  region  hold  a  remarkable 
place  in  the  esteem  of  the  miners  and  mountaineers, 
who  relj'  chiefl}-  upon  this  and  the  mountain  sage 
(^Artemisia  frigida)  in  the  treatment  of  fevers.  Its 
constituents  are  about  the  same  as  those  of  B. 
vulgaris.  The  root  is  used.  Very  many  reports 
agree  in  attributing  to  this  drug,  in  addition  to  the 
ordinarj'  tonic  properties  of  a  vegetable  bitter,  a 
special  power  in  stimulating  nutrition.  The  dose 
of  both  species  is  0.2  to  0.6  gram  (gr.  iij.  to  x.). 
Large  doses  are  laxative.  The  best  form  of  adminis- 
tration is  the  powder,  fluid  extract,  or  tincture. 
In  India,  B.  aristata  D.C.,  B.  lycium  Royle,  and 
B.  asiatica  Roxb.  are  similarly  emploj'ed. 

HiNRT  H.  RUSBT. 


Berck-sur=.'\\er. — A  sea-coast  \-illage  of  France, 
lying  upon  the  shore  of  the  English  Channel.  It  is 
situated  on  sand  dunes,  and  has  nothing  particularly 
attractive  about  it;  but  there  is  situated  here,  how- 
ever, that  which  makes  it  worthy  of  mention,  sev- 
eral sanatoria  for  children  suffering  from  bone,  joint, 
and  glandular  tuberculosis.  The  largest  is  the  san- 
atorium of  the  "  Assistance  Publique  de  Paris"  which 
has  a  capacity  of  from  700  to  SOO. 

Excelfent  results  have  been  obtained  in  such  sea- 
side sanatoria  in  the  treatment  of  surgical  tubercu- 
losis in  children,  and  similar  institutions  exist  in 
various  other  places  along  the  Coast  of  France, 
Holland,  Belgium,  Denmark,  Austria,  German}-, 
Russia  and  England,  the  one  at  Margate  having  been 
founded  in  1796.  In  France  alone,  according  to 
Armaingand,  "60,000  children  suffering  from  tuber- 
culosis of  the  bones  and  glands  have  been  treated  in 
sea-side  sanatoriums  since  1887,  with  fifty-nine  per 
cent,  of  cures  and  twentj'-five  per  cent,  of  cases 
decidedlj-  improved.  The  percentage  of  cures  varied 
from  thirty-two  in  Pott's  disease  to  seventy-four  in 
glandular  tuberculosis."  In  about  three-quarters 
of  the  cases  the  cures  have  been  shown  to  be  perma- 
nent. According  to  D'Espine,  other  countries  have 
shown  equally  encouraging  results  "whether  the 
sanatorium  was  located  on  the  Baltic,  the  North  Sea, 
the  Mediterannean,  the  Adriatic,  or  the  Atlantic 
Ocean." 

At  the  International  Congress  of  Tuberculosis  held 
in  Paris  in  1905,  marine  sanatoriums  for  tuberculous 
children  were  fully  discussed,  and  the  conclusions  of 
the  Congress  were  "that  the  sea-shore  offered  special 
advantages  for  the  treatment  of  non-pulmonary  tuber- 
culosis in  children." 

In  this  country  the  Sea-Breeze  Hospital  at  Conev 
Island  has  been  established  for  several  years  for  the 
treatment  of  children  suffering  from  surgical  tuber- 
culosis, and  the  sea-air,  together  with  the  open-air 
life,  and  a  nourishing  and  abundant  diet,  have  pro- 
duced equally  favorable  results.  Of  twenty-three 
cases  of  hip  disease,  aU  of  them  advanced,  forty-three 
per  cent,  left  the  hospital  absolutely  cured,  and  nine 
per  cent,  improved.  Of  knee  or  other  joint  disease, 
although  over  eighty-one  per  cent,  were  in  an  ad- 
vanced stage,  there  was  an  average  of  seventy-three 
per  cent,  cured  and  thirteen  per  cent,  improved;  and 
of  the  glandular  cases,  eighty-five  per  cent,  were  either 
cured  or  improved.  "It  has  been  demonstrated," 
says  Brannan,'  "that  to  obtain  the  best  results  in 
the  treatment  of  bone  and  gland  tuberculosis  it  is 
es.sential  that  the  patient  should  spend  his  entire 
time  in  the  open  air,"  and  "In  addition  it  has  been 
shown  that  tne  seashore  offers  especial  advantages 
fo"  outdoor  life  in  this  variety  of  tuberculosis." 

The  above  emphasizes  the  great  value  of  sea-side 
residence  and  open-air  life  for  children  suffering  from 
non-pulmonary  tuberculosis.  Edw.\rd  O.  Otis. 

■  Transactions  of  the  Sixth  International  Congress  on  Tuber- 
culosis, vol.  ii.  p.  68. 


Berengario,  Jacopo. — Born  at  Carpi,  in  the  Duchy 
of  Modena,  Itah",  toward  the  end  of  the  fifteenth 
century.  He  became  distinguished  for  his  skill  as  a 
surgeon,  and  between  the  years  1.502  and  1527  he 
was  Professor  of  Surgerj-,  first  at  Pa\-ia  and  after- 
ward at  Bologna.  FaUopius  and  Eustachius  speak 
of  him  as  ha\ing  done  more  than  any  of  his  con- 
temporaries to  revive  the  studj'  of  anatomy.  In  the 
earlier  part  of  his  course  he  was  obliged  to  use  pigs  as 
material  for  dissection,  but  at  a  later  period  he  is 
reported  to  have  dissected  more  than  100  human 
cadavers.  As  had  already  happened  to  other 
zealous  anatomists,  Berengario  was  accused  of  dis- 
secting human  beings  wliile  they  were  still  ahve; 
and  his  accusers  finally  succeeded  in  having  him 
driven  out  of  Bologna.  The  last  part  of  this  state- 
ment is  denied  bj'  some  authorities;  his  departure  for 
Ferrara,  they  claim,  was  due  to  a  desire  on  his  part 
to  escape  the  persecutions  of  the  Inquisition,  whose 
tribunal  took  decided  exception  to  his  opinions  with 
regard  to  the  organs  of  generation.  Whatever  may 
be  the  truth  in  regard  to  the  cause  of  Berengario's 
lea^•ing  Bologna,  it  is  an  undisputed  fact  that,  from 
1527  to  the  time  of  his  death  in  1550,  he  resided  in 
Ferrara  where  he  became  a  close  friend  of  the  reigning 
duke,  probably  Ercole  II. 

Berengario  is  credited  with  being  the  first  physi- 
cian who  noted  the  beneficial  effects  of  mercurial 
frictions  in  venereal  dis?ases.  Tliis  mode  of  treat- 
ment gave  him  wide  celebrity  and  brought  him  a 
large  fortune. 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "De  calvariae  sive  cranii 
fractura  tractatus, "  Bologna,  1518  (Leyden,  1629 
and  1651);  "Commentaria  cum  amplissimis  addi- 
tionibus  super  anatomiam  Mundini,  una  cum  textu 
ejusdem  in  pristinum,  et  verum  nitorem  redacto, " 
Bologna,  1521  (also  1552);  and  "Isagogae  breves 
perlueidifi,  ac  uberrimse  in  anatomiam  humani  corporis 
a  communi  medicorum  academia  usitatam. "  etc., 
Bologna,  1522.  A.  H.  B. 


Bergamot,  Oil  of. — Oleum  Bergamott.e.  A 
volatile  oil  obtained  by  expression  from  the  rind  of 
the  fresh  fruit  of  Citrus  bergamia  Risso  et  Poiteau 
(fam.  Rutacea).  The  bergamot  tree  is  a  small  ever- 
green, verj'  much  like  the  bitter  orange  in  almost  all 
respects,  but  the  leaves  are  obovate,  with  narrowly 
winged  petioles,  and  the  flowers  are  smaDer  and  fewer. 
It  is  not  known  in  a  wild  state — indeed,  it  was  not 
known  at  all  until  about  200  years  ago,  when 
it  appeared  in  the  south  of  Europe.  There  is  no 
doubt  it  is  a  hybrid  or  cross  of  some  kind,  prob- 
ably between  the  bitter  orange  and  the  lemon  or 
citron.  The  fruit  is  about  as  large  as  a  small  orange, 
and  has  the  same  general  structure.  It  is  rounded 
pear-shaped,  about  as  broad  as  long,  with  a  broad, 
flat,  or  even  depressed  summit;  the  skin  is  soft, 
smooth,  yellow,  and  very  fragrant.  The  pulp  is 
sour  and  bitter. 

Bergamots  are  raised  in  the  vicinity  of  Reggio,  in  the 
south  of  Italy,  and  in  Sicily,  and  the  oil  is  exported 
from  Messina  and  Palermo.  Tliis  is  collected  mechan- 
icaUy  by  rupturing  the  vesicles,  sometimes  by  the  old 
sponge  process  used  with  oranges  and  lemons  in 
obtaining  their  oUs,  but  more  generally  now  by  a  sort 
of  hand-mill,  into  which  the  fruits  are  put  whole,  and 
rolled  and  rubbed  against  a  series  of  knives,  which 
cut  or  scrape  the  surface  and  so  liberate  the  oU.  It 
flows  to  the  bottom  of  the  mill,  and  out  through  suit- 
able apertures.  One  hundred  fruits  yield  two  and 
a  half  or  three  ounces  of  the  oil  (Fliickiger). 

It  is  a  thin,  mobile,  pale-green,  or  greenish  hquid, 
with  a  very  fragrant,  pleasant  odor,  and  a  bitter, 
aromatic  taste.  Its  specific  gra\ity  is  0.883  to  0.886, 
its  reaction  sMglUly  acid.  Its  active  portion  is  lina- 
loyl  acetate.     Like  the  essential  oils  in  general,  it 


38 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Beriberi 


dissolves  readily  in  alcohol,  chloroform,  ether,  and 
fats,  and  only  very  sjjaringly  in  water.  The  green 
color  is  due  to  chlorophyll. 

The  medical  properties  of  oil  of  bergamot  are  those 
of  essential  oils  in  general,  but  it  is  never  u.sed  inter- 
nally. On  the  other  hand,  its  delicious  odor  has  made 
it  a  universal  favorite  in  perfumes  and  toilet  prepara- 
tions. The  world-renowned  Cologne  water  has  it  as  its 
principal  ingredient,  modified  by  other  aurantiaceous 
oils.  There  are  numerous  formulae  for  making  it; 
one,  formerly  official  as  iSpiritus  Udoratus,  is  as  follows: 

Oil  of  Bergamot 16  parts. 

Oil  of  Lemon 8  part.s. 

Oil  of  Rosemary 8  part.s. 

Oil  of  Lavender  Flowers 4  parts. 

Oil  of  Orange  Flowers 4  parts. 

Acetic  Ether. . .                               2  parts. 

Water I.-,S  parts. 

Alcohol S(X)  parts. 


H. 


1 ,000  parts. 
H.     RUSBY. 


von  Bergmann,  Ernst. — Born  in  Riga,  a  seaport  of 
Russia,  on  Deci'niber  16,  1836.  He  received  the  degree 
of  Doctor  of  Medicine  from  the  University  of  Dorpat, 
in  1860.  He  rendered  valuable  professional  services 
to  the  German  Army  during  tlie  Franco-Prussian 
War  (1870-1871).  From  1871  to  1877  he  occupied 
the   regular   chair   of   surgery   in   the    University   of 
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Fio.  638. — Ernst  v.  Bergmann. 

Dorpat.  During  the  Russo-Turkish  War  (1877- 
1878)  he  acted  as  Consulting  Surgeon  of  the  Danube 
wing  of  the  Russian  Army.  In  1SS2  he  was  called  to 
Berlin  to  occupy  the  Cliair  of  .Surgery  recently  made 
vacant  by  the  death  of  Langenbeck,  and  he  continued 
to  occupy  this  chair  up  to  the  time  of  his  death,  on 
March  25,  1907. 

von  Bergmann's  contributions  to  the  literature  of 
surgery  are  numerous  and  of  a  very  varied  character. 
To  medical  men  on  this  side  of  the  Atlantic,  however, 
he  is  chiefly  known  through  the  English  translation 
of  the  "  Handbuch  der  Speziellen  Chirurgie"  (by  von 
Bergmann,  von  Bruns  and  von  Mikulicz-Radecki, 
Stuttgart,  ISOOj.editedby  thelate  Dr.  William  T.  Bull 
of  New  York.  In  this  large  work  von  Bergmann  him- 
self wrote  the  chapters  on  wounds  of  the  head  and  on 
diseases  of  the  brain.  A.   H.   B. 


Beriberi. — Si/noiv/nix:  Berbiers,  Kakk^  (China 
and  Japan),  Hinchazon  (Spanish  America).  Beri- 
beri is  probably  a  Sinhalese  word.  It  is  said  that  no 
ca.ses  arise  in  Ceylon,  though  many  are  brought  there 
in  .ships. 

Definition. — A  degenerative  polyneuritis  resulting 
from  defective  diet.     In  the  most  serious  cases  the 


pneumogastrics  and  phrenics  are  involved.  The 
di.sease  is  prevalent  in  those  countries  and  among 
tl».se  races  in  which  rice  forms  a  preponderating 
factor  in  the  diet. 

History  and  Distribution. — As  kakk^,  the  di.sease 
is  described  in  Chinese  writings  of  the  second, 
seventh,  and  ninth  centuries.  The  first  European 
phy.sician  to  describe  it  as  beriberi  was  Bontius  in 
1758,  since  which  time  it  has  been  extensively 
studied  by  hundreds  of  ob.servers  within  its  areas  of 
prevalence.  It  is  commonest  in  China,  Japan, 
eastern  and  southeastern  Asia,  and  the  adjacent 
islands  of  Malay.sia.  In  the  year  1905,  in  the  Straits 
Settlements,  it  caused  1,888  deaths,  or  nearly  eight 
per  cent,  of  all  deaths.  It  has  been  encountered 
in  eastern  and  western  Africa.  Cases  have  been 
.seen  in  Canada,  the  United  States,  Central  America, 
and  Brazil. 

Etiology. — Beriberi  is  a  disease  of  malnutrition,  a 
consequence  of  a  deficient  diet.  This  conclusion  has 
not  been  reached  without  a  vast  amount  of  specula- 
tion, investigation,  and  argument  in  support  of 
contending  theories.  Any  attempt  to  deal  at  length 
witli  the  many  rejected  theories  would  be  a  waste  of 
time  and  space  in  a  work  of  this  kind.  These  theories, 
however,  have  been  put  forward  from  time  to  time  by 
men  whose  speculations  are  entitled  to  attention. 
The  literature  in  which  they  can  be  found  is  still 
recent.  It  seems  proper,  therefore,  merely  to 
enumerate  some  of  tnem  since  many  of  them  have 
had  eminent  sponsors.  Briefly,  then,  beriberi  has 
been  attributed  to  poisoning  by  ansenic,  bj'  o.xalates, 
by  carbon  dioxide,  by  fish,  by  rice;  to  antointo.xica- 
tion;  to  a  bacterial  infection  in  the  body;  to  a  bacterial 
toxin  derived  from  an  extracorporeal  place  in- 
fection (Manson);  to  fungi;  to  some  protozoan  in- 
fection with  a  possible  insect-carrier;  to  a  helminth 
infection. 

The  fact  that  outbreaks  of  beriberi  occur  so  often 
in  jails,  asylums,  and  the  forecastles  of  ships  has  led 
many  observers  to  attach  a  very  special  importance 
to  overcrowding,  insufficient  ventilation,  and  in- 
sanitary conditions  generally,  as  predisposing  causes. 

It  wiU  be  apparent  that  theories  as  to  the  etiology 
of  beriberi  have  closely  paralleled  theories  similarly 
put  forward  as  to  the  etiology  of  scurvy.  And  there 
is  a  similar  parallelism  in  the  only  acceptable  con- 
clusion. It  is  not  salted,  smoked,  dried,  tinned,  or 
otherwi.se  preserved  food,  nor  any  one  or  many  kinds 
of  food  the  eating  of  which  produces  scurvy.  It  is 
because  the  diet,  whatever  it  may  be,  lacks  some 
substances  necessary  to  the  maintenance  of  health 
that  scurvy  develops.  Nothing  that  a  man  can  eat 
will  give  him  scurvy.  And  Jiothing  that  a  man  eats 
will  give  him  beriberi.  In  each  case  it  is  a  depriva- 
tion, a  lack  of  substances  reciuired  to  make  up  an 
adecjuate  diet  for  the  support  of  health,  that  gives 
rise  to  disease.  Upon  substituting  a  liberal  and 
properly  varied  diet  for  tlie  deficient  one,  recovery 
ensues.  Monteith'  has  reported  an  Australian 
epidemic  of  beriberi  with  scorbutic  symptoms,  and 
Balfour-  has  seen  just  the  reverse  in  the  Sudan. 
Bremand  and  Laurent,  in  Siam,  thought  that  the 
disease  is  due  to  too  Httle  fat  in  the  food,  and  believed 
that  an  epidemic  was  stopped  by  causing  the  healthy 
to  eat  more  fat. 

An  analysis  of  the  experience  of  the  Japanese 
.\rmy  which  had  during  eighteen  months  of  1904- 
05,  97,572  cases,  with  .3,956  deaths,  showed  that 
Ijcriberi  was  almost  sure  to  develop  "  when  the 
soldier  ate  as  much  as  twenty-six  ounces  of  rice 
daily  and  little  else." 

Prior  to  1884  about  thirty-three  per  cent,  of  the  men 
in  the  Japanese  Navy  were  continuously  disabled  by 
beriberi.  Surgeon  General  Takagi  reformed  the  ration, 
substituting,  for  ten  parts  of  rice,  seven  parts  of 
barley  and  three  parts  .of  rice,  and  adding  .some 
meat  to  the  ration.     Beriberi  was  completely  wiped 
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out  of  the  service.  He  concluded  that  the  disease 
was  caused  by  a  deficiency  of  proteins  in  the  diet. 
Similarly  teriberi  has  recently  almost  entirely  disap- 

g eared   among  the  Philippine   Scouts  since  legumes 
ave  been  substituted  for  a  part  of  the  rice  in  their 
ration. 

Outbreaks  of  degenerative  polyneuritis  similar  to 
beriberi  if  not  identical  with  it  have  been  seen  (1)  in 
Brazil  in  a  population  using  not  rice  but  sago  as  a 
predominating  diet  factor:  (2)  in  asj-lums  for  the 
insane  at  Dubhn,  Ireland,  Tuscaloosa,  Alabama,  and 
Little  Rock,  Arkansas;  (3)  aboard  Norwegian  and 
other  merchant  vessels,  and  in  numerous  other  cir- 
cumstances where  rice-eating  was  not  a  factor.  But 
the  striking  prevalence  of  that  pecuhar  polyneuritis 
called  beriberi  in  countries  and  populations  in  which 
rice  is  not  only  a  staple  but  forms  a  preponderating 
factor  in  the  diet,  has  concentrated  the  attention  of 
investigators  upon  rice  and  the  various  forms  in 
which  rice  is  marketed  and  eaten.  The  work  of 
Fraser  and  Stanton  in  the  Malay  Peninsula,  of  Cham- 
berlain and  the  Army  Board  in  the  Philippines,  and 
of  numerous  investigators  elsewhere,  has  shown  that 
while  a  diet  consisting  largeh^  of  unmilled  rice  will 
usually  sustain  health  in  those  accustomed  to  it, 
polyneuritis  frequently,  almost  invariablj^,  develops 
if  milled  or  pohshed  rice  be  substituted  for  the  un- 
milled whole  grain.  This  occurs  in  man,  in  the  nurs- 
ing infants  of  mothers  so  fed,  and  in  experimental 
fowls.  The  pericarp  removed  by  milUng  contains 
phosphates  and  vegetable  fat  in  considerable  amounts, 
and  other  undifferentiated  organic  substances.  The 
polyneuritis  does  not  develop,  or  is  cured  if  it  has 
developed,  if  the  patient  or  fowl  be  fed  on  poUshed 
rice  and  receive  in  addition  the  pohsliings  or  certain 
fluid  extracts  thereof.  The  Dutch  physicians  in 
Java  report  that  the  proportion  of  cases  in  the  prisons 
is  one  in  thirtj'-nine  when  milled  rice  is  eaten,  and  one 
in  ten  thousand  when  rice  is  eaten  with  the  pericarp. 
But  ^ith  the  use  of  milled  rice,  an  experimental 
substitution  of  phosphates  for  the  pohsliings  or  their 
fluid  extract  has  not  availed  to  prevent  the  disease. 
All  experiments  have  failed  to  demonstrate  that  the 
absence  from  the  diet  of  phosphorus,  or  fat,  or  nitro- 
gen, or  any  other  definitely  known  substance  or  class 
of  substances  is  the  ultimate  or  exact  cause  of  beriberi. 
The  only  conclusions  as  to  the  causation  of  beriberi 
which  are  warranted  by  our  present  knowledge  are 
these: 

For  the  maintenance  of  health  and  the  nourishment 
of  all  the  tissues  a  well-balanced  diet  is  required. 
Though  the  diet  be  varied  and  even  rich,  if  fresh 
organic  matter  either  animal  or  vegetable  be  entirelj' 
excluded  from  it,  that  general  dyscra»ia  known  as 
scurvy  will  ensue,  ileat  and  other  animal  foods  can 
be  excluded  from  the  diet,  but  if  it  consists  of  a  good 
variety  of  vegetables  including  the  legumes  health 
will  be  maintained.  If  the  preponderating  factor  in 
a  diet  be  a  breadstuff  made  from  one  of  the  valuable 
grains  rich  in  gluten,  such  as  wheat,  rye,  maize,  oats, 
or  barley,  health  can  be  maintained  even  though  httle 
be  eaten  beyond  this  staple.  But  if  for  one  of  these 
valuable  grains  there  be  substituted  as  the  staff  of 
life  for  any  people  rice,  the  poorest  of  all  the  cereals 
in  protein  content,  we  approach  the  danger  of  that 
nerve-dyscrasia  known  as  beriberi.  If  rice,  though 
the  main,  be  not  the  onlj-  breadstuff,  if  some  barley 
or  others  of  the  more  valuable  grains  be  used  also,  or 
if  with  rice  as  the  only  cereal,  beans,  or  fish,  or  meat, 
or  milk  be  added,  and  thus  proteins,  phosphates,  fats, 
and  various  undetermined  substances  necessary  to 
health  be  supplied  in  larger  proportion  than  they  are 
contained  in  rice,  health  will  be  maintained.  Many 
natives  of  a  rice-eating  country  wiD  maintain  health 
on  a  nearly  exclusive  rice  diet,  pro\ided  the  rice  be 
of  good  quaUty  and  be  eaten  unmilled  or  undermilled, 
that  is,  with  its  pericarp.  But  beriberi  will  develop 
in  an  enormous  proportion  of  individuals  in  any  rice- 
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eating  population  under  either  one  of  two  sets  of 
conditions,  namely:  (1)  if  miUed  or  poh.shed  rice  is 
the  predominating  factor  in  the  diet,  or  (2)  if  rice 
either  milled  or  entire  be  eaten  to  the  nearly  complete 
exclusion  of  other  varieties  of  nourisliing  food. 

More  males  than  females  suffer  from  beriberi,  and 
the  majority  of  cases  seen  are  in  early  adult  life 
between  the  ages  of  fifteen  and  thirty-five. 

P.\THOLOGT. — Edema  is  probably  due  directly  to 
involvement  of  the  vasomotor  nerves  as  well  as  to 
the  pneumogastric-cardiac  condition.  Post  mortem 
there  is  an  early  rigor  mortis  and  usually  a  marked 
h^'postasis.  Examination  of  the  nerve  trunk  reveals 
a  bilateral  peripheral  degenerative  neuritis,  the  e.K- 
tent  and  degree  of  this  condition  being  proportioned 
to  the  duration  and  severity  of  the  case.  The  pneu- 
mogastrics  and  other  cranial  nerves  are  apt  to  be 
involved.  The  changes  in  the  nerves,  which  have  been 
carefully  studied  by  Scheube,  Baelz.  Hamilton  Wright, 
and  Durck  are  summarized  by  Castellani  and  Chal- 
mers.^ as  follows: 

"The  neurokeratin  network  becomes  irregular,  and 
its  meshes  wider,  wliile  its  rods  disappear.  The 
medullary  sheath  becomes  vacuolated,  and  its  inner 
boundary  iU-defined.  In  other  places  the  neuro- 
keratin network  condenses  into  small  rosary-like 
masses  or  larger  lumps,  somewhat  regularly  arranged. 
Later  the  medullary  sheath  breaks  up  into  spherical 
or  elongated  masses  separated  by  clear  intervals. 
The  axone  undergoes  first  chemical  changes,  and 
then  appears  like  a  wavy  cord,  or  as  a  series  of 
comma-like  segments,  or  twisted  up  into  a  coil. 
Finallj'  both  axone  and  medullary  sheath  disappear, 
wliile  .Schwann's  sheath  collapses,  and  so  the  nerve 
fibers  become  lost  in  the  connective  tissue  of  the 
endoneurium.  Along  with  these  changes  there  is  a 
cellular  infiltration  of  the  perineurium,  especially  of 
the  perivascular  spaces,  and  also  of  the  endoneurium. 
These  cells  are  said  to  be  like  a  similar  infiltration 
met  with  in  traumatic  lesions  of  nerves,  and  to  re- 
semble the  granule  cells  of  the  central  nervous  system. 
When  fuUy  degenerated  the  nerve  maj-  consist 
simply  of  connective  tissue.  Regeneration  has  not 
been  observed,  but  must  occur — at  all  events,  to 
some  extent — in  cases  wliich  recover." 

Changes  have  been  described  in  the  bulbar  and 
ganglionic  cells,  but  the  cortical  cells  and  the  spinal 
cord  itself  are  usuall3'  normal.  The  heart  is  dilated 
and  often  shows  fatty  degeneration,  the  venous  sys- 
tem is  engorged  and  the  subcutaneous  tissue  edema- 
tous, and  fluid  is  found  in  the  serous  cavities.  The 
muscles  are  atrophied.  In  acute  cases  there  is  gas- 
troduodenitis,  sometimes  with  submucous  hemor- 
rhages, sometimes  even  with  extravasation  of  blood 
into  the  lumen.  Petecliial  hemorrhages  may  be  ob- 
served elsewhere  in  the  intestinal  walls,  and  in  the 
pleura  and  pericardium.  Macroscopic  hemorrhages 
may  also  be  found  in  the  hver.  These  hemorrhagic 
changes  are  not  found  in  chronic  cases. 

The  spleen  and  pancreas  are  usually  normal. 
The  Kver  is  generally  enlarged  and  congested.  There 
is  an  interstitial  hepatitis  with  round-ceUed  in- 
filtration of  the  connective  tissue  and  with  fatty 
degeneration,  cloudy  swelling,  and  necrosis  of  the 
lobular  cells.  Even  when  true  hemorrhages  are 
not  present  in  the  liver,  extravascular  erythrocj-tes 
are  ob.served.  This  condition  has  been  described  as 
a  "diapedesis  of  the  red  corpuscles"  in  the  liver,  and 
is  stated  to  be  more  or  less  peculiar  to  beriberi. 

There  are  no  characteristic  changes  in  the  blood. 
In  most  of  the  cases  there  is  some  reduction  in  red 
cells  and  hemoglobin.  If  eosinophiha  exists  it  is 
usually  due  to  a  coexistent  helminth  infection 
(^hookworm,  filaria,  etc.). 

Stmpto.ms  and  Course. — A  typical  case  of  beriberi 
begins  with  malaise,  anorexia,  pain  and  tenderness  in 
the    epigastrium.     Sensory    changes    appear    early, 
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irregular  and  shifting  patches  of  anesthesia  in  tlio 
extremities,  pain  on  pressure,  esjK'ciall}'  in  the 
muscles  of  the  calf.  Motor  and  vasomotor  changes 
follow,  loss  of  power  and  of  reflex,  edema,  etc. 
The  gait  is  ataxic,  but  instead  of  an  emphasis  upon 
the  heel  in  stepping  there  is  usuaUy  foot-drop  and  a 
corresponding  extensor  weakness  at  the  wrists.  If 
the  case  is  unrelieved  muscular  wasting  and  fat 
wasting  ensue.  If  to  these  peripheral  nerve  condi- 
tions there  be  added  as  the  case  progresses  involve- 
ment of  the  pneumogastrics  and  the  phrenics,  car- 
diac dilatation,  failing  circulation,  dropsy,  and 
dyspnea  appear,  and  a  large  proportion  of  such 
advanced  cases  terminate  fatally.  The  develop- 
ment of  these  graver  symjitoms  may  be  rapid,  death 
occurring  suddenly  in  a  case  that  has  been  regarded 
as  mild  or  ordinary.  The  usual  course  is  chronic, 
however,  and  terminates  in  recovery.  In  the 
absence  of  complications  there  is  no  fever.  A  rise 
of  temperature  is  evidence  of  tuberculosis,  malaria, 
dysentery,  or  some  other  complication. 

The  urine  shows  httle  change  in  mild  cases.  In 
severe  cases  it  is  at  first  diminished,  becoming  copious 
as  the  dropsy  disappears. 

Cases  of  beriberi  have  been  divided  by  many  writers 
into  so-called /orm.s  of  the  disease,  but  the  differences 
are  those  of  severity  and  duration.  Thus  very  mild 
cases  with  slight  symptoms  and  rapid  recovery 
have  been  called  incomplete,  rudimentary,  ambula- 
tory, or  abortive.  Those  in  which  paralysis  and 
wasting  are  marked  are  called  dry  or  atrophic  beri- 
beri, and  the  dropsical  cases  are  called  wet  or  hyper- 
trophic beriberi.  And  ca.ses  have  been  called  acute, 
pernicious,  or  cardiac  when  the  heart  is  involved 
early  and  death  is  sudden. 

Diagnosis. — This  is  usually  not  difficult  except  to 
the  novice  in  tropical  medicine.  I  have  seen  a  case 
of  beriberi  in  a  Chinaman  exhibited  to  an  American 
medical  society  as  a  case  of  "syphilis  of  the  heart." 
The  condition  must  be  diiTerentiated  from  organic 
heart  disease,  from  alcoholic  and  arsenical  neuritis, 
and  from  plunibism;  from  rheumatism  with  cardiac 
complication;  from  locomotor  ataxia;  from  pellagra; 
from  ergotism  and  lathyrism. 

In  endemic  areas  an  early  stage  of  the  disease  may 
be  suspected  from  loss  of  appetite,  tenderness  over 
the  epigastrium,  and  exaggerated  knee-jerks.  More 
conclusive  signs  as  the  disease  advances  are  loss  of 
knee-jerks,  patches  of  anesthesia,  pain  on  squeezing 
the  calves,  edema,  heart  weakness,  and  the  absence 
of  albuminuria  and  of  fever. 

Prognosis. — In  cases  of  the  type  called  pernicious, 
with  development  of  grave  conditions  from  the  outset, 
the  prognosis  is  always  bad.  Such  cases  are  almost 
invariably  fatal.  It  is  unfavorable  in  cases  with 
complications  such  as  dysentery,  malaria,  or  a  serious 
anemia.  The  commonest  cause  of  a  grave  anemia 
in  these  cases  is  a  coexisting  hookworm  infection. 
Uncomphcated  cases  of  ordinary  severity  usually 
recover,  generally  with  an  astonishing  ab.sence  of  the 
serious  sequelae  which  might  be  reasonably  antici- 
pated, such  as  permanent  paralyses,  muscular  atrophy, 
or  cardiac  impairment.  The  mortality  varies  greatly; 
in  different  countries,  races,  and  epidemics  from  two 
to  seventy  per  cent.  Favorable  signs  are  that  the 
heart  is  not  much  involved,  and  that  the  patient  has 
a  good  flow  of  urine  and  a  good  appetite. 

Prophylaxis. — The  measures  to  be  taken  for  the 
prevention  of  beriberi  are  sufficiently  indicated  bj'  a 
due  consideration  of  the  causes  and  the  nature  of  the 
disease  and  the  circumstances  under  which  its  appear- 
ance is  to  be  feared.  Under  all  circumstances  in 
which  a  large  number  of  individuals,  mainly  dependent 
upon  rice  as  a  staple  (or  upon  sago  or  potatoes)  to 
the  practical  exclusion  of  any  of  the  valuable  gluten- 
ous  grains,   are   herded  together  as  soldiers,   sailors. 


prisoners,  or  inmates  of  an  asylum,  their  vitality 
lowered  by  hardship,  confinement,  crowding,  or  other 
insanitary  conditions,  and  dependent  upon  rations 
issued  to  them  by  authority,  care  should  be  taken 
that  they  receive  unmilled  or  tindermilled  rice,  that 
their  consumption  of  rice  as  a  staple  be  hmited  to  not 
more  than  twenty  ounces  per  diem  for  an  average 
adult,  and  that  a  sufficiency  of  more  nourisliing  foods, 
especially  protein  foods,  be  supplied  to  them. 

TuEAT.MENT. — The  patient  should  be  kept  in  bed, 
with  good  ventilation  and  a  nourishing  diet.  Diure- 
tics arc  indicated  in  most  cases,  and  tinose  .should  be 
given  which  are  at  the  same  time  cardiac  stimulants, 
digitahs,  strophanthus,  ordiuretin.  In  other  respects 
the  treatment  should  be  symptomatic  and  expectant. 

J.  F.  Leys. 

References* 

1.  Lancet,  Oct.  3,  190S. 

2.  First  Review  Trop.  Med.,  Gordon  Lab.  Khartoum,  1909. 

3.  Manual  of  Tropical  Medicine,  London  and  New  York,  1910. 


Berkeley  Springs. — Morgan  County,  West  Mr- 
ginia. 

Post-office. — Berkeley  Springs.  Hotel:  Wash- 
ington. 

Access. — Via  Baltimore  and  Ohio  Railroad  to 
Hancock  Station;  thence  direct  to  springs.  Four 
trains  each  w-ay  make  daily  connection  at  Hancock 
Station  with  ail  day  trains  on  the  Baltimore  &  Ohio 
R.  R.  The  location  is  six  miles  southwest  of  Potomac 
River  and  Hancock  Station. 

The.se  historic  old  springs  are  situated  in  a  narrow 
valley,  about  eight  hundred  feet  above  the  sea  level, 
and  issue  from  the  base  of  a  steep  ridge  rising  at 
this  point  about  four  hundred  and  fifty  feet  above 
the  valley.  Tradition  has  it  that  the  waters  here 
were  well  known  to  the  aborigines,  who,  although 
generally  at  war  among  themselves,  established  a 
standing  truce  around  the  springs,  that  all  might 
avail  tliemselves  of  their  potent  virtues.  They 
have  been  known  and  u.sed  by  the  whites  since 
17-30,  and  it  is  said  they  were  vi.sited  by  George 
Washington  while  employed  with  a  surveying  expedi- 
tion in  1748.  The  Father  of  his  country  was  so 
appreciative  of  the  many  attractions  of  the  neighbor- 
hood that  he  afterward  acquired  property  im- 
mediately adjacent  to  the  principal  spring,  on  which  he 
erected  two  "comfortable  and  convenient  houses." 
General  Horatio  Gates,  Charles  Carroll  of  Carrollton, 
and  other  well-known  figures  of  Revolutionary  days 
were  also  represented  among  the  owners  in  tlie 
old  town  established  in  1776.  The  location  of 
Berkeley  is  in  a  beautiful  mountain  region,  covered 
for  the  most  part  by  primeval  forests,  with  a  botanical 
undergrowth  peculiarly  rich,  varied,  and  interesting. 
The  scenery  is  wild  and  romantic,  and  the  country 
is  threaded  with  pleasant  walks  and  drives  in  all 
directions.  The  air  is  pure  and  wholesome,  and 
the  heat  during  the  summer  months  is  rarely  op- 
pressive. The  streams  in  the  neighborhood  are 
well  stocked  with  fine  game-fish,  chief  among  them 
being  the  black  bass.  The  forests  also  abound 
in  the  larger  game,  including  deer,  wild  turkeys,  and 
pheasants,  which  afford  good  sport  after  September 
1.  The  spacious  hotel  at  Berkeley,  has  recently 
changed  hands,  and  has  been  entirely  renovated 
and  refitted.  Water  from  the  spring  is  supplied 
to  each  floor.  All  varieties  of  hot,  warm,  and  cold 
baths  are  at  hand,  and  two  large  plunge  and  swim- 
ming pools  have  been  constructed.  The  springs 
discharge  from  five  principal  sources,  all  within 
a  radius  of  one  hundred  yards.  The  water  is  clear 
and  sparking  and  tastle.ss.  Its  temperature  is 
74.8°  F.,  which  does  not  vary,  and  the  flow  is  about 
120,000  gallons  per  hour.     The  following  analysis  was 
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made  b^^  C.  D.  Howard,  West  ^■irginia  Agricultural 
Experiment  Station: 


One  U.  S.  Gallon  Contains 


Grains 

0 

14 

0 

SO 

0 

(« 

0 

12 

0 

.")7 

0 

01 

6 

72 

1 

11 

Trace. 
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Solids 
Sodium  chloride-  . 

Sodium  sulphate 

Sodium  nitrate 

Potassium  sulphate.  .  . 
Calcium  sulphate. .  .  . 
Ferrous  carbonate. .  . 
Calcium  carbonate. . . . 
Magnesium  carbonate. 
Strontium  carbonate. . 

Alumina 

Silica 

Organic  matter 


Total 10.13 

Gases,  Cubic  Inches  per  Gallon. 

Free  carbonic  acid 2.22 

Carbonic  acid  in  bicarbonates 7.14 

Dissolved  oxygen 0.41 

Temperature  74.8  degrees  Fahrenheit. 

The  water  is  evidently  of  the  light  saline-calcic 
varict}'.  The  baths  at  Berkeley  have  been  celebrated 
for  many  years  in  the  treatment  of  gout,  sciatica, 
and  rheumatism.  The  internal  use  of  the  water 
is  said  to  produce  excellent  results  in  chronic  dys- 
pepsia and  diarrhea.  Many  Virginia  families  take 
their  children  to  this  resort  on  account  of  its  reputation 
as  a  restorer  in  rachitis  and  general  feebleness  and  on 
account  of  its  value  in  summer  complaints  during  the 
period  of  dentition.  The  baths  possess  a  marked 
cosmetic  effect,  rendering  the  skin  soft,  fresh,  and 
elastic,  and  aiding  in  the  removal  of  tan  and 
freckle.s.  There  are  also  in  close  pro.ximity  two  strong 
chalybeate  springs  and  a  sulphur  spring. 

Emma  E.  Walker. 


Berkshire  Hills. — The  Berkshire  Hills  are  situated 
in  Berkshire  County,  which  forms  the  western  ex- 
tremity of  Massachusetts,  and  are  noted  for  the 
beauty  of  the  scenery  and  the  healthfulness  of 
their  climate,  wliich  is  a  cool  and  moderately  dry 
one. 

This  hill  country,  which  is  about  fifty  miles  from 
North  to  South  and  about  fifteen  or  twenty  miles 
from  east  to  west,  is  bounded  on  the  east  by  the 
Hoo.sac  Mountains,  which  varj'  in  height  between 
1,200  and  1,600  feet;  and  on  the  west  bj'  the  Taconic 
Mountains,  the  highest  peak  of  which  is  Graylock, 
which  is  about  3,500  feet  above  the  sea  level. 

The  summer  climate  of  this  region  is  cool,  and 
at  all  seasons  it  is  free  from  the  harsh,  damp  winds 
of  the  Coast.  It  is  also  free  from  malaria.  The 
winter  is  decidedly  cold,  but  the  air  is  dry,  crisp, 
and  stimulating,  and  the  snow,  wliich  is  generally 
abundant,  contributes  still  further  to  the  purity 
of  the  atmosphere.  In  the  autumn  months  this  re- 
gion is,  perhaps,  at  its  best,  when  the  air  is  cool  and 
invigorating  and  the  scenery,  with  the  variegated 
hues  of  the  changing  foliage,  is  one  of  rare  beauty. 
"No  part  of  the  world  po.ssesses  a  more  enchanting 
summer  and  autumn  than   Berkshire." 

The  average  temperature  for  the  four  seasons 
of  the  vear  is:  Spring,  41.77°  F.;  summer,  66.2° 
F;  winter,  22.85°  F.;  autumn,  46.1.5°  F.  The  tempera- 
ture has  been  as  high  as  97°  F.  in  the  summer  and 
as  low  as  — .30°  in  winter  at  Williamstown.  but  tlie.se 
extremes,  of  course,  are  rare  exceptions.  The  average 
annual  rainfall  at  Williamstown,  which  probably 
indicates  about  that  of  the  whole  region,  is  40.58 
inches. 

Lenox,  Stockbridge,  Lee,  Pittsfield,  and  William.s- 
town,  the  latter  the  .seat  of  Williams  College,  are  very 
attractive  towns  and  are  favorite  and  fashionable 
resorts,  with  many  handsome  and  attractive  homes, 
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a  considerable  number  of  which  are  occupied  through- 
out the  entire  year.  There  are  delightful  excursions 
all  about,  and  the  roads  are  good  for  motoring  antl 
driving. 

This  region  is  a  very  healthy  one,  as  might  be 
inferred  from  what  has  been  said.  The  mortality 
from  tuberculosis,  for  example,  among  the  inhab- 
itants is  more  than  fifty  per  cent,  below  the  average 
for  the  State. 

Therapeutically  the  climate  of  this  region  is 
favorable  for  the  open-air  treatment  of  tuberculosis, 
and,  in  a  measure,  is  comparable  with  that  of 
Rutland,  in  the  center  of  the  State,  where  is  situated 
the  Massachusetts  State  Sanatorium;  and  with  the 
Adirondack  and  White  Mountain  regions.  "For 
children  the  air  is  extremely  favorable,"  saj-s  Dr. 
J.  F.  A.  Adams  of  Pittsfield,  "cholera  infantum 
being  rarely  seen,  and  other  summer  diseases 
are  comparatively  mild."  "The  dry  atmosphere 
also  tends,"  says  Dr.  Adams,  "to  the  prevention  of 
rheumatism  which  is  very  prevalent  along  the 
seaboard."  It  is  also  to  be  recommended  for  those 
sulTering  a  breakdown  from  overwork,  for  func- 
tional nervous  diseases,  hay  fever,  and  convalescence 
from  acute  diseases.  On  account  of  its  moderate 
elevation,  it  is  not  contraindicafed  for  cases  of  heart 
di.sease  or  hemorrhage  in  tuberculosis.  (Weber 
&  Hinsdale:  Climatology  and  Health  Resorts.) 

"Over  and  above  its  beautiful  scenery,  its  pure 
air  and  generally  healthful  climate,  that  particular 
region  is  superior  to  most  similar  sections  of  the 
United  States  in  that  it  presents  throughout  the 
year  the  attractions  of  good  social  advantages, 
a  good  percentage  of  its  residential  population 
being     persons     of     cultivation     and     refinement." 

Edw.vrd  O.  Otis. 


Bermuda. — The  Bermuda  Islands  lie  about  600 
miles  east  of  the  North  American  coast  about  on  a 
line  with  Charleston,  S.  C,  upon  a  coral  reef  which 
rises  from  the  bed  of  the  Atlantic  Ocean.  The  entire 
group  comprises  no  less  than  305  islands,  but,  with 
the  exception  of  some  twelve  or  fifteen,  they  are  far 
too  small  to  be  suitable  for  human  habitation,  and  of 
these  twelve  or  fifteen  inhabited  islands,  only  five  or 
six  are  of  any  considerable  size.  The  largest  island 
of  the  group  is  that  of  Great  Bermuda,  also  called  Long 
Island,  wliich  has  a  length  of  about  sixteen  miles, 
is  but  one  mile  and  a  half  broad,  and  has  an  area  of 
nine  and  a  quarter  square  miles.  When  it  is  taken 
into  account  that  the  whole  group  of  tlie  Bermudas 
is  comprised  between  Lat.  32°  14'  and  Lat.  32°  25' 
N.,  and  between  64°  38'  and  64°  52'  W.  Long.,  occu- 
pying, therefore,  a  portion  of  the  earth's  surface  only 
11'  long  by  14'  wide,  it  is  easy  to  understand  how 
closel.v  packed  and  crowded  together  these  305  islands 
and  Lsicts  must  be.  The  coral  reef  underl3'ing 
this  httle  archipelago,  and  of  which  its  cluster  of 
f.slands  forms  merely  the  most  prominent  portions 
jutting  out  above  the  surface  the  ocean,  extends  on 
the  western  side  for  a  distance  of  about  ten  miles 
beyond  the  limits  of  the  islands  themselves,  and  it 
may  well  be  understood  that  the  navigation  of  these 
coasts,  and  the  approach  to  Bermuda  are  extremely 
dangerous  to  .ships,  and  that  the  services  of  skilled 
pilots  are  always  rec|uired  by  vessels  entering  or 
leaving  their  harbors.  Nevertheless,  the  art  of 
scientific  engineering  lias  so  far  overcome  these  natu- 
ral obstacles  that  the  island  was  for  many  years, 
one  of  the  chief  naval  stations  in  the  British  empire, 
to  which  the  Bermuda  Islands  belong.  At  Ireland 
Island,  at  the  entrance  of  Hamilton  harbor,  is  one  of 
the  largest  floating  docks  in  the  world,  and  Hamilton 
harbor  itself,  although  by  no  means  so  large  as  that  of 
St.  George's,  is  nevertheless  navigable  to  large  ocean 
steamships. 

The   porous  limestone   rock,    underlying   the   thin 
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laj'er  of  surface  soil  wliich  covers  the  islands,  rapidly 
absorbs  all  the  water  wliich  falls  upon  them  from  the 
clouds,  so  that  no  marshes  are  to  be  found  any- 
where throughout  the  extent  of  the  Bermudas. 
Streams  of  running  water  and  wells  are  equally 
absent,  and  rain  water  alone  constitutes  the  supply 
for  drinking  and  for  washing  purposes.  This  water 
is  stored  in  large  tanks,  each  liouse  having  one,  and 
no  new  house  is  allowed  to  be  occupied  until  the 
sanitary  inspector  is  satisfied  that  the  tank  has  been 
constructed  as  directed  by  law. 

The  character  of  the  soil  is  especiaUj'  suited  to  the 
construction  of  good  roadways,  hard  and  smooth,  and 
dehghtful  drives  abound  in  every  direction;  cycling  is 
also  a  favorite  amusement,  and  the  roads  are  excel- 
lent for  this  form  of  outdoor  exercise;  fortunately 
the  automobile  has  not  as  yet  invaded  the.'ie  islands. 
The  facLhties  for  fishing  and  yachting  are  also  unsur- 
passed. 

The  following  table,  condensed  from  an  article  in  the 
Briti -h  Medical  Jourtial,  1897,  ii.,  p.  11233,  upon 
"Bermuda  as  a  Health  Resort"  bj'  E.  Harvey, 
M.  D.,  gives  the  meteorological  data: 


of  August  and  September,  the  degree  of  elevation 
attained  by  the  thermometer  in  Bermuda  may 
indicate  a  moderate  summer  temperature,  and 
although  the  combined  features  of  its  climate  may 
indeed  render  the  place  an  agreeable  residence  for 
many  persons  during  the  warmer  portion  of  the  year, 
nevertheless,  in  view  of  its  great  humidity,  the 
summer  cUmate  can  hardly  be  considered  desirable 
for.  and  is  httle  likel5'  to  be  sought  by,  invalids 
dwelling  in  the  United  States.  To  many  such  per- 
sons, on  the  other  hand,  its  mildness  and  its  com- 
parative equability  may  well  recommend  the  climate 
of  these  islands  for  residence  during  the  whole  or 
during  a  portion  of  the  winter  and  spring  seasons. 
There  is  little  doubt  that  to  all  persons  coming  to 
Bermuda  from  the  severely  cold  and  very  changeable 
winter  weather  of  the  Xorthern  United  States,  the 
weather  of  the  "Isles  of  Summer"  would  appear  by 
comparison  delightfullj'  warm  and  very  free  from 
sudden  changes  of  temperature;  nevertheless,  lest 
too  great  and  too  absolute  a  standard  of  equability 
should  be  expected  by  such  would-be  refugees  from 
our  own  inclement  winter  weather,   it  may  be  weU 


Climate  of  Bermuda — Latittjde,  32°  17'  N.;  Lon-gittide.  67°  47'  W.     Period  op  Observation,  Janu.^rt  1, 
1S93,  TO  December  31,  1896.    Elevation  of  Place  of  Observation.  150  Feet.     {Fahrenheit  Scale.) 
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From  the  above  table  it  will  be  seen  that  the  mean 
temperature  for  the  year  is  70.8°  F.;  for  the  winter 
63.2°,  and  for  the  spring  67.1°  F.  The  four  months  of 
December,  Januarj-,  February,  and  March  have  a 
mean  monthly  temperature  not  varying  more  than 
one  or  two  degrees  for  the  several  months.  The 
average  mean  yearly  range  of  temperature  is  10°  F. 
The  relative  humidity  is  high,  the  annual  mean  being 
eighty  per  cent,  and  of  the  winter  seventy-eight  per 
cent.  The  average  rainfall  for  the  year  is  62.54 
inches.  The  prevailing  winds  are  from  the  south  and 
southwest,  and,  from  the  personal  e.xperience  of  the 
writer,  are  frequent  and  high. 

The  average  number  of  fair  days  in  the  j-ear  is  255, 
being  about  the  same  for  each  month.  The  average 
number  of  fair  and  clear  days  is  282 — considerably 
over  two-thirds.  The  winter  and  early  spring  are  the 
seasons  of  resort  to  the  islands;  the  summer  being 
extremely  debiUtating.  The  characteristics  of  the 
chmate,  theUj  are  mildness,  equabihty.  a  high  degree 
of  moisture,  a  pure  atmosphere  free  from  malaria  and 
fogs,    and   a   large    number   of   fair   and   clear   days. 

-Uthough,  with  the  exception  of  the  verj-  damp  and 
warm  period,  comprised  chiefly  mthin  the  two  months 


to    remind    them  that   Bermuda  is  extra-  and   not 
intratropical. 

Bermuda  is  connected  by  cable  with  Halifax,  Nova 
Scotia,  from  which  it  is  some  700  miles  distant.  The 
time  of  passage  from  New  York,  which  is  also  about 
700  miles  distant  from  the  island,  is  now  only  two 
days  or  less  and  can  be  made  in  large  and  luxurious 
steamers,  which  on  account  of  their  size  largely 
ob\iate  sea-sickness  which  was  formerly  the  bete  noir 
of  a  trip  to  Bermuda  in  the  smaller  steamers.  The 
population  of  Bermuda,  in  1896,  was  16,000,  a  large 
majorit}-  of  wliich  are  negroes.  The  vegetation  is  of  a 
semi-tropical  character,  and  very  luxuriant.  In  the 
season  one  sees  everywhere  the  white  lily  fields  perfum- 
ing the  air  with  their  fragrance.  The  oleander  bush 
grows  also  in  great  profusion,  and  is  used  for  hedges;  the 
banana,  guava,  pomegranate,  avocado  pear,  tamarind, 
arrowroot,  and  many  other  semi-tropical  fruits  are 
found  here.  The  onion,  potato,  and  lily  bulb  are  the 
principal  products  exported.  In  the  private  gardens 
many  tropical  fruits  are  also  found.  The  houses  are 
all  buOt  from  the  coral  rock,  and  are  hkely  to  be 
damp.  The  accommodations  are  good,  especially 
at  Hamilton,  the  principal  town  of  the  island  and  the 


43 


Bprmuda 


REFEREXCE    HANDBOOK    OF   THE    MEDICAL   SCIENCES 


place  generally  selected  by  the  visitor  for  his  resi- 
dence. Here  there  are  several  large  well-appointed 
hotels  and  many  boarding-houses.  Thanks  to  the 
presence,  during  the  winter  months,  of  the  British 
North  Atlantic  fleet  in  the  harbor,  and  of  the  garrison 
on  shore,  there  is  no  lack  of  social  attractions,  and 
Bermuda  has  become  a  fashionable  winter  resort 
largely  due  to  the  excellence  of  transportation 
service.  The  beautiful  coral  sea  gardens,  where  one 
sees  this  curious  product  in  an  infinite  variety  of 
shapes  and  colors;  the  innumerable  excursions  by  sea 
and  by  land;  the  dingey  boat  sailing;  the  golf,  the 
bathing,  and  the  fishing;  the  bicycUng  and  the 
yachting — aU  these  things  afford  an  abundance  of 
entertainment  and  outdoor  exercise.  There  is  no 
rainy  season,  and  hardly  ever  an  entirely  wet  day. 
The  rain  quickly  soaks  through  the  porous  coral  soil. 
The  inhabitants  spend  the  greater  part  of  their  life  in 
the  open  air. 

In  conclusion  it  is  to  be  emphatically  stated  that 
Bermuda  is  not  the  sort  of  place  to  which  patients 
suffering  from  phtliisis  should  be  sent,  although 
occasionally  an  individual  ca.se,  as  the  writer  has 
known,  may  do  well.  Nor  is  to  be  selected  for  cases 
of  chlorosis,  general  anemia,  functional  debility, 
angina  pectoris,  or  palpitation  associated  with  cliloro- 
sis.  "The  class  of  invalids  most  benefited  by  this 
climate  are  tho.se  in  want  of  mental  or  bodily  rest,  or 
those  who  should  spend  most  of  their  time  in  the 
open  air;  cases  of  mental  disease  with  excitement; 
the  neuralgic,  hysterical,  hypochondriacal;  those 
addicted  to  the  opium  habit,  and  those  who  are 
sufferers  from  insomnia,  nephritis  or  from  chronic 
disease  of  brain  or  cord"  (Harvey:  loc.  cit.).  To  tlie 
overworked  professional  or  bu.siness  man  of  our 
northern  cities,  Bermuda  is  a  veritable  paradise. 

Edward  O.  Otis. 


Bernard,  Claude. —  Born  in  1813  in  VOlefranche, 
near  Lyons,  France.  After  making  a  vain  attempt 
to  support  himself  by  literary  work  he  decided,  upon 
the  advice  of  some  friends,  to  adopt  the  career  of 
medicine.  This  proved,  however,  to  be  a  slow  affair, 
and  it  was  only  in  1S43  that  he  finally  succeeded  in 
obtaining  the  degree  of  Doctor  of  Medicine.  Enemy 
of  everything  like  charlatanism  and  most  conscien- 
tious in  carrying  out  his 
scientific  investigations, 
he  met  only  with  failure 
in  his  efforts  to  secure, 
by  competitive  examina- 
tion, the  po.sition  of  as- 
sistant professor  in  the 
Medical  Facidty  of  Paris; 
for,  at  that  period,  a 
flowery  style  of  lectur- 
ing, without  much  regard 
to  the  real  value  of  the 
subject  matter,  counted 
|JN  for  everything.  Greatly 
\  discouraged  and  lacking 
sufficient  funds  for  con- 
tinuing his  scientific  re- 
searches, Bernard  had 
just  about  made  up  his 
mind  to  settle  down  in 
some  French  village  as  an  ordinary  practitioner, 
when  he  had  the  good  fortune  to  contract  a  mar- 
riage with  a  wealthy  heiress.  This  event  made  it 
possible  for  him  to  resume  his  scientific  work  with  a 
mind  free  from  financial  worries.  Magendie,  who  was 
at  this  time  Professor  of  Physiology  in  the  College  of 
France,  made  him  one  of  his  assistants,  and  thus 
opened  the  way  for  him  to  become  at  an  early  day 
one  of  the  most  celebrated  vivisectionist  investigators 
in  European  countries  outside  France;  for,  in  the 
latter  country,  owing  to  petty  intrigues,  he  continued 
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for  a  long  time  to  be  almost  unknown.  In  1853  he  was 
elected  Professor  of  General  Physiology  in  the  Sor- 
bonne;  and,  upon  the  death  of  Magendie,  he  was 
cho.sen  his  successor  in  the  College  of  France.  His 
death  occurred  on  Feb.  10,  1878. 

Claude  Bernard  ranks  as  one  of  the  most  prominent 
physiologists  of  modern  times.  Personally  he  was  a 
man  of  the  most  genial  manners.  Of  his  published 
writings  the  following  are  the  most  widely  known: 
"Lemons  sur  la  physiologie  et  la  pathologic  du  sys- 
tcme  nerveux,"  Paris,  lS5S;"Lerons  sur  la  physiologie 
experimentale  appUquee  a  la  medecine,"  Paris,  1856; 
"Sur  les  proprietes  des  tissus  vivants,"  Paris,  1866; 
Sur  la  chaleur  animale,"  Paris,  1876;  and  "Lef.-ons  sur 
les  phenomenes  de  la  vie,"  Paris,  1878.  The  following 
may  be  ranked  as  the  most  important  of  the  dis- 
coveries made  by  Claude  Bernard:  the  fact  that  the 
cervical  sympathetic  nerve  possesses  vasomotor 
functions;  the  fact  that  the  chorda  tympani  nerve 
possesses  secretory  functions;  and  the  fact  that  prick- 
ing the  floor  of  the  fourth  ventricle  of  the  brain 
causes  sugar  to  appear  in  the  urine. 

A.  H.  B. 


Bernays,  Augustus  Charles. — Born  at  Highland, 
Madison  County,  Illinois,  on  Oct.  13,  1854.  He 
studied  medicine  at  the  University  of  Heidelberg, 
Germany,  at  first  under  Friedrich  Arnold  and  Gegen- 
baur,  both  of  them  celebrated  anatomists,  and  after- 
ward under  Gustav  Simon,  the  surgeon.  He  received 
the  doctor's  degree  in 
July,  1876,  after  pas.sing 
the  required  examina- 
tions with  the  highest 
credit  (s m  m  via  cu m 
laiirie).  From  Heidel- 
berg he  went  to  Berlin 
and  took  a  special  course 
under  B.  Langenbeck, 
the  celebrated  surgeon 
of  that  city.  Subse- 
quently  he  visited 
Vienna  and  took  a  simi- 
lar course  under  Billroth. 
Earlj'  in  1878  he  estab- 
lished himself  in  practice 
in  St.  Louis,  Missouri; 
and  in  the  course  of 
about  two  years  he  had 
already  made  such  head- 
way that  he  did  not 
hesitate  to  confine  him- 
self, from  that  time  forward,  to  purely  surgical  work, 
that  branch  of  medical  science  in  which  he  took  the 
greatest  interest  and  in  which  he  felt  confident  that 
he  could  gain  the  greatest  success.  His  subsequent 
career  revealed  clearly  the  wisdom  of  the  course 
which  he  adopted.  The  triumphs  which  he  won  in 
abdominal  surgery,  and  more  particvilarly  in  the 
surgery  of  the  stomach,  and  the  skill  which  he  mani- 
fested in  plastic  operative  work,  justify  us  in  placing 
him  well  in  the  front  rank  of  American  surgeons. 
He  died  in  May,  1906. 

Dr.  Bernays  made  numerous  contributions  to 
medical  literature.  Only  a  few  of  these,  however, 
may  be  enumerated  in  this  brief  sketch.  Th''y  bear 
the  following  titles:  "Cancer  of  Superior  Maxilla, 
etc.,"  in  <S(.  Louis  Medical  and  Surgical  Journal, 
x.xxiv.,  1878;  "Oesophageal  Abscess,"  ibidem,  xxxvi., 
1879;  "Amputation  without  Ligatures,"  ibidem, 
xxxviii.,  1880;  "Spontaneous  Gangrene  of  the  Penis 
in  an  Old  Gentleman  about  Sixty  Years  of  .\ge," 
ibid.,  xlv.,  1883;  "A  Successful  Case  of  Total  Extirpa- 
tion of  the  Uterus  through  the  Vagina,"  ibid.,  xlvi., 
1884;  "A  Case  of  Cystic  Tumor  in  the  Jaw  of  a  Negro," 
etc.,  in  the  Medical  Record,  xxviii.,  1,  1885;  "On 
the    Relations    between   Cells  and  Microorganisms," 
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in  Journal  of  the  Americnn  Med.  Association,  \i.,  4, 
1886;  "Gastrotomy  for  the  Removal  of  a  Swallowpd 
Knife,"  etc.,  in  .S'(.  Loui-s  Med.  and  Surg.  Jour.,  lii.. 
9,  1887;  and  "Tliree  Cases  of  Total  Excision  of  the 
Cancerous  Tongue,  ibid.,  liii.,  333,  1887. 

A.   H.   15. 


Bert,  Paul. —  Born  at  Auxerre,  France,  in  1830. 
While  he  was  tra\-eling  in  Algiers,  before  he  had  any 
intention  of  adopting  medicine  as  a  vocation,  he 
noticed  that  the  zouaves,  on  several  occasions,  and 
simply  as  a  matter  of  sport,  cut  off  a  rat's  tail,  made 
a  wound  somewhere  along  the  animal's  back,  and 
then  transplanted  the  amputated  part  to  this  newly 
made  opening.  After  the  tail  had  healed  in  its  new 
position  Bert  discovered  that  it  retained  its  scn.sibility, 
and  he  thus  became  interested  to  learn  along  what 
route  the  nervous  impulses  were  conducted.  Upon 
his  return  to  Paris  he  began  the' study  of  natural 
history,  and  utilized  the  experience  narrated  above  as 
the  theme  for  the  dissertation  which  he  wrote  when  he 
made  application  for  the  degree  of  Doctor  of  Medicine 
(1863).  In  1S6S  he  was  made  one  of  Claude  Bernard's 
assistants;  and  when  the  latter  resigned  the  Chair  of 
Physiology  in  the  Sorbonne  and  attached  himself  to 
the  Museum  of  Natural  History,  Bert  deUvered  a  few 
lectures,  first  in  the  Sorbonne  and  then  in  the  Mu- 
seum. These  lectures  were  published  in  Paris,  in 
1868,  under  the  title:  "Lecjons  sur  la  physiologie 
comparee  de  la  respiration."  During  the  Franco- 
Prussian  War  he  was  appointed  Prefect  of  the  Departe- 
jnent  du  Xord,  and  after  the  termination  of  the  war 
he  was  elected  Professor  of  Physiology  in  the  Sorbonne ; 
but  he  was  never  given  an  opportunity  to  show  what 
his  capabilities  were  as  a  teacher,  for,  having  been 
cho.sen  as  a  Deputy,  to  represent  his  native  cit)'  in  the 
legislature,  the  laws  of  France  would  not  permit  him 
to  continue  lecturing  while  he  held  this  poUtical  office. 
Then,  early  in  1886,  he  was  sent  to  Tonkin,  China,  in 
the  character  of  "General-Resident,"  but,  on  the 
eleventh  day  of  November  of  the  same  year,  he  died 
of  tropical  dysentery. 

His  most  important  published  writing  is  that 
entitled:  "La  pression  barom^trique,  etc.,"  Paris, 
1878.  A.  H.   B. 

Bertillon  System. — See  Anthropometnj. 

Betainc  Hydrochloride. — This  is  the  salt,  CjHi,- 
NOjCl,  of  betaine  (trimethylglycocoU)  which  is  found 
in  the  beet  and  other  plants.  It  ismadesyntheticalh- 
by  the  action  of  monochloracetic  acid  on  trimethyt- 
amine.  It  is  used  in  some  gastric  affections  marked 
bj'  deficiency  of  liydrochloric  acid,  on  the  ground  that 
the  drug  liberates  that  acid  in  the  stomach.  The 
dose  is  one  to  five  grains  (0.06  to  0.30).  It  is  soluble 
in  water,  slightly  so  in  alcohol,  and  insoluble  in  chloro- 
form or  ether.  It  is  sold  under  the  tratle  name  of 
Acidol.  R.  J.  E.  Scott. 


Betanaphthol. — By  the  substitution,  in  the  mole- 
cule of  the  h3'drocarbon  naplitltalene,  of  an  hydroxyl 
group  (  —  OH)  for  one  of  the  atoms  of  hydrogen, 
a  derivative,  C,(|H,.OH,  is  obtained,  bearing  pre- 
cisely the  same  relation  to  naphthalene  that  com- 
mon phenol  (carbolic  acid)  does  to  benzene.  Such 
derivative  is  styled  naphthol,  and  according  to  the 
position  of  the  hydroxyl  substitution,  two  distinct 
naphthols  are  obtainable,  known  respectively  as 
a-naphthol  and  ,3-naphthol.  In  the  alphahaphthols  the 
OH  replaces  H  in  one  of  the  positions  nearest  the 
fusion  of  the  two  rings;  in  betanaphthol  the  OH  re- 
places H  in  one  of  the  positions  furthest  removed  from 
the  fusion  of  the  two  rings.  Of  these  two  bodies 
^-naphthol  is  the  more  easily  made,  is  the  less  toxic, 
and  is  the  article  used  in  medicine.     It  is  official  in 


the  United  States  Pharmacopoeia  under  the  title  and 
spelling  Betanaphtliol;  in  the  Pharmacopoeia  of  1890 
it  was  called  Na|)htol. 

Properly  purified,  betanaphthol  presents  itself  in 
beautiful  silver  crystalline  scales,  nearly  or  entirely 
odorless,  but  of  a  sharp,  burning  taste.  The  crystals 
are  very  slightly  soluble  in  water  (in  about  1,000 parts 
of  cold,  and  in  seventj'-five  parts  of  btiiling  water), 
but  dissolve  freely  in  boiling  alcohol;  Ijctanajjlithol 
is  also  soluble  in  ether,  chloroform,  and  solutions  of 
the  alkali  hydroxides.  Gently  heated,  it  subhmes, 
and  may  be  distiOed  with  steam.  It  should  be  kept 
in  dark  amber-colored  bottles,  well  stoppered.  Beta- 
naplithol  is  locally  distinctly  irritant,  exciting  upon 
tender  surfaces  redness,  smarting,  and  even  inflamma- 
tion, and,  upon  the  healthy  skin  also,  if  in  alcohoiic 
solution,  acting  occasionally  with  sufficient  energy  to 
develop  an  eruption  resembling  nettle-rash.  Solu- 
tions in  oils  or  fats,  however,  are  said  to  be  without 
effect  upon  the  sound  skin,  although  acting  energetic- 
ally upon  an  eczematous  surface  (Kaposi). 

Constitutionallt/,  betanaphthol,  in  therapeutic  doses, 
produces  but  little  derangement.  Some  experimental 
dosings  of  animals  have  been  followed  bj'  hemo- 
globinuria, with  convulsions  and  death,  and,  in  one 
instance  in  the  human  subject,  an  externa!  application 
of  betanaphthol  produced  hematuria,  ischuria,  un- 
consciousness, and  eclampsia  (Kapo.si).  But  .since 
these  effects  are  exceptional,  it  is  likely  that  the 
samples  used  in  the  cases  cited  were  not  pure.  Ordi- 
narily doses  of  from  0.20  to  0.32  grams  (gr.  iij.  to  v.), 
given  a  number  of  times  dailj-,  are  innocent  of  harm 
beyond  some  possible  disturbance  of  the  stomach. 
The  medicine  tlierefore  ranks  among  the  non-poison- 
ous, and  its  value  lies  in  the  fact  that  while  it  is  thus 
non-poi.sonous  to  the  human  .sj'stcm  it  is  yet  quite 
potent  to  arrest  the  development  of  many  micro- 
organisms. It  is  said  to  be  five  times  as  powerful 
in  this  regard  as  carbolic  acid;  at  the  same  time  it  is 
less  toxic  than  phenol.  Betanaphthol  is  accordingly 
used  as  an  internal  medicine  to  disinfect  the  ali- 
mentary canal,  as  in  cases  of  diarrhea,  dysentery, 
intestinal  dj-spepsia,  and  especially  in  tj'phoid  fever, 
in  which  disease  its  efficac}'  was  first  proclaimed  by 
Bouchard.  The  doses  are  tho.se  already  mentioned, 
and  it  is  usuallj-  administered  in  a  capsule  or  cachet. 
The  article  is  also  used  as  a  local  application  in  many 
skin  diseases,  notably  scabies,  psoriasis,  and  eczema. 
It  is  commonly  applied  in  ointment  ranging  in  strength 
of  betanaphthol  from  one-half  to  ten  per  cent.,  or 
even  fifteen  per  cent.  The  remedy  should  not  be 
used  upon  denuded  parts,  and  weak  applications 
only  should  be  made  to  irritated  parts  such  as  so 
commonly  present  themselves  in  eczema. 

R.  J.  E.  Scott. 


Betanaphthol  Benzoate— (C,;H,,CO,.  C,„H,).  Ob- 
tained ])y  the  reaction  that  takes  place  between 
betanaplithol  and  benzoj'l  chloride.  It  is  a  whitish, 
crystalline  powder,  without  taste  or  odor,  very  slightly 
soluble  in  water,  freely  soluble  in  chloroform  and 
alcohol.     It  is  also  called  benzonaphthol. 

It  is  recommended  as  a  substitute  for  salol  or  betol, 
having  the  advantages  that  benzoic  acid  pos.sesses  over 
carbolic  or  .salicylic  acid.  It  is  not  acted  upon  in  the 
stomach,  but  in  the  small  intestine  it  breaks  up  into 
betanaphthol  and  benzoic  acid. 

The  former  is  not  ab.sorbed  and  remains  in  the 
intestines  until  excreted;  the  latter  also  exerts  a  local 
antiseptic  action,  but  ultimatelj'  is  absorbed  and 
eliminated  with  the  urine.  It  is  incompatible  witli 
antipyrine,  camphor,  phenol,  menthol,  potassium 
permanganate,   and  urethane. 

This  is  one  of  the  newer  intestinal  antiseptics  that 
have  secured  a  favorable  recognition.  It  has  proved 
of  value  in  ordinary  fermentative  changes  in  the 
intestine,  and  in  the  diarrheas  of  children  and  adults. 


45 


Betanaphthol  Benzoate 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


both  acute  and  chronic.  In  an  epidemic  of  acute 
dysentery  in  Cuba  it  proved  of  marked  vahie,  the 
death  rate  in  those  cases  in  which  it  was  employed 
being  onJj'  two  per  cent.,  wliile  under  other  methods 
of  treatment  it  was  nine  per  cent. 

The  ordinary  dose  is  from  three  to  eight  grains 
(0.2-0.5)  three  or  four  times  a  day,  but  when  a  more 
decided  action  is  desired  a  larger  dose  must  be  admin- 
istered— up  to  a  maximum  of  thirty  grains  (2.0)  a  day 
to  children  and  sixty  grains  (4.0)  to  adults.  It  is  best 
prescribed  in  capsules  or  cachets,  with  a  little  char- 
coal. Xo  ill  effects  have  been  reported  from  the  em- 
ployment of  this  remedy.  BE.iUMONT  Sm.\ll. 

Betel  Nut. — See  Areca. 

Bethlehem,  N.  H. — This  summer  resort  in  the 
White  Mountains  can  be  taken  as  a  type  of  the  many 
others  in  this  region  which  are  visited  by  thousands  of 
persons  on  account  of  the  cool,  pure  mountain  air  and 
attractive  scenery.  This  region  is  also  famous  for  the 
exemption  from  hay  fever  enjoyed  here,  and  Beth- 
lehem, of  aU  the  other  resorts,  has  the  greatest  reputa- 
tion in  this  respect. 

It  is  picturesquely  situated  on  the  western  slope  of 
the  mountains,  seventeen  miles  west  of  Mt.  AVasning- 
ton.  It  is  1,459  feet  above  sea-level,  and  is  only 
exceeded  by  Dubhn  in  the  southwestern  part  of  the 
State,  wliich  has  an  elevation  of  from  1,500  to  1,600 
feet. 

From  the  situation  of  Bethlehem  on  the  west  of  the 
mountain  range,  the  air  is  dryer  than  that  on  the 
eastern  side;  for  the  humidity  from  the  Atlantic 
Ocean  is  deposited  on  tlie  eastern  slope,  and,  in 
consequence,  the  air  reaches  Bethlehem  freed  from 
much  of  its  moisture.  Another  reason  for  the  dryer 
atmosphere  is  the  absence  of  any  large  bodies  of  water 
in  this  vicinity. 

The  town  itself  is  situated  on  a  sort  of  table-land 
overlooking,  toward  the  north,  the  valley  of  the 
Ammonoosic.  It  is  protected  from  the  cast  winds  by 
Mt.  Washington  and  other  mountains  of  the  Presiden- 
tial Range,  and  also,  in  the  near  vicinity,  by  Mt. 
Agassiz  and  a  high  hill.  Toward  the  west  there  are 
hills  and  valleys,  and  in  this  direction  one  obtains  a 
view  of  the  distant  Green  Mountains  of  Vermont.  It 
is  open  toward  the  south. 

There  are  an  efficient  system  of  sewerage  and  a 
pure  water  supply.  The  accommodations  are  ample 
and  good,  from  weU-equipped  hotel  to  the  more 
modest  boarding  house.  At  Maplewood,  a  mile 
away,  formerly  a  part  of  Betlilehem,  now  an  in- 
dependent town.ship,  there  is  the  extensive  caravan- 
sary, the  Maplewood  Hotel.  There  are  exceUent 
golf  links  and  a  casino.  Many  and  varied  excursions 
can  be  easily  made  from  tliis  center  and  the  roads  are 

fenerallj'  good  for  motoring.     For  one  who  is  exiled 
ere    on   account    of   hay    fever,    a   more    charming 
refuge  can  hardly  be  imagined. 

The  season  is  a  long  one,  extending  late  into  Sep- 
tember. Indeed,  the  early  autumn  days  are  most 
delightful,  when  the  forests  are  brilliant  with  the 
changing  foliage,  and  the  air  is  cri.sp  and  invigorating. 
Tlie  climate  in  summer  is  characterized  by  purity 
of  air,  coolness  (although  there  is  a  hot  day  occasion- 
ally), equabihty,  a  comparative  low  relative  humid- 
ity, usually  a  small  amount  of  rain,  and  a  compara- 
tive absence  of  easterly  winds.  The  mean  tempera- 
ture of  the  months  of  July  and  August  and  the  first 
two  w-eeks  in  September,  as  observed  by  Dr.  \V.  H. 
Geddings,  for  nine  years,  is  as  follows:  July,  66.04° 
F.;  August,  65.34°  F.;  September,  63.36°  F.  For  the 
same  periods,  w-ith  the  addition  of  one  more  week  in 
September,  as  ob.served  by  Dr.  C.  F.  McGahan, 
for  seven  years,  we  have:  July,  67.7°  F.;  August. 
62.9°  F.;  September,  61.8°  F.  "The  mean  tempera- 
ture of  the  nine  seasons  observed  by  Dr.  Geddings 
was   64.91°   F.;   and   of   the   seven   years   observed 

46 


by  Dr.  McGahan,  64.1°  F.  The  daily  range  of 
temperature  for  a  period  of  two  j'ears  (according 
to  Cieddings)  was  10.3°  for  July  and  August.  The 
relative  humidity  for  five  seasons  (Geddings)  was 
65.5  per  cent. 

The  prevaiUng  wind  is  southwest,  and  there  are 
a  large  number  of  clear  days.  The  average  for  July 
and  August  (Dr.  McGahan,  seven  years)  being  23, 
and  out  of  21  days  in  September  17  were  clear. 

Hay  fever  is  the  disease  which  has  made  Bethlehem 
famous  on  account  of  the  immunity  from  it  wliich  one 
enjoys  here  and  there  is  no  place  in  the  United 
States  where  one  can  more  surely  obtain  relief  from 
this  distressing  affliction.  The  Hay  Fever  Association 
of  the  United  States  holds  its  annual  meeting  here 
and  its  members  declare  that  more  of  them  are 
e.xempted  from  this  disease  at  Bethlehem  than  at 
any  other  place. 

Other  conditions  benefited  by  this  climate  are 
asthma,  the  ally  of  hay  fever;  convalescence  from 
long  and  exhausting  diseases;  exhaustion  from  care, 
worry,  and  overwork;  malnutrition  in  children; 
the  weakness  and  depression  resulting  from  in- 
fluenza; and  .such  other  conditions  as  require  a  pure, 
cool,  stimulating  mountain  air. 

For  pulmonary  tuberculosis  this  is  an  excellent 
climate,  comparable  to  that  of  the  medium  altitudes, 
such  as  the  resorts  in  the  Adirondacks,  Berkshires, 
and  elsewhere.  There  is  no  reason  whj'  the  cure 
could  not  be  continued  the  year  through  here. 
Indeed,  the  best  results,  as  we  know,  are  obtained 
in  the  colder  months  of  the  year,  and  a  continuous 
treatment  under  careful  supervision  without  change 
of  locality  for  summer  and  winter  is  generally  to  l5e 
advi.scd. 

There  are  many  other  well-known  resorts  in  the 
White  Mountains,  aU  possessing  similar  climatic 
characteristics,  modified  by  the  local  conditions  of  their 
situation.  Such  are:  Jefferson,  Randolph,  Crawfords, 
Twin  Mountain,  Di.xviUe  Notch,  and  Bretton  Woods, 
where  is  the  very  large  and  luxurious  Mt.  Wash- 
ington Hotel,  with  extensive  grounds  carefully  kept, 
golf  links,  and  many  dehghtful  walks  and  excursions. 
Nearby  one  takes  the  train  for  the  ascent  of  Mt. 
Washington. 

By  a  recent  law  much  of  the  White  Mountain 
region  will  eventually  become  a  national  reservation, 
thus  preserving  the  forests  and  woodlands  which 
remain,  much  of  which,  unfortunately,  has  already 
fallen  under  the  woodman's  a.xe. 

Edward  O.  Otls. 


Betol. — Betanaphthol  salicylate,  naphthosalol, 
C„H^.OH.COO.C„H,,  the  betanaphthol  ether  of 
sahcylic  acid,  analogous  to  salol  which  is  the  phenyl 
ether  of  salicylic  acid.  It  occursas  an  odorless  and 
tasteless,  white,  sliining,  crj-staUine  powder,  insoluble 
in  water  but  readily  soluble  in  warm  alcohol.  It  passes 
unchanged  through  the  stomach,  but  in  the  alkaline 
fluids  of  the  intestine  it  is  split  up  into  betanaphthol 
and  sahcyhc  acid.  Its  therapeutic  action  is  similar 
to  that  of  salol  (phenyUs  salicylas,  U.  S.  P.).  It  is 
employed  in  the  treatment  of  rheumatism,  gonorrheal 
and  other  forms  of  cystitis,  and  as  an  intestinal 
antiseptic  in  typhoid  fever  and  the  summer  diarrhea 
of  infants.  Dose,  gr.  v.-viii.  (0.3-0.5)  in  capsules  or 
emulsion,  or  mixed  with  milk.  R.  J.  E.  Scott. 


Betony. — Wood  betony,  Stachys  bclonica  Benth 
(fam.  Labiativ  is  a  perennial  lierb  of  Europe,  grow- 
ing in  pastures  and  woods.  The  leaves,  when  fresh, 
have  a  faint,  disagreeable  odor — wliich  mostly  dis- 
appears upon  drying — and  a  bitter  astringent  and 
nauseous  taste. 

Betony  in  former  times  had  a  high  reputation  for  a 
variety  of  troubles;  at  present  it  is  not  in  use.     Dose  of 
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the  dried  leaves  as  a  "nervine,  expectorant,  sudorific," 
etc.,  is  from  one  to  three  grams  (gr.  xv.  to  xlv.).  Tlie 
root  is  said  to  be  emetic.  H.  H.  Rusby. 


Bex. — A  climatic  resort  in  the  Canton  of  Vaud, 
Switzerland,  containing  also  saline  springs  which  are 
employed  for  baths  and  douches.  Tliis  little  town  of 
about  4,500  inhabitants  is  beautifully  situated  in  tlie 
valley  of  the  Rhone,  sixty-eight  miles  by  rail  from 
Geneva,  and  eleven  miles  from  the  Lake  of  Geneva. 
It  is  1,427  feet  above  sea-level.  The  narrow  valley, 
on  the  right  side  of  which  lies  Bex,  is  shut  in  on  either 
side  by  lofty  mountains,  and  between  them  rushes 
the  Rhone  on  its  way  to  Lake  Geneva.  In  the 
immediate  vicinity  of  Bex  the  valley  and  mountain 
sides  are  well  wooded,  and  there  are  many  beautiful 
walks,  long  or  short,  as  well  as  more  arduous  mountain 
excursions.  Bex,  from  its  situation  in  a  valley,  is 
free  from  wind. 

The  season  in  which  Bex  is  at  its  best  and  is  most 
visited  is  in  the  spring,  particularly  May  and  June. 
In  the  autumn  patients  frequent  the  place  for  the 
grape  cure,  for  which  it  is  famous. 

The  mean  annual  temperature  is  about  50°  F. 
During  the  shortest  days  of  winter  the  sun  shines  but 
a  few  hours. 

The  saUne  springs  are  nothing  but  strong  brine 
waters  obtained  from  the  distant  salt  mines  and  con- 
veyed to  the  bathing  estabhshments.  The  principal 
ingredients  in  10,000  parts  are  given  as  foUows: 


Chloride  of  sodium 1,567.0 

Chloride  of  potassium 2G .  5 

Chloride  of  magnesium 10. S 

Sulphate  of  lirae 67 .6 

Ten  to  twenty  ciuarts  of  tliis  brine  are  used  to  a  bath. 
Diluted  and  charged  with  carbonic  acid  gas,  it  is 
used  internally. 

The  Nauheim  baths  are  also  given  here.  The 
hydrotherapeutic  estabhshments  are  weU  equipped 
with  inhalation  cabinets,  sprays,  douches,  etc.  The 
diseases  and  conditions  which  are  benefited  by  these 
baths,  and  the  climate  as  well,  are  dehcate  chil- 
dren and  those  with  glandular  or  bone  tuberculosis; 
chronic  catarrhal  affections;  subacute  rheumatism; 
certain  uterine  affections,  such  as  metritis,  subinvolu- 
tion, etc.;  asthma;  anemia;  the  milder  forms  of 
neurasthenia;  and  certain  cases  of  paralysis  foUowing 
infectious  diseases.  Cases  of  nephritis,  especiaUj- 
with  edema,  should  avoid  saUne  waters,  for  recent 
investigations  have  shown  that  salt  and  chloride  reten- 
tion is  dangerous  in  this  disease;  hence,  in  the  treat- 
ment of  nephritis,  waters  devoid  of  salt  are  to  be 
chosen. 

The  accommodations  are  excellent.  The  Grand 
Hotel  des  Salines  is  situated  about  three-quarters  of 
a  mile  from  the  village  in  a  fine  park,  and  is  equipped 
with  hydrotherapeutic  apparatus.  In  the  village  are 
other  good  hotels  and  pensions,  all  moderate  in  price. 
There  are  an  English-speaking  physician,  and  an 
EngUsh  Church. 

Besides  the  grape  cure  which  has  been  mentioned, 
the  milk  and  whey  cure  is  also  carried  out  here.  The 
quahty  of  grapes  used  in  this  "cure"  is  said  to  be 
excellent.  Edward  O.  Otis. 


Biarritz. — A  seacoast  town  in  the  extreme  south- 
western portion  of  France  (lat.  43°  29'  N.),  a  short 
distance  from  Bayonne  and  not  far  from  the  boundary 
between  France  and  Spain.  This  resort  has  a  com- 
manding situation  on  a  high  plateau  or  rocky  head- 
land, descending  quite  abruptly  to  the  sea  (the  Bay 
of  Biscay).     The  beach  is  smooth  and  sandy,  with  a 


good  surf,  which  is  often  high.  "There  is  no  sight- 
seeing in  Biarritz  save  the  sea,  its  sunsets,  cliffs, 
and  beach." 

Biarritz  has  become  a  weU-known  fashionable 
seaside  resort,  and  is  frequented  by  visitors  from 
all  parts  of  France,  Spain,  and  other  countries 
during  the  bathing  season,  whicli  not  only  com- 
prises the  summer  months  but  extends  much  later 
into  the  autumn  than  is  the  case  with  similar  seaside 
stations  lying  farther  to  the  north.  It  is  also  a 
winter  resort,  being  especially  favored  by  the  English 
at  this  season. 

The  accommodations  are  excellent  and  abundant, 
and  although  it  is  rather  an  expensive  resort  in  the 
summer,  the  winter  rates  are  more  moderate.  The 
sanitation  and  drainage  are  good  and  in  every 
respect  Biarritz  affords  all  the  conveniences  and 
lu.xuries  of  a  fashionable  watering  place.  There 
are  Enghsh  physicians,  Protestant  churches,  clubs, 
casino,  and  golf  links. 

It  is  hot  in  summer,  but  the  sea  breezes  temper 
the  heat.  In  winter  the  temperature  is  mild  and 
comparatively  equable.  At  this  season  the  chmate 
is  "agreeable  and  healthy,"  very  similar  to  that 
of  Arcachon. 

A  particularh'  important  characteristic  of  such 
a  seaside  resort  situated  so  far  south,  is  that  one 
can  enjoy  essentially  the  same  conditions  of  climate 
and  bathing  in  the  autumn  which  exist  on  the  more 
northerly  coast  only  in  the  summer  months.  In  some 
respects  Biarritz  resembles  the  resorts  on  the  Enghsh 
Channel,  but  it  is  far  inferior  to  the  Riviera  or  the 
east  coast  of  Spain. 

The  mean  winter  temperature  (according  to 
Weber)  is  from  42.8°  F.  to  46.4°  F.;  the  mean  spring 
temperature,  51.8°  to  53.6°  F.;  and  that  of  the  summer 
about  64.4°  F.  The  relative  humidity  is  given  by 
Weber  as  about  eighty  per  cent,  and  the  annual  rain- 
fall 49.21  inches.  The  rain  is  quickly  absorbed  by  the 
sandy  soil.  During  the  winter  the  climate  is  com- 
paratively mUd,  bracing,  and  sunny,  and  a  consider- 
able amount  of  time  can  be  spent  in  the  open  air. 

The  prevailing  wind  is  tiie  northwest  from  the 
ocean,  wliich  is  violent  at  times.  The  south  wind 
(Solano)   is    dry    and    hot,    but    does  not    last  long. 

The  class  of  patients  Ukely  to  be  benefited  bj-  a 
stay  at  Biarritz  during  the  winter  months  are  such 
as,  not  seriously  ill,  require  a  moderatelv  mild, 
sunny,  invigorating  climate,  amid  cheerful  sur- 
roundings, and  whose  condition  is  not  aggravated 
by  the  large  amount  of  moisture  and  the  winds. 
Such  are  cases  of  neurasthenia  and  nervous  depres- 
sion, dyspepsia,  chlorosis,  and  cachectic  conditions. 
For  diseases  of  the  respiratory  tract,  such  as  pul- 
monary tuberculosis  and  chronic  catarrhal  condi- 
tions, it  is  too  windy,  for  it  lacks  the  protection  from 
the  winds  which  Arcachon,  not  far  distant,  enjoys 
on  account  of  its  situation  in  the  pines  some  miles 
from  the  Atlantic  coast. 

The  bathing  is  excellent  and  there  are  swim- 
ming pools  or  baths  cut  in  the  rocks.  There  is 
also  nearby  a  large  and  fuUy  eriuipped  hydrothera- 
peutic estabhshment  where  brine  baths  are  given 
for  the  usual  maladies  for  which  such  baths  are 
applicable. 

There  are  various  amusements  afforded:  golf,  ten- 
nis, a  casino  with  music,  regattas,  etc.  The  walks 
and  excursions  are  varied  and  interesting.  One 
can  easily  cross  into  Spain  from  here.  Besides  the 
"excellent  hotel  accommodations  Biarritz  abounds  in 
comfortable  and  attractive  \'illas,  often  surrounded 
by  gardens,  and  situated  at  various  points  close  to 
or  even  directly  upon  its  picturesquely  rocky  shores." 

Edward  O.  Otis. 


Bibiru  Bark. — Greenheart  Bark,  Nectandrce  Cortex. 
The  bark  of  Nectandra  rodixi  Schomb.  (fam.  Laura- 
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cece).  This  is  a  fine  forest  tree  of  British  Guiana, 
where  it  is  highly  prized  as  a  source  of  tlie  best  sliip 
timber. 

The  bark  is  now  rarely  imported,  in  large,  long, 
heavy,  flat  pieces,  from  0.5  to  1  centimeter  in  tliickne.ss 
(one- fifth  to  two-fifths  inch).  It  is  hard  and  brittle, 
breaking  with  a  coarse,  fibrous  fracture;  it  is  gray- 
ish brown  externally,  cinnamon  brown  and  striated 
upon  its  inner  surface.  Its  cells  are  seen  under  the 
microscope  to  be  thickened,  those  of  the  hber  curi- 
ously dentated.  It  has  a  strong  bitter  taste,  without 
aroma — an  unusual  thing  for  any  member  of  its 
family. 

The  bitterness  of  this  substance  is  due  principally 
to  tlie  alkaloid  buxine  (bibirine,  bebeerine — not 
berberine),  which  it  contains  to  the  extent  of  one-half 
or  one  per  cent.  It  also  contains  nectandrine  and 
one  or  two  other  alkaloids,  and  tannin.  The  seeds 
are  sometimes  made  use  of  as  a  source  of  starch. 

The  bark,  and  especially  the  alkaloid  and  its  salts, 
have  been  offered,  and  to  some  extent  employed  as  a 
febrifuge  and  antiperiodic,  that  is,  as  a  substitute 
for  quinine;  but  in  reasonable  doses  they  fall  far  short 
of  that  medicine  for  the  purpose.  They  are,  however, 
good  simple  bitter  tonics  (the  bark  is  astringent  as 
well).  Doses:  a  useful  do.se  of  the  bark  would  be 
large  and  disagreeable.  Buxine  or  its  salts  may  be 
given,  as  a  tonic,  in  pills  or  solution,  up  to  gr. 
iii.-vi.  (0.2  to  0.4);  as  a  febrifuge,  up  to  gr.  xv.-xxx. 
(1.0-2.0).  H.   H.  RusBY. 


Bichat,  Marie=Fran^ois=Xavier. — Born  Nov.  11, 
1771,  in  Thuirette,  France.  He  began  his  medical 
studies  in  Lyons,  in  1791  or  1792.  At  first,  he  de- 
voted his  attention  e.xclu.sively  to  anatomy  and 
surgery;  but,  in  the  latter  part  of  179.3,  owing  to  the 
disturbed  state  of  pohtics  in  that  city,  he  went  to 

Paris  and  followed  very 
closely  the  chnics  of 
Desault,  the  celebrated 
French  surgeon.  At 
that  period  of  his  hfe 
his  onl}'  ambition  was 
to  become  skilled  as  a 
surgeon,  in  order  that 
he  might  serve  in  this 
capacity  in  the  army. 
Between  1795,  when 
the  death  of  Desault 
^  occurred,  and  1802, 
when  Bichat  met  with 
the  accident  which 
terminated  his  life  in 
the  course  of  a  fort- 
night, the  latter  ac- 
FiG.  641.— llarie-Francois-Xawr  comphshed  more  than 
Bichat.  most    industrious  men 

are  able  to  accomphsh 
in  a  score  of  years.  He  completed  (1795)  the  fourth 
volume  of  the  "Journal  de  Chirurgie  de  Desault"; 
edited  the  "  Oeuvres  chirurgicales  de  Desault,"  in  three 
volumes  (Paris,  1798-1799);  and  wrote  and  pubhshed  a 
book  entitled  "Traits  des  membranes"  (Paris,  1800), 
another  entitled  "Les  Recherches  physiologiques 
sur  la  vie  et  la  mort"  (Paris,  ISOO),  a  third  on  general 
anatomy  (Paris,  1801),  and  a  fourth  on  descriptive 
anatomy  (Paris,  1S01-1S03).  And  while  he  was 
doing  this  prodigious  amount  of  literary  work  he 
attended   almost   daily   to   his   duties   as   a  hospital 

Ehj'sician,  responded  to  the  numerous  calls  made  upon 
is  time  and  strength  by  his  private  patients,  per- 
formed over  six  hundred  autopsies,  and  lectured  to 
the  students  of  the  L^niversity.  The  natural  result 
of  this  "burning  the  candle  at  both  ends"  was  that 
Bichat's  strength,  shortly  before  his  death,  was  almost 
completely  exhausted;  and  one  day,  while  he  was 
descending  one  of  the  stone  staircases  of  Hotel-Dieu, 


he  fell  and  probably  struck  upon  his  head.     Fourteen 
days  later  (Jidy  22,  1802)  he  died. 

Bichat  was  not  only  a  man  of  great  intellectual 
capacit}',  he  also  possessed  traits  of  character  that 
endeared  him  to  all  who  came  in  contact  with  him; 
he  was  modest,  perfectly  frank,  kindly,  and  of  a 
generous  disposition.  A.  H.  B. 


Bienaise,  Jean. — Native  of  M^zieres,  France,  in 
which  town  he  was  born  about  the  year  1601.  Dezei- 
meris  (Diet.  Hist,  de  la  Med.)  says  that  he  was  one  of 
the  boldest  and  yet  at  the  same  time  most  skUful 
operators  of  the  seventeenth  century.  Called  in 
consultation  to  see  Anne  of  Austria,  widow  of  Louis 
XIII.  of  France,  who  was  affected  with  cancer  of  the 
brea.st,  he  did  not  hesitate  to  proclaim  to  her  boldly 
that  all  the  promises  of  a  cure  wliich  the  charlatans 
of  that  day  had  made  to  her,  were  purely  vanity, 
and  that  some  measure  of  alleviation  was  all  that  his 
art  could  procure  for  her  disease.  For  a  period  of 
two  years  he  accompanied  Louis  XIV.  in  nis  cam- 
paigns in  Flanders,  and  was  shown  by  this  monarch 
that  he  valued  his  services  highly.  He  died  on 
December  21,  1G81,  at  the  age  of  eighty. 

A  few  j'ears  after  the  death  of  Bienaise  the  only 
treatise  which  he  had  ever  written  was  published. 
Its  title  reads  as  follows:  "Les  operations  de  la 
chirurgie,  par  une  method  courte  et  facile,  avec  deux 
trait^s,"  Paris,  1688,  and  another  edition  in  1693. 
The  two  supplementary  treatises  mentioned  in  this 
title  have  reference  to  "  the  nature  and  cause  of 
diseases  of  the  stomach"  and  to  "venereal  diseases." 
In  the  main  work  will  be  found  an  account  of  the 
"concealed  or  covered  bistouri "  which  probably  sug- 
gested to  Frere  Cosme  (see  under  the  heading:  Baseil- 
hac,  Jean)  the  idea  of  his  "concealed  litnotome." 
Bienaise  used  this  covered  bistouri  in  operating 
upon  cases  of  fistula  in  ano.  A.  H.  B. 

Bier's  Method. — See  Hyperemia,  Therapeutic. 

Biermer,  Anton. — Born  in  Bamberg,  Germany, 
Oct.  IS,  1827.  He  received  the  degree  of  Doctor  of 
Medicine  in  1S51.  After  acting  in  the  capacity  of 
an  Instructor  (Privatdozent)  in  Internal  Diseases,  in 
the  Laiiversity  of  Wiirzburg,  for  several  years,  he 
accepted  succes.sive  calls  to  the  regular  chair  of  this 
branch  of  medicine  in  the  following  Universities: 
Berne,  S%\'itzerland,  in  1861;  Zurich,  Switzerland,  in 
1867;  and  Breslau,  Germany,  in  1874.  He  held  the 
latter  po.sition  up  to  1891,  when  the  condition  of  his 
health  obliged  liim  to  resign.  His  death  occurred 
on  June  24,  1892. 

Biermer  ranks  as  one  of  the  most  distinguished 
clinicians  of  modern  times.  Specially  noteworthy 
are  the  investigations  which  he  made  with  regard 
to  sputa  and  also  with  regard  to  asthma.  His  method 
of  rendering  the  ciliary  movement  easily  visible  in 
the  mucous  membrane  of  a  tracheotomized  animal 
is  stiU  to-day  the  method  most  commonly  employed 
for  this  purpo.se.  The  foDowing  are  among  his  most 
important  publi.shed  writings:  "Ueberdie  Richtung 
und  Wirkung  der  Flimmerbewegung  auf  der  Respira- 
tionssclileimhaut  des  Menschen,  Kaniuchens  und 
Hundes,"  1851;  "Die  Lehre  vom  Auswurf,"  1855; 
and  "LTeber  Asthma  bronchiale  und  iiber  Entstehung 
des  Typhus  alxiominahs,"  in  Volkmann's  Samm- 
khnische  lung  Vortriige.  A.  H.  B. 


Bigelow,  Henry  Jacob. — Born  in  Boston,  Massar 
chusetts,  in  1818.  He  received  the  degree  of  Doctor  of 
Medicine  from  the  Harvard  Medical  School  in  1841. 
In  1845  he  began  teaching  surgery  in  the  Tremont 
Street  Medical  School,  and  in  1849  he  was  appointed 
Professor  of  Surgery  in  the  Harvard  Medical  College, 
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a  position  which  he  held  until  1886,  a  period  of  tliirty- 
seven  years.  In  1846  he  was  elected  a  member  of 
the  surgical  staff  of  the  Massachusetts  General 
Hospital.  In  187S  Bigolow  introduced  the  opera- 
tion of  litholapaxy,  orlithotrity  with  coniiilete  evacua- 
tion of  the  fragments  of  the  stone  at  one  sitting.  The 
method  was  received  bv  surgeons  with  instant  favor 
and  soon  supplanted  tlie  old  operation  of  lithotrity 
and  also  in  great  measure  lithotomy.  His  death 
occurred  on  Oct.  30.  1890. 

Bigelow's   "Manual  of   Orthopedic  Surgery"  was 
awarded  the   Boylston  Prize  in  1844.     Of  his  later 


Fig.  642. — Henrj-  Jacob  Bigelow. 

published  writings  the  following  deserve  to  receive 
special  mention:  "Ununited  Fracture  successfully 
treated,  with  Remarlis  on  the  Operation,"  Boston, 
1867;  "The  Mechanism  of  Dislocation  and  Fracture 
of  the  Hip,  with  the  Reduction  of  the  Dislocation  by 
the  Flexion  Method,"  Philadelphia,  1869;  and 
"Litholapaxy  or  Rapid  Lithotrity  with  Evacuation," 
Boston,  1879.  A.  H.   B. 


Bigelow,  Jacob. — A  distinguished  medical  practi- 
tioner, botanist,  teacher,  and  writer;  was  born  in 
Sudbury,  Mass.,  on  February  27,  1787.  He  was 
graduated  from  Harvard  University  in  1806,  and  com- 
menced the  practice  of  medicine  in  Boston  in  1810. 
He  early  became  known  as  a  skilful  botanist,  having 
an  extensive  correspondence  with  botanists  in  Europe, 
and  several  plants  were  named  for  him  by  Sir  J.  E. 
Smith  in  England,  by  Schrader  in  Germany,  and  in 
France  by  De  Candolle.  In  1814  he  published 
"Florula  Bostoniensis,"  and  in  1815  "American 
Medical  Botany,"  in  three  volumes,  illustrated  by 
colored  plates  after  nature.  At  this  period  he  occu- 
pied the  chair  of  Materia  Medica  in  Harvard  Medical 
College,  and  also  that  of  Chnical  Medicine;  he  was  an 
active  practitioner  in  Boston  for  forty  years,  enjoying 
a  large  and  lucrative  practice;  also  for  a  long  period 
physician  to  the  Massachusetts  General  Hospital. 
From  1816  to  1827  he  delivered  lectures  on  "Appli- 
cation of  Science  to  the  LTseful  Arts,"  which  resulted 
in  the  establishment  of  the  Massachusetts  Institute 
of  Technology. 

In  1820  he  was  one  of  the  Committee  of  Five 
selected  to  form  the  American  Pharmacopoeia;  and 
the  nomenclature  of  the  Materia  Medica,  substi- 
tuting (when  practicable)  a  single  for  a  double  word, 
is  due  in  principle  to  him.  He  also  published  nu- 
merous medical  e.ssays  and  discourses,  some  of  which 
are  to  be  found  in  a  volume  entitled  "Nature  in 
Disease."  One  of  these,  "Discourse  on  Self-limited 
Di-seases,"  had  great  influence  in  modifying  the  prac- 
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tico  of  phy.sicians  at  that  time  in  regard  to  the  treat- 
ment of  acute  di-seases.  In  18.54  he  was  elected  Cor- 
responding Fellow  of  the  New  York  Academy  of 
Medicine.  He  died  in  Boston  on  January  10,  1879. 
Bigelow  was  the  founder  of  Mount  Aul)urn  Cemetery 
in  Boston.  Tlie  stone  tower,  chapel,  gates,  and  fence 
were  designed  by  him,  and  the  colossal  Sphinx,  in 
granite,  was  a  gift  from  him.  For  many  years  he  was 
President  of  the  J1assachu.setts  Medical  Society,  and 
of  the  American  Societj'  of  .\rts  and  Sciences.  In 
18.56  the  trustees  of  the  Massachusetts  General  Hos- 
pital placed  his  bust,  in  marljle,  in  their  hall,  in 
commemoration  of  his  long-continued  services. 

T.  L.  S. 


Bile. —  Bile  may  be  obtained  for  examination  either 
from  the  gall-bladders  of  men  or  animals  after  death, 
or  from  biliary  fistulie.  The  principal  methods  of 
estabhshing  fistula  in  animals  for  experimental  pur- 
po.ses    are    briefly    as  follows: 

Permanent  Fistuhv. — An  incision  is  made  over  the 
gall-bladder.  Through  tliis  the  common  bile-duct 
is  tied  in  two  places  and  a  portion  e.xci.sed  between 
the  ligatures.  The  gaU-bladder  is  then  sewed  to  the 
sides  of  the  abdominal  wound  and  opened. 

Amphibolic  FistutiT. — The  gall-bladder  is  brought 
to  the  surface  and  opened  as  in  the  preceding  method, 
but  the  bile-duct  is  left  intact.  This  method  has  an 
advantage  over  the  other  inasmuch  as  the  external 
opening  may  be  plugged  and  the  bile  allowed  to  fol- 
low its  usual  channels  into  the  duodenum,  or  it  may 
be  left  open,  when  the  bile  will  flow  externally,  and, 
if  not  allowed  to  discharge  for  too  long  a  time,  will 
be  more  normal  in  character. 

Temporary  Fistuhe. — The  common  bile-duct  is 
exposed  and  opened,  a  glass  cannula  is  tied  in,  and 
the  bile  is  drawn  off  through  a  rubber  tube  attached. 

Quantity  of  Bile  Secreted. — The  amount  ob- 
tained through  fistute  is  very  variable  in  different 
animals,  both  absolutely  and  in  proportion  to  the  body 
weight.  The  rate  of  flow  varies  much  in  the  same 
animal  from  hour  to  hour.  In  human  subjects  with 
biliary  fistula  the  daily  discharge  has  usually  been 
between  400  and  900  c.c,  and  the  total  amount  of 
sohds  between  five  and  twenty  grams. 

Physical  Properties. — Human  bile  as  obtained 
from  the  gail-bladder  is  usually  of  a  yellowish  or 
reddish-brown  color,  but  when  exposed  to  the  air  may 
become  green  by  oxidation  of  bilirubin  to  biliverdin. 
Its  reaction  is  faintly  alkaUne.  The  specific  gravity 
varies  from  1.005  to  1.010  or  over  in  fistula  bile,  but  is 
much  higher  in  bile  taken  from  the  gall-bladder  after 
death,  frecjuently  reaching  1.030,  or  even  1.050.  It 
has  a  bitter  taste  with  a  suggestion  of  sweet.  Human 
bile  has  Uttle  or  no  smell;  that  of  the  ox  and  sheep  has 
a  faint  musk-like  odor.  As  secreted  by  the  liver 
cells  bile  is  non-viscous;  but,  during  its  stay  in  the 
ducts  and  gall-bladder,  it  has  added  to  it  the  secre- 
tions of  their  mucous  membranes,  containing  mucin 
(human),  or  nucleo-albumin  (ox),  and  it  acquires  a 
certain  viscidity.  On  spectroscopic  examination  it 
may  be  seen  to  absorb  the  violet  and  some  of  the  blue 
rays,  but  shows  no  definite  absorption  bands  unless 
postmortem  changes  have  occurred. 

Chemical  Composition. — The  principal  constitu- 
ents of  bile  are  as  follows:  water,  bile  salts,  bile  pig- 
ments, mucin,  fats  and  soaps,  cholesterin,  lecitnin, 
urea  (traces),  and  inorganic  salts.  Among  the  salts 
the  most  important  are  the  chlorides  of  sodium  and 
potassium,  the  phosphates  of  calcium,  magnesium, 
and  iron,  and  traces  of  manganese,  copper  and  zinc. 
The  C[uantities  of  these  constituents  vary  considerably, 
but  the  analyses  contained  in  the  following  tables  may- 
be taken  as  fair  examples  of  a  great  number  which 
have  been  pubhshed: 
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In  1.000  parts  of  bile. 


Water 

Solids 

Bile  salts 

Glycocholate 

Taurocholate 

Mucin  and  pigments 

Fat 

Fatty  acids  from  soaps 

Cholesterin 

Lecithin 

Inorganic  substance. 


Human 

gall-bladder  bile. 

Frerichs. 

Man  of  22  killed  by 

violence. 


Human  fistula  bile. 

Hammers  ten. 

One  of  three 
published  in  Ham- 
mersteii's  "Physio- 
logical Chembtry." 


S59.2 

140.8 

91.4 


29.8 
9.2 


2.6 


974.6 
25.4 
9.04 
6.86 
2.18 
5. 15 

.61 
1.01 
1.5 

.65 
7.46 


The  bile  salts  are  the  most  abundant  of  the  solid 
constituents  and  give  to  the  bile  its  most  important 
propertie.s.  The  commonest  bile  salts,  and  those 
which  have  been  most  studied,  are  sodium  gl tco- 
cholute  (C,6H,,NaNOs),  and  sodium  taurocholate 
(C,„H„NaNSO;),  the  former  being  most  abundant 
in  herbivorous  animals  and  man,  and  the  latter  in 
carnivorous  animals.  The  bile  salts  are  soluble  in 
water  and  alcohol,  but  insoluble  in  ether.  If  bile  be 
mixed  with  freshly  heated  animal  charcoal  and 
evaporated  to  drj'ness,  the  bDe  salts  may  be  dissolved 
out  with  absolute  alcohol  along  with  .several  other 
biliary  constituents.  If  an  excess  of  ether  be  now 
added,  the  bile  salts  alone  are  precipitated,  forming 
"  Plattner's  crystallized  bile."  Under  the  micro- 
scope this  may  be  seen  to  consist  of  bell-shaped  masses, 
star-like  clusters  of  fine  needles,  or  four  to  six  sided 
prisms.  Both  the  bile  salts  and  their  acids  are  dextro- 
rotatory to  polarized  light. 

Sodium  glycocholate (.a)D  = +  25.7' 

Glycocholicacid (a)  D  =  +29.0° 

Sodium    taurocholate (a)  D  =  +  24 . 5° 

TaurochoUc  acid (a)D  =  +  25.0° 

In  the  intestines,  the  respective  acids  are  set  free 
from  the  bile  salts  and  then  further  broken  up  into  a 
complex  non-nitrogenous  acid,  cholalic  acid,  and 
either  glycocoU  or  taurine. 

Glt/cocoll,  glvcocine,  glvcine,  or  amino-acetic  acid 
(NH,CH,,COOH)  is  one*  of  the  products  of  the 
sphtting  up  of  sodium  glycocholate.  It  is  found 
free  in  the  intestines  in  small  quantities,  and  may  com- 
bine in  the  bodj'  with  benzoic  acid  to  form  hippuric  acid, 
in  which  form  some  of  it  may  leave  the  body  bj'  the 
urine,  especiallj'  in  the  case  of  herbivorous  animals. 
GlycoeoU  may  be  formed  from  the  decomposition  of 
proteins,  and  is  in  some  cases  a  precursor  of  urea. 
It  is  probable,  however,  that  glycocoU,  taurine,  and 
cholalic  acid,  when  set  free  in  the  intestine  from  the 
decomposition  of  the  bile  salts,  are  reabsorbed,  and 
combined  once  more  in  the  hver  to  form  a  new  supply 
of  bile  salts.  This  cycle  of  events  is  known  as  the 
"circxdation  of  the  bile  .salts." 

Taurine,  amino-isothionic  acid,  or  amino-ethyl- 
sulphonic  acid  (NHj.C_>H,.SO_,.OH),  is  obtained  from 
sodium  taurocholate.  Like  glycocol  it  is  formed  from 
the  decomposition  of  proteins,  but  differs  from  it 
in  containing  sulphur.  It  is  also  found  free  in 
the  intestines  in  small  quantities. 

Cholalic,  or  cholic  acid  {C^^W^^O^),  is  set  free,  as 
stated  above,  when  either  sodium  glycocholate  or 
sodium  taurocholate  is  spht  up,  and  it  is  found  in  the 
intestinal  contents.  Certain  clo.sely  allied  acids  may 
replace  it  in  the  bile  salts,  among  which  the  most 
important  are  cholric  acid  (C.,H,„t),)  and  fellic  acid 
(C\,3H,„OJ,  both  of  which  have  been  obtained  from 
human  bile. 


On  the  presence  of  cholalic  acid  depends  Petten- 
kofer's  well-known  test  for  bile  salts  and  bOe  acids. 

Pettenkofer's  test  for  bile  acids  is  performed  as  fol- 
lows: A  small  quantity  of  the  solution  to  be  tested, 
freed  from  proteins,  is  placed  in  a  test-tube,  and  tw'O 
or  three  drops  of  a  ten-per-cent.  solution  of  cane 
sugar  are  added,  and  the  wliole  shaken.  Strong  pure 
sulphuric  acid  is  then  added  drop  by  drop,  care  being 
taken  that  the  temperature  of  the  mixture  does  not 
rise  above  70°  C.  If  bile  acids  are  present  the  fluid 
first  becomes  opalescent,  then  the  opalescence  clears, 
and  the  liquid  becomes  successively  of  a  pale  cherry 
red,  a  dark  carmine  red,  and  finally  a  beautiful  purple 
violet  tint.  The  reaction  sometimes  takes  a  little 
time  to  develop,  and  it  is  wise  to  wait  several  minutes 
before  drawing  a  negative  conclusion.  To  make  the 
test  perfectly  reliable,  the  colored  solution  obtained 
must  be  examined  by  the  spectroscope,  when  two 
absorption  bands  will  be  found,  one  at  F,  and  the 
other  between  D  and  E,  near  E.  This  is  rendered 
necessary  by  the  fact  that  a  number  of  other  sub- 
stances, among  which  are  proteins,  oleic  acid,  amyl 
alcohol,  morphine,  and  numerous  aromatic  substances, 
give  a  similar  color  reaction,  but  may  be  distinguished 
by  causing  different  absorption  bands. 

The  Bile  Pigments. — The  pigments  constantly  found 
in  human  bUe  are  bilirubin  and  bUiverdin. 

Bilirubin  (CuHi^NjOj)  occurs  in  the  bile  of  all 
vertebrates,  but  is  most  abundant  in  that  of  carnivora 
and  man,  giving  it  its  yellowish  or  reddish-brown 
color.  It  may  be  obtained  as  an  amorphous  pow- 
der, and  also  as  reddish-j-ellow  rhombic  plates.  Ijt  is 
readily  soluble  in  chloroform,  less  so  in  alcohol, 
and  still  less  so  in  ether.  It  is  insoluble  in  water, 
and  exists  in  bile  as  a  soluble  calcium  compound, 
known  as  biUrubin-calcium.  It  forms  a  consider- 
able part  of  some  gallstones,  and  is  present  in  the 
blood  serum  of  certain  animals  (hor,se),  in  old  blood 
extravasations,  and  in  the  tissues  and  urine  in  cases  of 
jaundice.  It  is  identical  with  hematoidin,  an  iron- 
free  derivative  of  hemoglobin;  it  owes  its  origin  to 
broken  down  red  corpuscles  and  is  probably  the 
principal  source  of  the  st?rcobilin  of  the  feces  and 
of  the  urobilin  of  the  urine.  Under  the  influence 
of  oxidizing  agents  bilirubin  is  converted  into 
biUverdin. 

Biliverdin  (CjeHisNjOj)  is  present  in  all  green- 
colored  bUes,  among  wliich  are  to  be  included  those 
of  the  herbivora  and  some  examples  of  human. 
When  obtained  pure,  it  usually  consists  of  a  dark 
green  amorphous  powder,  but  occasionally  crystal- 
lizes in  green  rhombic  plates.  It  is  insoluble  in  water, 
ether,  and  chloroform,  but  soluble  in  alcohol,  glacial 
acetic  acid,  and  strong  sulphuric  acid.  It  is  con- 
verted by  reducing  agents  into  bilirubin,  and  this 
change  often  occurs  in  the  human  gall-bladder,  which 
explains  the  fact  that  bile  obtained  from  that  source 
after  death  is  nearly  always  of  a  reddish-brown 
color,  while  fresh  fistula  bile  is  occasionally   green. 

Hi/drobilirubin  (C3._,H,„N^O;),  a  reduction  product 
of  bilirubin,  may  be  formed  from  it  in  the  laboratory, 
and  is  regarded  by  some  as  supplj-ing  a  link  between 
the  pigments  of  bile  and  those  of  the  feces  and 
urine. 

Tests  for  Bile  Pigments. — Gmellin's  Test.  Spread 
out  a  few  drops  of  the  suspected  liquid  on  a  white 
plate.  Let  a  drop  of  fuming  nitric  acid  (containing 
nitrous  acid)  fall  in  the  center.  If  bile  pigments  be 
present  a  ring  of  colors,  green,  blue,  violet  red,  and 
yellow,  will  appear.  This  is  due  to  the  oxidation  of 
the  pigments,  by  which  bilirubin  is  changed  suc- 
cessive!}' into  bihverdin  (green),  bilicyanin  (blue), 
bilipurpurin  (violet  red),  and  choletelin  (yellow). 
The  blue  pigment  bihcyanin,  in  acid  solution,  gives 
a  spectrum  with  two  absorption  bands,  one  on  either 
side  of  the  D  line,  which  fuse  into  one  if  the  solu- 
tion be  very  strong.  The  yellow  choletehn  gives  a 
single  band  between  b  and  F,  nearer  to  F. 
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Uiippcrl'a  TeH  for  bilirubin.  Add  to  the  suspected 
iquid  milk  of  lime  till  a  preeipitate  (bilirubin-calcium) 
s  thrown  down.  After  washing  this  preejpitate  in 
vater,  place  it  in  a  test-tube,  and  half  fill  the  test- 
;nbe  with  alcohol  acidified  with  h3'drochloric  or  sul- 
jhuric  acid.  15oil  foi-  some  time,  and  if  the  original 
iquid  contained  bilirubin,  an  emerald  groon  or 
jluish-green  color  will  develop. 

Mucin. — .\s  already  mentioned,  the  mucin  present 
n  human  bile  is  largely  derived  from  tlic  .secretions 
)f  the  bile-ducts  and  gall-bladder.  In  many  animals 
t  is  replaced  by  nucli^o-albumin.  These  substances 
■esemble  each  other  in  their  viscidity,  and  are  both 
•eadily  precipitated  from  bile  by  acetic  acid,  but 
iiffer  in  the  products  of  their  decomposition.  Mucin 
iplits  up  into  a  protein  and  a  carbon jalrate;  nucleo- 
ilbuniin,  on  tlie  contrary,  into  a  protein  and  a  com- 
jlex  nitrogenous  substance,  rich  in  phosphorus,  known 
IS  nucleic  acid. 

Fat^. — These  consist  principally  of  palmitin,  stearin, 
md  olein,  with  the  corresponding  soaps. 

Cholcstcrin  (Co^Hi-OH),  is  a  complex  monatomic 
ilcohol.  It  is  present  in  nearly  all  animal  tissues, 
■specially  those  of  the  central  nervous  system.  It 
s  insoluble  in  water,  but  freely  soluble  in  ether, 
■hloroform,  and  hot  alcohol.  It  crystallizes  out 
rom  alcoholic. solutionsin  colorless  transparent  plates, 
^rom  anhydrous  ether  or  cliloroform  it  separates  in 
;he  form  of  needles. 

Lecithin  (C,.II^jNPOj)  is  found  along  with  eholes- 
;erin  in  nearly  all  animal  tissues.  It  j-ields  on  decom- 
josition  glycerin,  a  fatty  acid,  phosphoric  acid,  and 
m  alkaloid  known  as  choline. 

Action  of  Bile. — Bile  is  partly  an  e.xcretion,  and 
Dartly  a  secretion  playing  a  part  In  digestion  and 
ibsorption.  Its  digestive  properties  depend  almost 
mtirely  on  the  presence  of  the  bile  salts.  In  some 
mimals  traces  of  diastatic  ferment  have  been  found, 
3ut  never  in  sufficient  amount  to  play  any  important 
jart  in  digestion.  The  principal  action  of  bile  is  on 
:he  fats,  and  depends  on  the  fact  that  solutions  of 
;he  bile  salts  ha^•e  the  power  of  dissolving  free  fatty 
icids.  The  present  tendency  is  to  the  view  that 
"ats  arc  absorbed  as  fatty  acids  and  soaps,  in  solution, 
:ather  than  in  the  form  of  emulsion.  If  this  be  so, 
the  part  played  by  the  bile  is  very  important.  After 
the  neutral  fats  are  split  up  by  the  pancreatic  juice 
nto  glycerin  and  fatty  acids,  the  latter  are  dissolved 
by  the  bile  and  partly  converted  into  soap  by  its 
ilkaline  salts.  Moreover,  bile  is  able  to  dissolve  the 
ioaps  of  the  alkaline  earths  (calcium)  which  would 
3therwi.se  be  insoluble.  There  is  an  old  view,  that 
the  bile  also  exerts  a  fa\-orable  influence  on  the 
ibsorptive  functions  of  the  intestinal  wall;  this  may 
depend  partly  on  its  power  of  dissolving  fats  and 
partly  on  its  property  of  diminishing  surface  tension. 

The  function  ascribed  to  it  of  preventing  putre- 
faction in  the  intestine  is  to  be  explained  by  its 
Eliding  fat  digestion  so  that  the  fatty  food  is  absorbed 
before  it  has  had  time  to  undergo  putrefactive  change. 
Then  it  must  be  remembered  that  the  absorption  of 
the  fatty  portions  of  the  food  wiU  expo.se  the  other 
constituents  better  to  the  action  of  the  pancreatic 
juice,  so  that  all  the  digestive  processes  will  proceed 
more  rapidly.  It  is  claimed  by  T.  R.  Fraser  that  the 
bile  has  antitoxic  powers  by  which  it  is  able  to  an- 
tagonize and  render  inert  pow"erful  organic  poisons 
like  tho.se  of  snake  venom. 

There  is  satisfactory  experimental  proof  that  the 
several  ferments  of  the  pancreatic  juice  are  most 
active  in  the  presence  of  bile,  although  just  how  it 
favors  their  action  is  not  fully  explained.  The  bile 
also  serves  a  useful  purpo.se  by  precipitating  the 
undigested  proteins  and  the  pepsin  as  they  enter  the 
intestine  from  the  stomacli.  The  precipitate  is 
redissolved  by  the  alkaline  juices  of  the  intestine  but 
the  activity  of  the  pepsin  is  destroyed  so  that  it  can- 


not have  the  destructive  action  on  the  pancreatic 
ferments  which  it  otherwise  would. 

The  bile  salts  are  extremely  irritating  to  tlie  [lan- 
creas  and  .some  cases  of  pancreatitis  are  cau.sed  bj'  the 
bil  >  finding  its  way  back  along  the  pancreatic  duct  as  a 
result  of  obstruction  at  the  mouth  of  the  common 
bile  duct.  The  mucin  of  the  bile  is  protective  and  if 
present  in  large  quantities  protects  tlio  pancreas  to 
.some  extent  from  the  action  of  the  bile  salts. 

BiLi.\RY  CONCRETIONS  OF  gallstoiics  may  bc  divided 
into  two  principal  types: 

1.  Dark-colored,  nard,  non-inflammable  stones, 
consisting  principally  of  calcium  compounds  of  the 
bile  pigments  (especially  bilirubin-calcium)  and  cal- 
cium carbonate. 

2.  Lighter-colored  soft  stones,  w-hich  will  melt  and 
burn  in  a  flame,  and  con.sist  very  largely  of  cholesterin. 

Other  constituents  often  found  in  gallstones  are: 
bile  acids,  free  bilirubin,  phosphates  of  lime  and  mag- 
nesium, sulphate  of  Ume,  sodium,  potassium,  cojjper, 
manganese,  silicic  acid,  mucin,  and  epithelium. 
Most  gallstones  are  intermediate  in  composition  and 
properties  between  the  two  extreme  types  given 
above,  and  varj'  in  color  from  nearly  white,  through 
golden  or  greenish  yellow,  to  reddish  brown  and 
black.  Man)'  stones  vary  in  color  and  composition 
in  different  lavers. 

Among  possible  causes  which  have  been  suggested 
for  gallstones  the  following  may  be  mentioned: 

1.  E.xcess  of  lime  and  deficiency  of  sotlium  salts  in 
the  bile,  leading  to  precipitation  of  the  pigments. 

2.  Presence  of  chronic  catarrh,  leading  to  e.xce.s- 
sive  secretion  of  mucin. 

3.  Excess  of  cholesterin  in  the  blood  as  a  result  of 
excessive  brain  work,  old  age,  or  other  cau.ses. 

4.  Concentration  of  the  bile  from  stagnation. 

5.  Naunyn's  theory,  which  now  receives  much 
support,  combines  several  of  the  above,  and  may  be 
briefly  stated  thus: 

Gallstones  are  the  result  of  a  pathological  altera- 
tion in  the  mucous  membrane  of  the  gaU-bladder, 
usually  e.Kcited  b)'  the  presence  of  microbes,  and 
leading  to  an  increased  excretion  of  lime  and  choles- 
terin. T.  AVeslev  Mills, 

\ViLLi.\M  S.  Morrow. 

Bile  Passages. — See  Gall-bladder  and  Liver. 

Bilharz,  Theodor. — Born  in  Sigmaringen,  Ger- 
many, on  Jlarch  23,  1S25.  He  received  the  degree 
of  Doctor  of  Medicine,  in  1S49,  from  the  University 
of  Tubingen.  In  the  same  year  he  accompanied 
Prof.  Gricsinger  to  Egypt,  in  the  capacity  of  Assistant 
of  the  Medical  Clinic.  Remaining  in  Egypt  after 
Griesinger's  return  to  Germany,  he  was  eventually 
(1S55)  appointed  Professor  of  the  Medical  Clinic  in 
the  Kasr-el-Ain  school  in  Cairo.  His  death  occurred 
on  May  9,  1862. 

Bilharz  owes  his  reputation  in  part  to  the  investi- 
gations which  he  made  in  association  with  Prof. 
Griesinger,  and  to  a  stOl  greater  degree  to  the  fact 
that  he  discovered  the  Egyptian  entozoiin  which 
bears  liis  name — Hcematohiuyn  hilharzii.    A.  H.  B. 

Bilharzia. — Schistosoma.  A  genus  of  trematode 
worms.  B.  hcematobiutn  causes  hematuria  in  parts  of 
Africa  and  Asia.  A  male  and  female  are  always 
found  fastened  together.  These  parasites  are  found 
in  the  blood-vessels  which  they  often  rupture  and 
may  cause  serious  trouble  in  the  urinary  bladder  or 
other  parts  of  the  body.     See  Trematoda.    A.  S.  P. 

Biliousness. — The  older  descriptions  of  biliousness 
include  anorexia,  furred  tongue,  constipation,  head- 
ache, more  or  less  vertigo,  nausea,  etc.,  occasionally 
slight  jaundice,  and  vomiting  of  bile-stained  stomach 
contents.  By  the  laitj'  the  term  is  often  used  as  a 
euphemism  for  constipation  or  sometimes  for  diarrhea. 
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Biliousness  was  formerly  considered  a  definite  per- 
version of  function — supersecretion  of  bile,  however 
much  the  sj'mptoms  might  differ.  Others  have  con- 
sidered it  the  expression  of  hepatic  congestion — with- 
out necessarily  den3-ing  the  excess  of  secretory  or 
excretory  function.  Another  view  has  been  that, 
instead  of  a  supersecretion,  there  was  a  deficient 
excretion  of  bile,  with  resulting  cholemia. 

ilost  modern  authors  have  dropped  the  term  alto- 
gether or  retain  it  as  a  matter  of  convenience.  Most 
cases  corresponding  to  the  cUnical  picture  of  bilious- 
ness present  two  main  conditions:  marked  reduction 
or  even  absence  of  free  HCl  in  the  stomach,  with 
more  or  less  obvious  fermentation;  intestinal  putre- 
faction with  indol  in  the  feces  and  indican  in  the  urine. 
There  may  be  true  gastric  or  intestinal  catarrh,  the 
latter  more  often  a  colitis,  perhaps  localized  as  a 
typhhtis  or  even  more  definitely  in  the  appendi.K. 
"  It  must  be  admitted  that  there  are  certain  impor- 
tant relations  of  the  factors  found  in  "biliousness" 
to  hepatic  and  biliary  disease. 

1.  If  gastroenteritis  precedes  and  causes  the  secre- 
tory conditions  mentioned,  the  former  is  very  hkely 
to  be  due  to  hepatic  sclerosis  producing  back  pressure 
in  the  portal  circulation. 

2.  Conversely,  there  is  both  clinical  e\'idence  that 
repeated  attacks  of  indigestion,  with  products  of 
fermentation  and  putrefaction  passing  to  the  liver, 
are  a  marked  cause  of  hepatic  sclerosis;  and  feeding 
experiments  with  indol  have  produced  hepatic  sclerosis. 

3.  A  very  plausible  argument  may  be  made  con- 
necting either  active  or  passive  congestion  of  the 
hver  with  certain  of  the  suppositious  conditions 
and  described  symptoms  of  "biliousness." 

4.  Bacterial  activity  in  the  intestine,  especially  in- 
vohnng  increased  virulence  or  functional  activity  of  the 
colon  bacillus,  is  very  apt  to  lead  to  invasion  of  the  gall- 
bladder and  is  one  of  the  recognized  causes  of  calcuh. 

5.  Moreover,  such  bacterial  activity,  while  un- 
doubtedl}-  explaining  what  has  looselj''  been  termed 
intestinal  indigestion,  is  bj-  some  authorities,  regarded 
as  depending  in  large  measure  upon  true  indigestion. 
An  important  item  in  the  latter  is  failure  of  biliary 
secretion.  Indeed,  while  the  simplest  experiment 
proves  that  bile  is  not  an  antiseptic  and  that  it  will 
itself  putref}',  there  is  almost  unanimous  agreement 
among  phj-siologists  and  chnicians  that  free  secre- 
tion of  bUe  is  an  important  indirect  factor  in  pre- 
venting an  e.xcess  of  bacterial  activitj*  in  the  intestine. 

6.  Without  accepting  the  older  conception  of  bil- 
iousness or  of  the  cnolagogue  action  of  various  drugs, 
it  is  well  estabUshed  that  certain  ingredients  of  bilo, 
especially  the  taurocholate  and  glycocholate  of  so- 
dium, primarilj-  secretions,  are  reabsorbed  from  the 
intestine  and  again  excreted.  Apparently,  toxic  sub- 
stances are  absorbed  along  with  these  and  the  cathar- 
tic action  of  certain  drugs  removes  the  old  stock  of 
biliary  salts,  indirectly  compels  fresh  secretorj'  activity, 
possibly  along  other  hues  than  the  mere  formation  of 
these  ingredients,  and  also  eliminates  intestinal  toxins. 

In  the  immediate  treatment  of  bihousness,  espe- 
ciaU3'  when  gastric  fermentation,  nausea,  and  head- 
ache are  conspicuous,  aromatic  spirit  of  ammonia 
or  a  solution  of  sodium  bicarbonate  gives  relief.  A 
purge,  usually  of  calomel  or  other  mercurial  foOowed 
by  a  saUne,  is  routine  treatment.  Lavage  of  stomach 
or  colon  may  be  indicated  but  is  usually  considered 
disproportionate  to  the  condition.  If  gastric  lavage 
is  practised,  it  may  be  followed  by  the  writer's  method 
of  spraj-ing  a  five  per  cent,  solution  of  menthol  in 
pure  petrol  (pure  mineral  oil)  which  is  immediately 
sedative  and  indirectly  stimulant  of  secretion.  If 
there  seems  to  be  need  of  stimulating  the  hver.  verj' 
hot  water  should  be  used  in  the  lavage  and  about  a 
quart  left  in  the  stomach  or  the  patient  may  drink 
verj'  hot  water  to  the  amount  of  a  couple  of  Uters  in 
two  or  three  hours.  In  either  case,  sodium  chloride, 
ammonium  chloride,  er  the  mixed  blood  salts  may  be 
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added  to  make  a  jihysiological  solution.  Hydro- 
therapy of  this  nature  washes  not  only  the  stomach 
and  upper  part  of  the  intestine  but,  through  portal 
absorption,  the  hver  as  well,  and  produces  marked 
diuresis,  clearing  up  slight  jaundice  and  remo\-ing 
indications  of  toxemia. 

Subsequent  treatment  includes  attention  to  diet, 
wliich  should  be  simple  but  of  fair  variety  and  well  bal- 
anced, except  that  there  is  usually  an  indication  for  a 
low  meat  and  fat  constituent.  There  is  no  general  ob- 
jection to  fresh  vegetables,  fruits,  or  even  sugar.  Di- 
lute hydrochloric  acid,  best  given  about  one  hour  after 
meals,  in  empirical  dose  of  1  c.c.  (ni  xv.)  or,  as  deter- 
mined by  titration,  to  bring  the  stomach  contents  to  an 
acidity  of  2  :  1000,  is  both  a  digestant  and  an  antiseptic 
and  also  seems  to  act  as  a  stimulant  to  the  hver. 

ButtermOk  or  a  lactic  acid  culture  is  indi- 
cated if  there  is  putrefaction  with  indol  formation, 
contraindicated  if  there  is  much  carbohydrate  fer- 
mentation or  fat  rancidit}'.  Wliile  it  is  fashionable 
to  sneer  at  intestinal  antiseptics,  phenol  salicylate  , 
or  the  safer  acetyl  salicylate,  menthol,  acetozone,  I 
and  many  other  compounds  seem  to  mitigate  the 
virulence  of  bacterial  action  in  the  intestine.  Mag- 
nesium peroxide  and  the  peroxoles  are  highly  praised 
bj'  some.  Animal  charcoal,  thoroughly  dry,  absorbs 
toxins  and  gases,  as  does  the  old  fashioned  remedy, 
bolus  alba.  The  saUcylates  also  come  somewhere 
near  the  requirements  of  a  cholagogue  and  are  pro- 
phj-lactic  of  calculi  even  if  not  of  some  value  in  caus- 
ing their  softening  and  disintegration.  Xo  attempt 
will  be  made  to  discuss  the  treatment  of  underlj-ing 
conditions.  A.  L.   Benedict. 

Billings,  John  Shaw. — Born  in  Switzerland 
County,  Ind.,  .\pril  12,  l.s39.  After  graduation  from 
the  Medical  College  of  Ohio,  Cincinnati,  in  1S60  he 
was  appointed  demonstrator  of  anatomy  in  this  insti- 
tution. Two  j'ears  later  he  was  commissioned  assist- 
ant surgeon  in  the  L".  S.  Army.  At  the  close  of  the  ' 
Civil  War  he  was  placed  in  charge  of  the  library-  of  j 
the  Surgeon-General's  office  in  Washington,  and  in 
1SS3  was  appointed  Curator  of  the  Medical  Museum  i 
and  Lib  ran,-.  In  1 894  he  was  made  Lieutenant-Colonel 
and  Deputy  Surgeon-GeneraL  He  was  retired  with 
the  rank  of  Lieutenant-Colonel  in  1S9.5.  While  in 
charge  of  the  Medical  Musemn  and  Library  he  began 
the  publication  of  the  "  Index  Catalogue,"  and  started, 
with  the  cooperation  of  Dr.  Robert  Fletcher,  the  Iiidcj 
Mcdicus,  a  natural  outgrowth  and  complement  of  this 
great  catalogue.  He  was  also  the  moving  spirit  in 
the  planning  and  organization  of  the  Johns  Hopkins 
Hospital,  Baltimore.  In  1S96  he  was  appointed 
Director  of  the  Xew  York  Public  Librarj-  and  was  in 
charge  of  this  institution  during  its  period  of  forma- 
tion by  the  consolidation  of  the  Astor,  Lenox,  and 
Tilden"  foundations,  being  credited  with  the  whole 
plan  and  arrangements  of  the  new  central  libran,' 
building.  He  was  a  member  of  many  medical  and 
other  scientific  societies  in  this  country  and  abroad. 
He  died  March  11,  1913. 

Among  Dr.  Billings'  most  important  contributions 
to  medical  literature  may  be  mentioned  •■  Principles 
of  Ventilation  and  Heating,"  1SS(3;  "The  Xational 
Medical  Dictionarj',"  1889;  and  the  "  Index  Catalogue 
of  the  Librarj'  of  the  Surgeon-General's  Ofiice,"  16 
volumes,  1S80-1S94,  the  latter  remaining  as  a  tribute 
to  his  genius  for  organization  and  to  his  biblio- 
graphical attainments.  T.  L.  S. 

Billroth,  Christian  .\lbert  Theodor. — Born  in  Riigen, 
a  Prussian  island  in  the  Baltic  Sea,  on  .\pril  26,  1829. 
He  received  the  degree  of  Doctor  of  Medicine  from 
the  University  of  Berhn,  in  1852.  From  1853  to  1860  he 
was  an  assistant  in  B,  von  Langenbeck's  Surgical  Clinic 
in  Berlin.  In  1860  he  received  the  double  appointment 
of  regular  profes.<;or  of  surgery  and  director  of  the  surg- 
ical  clinic  in  the  University  of  Ziirich,  Switzerland.     He 
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remained  in  Ziirich  up  to  1807,  when  lie  was  given  the 
corresponding  positions  in  tlie  University  of  Vienna, 
Austria.     In  1870  he  gave  his  \irofessional  aid  to  tlie 

Germans  in  t  lie  Fraueo- 


Prussian  War. 
spring  of    l.S,S7 


In  the 

he   fell 

seriously  ill  for  the  first 

time  in  his  life  and  the 

attack  left  him  with  a 

germanently  crippled 
eart,  which  finally 
caused  his  death  on 
February  6,  1.S94. 

Billroth — to  quote 
the  words  of  his  biog- 
rajiher  in  Pagel's  "  Bi- 
ographisches  Lexikon" 
— was  justly  considered 
a  star  of  the  first  mag- 
nitude in  the  surgical 
firmament.  A  large 
part  of  his  reputation 
Fig.  643.— Christian  Albert  Theodor  may  properly  be  attrib- 
Billroth.  uted  to  what  he  accom- 

plished in  abdominal 
surgery,  a  new  field  of  work  that  had  been  brought  into 
existence  by  the  discovery  of  antiseptic  and  aseptic 
procedures.  In  addition  to  his  successes  in  abdominal 
surgery  he  should  be  credited  with  the  first  complete 
extirpation  of  the  larynx  (1874)  and  the  first  success- 
ful resection  or  the  pylorus  (ISSl).  F'inally,  his  lectures 
on  General  Surgical  Pathology  and  Therapeutics  fur- 
nished delight  an  valuable  instruction  to  many  genera- 
tions of  students.  A.  H.  B. 


Binet,  Alfred. — Born  in  Nice,  France,  July  S,  1857. 
About  1880,  after  completing  the  regular  course  of 
medical  studies,  Binet  decided  definitely  on  a  psy- 
chological career.  In  1892  he  became  a.ssociated 
with  Prof.  Beaunis  in  the  direction  of  the  laboratory 
of  physiological  psychology  at  the  Sorbonne;  and  in 
1895,  on  the  retirement  of  Prof.  Beaunis,  he  was 
given  sole  charge  of  the  laboratory.  He  died  on 
October  IS,  1911. 

Binet  ranked  as  one  of  the  foremost  psychologists 
of  France.  He  was  a  prolific  writer,  and,  among  the 
numerous  books  which  he  published,  the  following 
may  be  enumerated  as  showing  the  varied  character 
of  his  work:  "La  psychologie  clu  raisonnenient,  etc"; 
"La  perception  e.xt^rieure";  "Psychologie  des  grands 
calculatcurs  et  joueurs  d'^checs";  "  La  .suggestibility"; 
"Les  idees  sur  les  enfants."  He  is  the  author  of 
what  is  known  as  the  Binet-Simon  test  of  mental 
capacity  in  children.  A.  H.   B. 

Binet=Simon  Tests. — See  Intelligence,  Tests  of. 

Binucleata. — A  group  established  by  Hartmann,  to 

include  the  Hirmosporidia  and  the  binucleated  flagel- 
lates, which  has  not  been  generally  accepted  by  pro- 
tozoologists.     See  Protozoa.  A.  S.  P. 


Biogenesis. — Rccapitulatinn  Theory.  The  principle 
that  ontogenj'  repeats  phylogeny.  or  that  the  stages 
through  which  every  individual  animal  passes  in  its 
development  represent  in  general  the  past  history  or 
evolution  of  the  race  to  which  it  belongs.      A.  S.  P. 


Biology. — (/3ios,  life,  and  X67os,  a  discourse.) 
Definition. — "The  subjects  of  our  incjuiry  will  be  the 
various  forms  and  phenomena  of  life,  the  conditions 
and  laws  vmder  which  this  state  occurs,  and  the  causes 
through  which  it  is  brought  about.  The  science  that 
occupies  itself  with  these  subjects  we  will  designate 
by  the  name  biology,  or  the  science  of  life."     This,  in 


translation,  is  the  definition  of  biology  givi^n  by 
Tn'viranusin  1802,  and  it  api)lies  c()ually  well  to-day. 
The  term  has  not  always  been  u.sed  with  this  mean- 
ing, however.  The  Oxford  Dictionary  gives  three 
ways  in  which  it  has  been  employed. 

(1)  It  was  u.sed  in  England  for  the  first  time  by  J. 
Stanficld  ("Biography,"  ISLi,  p.  12),  in  its  true 
etymological  meaning  to  designate  "the  study  of 
luunan  life  and  character,"  as  distinguished  from 
biography,  the  history  of  the  lives  of  individual  men. 

(2)  The  unfaniiliarity  rather  than  the  etymology  of 
the  word  probahh'  accounts  for  a  use  that  appears  to 
have  arisen  in  this  country.  The  writer  has  heard 
it  stated  by  the  late  president  of  the  Johns  Hopkins 
Univer.sity  that  when  it  was  proposed  to  establish 
there  a  biological  laboratory  in  1876  the  name 
"biological"  was  regarded  with  suspicion  as  sugges- 
tive of  the  fakir.  This  was  because,  as  stated  by 
W.  B.  Carpenter  ("Principles  of  Mental  Physiology," 
1870,  p.  550):  "About  the  year  1850  'the  world  was 
turned  .up.side  down'  by  a  couple  of  itinerant  Ameri- 
cans, who  styled  theniseh'es  'professors'  of  a  new  art 
which  they  termed  electrobiology;  as.serting  that,  by  an 
influence  of  which  the  secret  was  known  only  to  them- 
selves, but  which  was  partly  derived  from  a  little  disc 
of  zinc  and  copper  held  in  the  hand  of  the  'subject' 
and  steadily  gazed  on  by  him  (whence  the  designation 
which  they  adopted),  they  could  subjugate  the  most 
determined  will,  paralyze  the  strongest  muscles, 
pervert  the  evidence  of  the  senses,"  etc.  "Electro- 
biology,  or  'biology'  (as  it  came  to  be  very  commonly 
designated)  was  not  merely  introduced  at  scientific 
reunions,  but  became  a  fashionable  amusement  in 
some  circles,  at  ordinary  evening  parties,  and  thus  it 
happened  that  a  large  proportion  of  the  public  became 
famiUarized  with  the  phenomena."  Professed  "biolo- 
gists" gave  public  exhibitions,  and  Carpenter  himself 
speaks  of  "tne  biologized  subject"  and  of  "biological 
plienomena,"  meaning  thereby  what  we  now  under- 
stand by  hypnotism. 

(3)  Fortunately  that  use  of  the  word  has  become 
obsolete,  and  biology  is  employed  at  the  present 
time  in  both  popular  and  scientific  language  with  the 
meaning  originally  given  to  the  word  by  Treviranus 
in  the  passage  cjuoted  at  the  beginning  of  this  article. 

History  op  Biology. — Biology  is  relatively  a  new 
science.  The  famous  Roman  naturalist  Phny  em- 
braced within  his  "Natural  History"  all  realms  of 
nature,  including  man  and  his  activities.  But  as  the 
result  of  the  theological  ideas  of  the  Middle  Ages, 
man  became  to  be  regarded  as  something  apart  from 
nature.  Thus  Lord  Bacon  ("Advancement  of  Learn- 
ing," 1605),  divides  the  descriptive  sciences  into 
history  of  nature  and  history  of  man,  and  the  knowl- 
edge of  causes  into  divine  philosophy,  natural  phil- 
o.sophy,  and  human  philosophy;  but  all  divisions  of 
knowledge,  ho  said,  are  like  the  branches  of  a  tree 
that  meet  in  a  stem. 

Gradually  as  the  mass  of  human  knowledge  grew 
and  was  more  classified,  various  branches  were  split 
off  from  natural  historj-,  such  as  astronomy  and 
physics,  which,  because  they  dealt  more  with  the 
cau.ses  than  with  the  descriptions  of  phenomena, 
were  called  natural  philosophy,  using  Bacon's  term 
in  a  somewhat  different  sen.se.  Later  chemistry 
emancipated  from  the  mysticism  of  alchemy,  became 
a  distinct  science,  and  the  name  natural  history  was 
restricted  to  the  sciences  that  appeared  to  be  purely 
observational. 

Buffon,  writing  in  the  middle  of  the  eighteenth 
century,  divided  all  science  into  civil  liistory  and  natu- 
ral history.  But  his  natural  history  was  essentially 
descriptive  and  was  divided  into  three  sections  dealing 
with  animals,  plants,  and  minerals.  He  recognized, 
however,  a  unity  in  nature  so  that  one  may  descend 
by  nearly  insensible  degrees  from  the  most  highly 
organized  animal   to   the   simplest  mineral;  and  he 
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regarded    man   as    the    animal   %vlich    occupies    the 
highest  point  in  his  scale. 

Bonnet,  in  his  "Contemplation  de  la  nature" 
(1764),  goes  one  step  farther  than  Buflfon  by  saying, 
after  making  an  extended  comparison,  that  animals 
and  plants  are  only  modifications  of  organized  matter. 
He  described  an  animal  as  an  organized  being  which 
is  nourished  by  internal  roots,  and  a  plant  as  one  in 
which  the  roots  are  placed  outside.  They  are  never- 
theless essentiall}'  the  same,  he  says,  and  the  character 
by  which  they  m"ay  be  truly  distinguished  is  unknown 
to  us. 

It  remained  for  Bichat,  in  ISOl,  to  draw  a  clear 
distinction  between  organic  and  inorganic  beings, 
between  physiological  and  phj'sical  sciences.  He 
based  his  distinction  upon  the  possession,  by  organic 
beings,  of  the  properties  of  irritability  and  con- 
tractility. 

In  the  following  year  (1802)  the  term  biology  was 
proposed  by  Treviranus  and  Lamarck  to  cover 
what  Bichat  called  the  physiological  sciences. 
Whether  the  w^ord  was  coined  independently  by 
these  two  writers  as  supposed  by  Geddes,  or  whether 
it  w-as  borrowed  by  Lamarck  from  Treviranus, 
as  stated  by  Littr^,  is  not  important.  In  anj'  event, 
the  chief  credit  is  due  to  Treviranus,  for  he  not 
only  invented  the  name,  but  he  set  to  work  earnestly 
to  erect  the  science  that  it  was  intended  to  desig- 
nate, pubUshing  his  results  in  a  book  of  six  volumes 
entitled  "  Biologie,  oder  Philosophie  der  lebenden 
Natur."  But,  unfortunately  for  his  success,  the 
foundations  upon  which  he  had  to  buUd — systematic 
zoology  and  botany,  morphology,  physiology, 
and  general  anatomy — were  only  tnen  being  estab- 
lished. Not  only  were  these  sciences  incomplete 
as  to  matter,  but,  as  he  says,  they  were  then  as 
isolated  as  the  pyramids  in  the  sands  of  Egypt. 
Nevertheless,  he  succeeded  in  producing  what  Huxley 
has  well  termed  a  very  remarkable  book,  one  that  is 
essentially  modern  in  its  plan  and  execution;  very 
different  from  the  work  of  his  countryman  Oken, 
which,  although  more  highlj'  regarded  "at  the  time, 
would  now  be  considered  medieval  rubbish. 

Tre\iranus  was  seriously  hampered  in  his  treat- 
ment of  the  subject  by  the  fact  that  the  two  great 
generaUzations  wliieh  were  to  furnish  the  true  scien- 
tific bases  for  the  unification  of  the  biological  sciences 
had  not  then  been  formulated.  These  were:  the  cell 
theory,  propounded  by  Schleiden  and  Schwann 
1838;  and  the  theory  of  the  origin  of  species  by  means 
of  natural  selection,  pubhshed  by  Darwin  and  "Wallace 
in  185S.  Thus  it  happened  that,  wliile  the  point  of 
view  of  Treviranus  was  appreciated  and  upheld  by  a 
few  such  men  as  Auguste  Comte  and  Isidor  Geoffrey 
Saint-Hilaire,  and  was  being  confirmed,  perhaps 
unconsciously,  by  the  contributions  of  others,  the 
great  majority  of  zoologists,  botanists,  anatomists 
and  physiologists  failed  to  look  beyond  the  confines 
of  their  special  provinces. 

By  the  pubhcation  of  the  "Origin  of  Species"  a 
new  light  was  thrown  upon  organic  nature  which  not 
only  snowed  the  essential  unity  of  the  animal  and 
vegetable  kingdoms,  including  mankind,  but  also, 
by  ehminating  the  supernatural  factor,  served  to 
bring  biology  into  harmony  with  the  other  natural 
sciences.  Under  the  leadership  of  Herbert  Spencer 
and  Huxley  in  England  and  of  Haeckel  in  Germany 
this  new  point  of  view  has  been  widelj'  propagated 
until  now  in  many  colleges  and  high  school^  a  student 
may  get  his  first  introduction  to  natural  science 
through  a  course  in  general  biology. 

The  Living  Substance. — Since  its  publication  in 
1838  the  ceU  theory  has  been  greatly  modified  by  the 
researches  of  Max  Schultze  and  many  other  investi- 
gators. At  the  present  time  one  of  the  chief  reasons 
for  the  union  of  botany  and  zoology  in  a  single  science 
called  biology  is  found  in  one  of  "the  generalizations 
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of  the  ceil  theory  as  now  accepted — namely,  that  the 
physical  basis  of  hfe,  the  hving  substances,  or  proto- 
plasm, has  certain  fundamental  characteristics  which 
are  essentially  the  same  wherever  it  may  be  found. 

(1)  Occurrence. — In  the  first  place,  the  hving  sub- 
stance always  occurs  in  certain  definite  aggregates, 
that  we  call  organic  individuals.  To  be  sure,  many 
non-Uving  substances  may  also  occur  in  aggregates 
with  a  definite  form — that  is.  in  crystals.  But  the 
crystal  differs  from  the  organic  individual  in  many 
important  particulars.  A  crystal  of  sodium  cliloride 
may  be  crushed,  or  even  dissolved,  but  its  substance 
still  remains  sodium  cliloride.  On  the  other  hand,  a 
blow  on  the  head  is  sufficient  to  convert  a  living  ox 
into  dead  beef.  As  the  result  of  an  injury  to  a  part, 
the  whole  aggregate  has  ceased  to  be  hving  substance 
and  has  become  a  mere  mass  of  proteins,  fats,  and 
salts.  But  what  is  the  difference  between  the  hving 
and  the  dead  o.x?  Its  form  and  proportions  remain 
the  same.  It  has  not  lost  weight,  and  we  may  infer 
from  tliis  that  a  chemical  analysis  of  the  carcass  will 
enable  us  to  ascertain  the  kind"  and  proportion  of  the 
chemical  elements  that  were  present  in  the  hving  body; 
although  we  shall  stQl  be  ignorant  as  to  what  re- 
arrangements of  these  elements  may  have  taken  place 
in  the  course  of  death. 

(2)  Activities. — The  great  difference  between  the 
dead  and  the  hving,  then,  is  not  in  form  or  substance 
but  in  activity.  If  we  beat  the  dead  ox,  it  wiU  not 
move  away;  if  we  place  hay  and  grain  in  its  stomach, 
it  wiU  not  be  dissolved  and  converted  into  ox-stuff. 
Just  as  the  ox  differs  from  the  salt  and  the  beef  that 
I  am  to  have  for  dinner,  so  the  living  oak  tree  differs 
from  the  crystal  on  the  one  hand  and  from  the  w^ood 
of  my  table  on  the  otlier.  The  wood  can  no  longer 
take  in  carbon  dioxide  and  oxygen  from  the  air, 
water  and  salts  from  the  ground,"  and  convert  them 
into  oak-stuff.  Neither  can  it  respond  to  the  stimuli 
of  hght  or  gra\ity.  Wliat  is  true  of  the  ox  and  the 
oak  is  true  of  animals  and  plants  in  general,  and  thus 
we  find  certain  powers  of  activity  wTiich  they  possess 
in  common  and  which  distinguish  hving  beings  from 
all  other  bodies.  These  may  be  summarized  as 
follows: 

(a)  Assimilation. — This  is  defined  by  Verworn  as 
"the  sum  of  the  processes  that  lead  to  the  construction 
of  hving  substance  to  the  maximum  of  its  most  com- 
plex constitution,  the  synthesis  of  proteins." 

In  these  processes  various  non-hving  substances  are 
brought  into  contact  with  the  protoplasm  and  are 
there  converted  into  living  substance  Eke  itself. 

(6)  Dissimilation. — Hand-in-hand  with  assimUa- 
tion  goes  the  reverse  process,  dissimilation,  the  giving 
off  of  non-hving  material,  waste  products,  from  the 
living  substance.  Assimilation  and  dissimilation, 
anabolism  and  catabolism,  are  two  phases  of  metabo- 
lism, a  process  that  is  continuous  in  a  hving  organism. 
Its  cessation,  however,  does  not  necessarily  imply 
death,  for  it  has  been  shown  that  there  is  no  met- 
abohsm  in  seeds  that  are  dried  but  wliich  are  still 
capable  of  germination  under  proper  conditions. 
Moreover,  as  Verworn  has  pointed  out,  the  process  is 
not  without  its  analogy  in  inorganic  chemical  processes. 
In  the  manufacture  of  sidphuric  acid,  the  nitric  acid 
which  is  u.sed,  or  rather  the  nitroyl-sulphuric  acifl 
formed  during  the  reaction,  is  continually  being  built 
up  and  broken  down,  so  that  if  fed  with  a  continuous 
supply  of  sulphurous  anhj-dride,  water,  and  oxygen 
a  small  amount  of  nitric  acid  may  produce  an  un- 
hmited  quantity  of  sulphuric  acid,  without  any  dimi- 
nution of  its  own  substance.  SimOar  phenomena 
may  be  observed  in  Deacon's  process  for  the  manu- 
facture of  chlorine,  and  in  other  chemical  operations 
in  which  catalytic  substances  are  used. 

Nevertheless  metabolism,  and  especiaUy  its  con- 
structive phase,  assimilation,  is  a  process  that  is 
highly  characteristic  of  a  living  being,  and  is  not 
ordinarily  met  with  elsewhere  in  nature. 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Biology 


(c)  Growth. — Whenever  assimilation  exceeds  dis- 
similation, increase  in  size,  or  growth,  of  the  organism 
takes  place. 

(d)  Reproduction. — Growth  leads  to  reproduction, 
or  the  separation  from  the  organism  of  a  part  of  the 
living  substance  to  form  a  new  organism  like  the 
parent. 

(e)  Irritahility. — This  has  been  defined  as  "the 
capacity  of  a  body  to  react  to  an  external  influence 
by  some  kind  of  change  in  its  condition,  in  which  the 
extent  of  the  reaction  stands  in  no  definite  proportion 
to  the  extent  of  the  influence."  This  highly  charac- 
teristic property  is  possessed  by  all  living  substances. 
It  finds  its  analogy,  however,  in  certain  non-living 
substances,  the  explosives.  But  there  is  one  differ- 
ence betw'een  the  explosion  of  an  unstable  chemical 
compound  and  the  reaction  of  an  organism  to  a 
stimulus.  The  explosion  results  in  the  destruction 
of  the  mass,  while  an  organic  reaction  is  normally 
purposeful  in  character  and  tends  to  the  preservation 
of  the  mass. 

(3)  Structure. — Wliile  it  is  possible  to  find  some 
analogy  between  the  acti\'ities  of  protoplasm  and 
other  processes  in  nature,  there  are  certain  minute 
structural  features  to  be  found  in  substance  that 
is  living,  or  has  lived,  for  which  we  may  look  else- 
where in  vain.  The  fundamental  generalization 
of  the  cell  theory  is  that  every  animal  or  plant  is 
a  cell,  or  a  collection  of  cells  and  their  products. 
A  cell  may  be  defined  as  a  mass  of  protoplasm 
with  its  contained  nucleus.  It  is  found  by  experi- 
ment that  if  a  portion  of  the  protoplasm  be  sepa- 
rated from  the  nucleus,  it  may  still  respond  to 
stimuli,  but  it  can  no  longer  assimUate  food  or  re- 
pair damage.  It  has  lost  the  power  to  perform 
some  of  the  essential  vital  functions.  Likewise  a 
nucleus  deprived  of  its  surrounding  protoplasm, 
or  cytoplasm,  is  incapable  of  continuing  life.  Thus 
we  are  led  to  regard  the  cell  as  the  unit  organism, 
and  its  structure  as  a  fundamental  characteristic 
of  the  liv'ing  substance. 

As  to  the  ultimate  structure  of  protoplasm,  there 
has  been  great  diversity  of  opinion.  The  best 
view  appears  to  be  the  one  that  in  its  simplest 
form  the  structure  of  the  protoplasm  is  like  that 
of  an  emulsion,  in  which  the  continuous  substance 
is  the  active  living  material,  and  the  inclusions, 
ranging  in  size  from  the  largest  yolk  granules  to 
bodies  at  the  limit  of  microscopic  vision,  are  passive 
materials  in  various  stages  of  metabolism.  But, 
superimposed  upon  this  vesicular  structure,  tliere 
may  be  also  a  fibrillar  structure  (see  Cell).  It  may  be 
noted  that  while  the  complex  organization  of  the 
cell  is  characteristic  of  the  living  substance,  the  more 
minute  vesicular  structure  of  protoplasm  has  been 
shown  by  Butschli  to  have  an  analogy  in  the  struc- 
ture of  certain  inorganic  colloidal  substances. 

(4)  Chemical  Compoftition. — It  is  in  their  chemical 
composition  that  Verworn  finds  what  he  regards 
as  the  one  fundamental  character  that  all  animals 
and  plants  have  in  common  and  that  distinguishes 
them  from  all  other  bodies.  This  characteristic 
is  the  possession  of  a  class  of  highly  complex  com- 
pounds of  nitrogen,  carbon,  hydrogen,  oxygen, 
and  sulphur  known  as  the  proteins.  Both  fats 
and  carbohydrates  also  occur  very  generally  in 
animals  and  plants,  and  with  the  proteins  form 
their  chief  constituents.  That  all  three  classes 
of  compounds  are  found  in  the  living  as  well  as 
in  the  dead  cell  is  shown,  according  to  Verworn, 
by  "a  careful  comparison  especially  of  the  solid 
bodies  that  may  be  found  as  reserve  substances 
for  a  time  unchanged  in  the  living  cell,  with  the 
corresponding  substances  of  the  dead  cell."  Never- 
theless, there  are  differences  between  living  and  dead 
protoplasm  that  show  that  death  involves  a  chemical 
change.  In  the  first  place,  living  protoplasm 
usually  has  an  alkaline  reaction  or  is  neutral,  while 


dead  protoplasm  is  generally  acid.  Then  there 
are  certain  proteins  that  are  fluid  in  life  and  coagu- 
lated at  death.  The  difference  is  again  shown  by 
the  effects  of  dianiideand  liydroxylamine.  'I'lie.se  sub- 
stances are  strong  poisons,  that  is,  they  destroy  living 
protoplasm,  producing  presumably  substitution  pro- 
ducts; but  they  have  no  effect  upon  dead  pro- 
toplasm. Moreover,  while  alive,  protoplasm  is 
continually  undergoing  change,  taking  up  oxygen 
and  giving  off  various  products  of  metabolism, 
but  when  dead  it  is  stable,  and  under  certain  con- 
ditions may  remain  unchanged  for  years.  So 
while  it  is  true  that  the  three  clas.ses  of  compounds 
characloristio  of  tlead  protoplasm  arc  found  also 
in  that  which  is  living,  they  do  not  have  exactly 
the  same  molecular  structure.  Therefore  a  chem- 
ical analysis  of  dead  protoplasm  will  not  reveal 
the  exact  chemical  constitution  of  the  living 
substance. 

(5)  Origin. — Finally  the  living  substance,  whether 
it  be  animal  or  vegetable,  differs  from  all  other 
substances  in  its  mode  of  origin.  Other  chemical 
compounds  may  be  formed  anywhere  tliat  the 
necessary  elements  are  brought  together  in  favorable 
combinations  and  under  the  right  conditions  of  tem- 
perature, solution,  etc.  We  know  nothing  in  re- 
gard to  the  conditions  under  which  living  matter 
was  first  produced,  and  we  are  equally  ignorant 
as  to  what  future  discovery  may  bring  forth;  all 
we  know  at  present  is  that  the  living  substance 
appears  to  be  pecuhar  in  that  the  only  conditions 
under  which  it  can  be  produced  are  those  found 
in  the  living  organism,  animal  or  plant  as  the  case 
may  be.  Lifeless  material  is  converted  into  living 
substance  only  by  the  process  of  assimilation.  This 
takes  place  only  in  the  presence  of  preexisting 
living  substance.  This  great  generalization,  called 
by  Huxley  the  doctrine  of  biogenesis,  is  due  to  the 
labors  of  Redi,  Pasteur,  and  their  successors;  and  is 
the  fundamental  fact  upon  wliich  is  built  the  modern 
practice  of  aseptic  surgery. 

Other  Points  of  Agreement  between  Animals  and 
Plants. — If  the  fundamental  similarities  betw-een 
animals  and  plants  that  have  just  been  enumerated 
are  not  deemed  sufficient  to  establish  the  vmion 
of  the  biological  sciences,  we  may  seek  further 
into  the  details  of  the  structure  and  vital  processes 
in  organisms,  and  there  we  shall  find  stUl  more 
striking  e\'idence  of  their  es.sential  unity. 

Not  only  does  the  definition  of  a  cell  as  a  mass 
of  protoplasm  surrounding  a  nucleus  apply  equaUy 
well  to  multicellular  animals  and  plants  and  to 
the  unicellular  organisms,  classed  by  Haeckel  to- 
gether under  the  name  Protista;  but  w-e  find  that 
certain  details  of  structure  are  always  found  in  cells 
wherever  they  may  occur.  This  applies  more 
especially  to  the  nucleus,  which  ordinarily  in  the 
resting  condition  is  a  rounded  sac-like  body  sur- 
rounded by  a  delicate  membrane.  Enclosed  within 
the  membrane  is  a  structure  u.sually  described 
as  a  reticulum,  but  more  probably  an  alveolar 
structure,  consisting  of  two  substances,  linin  and 
chromatin,  while  the  spaces  within  the  alveoli  or 
reticulum  are  filled  by  a  clear  nuclear  sap.  Even 
in  bacteria  and  other  microorganisms  which  do 
not  possess  a  well-defined  nucleus,  granules  are  found 
scattered  about  in  the  cell  which  shows  the  same 
color  reactions  as  chromatin. 

Cell  division  in  both  animals  and  plants  is  always 
preceded  by  the  division  of  the  nucleus,  wliich 
usually  takes  place  by  what  is  called  the  indirect 
method  {karyokinesis,  or  mitosi.^).  The  essential 
tiling  in  this  method  is  the  exactly  equal  division 
of  the  chromatin  (see  article  Chromosome). 

In  both  animals  and  plants  increase  in  the  number 
of  individuals  may  take  place  by  three  methods 
of  reproduction — fission,  budding,  and  sexual  re- 
production {gamogenesis) .     Sexual  reproduction  dif- 
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fers  from  the  other  modes  in  that  the  new  indi- 
vidual arises  from  a  cell  that  is  derived  from  the 
union  of  two  ceUs  usuallj'  having  origins  in  different 
individuals  (see  Sex). 

In  both  animals  and  plants  the  cells  that  are 
to  take  part  in  sexual  reproduction  undergo  a  pre- 
paratory change  which  results  in  a  reduction  in  the 
amount  of  chromatin;  and  even  in  the  unicellular 
organisms  in  which  the  sexes  are  not  differentiated 
a  similar  process  is  found  to  occur  (see  Maturation). 

In  the  union  of  two  cells  to  form  a  germ  (oospore) 
the  essential  process  is  the  union  of  the  two  nuclei. 
While  the  details  of  this  process  differ  in  different 
species,  it  always  results  in  the  formation  of  a 
nucleus  in  which  the  chromatin  is  derived  from 
the  male  and  the  female  parent  in  exactly  equal  parts, 
except  for  the  recently  discovered  idiochromo- 
somes,  which  are  derived  from  only  one  parent, 
usually  the  male,  and  are  supposed  to  contain 
the  factor  that  determines  the  sex  of  the  offspring 
(see  Sex).  In  the  conjugation  of  the  unicellular 
organisms,  even  where  there  is  no  union  of  the  cell 
bodies,  there  is  formed  likewise  in  each  individ- 
ual a  new  nucleus  to  which  each  one  has  contrib- 
uted just  half  of  the  chromatin  (see  Impregnation). 

Differentiation  of  structure  goes  hand-in-hand 
■with  division  of  labor.  It  may  occur  within  a  single 
cell,  resulting  in  the  specialization  of  different  parts 
of  the  ceU  to  perform  different  functions;  or,  in 
multicellular  organisms,  it  may  cause  whole  cells 
or  large  ma.sses  of  cells  to  differ  from  others,  forming 
tissues  and  organs  for  various  functions.  In  both 
animals  and  plants  the  causes  of  differentiation 
may  be  divided  into  two  classes.  One  depends 
upon  the  structure  or-  chemical  composition  of  the 
protoplasm  itself,  the  other  depends  upon  the  ex- 
ternal conditions  surrounding  the  organism  (see 
Differentiation). 

In  the  developing  organism  differentiation  is  fol- 
lowed by  growth,  wYiich  takes  place  according  to  the 
same  laws  in  both  animals  and  plants  (see  Growth). 

In  both  animals  and  plants  trie  offspring  tends  to 
resemble  its  parents  at  the  corresponding  stages  of 
growth.  This  is  not  merely  the  result  of  development 
under  similar  external  conditions.  A  change  in  the 
environment  will  result  in  a  change  in  the  organism; 
but  you  maj-  change  the  environment  as  much  as 
you  please  and  still  you  cannot  cause  the  egg  of  a 
star-fish  to  develop  into  a  sea  urchin,  or  vice  ver.^a. 
Embryos  of  two  species  may  be  reared  under  perfectly 
identical  conditions,  yet  each  one  will  come  true  to 
its  kind.  This  tendency  among  organisms  for  like  to 
produce  like,  depending  upon  something  in  the 
structure  of  the  germ,  is  wliat  we  mean  by  hired  it  i/. 
The  researches  of  Galton,  Pearson,  Bateson,  and  others 
show  that  the  laws  of  heredity  among  animals  apply 
equally  well  to  plants  (see  Heredity). 

Finally  we  are  indebted  to  Charles  Darwin  for  the 
discovery  of  the  principle  of  natural  selection,  which 
is  eciuall}'  applicable  to  animals  and  plants  as  an  ex- 
planation of  the  plienomena  of  diversity,  or  the  origin 
of  species  (see  Evolution). 

A  measure  of  the  advance  made  in  general  biology 
during  the  last  one  hundred  and  fifty  years  may  be 
obtained  by  comparing  such  a  list  of  the  similarities 
of  animals  and  plants  as  tliat  given  in  tlie  preceding 

Earagraphs  with  the  discussion  of  the  same  subject  to 
e  found  in  the  second  part  of  Bonnet's  "Contem- 
plation de  la  nature,"  pubUshed  in  Amsterdam  in 
1764. 

Divisions  of  Biology. — Biology  has  been  divided 
into  subordinate  sciences  without  number.  For  ex- 
ample, we  have  carcinology,  the  study  of  crabs;  con- 
chology,  the  study  of  molluscs;  mycology,  tlie  study 
of  fungi;  cytology,  the  study  of  cells,  gastroenterology, 
the  study  of  tlie  aUmentary  tract,  etc. — each  separate 
group  of  organisms  or  organs  having  its  own  special 
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"ology."  These  subjects  may  be  arranged  in  groups 
from  several  different  points  of  view.  Tlie  biological 
sciences  may  be  di\ided  into  two  great  groups,  botany 
and  zoology,  dealing  respectively  with  plants  and  ani- 
mals. Or  we  may  distinguish  between  organisms  now 
living  and  those  known  only  by  their  fossil  remains. 
Then  we  have  recent  biology  and  paleontology.  Again, 
from  normal  biology  we  may  separate  the  study  of 
the  abnormal  conditions  of  organisms,  pathology. 
Finally,  and  this  seems  to  be  the  best  arrangement, 
we  may  follow  Huxley  and  divide  biology  into  four 
great  groups — morphology,  physiology,  chorology,  and 
etiology.  The  relations  of  tne.se  sciences,  to  which  we 
may  add  anthropology,  are  exhibited  in  the  accom- 
panying scheme  (Fig.  644). 

Morphology  {jmptjii},  form)  is  the  study  of  the  struc- 
ture of  organisms.  II; includes  general  anatomy,  or  his- 
tology, the  study  of  the  microscopic  structure  of  cells, 
tissues,  and  organs;  anatomy,  which  may  be  purely 
descriptive,  as  human  anatomy;  or  comparative,  when 
it  has  for  its  aim  the  discovery  of  homologies;  on- 
togeny, including  embryology,  the  study  of  develop- 
ment within  the  egg,  and  the  study  of  post-embryonic 
development  and  metamorphosis.  The  facts  of 
anatomy  and  development  form  the  basis  for  the 
classification  of  organisms,  wliich  is  treated  under 
taxonomy. 

Another  branch  of  morphology  is  pathological  anat- 
omy, dealing  with  the  histology  and  gross  anatomy  of 
diseased  tissues  and  organs.  Paleontology  includes 
the  morphology  of  fossil  organisms,  although  this  term 
is  generally  restricted  to  the  morphology  of  fossil 
animals,  while  paleobotany  is  used  for  plants. 

Physiology  (i^wris.  nature),  on  the  otlier  hand,  has 
to  do  with  the  functions  of  organisms,  more  especially 
the  activities  of  the  cells,  tissues,  and  organs.  These 
may  be  divided  into  generative,  including  the  phe- 
nomena of  reproduction;  sustentativc,  including  diges- 
tion, absorption,  circulation,  and  the  complex  phe- 
nomena of  metabolism  and  secretion;  correlative, 
including  the  relations  between  stimuli  and  reactions, 
and  the  physiology  of  the  muscular  and  nervous 
systems.  The  study  of  the  perturbations  of  these 
functions  under  diseased  conditions  gives  us  patho- 
logical physiology.  Partly  physiological  and  partly 
morphological  is  the  study  of  the  phenomena  of  growth 
differentiation,  heredity,  and  variation.  These  sub- 
jects may  be  classed  together  as  morphological  physi- 
ology, or  experimental  morphology. 

Chorology  (xiip".  dwelling  place,  area  of  distribution) 
is  a  term  invented  by  Haeckcl  to  include  all  the  phe- 
nomena of  distribution  of  organisms.  These  may  be 
studied  from  three  points  of  view,  geographical,  topo- 
graphical, and  geological,  the  last  giving  an  account 
of  the  succession  of  forms  in  geological  history. 

Etiology  {aiTioXoyla,  giving  a  cause)  is  a  term  long 
used  by  physicians  to  designate  the  study  of  the 
causes  of  disease.  Originally,  however,  it  had  a 
broader  meaning — the  study  of  causation  in  general. 
It  is  in  tins  sense  that  Hu.xley  has  borrowed  the  term 
and  used  it  to  designate  the  group  of  biological 
sciences  which  have  for  their  aim  the  explanation  by 
general  physical  laws  of  the  origin  and  present  con- 
dition of  living  beings  upon  the  globe.  This  includes 
ecology  (okos,  household),  the  science  dealing  with 
the  total  relations  between  organisms  and  the  sur- 
rounding outer  world;  also  called  bionomics,  and  in- 
cluding most  of  what  is  popularly  meant  by  natural 
history.  The  facts  of  morphology,  physiology,  and 
distribution,  as  well  as  those  of  ecology,  all  contribute 
to  the  theories  of  evolution,  whereby  it  is  sought  to 
explain  the  origin  of  species;  and  from  the  study  of 
fossil  remains,  aided  by  comparative  anatomy  and 
embryolog}',  it  is  possible  to  form  a  conception  of  the 
phytogeny,  or  history  of  the  changes  which  the  various 
groups  of  animals  and  plants  have  undergone  in  the 
ages  that  are  past. 

Psychology  and  sociology  are  not  usually  regarded 
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as  parts  of  biologj-,  and,  as  Huxley  has  remarked, 
the  biologist  has  already  quite  enough  to  do  with- 
out including  these  sciences  within  his  field  of 
study.  Nevertheless  some  biologists  and  manj' 
others  are  now  actively  engaged  in  spreading  the 
doctrine  that  not  only  are  the.se  sciences  an  integral 
part  of  biologv",  but  also  their  application  for  the 
welfare  of  mankind  will  be  effective  just  so  far  as 
they  are  based  on  sound  biological  principles.  The 
mental  activities  which  form  the  subject-matter  of 
psychology  are  after  all  only  certain  special  functions 


But  the  finished  product,  the  adult  man  or  woman, 
is  the  product  of  the  germ-plasm  formed  and  moulded 
by  the  environment;  and  one  of  the  most  interest- 
ing and  practicaUy  important  of  the  problems 
of  sociology  is  the  determination  of  the  relative 
value  of  tliese  two  factors.  Has  nature  or  nurture 
a  preponderating  influence  in  the  development  of 
the  indi\-idual  man?  This  is  one  of  the  questions 
of  the  day.  Another  biological  question  that  is 
now  uppermost  in  the  minds  of  sociologists,  i.s  how 
may  the   principles  of  heredity  be  applied   to  main- 


/€TIOLOGY 

Fig.  644. 


of  the  brain,  and  as  such  their  study  becomes  only  a 
subdi\-ision  of  the  physiologj'  of  the  nervous  sj-steni. 

Anthropology  embraces  the  whole  range  of  the 
biological  sciences  in  their  relation  to  mankind, 
including  certain  dixisions,  however,  that  apply 
only  to  the  genus  Homo.  These  di\-isions  relate 
especiallj-  to  the  human  activities  that  are  asso- 
ciated with  the  advance  of  ci^-ilization.  Studies 
of  the  past  are  included  under  ethnology  and  hi-<tory: 
the  present  conditions  and  relations  of  mankind 
are  the  subject  of  sociology,  which  in  its  pathological 
aspect  becomes  criminology. 

Sociology  deals  with  Man;  with  the  relations 
of  Man  to  his  en\'ironment,  organic  as  well  as  in- 
organic; and  with  the  interrelations  of  Man  with 
Man,  both  male  and  female.  The  basis  of  sociology 
is  man,   and  the   basis  of  man  is    his  germ-plasm. 


taining  and  improving  the  standards  of  the  human 
race?  To  the  studj'  of  this  problem  Sir  Francis 
Gallon  gave  the  name  of  Eugenics. 

The  relations  of  men  in  a  commonwealth  do  not 
differ  essential!}'  from  the  relations  of  bees  in  a  hive, 
and  may  equallj'  well  be  considered  the  subject 
of  a  special  branch  of  ecology.  The  scientific 
principles  that  form  the  basis  of  sanitation  and 
preventive  medicine  are  the  principles  of  ecology  ap- 
phed  to  the  preservation  of  the  pubhc  health. 

The  time  is  fast  approaching  when  ethics,  the 
science  of  right-li\'ing,  will  no  longer  seek  its  basis 
in  metaphysical  principles  of  right  and  wrong;  for  it 
will  be  recognized  that  true  morality,  as  well  as 
mental  and  bodily  health,  depend  on  conformity,  con- 
scious or  unconscious,  with  the  principles  of  Biologj*. 
Robert  P.\txe  Bigelow. 
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The  literature  of  biology  is  already  enormous  and  is  growing 
larger  everj"  year.  It  may  be  well,  however,  to  mention  here  a 
few  useful  works  of  reference. 

For  a  brief  history  of  biologj*  see  J.  A.  Thomson:  "The  Science  of 
Life,"  1S99:  Locy,  "Biolog}-  and  its  Makers,"  1908;  Radl, 
"Geschichte  der  biologischen  Theorien,"  1905-9. 

Good  elementary  treatises  on  general  biology  are  Huxley  and 
Martin:  '"Practical  Biology":  T.  J.  Parker:  "Lessons  in  Elementary 
Biology";  and  Sedgwick  and  Wilson:  "General  Biolog}',"  second 
edition. 

More  extended  treatment  of  genera]  problems  will  be  found  in 
E.  B.  Wilson:  "The  Cell  in  Development  and  Inheritance,"  second 
edition;  M.  Verwom:  *'  General  Physiology',"  translated  by  Lee; 
C.  B.  Davenport,  "Experimental  Morphology":  Y.  Delage:  "La 
structure  du  protoplasma  et  les  theories  sur  I'heredite  et  les  grands 
problfemes  de  la  biologic  generale";  C.  L.  Morgan:  "Animal  Life 
and  Intelligence." 

For  philosophical  discussion  see  H.  Spencer:  '*  Principles  of 
Biology,"  second  edition,  1900:  W.  K.  Brooks:  "The  Foundations 
of  Zoology";  K.  Pearson:  "The  Grammar  of  Science,"  second 
edition,  pp.  328-332;  H.  Driesch,  "Science  and  Philosophy  of  the 
Organism,"  1908. 

Additions  to  the  science  are  recorded  annually  in  L'Annee  Bio- 
logique,  edited  by  Delage,  Paris,  since  1895;  in  "Ergebnisse  der 
Anatomie  und  Entwickelungsgeschichte,"  edited  by  Merkel  and 
Bonnet,  Wiesbaden,  since  1S91;  Ergebnisse  der  Physiologic," 
edited  by  Asher  and  Spiro,  Wiesbaden,  since  1902. 


Biopsy. — This  term  was  introduced  into  dermatol- 
ogy by  Besnier  to  denote  the  diagnostic  excision  of 
a  bit  of  skin  of  sufEcient  size  to  permit  of  a  prompt 
histological  study,  but  not  large  enough  to  require 
suture  or  occasion  a  cicatrix.  The  use  of  this  term 
might  readily  be  extended  to  include  the  diagnostic 
excision  of  tumors  by  the  surgeon,  but  while  in  the 
latter  case  the  method  is  used  only  as  a  last  resort,  in 
dermatology  the  excision  of  a  bit  of  skin  is  practised 
by  some  almost  as  a  matter  of  routine.  Thus  Darier, 
writing  many,  years  ago,  announced  that  he  personally 
had  practised  over  .500  "  biopsies." 

The  use  of  biopsy  in  dermatology  must  be  some- 
what restricted,  because  he  who  resorts  to  it  ought  to 
be  a  master  of  histology  and  histological  technique. 
In  theorj'  it  is  a  desideratum  that  a  specimen  be  pre- 
pared, mounted,  and  examined  during  the  period  of 
the  office  Wsit;  but  this  is  hardly  practicable,  for  the 
technique  for  such  rapid  examination  does  not  lend 
itself  to  the  work  in  hand.  The  minuteness  of  the 
fragment  examined  is  not  adapted  to  the  freezing 
microtome;  and  the  specimen  therefore  requires  a 
little  hardening  in  alcohol.  After  several  hours,  and 
o  fortiori  on  the  following  day,  or  before  the  next 
office  visit,  a  few  free-hand  sections  may  be  made 
with  the  razor  bj'  compressing  the  fragment  of  tissue 
between  two  pieces  of  elder  pith.  A  quick  stain, 
like  picrocarmin,  is  then  employed  and  the  specimen 
mounted  in  glycerin. 

Darier  recommends  that  a  fold  of  skin  be  pinched 
up,  after  which  a  suitable  knife  transfixes  it  below 
the  part  to  be  examined.  The  latter  is  then  cut  loose 
with  the  knife  aided  perhaps  with  scissors.  He  has 
tried  many  hemostatics  and  gives  preference  to 
powdered  juniper  wood  which  has  been  saturated 
with  creosote  fumes.  Suture  is  seldom  required,  the 
wound  being  covered  with  a  little  antiseptic  gauze 
and  .sealed  with  collodion.  Pain  can  be  avoided  by 
ethyl  chloride  anesthesia. 

Material  for  biopsy  of  the  deeper  tissues  is  some- 
times obtained  by  means  of  a  barbed  instrument 
(the  "  harpoon  ")  which  is  plunged  into  the  tumor  to  be 
examined  and  then  withdrawn,  bringing  with  it  a  bit 
of  tissue.  The  examination  of  the  muscles  of  hogs 
for  trichinosis  may  also  be  mentioned  here  as  a  phase 
of  biopsy. 

As  for  the  diagnostic  pos.sibilitiea  of  biopsy  these 
are  without  limit;  but  naturally  those  of  the  greatest 
significance  have  reference  to  the  indications  or  con- 
traindications for  surgical  intervention.  In  this  con- 
nection  it   is   readily   seen    that   modern    biological 
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reactions  may  make  it  possible  to  do  away  with 
much  biopsv'.  Thus  in  a  diagnosis  between  syphi- 
loma and  cancer  a  positive  Wassermann  reaction 
would  perhaps  render  a  biopsy  unnecessarj'.  Biopsy 
has  been  much  used  in  differentiating  between  car- 
cinoma, tuberculosis,  and  syphilis,  and  has  not  yet 
been,  and  perhaps  may  never  be,  quite  supplanted  by 
serodiagnostic  tests.  Edward  Preble. 


Birch. — The  common  name  of  the  genus  Betula 
(fam.  Bttulacece),  of  some  thirty-five  species,  several 
of  which  are  strongly  aromatic.  Unless  otherwise 
specified,  the  B.  lenta  L.,  Sweet  Birch  or  Cherry 
Birch  (incorrectly  "Black  Birch")  is  to  be  under- 
stood. This  is  an  abundant  shrub  or  small  tree  in 
Eastern  North  America.  Its  bark  is  an  important 
article  of  commerce,  and  has  long  been  used  medici- 
nally as  well  as  for  flavoring.  It  contains  a  volatile 
oil  identical  with  that  of  wintergreen,  which  see.  The 
leaves  of  the  European  birch  are  considerably  used 
as  a  diuretic. 

The  wood  of  several  species  is  used  as  a  source  of 
medicinal  tar,  which,  like  that  of  beechwood,  is  rich 
in  guaiacol.  Henry  H.  Rusbt. 


Birch=HirschfeId,  Felix  Victor. — Born  in  Cluven- 
sieck,  Germany,  on  May  5,  1S42.  In  1S67  he  received 
the  degree  of  Doctor  of  Medicine  from  the  University 
of  Leipzig.  Subsequently  he  held  various  positions 
of  minor  importance  in  the  latter  city  and  in  Dresden, 
until  finally,  in  1SS5,  he  was  called  to  the  LTniversity 
of  Leipzig  to  fill  the  Chair  of  General  Pathology  and 
Pathological  Anatomy  left  vacant  by  the  decease  of 
Cohnheim.  He  held  this  chair  up  to  the  time  of  his 
death,  which  occurred  on  November  20,  1S99. 

Birch-Hirschfeld  was  one  of  the  most  distinguished 
pathological  anatomists  of  the  nineteenth  century. 
He  wrote  valuable  papers  on  cancer  of  the  testicle,  on 
emboli  composed  of  tumor  tissue,  on  the  nature  of 
cj-lindroma,  on  acutely  developed  tumors  of  the 
spleen,  on  p3-emia,  and  on  sj-philis  of  the  new-born. 
He  also  published  a  large  text-book  entitled  "  Lehr- 
buch  der  pathologischen  Ajaatomie, "  5th  edition, 
Leipzig,  1896-1S97.  A.  H.  B. 


Birth,  Order  of,  with  Reference  to  the  Incidence  of 
Disease. — The  subject  of  the  relationship  between 
the  numerical  position  of  an  individual  among  the 
children  of  a  family  and  any  diseases  which  that 
individual  may  contract,  is  a  matter  that  has  been 
given  very  little  attention.  Statistical  information 
regarding  this  relationship  is  exceedingly  meager. 
MulhaU's  "Dictionary  of  Statistics"  contains  nothing 
that  may  enlighten  one  on  this  question.  The  same 
is  true  of  the  text-books  on  pathology,  general  medi- 
cine, and  pediatrics.  The  reasons  for  this  paucity  of 
knowledge  reside  in  the  following  facts:  (1)  There 
is  a  general  impression  that  no  clinical  or  diagnostic 
significance  attaches  to  the  order  in  which  a  person 
may  be  born — that  there  are  so  many  other  and  more 
variable  factors  in  the  production  of  disease  that  the 
fortuitous  order  of  birth  can  be  of  but  trifling  interest 
to  the  physician.  (2)  Clinical  records  which  in  many 
instances  indicate  the  number  of  children  in  a  given 
family,  and  less  frequently  state  the  diseases  from 
which  these  may  have  suffered,  almost  invariably 
fail  to  mention  the  ages  of  the  different  children  in 
the  family.  In  view  of  the  facts  which  a  careful 
study  of  this  question  brings  to  light,  a  plea  should 
be  made  for  the  more  careful  registration  in  clinical 
records  of  all  possible  information  that  may  aid  one 
in  studying  the  vexed  problem  of  the  susceptibility 
to  disease. 

Without  any  definite  experience  to  guide  one  in 
this  practically  unexplored  field,  one  may  nevertheless 
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roach  a  few  dofinite  conclusions  based  upon  empirical 
observation  and  a  priori  reasoning.  Thus,  if  the 
parents  marrj'  when  very  young  and  immature,  and 
particularly  if  their  means  of  livelihood  are  precarious, 
one  would  expect  that  their  first  offspring  will  be  of 
feebler  constitution  than  those  that  are  born  later. 
Sitnilarl}'  if  a  woman  gives  birth  to  a  large  number  of 
children  it  is  quite  natural  to  suppose,  and  this  su])- 
position  is  corroborated  by  experience,  that  the 
children  that  are  born  late  in  the  reproductive  life 
of  the  woman,  when  her  strength  has  been  sapped  by 
frequent  gestation  and  parturition,  and  by  the  cares 
of  a  large  household,  are  apt  to  be  weaker  and  more 
subject  to  disease  than  the  children  that  have  come 
into  the  world  earlier.  Among  the  poorer  classes,  in 
large  families  in  which  the  children  are  born  at  brief 
intervals,  rachitis  is  apt  to  be  manifested  by  the  later 
children.  The  incidence  of  this  disea.se  is  to  be  attri- 
buted partly  to  the  maternal  exhaustion  attendant 
upon  frequent  chOd-bearing,  which  exhaustion  is 
particularly  apt  to  occur  in  the  case  of  the  calcium 
and  phosphatic  content  of  the  maternal  organism, 
and  partly  to  the  abject  environment  of  tlie  over- 
crowded household.  In  the  ca.se  of  syphilitic  parents 
the  first  offspring  are  more  apt  to  inherit  tlie  disease 
than  those  that  are  born  later,  owing  to  the  fact  that 
the  parents  usually  undergo  treatment  after  the  mother 
has  had  one  or  more  miscarriages,  or  after  slie  has 
given  birth  to  one  or  more  syphilitic  children. 
Another  factor  in  the  determination  of  the  order  in 
which  disea.se  may  appear  among  children  is  the  de- 
gree of  intelligence  of  the  mother,  who  profits  by  the 
experience  with  her  first-born  in  the  care  of  her 
subseciuent  children.  This  care  is  particularly  of 
moment  in  the  prevention  of  nutritional  disturbances 
and  gastroenteric  disease.  It  should  also  be  borne 
in  mind  that,  other  things  being  equal,  the  larger  the 
family  the  greater  are  the  chances  of  zymotic  infection. 
Thus  as  the  family  growls  in  size  the  greater  is  the 
overcrowding  and  the  greater  become  the  chances  of 
contact  infection.  Moreover,  it  is  a  common  observa- 
tion that  the  larger  children  who  attend  school  are 
apt  to  bring  home  the  common  exanthemata  and  to 
impart  these  to  the  yoimger  members  of  the  family. 
This  may  probably  serve  to  explain  wh}'  among  the 
tenement  population  of  a  large  city  measles,  diph- 
theria, and  scarlet  fever  are  found  so  frequently 
among  young  infants.  On  the  basis  of  this  observa- 
tion one  is  justified  in  drawing  the  conclusion  that 
the  larger  the  family  the  greater  is  the  liability  for  the 
later  members  to  contract  the  various  infectious 
diseases.  This  conclusion  can  be  substantiated  only 
by  statistical  study. 

It  may  be  asked,  "  Of  what  value  would  be  the 
accumulation  of  a  mass  of  statistical  figures  and  of 
the  generalizations  that  may  be  drawn  from  them, 
with  respect  to  this  subject?"  Tlie  answer  is  that 
the  question  is  not  a  purely  academic  one.  In  spite 
of  the  fact  that  the  agencies  in  the  production  of 
disease  are  so  numerous  and  variable,  it  is  important 
that  all  of  these  factors  should  be  known  and  recog- 
nized. In  weighing  the  relative  importance  of  the 
soil  versus  the  seed,  it  is  necessary  to  know  every  fact 
that  may  in  any  way  bear  upon  the  subject  of  sus- 
ceptibility. The  truth  of  this  statement  may  be 
realized  more  than  ever  before  in  these  days  when 
such  topics  as  the  limitation  in  the  size  of  the 
family,  eugenics,  social  service,  maternity  rewards, 
and  maternity  insurance  are  being  so  freely  dis- 
cussed. From  the  viewpoint  of  the  laws  of  succes- 
sion that  prevail  in  royal  families,  the  question  of 
the  relative  vigor  of  the  heir-apparent  when  compared 
with  the  rest  of  the  family  is  not  an  insignificant  one. 
Likewise  in  countries  in  which  the  laws  of  primogeni- 
ture are  operative,  it  is  a  matter  of  no  little  moment 
to  know  that  at  least  in  certain  respects  there  is  no  bi- 
ological justification  for  the  retention  of  these  laws. 
Karl  Pearson  who  has  made  careful  mathematical 


studies  of  available  data  pertaining  to  various  phages 
of  this  subject,  has  reached  the  conclusion  "that  in 
certain  ca.ses  at  least  of  constitutional  defects  W'hich 
are  inherited  the  earlier  members  of  the  family  are 
more  likely  to  suffer  than  the  later."  On  the  basis 
of  this  observation  it  may  be  suggested  that  the 
decadence  noted  in  certain  of  the  reigning  houses  of 
Europe  is  to  be  attributed  to  this  pathological  asjiect 
of  primogeniture.  Another  important  application 
of  studies  based  upon  the  order  of  birth  is  to  be 
found  in  the  domain  of  insurance  medicine.  A 
reliable  and  extensive  set  of  figures  showing  the 
relationship  between  disease  and  the  order  of  birth 
may  serve  to  throw  light  on  the  question  of  expecta- 
tion of  life  and  may  help  in  the  task  of  gauging  the 
insurability  of  an  apidicant.  In  this  connection  it 
may  be  suggested  that  the  insurance  companies 
have  at  their  disposal  a  mass  of  figures  pertaining 
to  this  subject  which  cannot  fail  to  be  of  great  value 
when  properly  collated  and  analyzed. 

In  recognizing  on  the  one  hand  the  disadvantages 
to  the  j'oungest  members  of  families  that  are  ab- 
normally large,  it  must  be  admitted  on  the  other 
hand  that  there  are  certain  hygienic,  educational, 
and  ethical  disadvantages  attending  the  children 
in  families  that  are  abnormally  small.  These  dis- 
advantages and  others  are  particularly  manifest  when 
an  individual  is  an  only  child.  J.  K.  Friedjung'  has 
made  an  interesting  study  of  this  phase  of  the  sub- 
ject. His  observations  were  based  upon  the  study 
of  100  children  each  of  whom  was  an  only  child  or 
"  Lieblingskind,"  as  the  Germans  say.  Of  these 
children  only  thirteen  were  fully  normal.  The 
remainder  manifested  various  nervous  phenomena 
of  either  a  neurasthenic  or  hysterical  nature.  The 
emotion  of  fear  was  particularly  conspicuous  in  these 
neuropathic  children.  Among  the  conditions  fre- 
quently observed  were  restlessness,  pavor  nocturnus, 
malnutrition,  obstinate  anorexia,  chronic  constipa- 
tion, colitis,  urticaria,  and  severe  pruritus.  Fried- 
jung attributes  these  morbid  manifestations  to  the 
excess  of  tender  care  which  these  children  receive, 
which  conclusion  suggests  the  proper  prophylaxis 
and  treatment.  There  is  sufficient  basis  for  the  popu- 
lar belief  that  the  ".spoiled,"  pampered,  or  coddled 
child  is  apt  to  be  less  vigorous  than  other  children. 
For  this  reason  the  eldest  child  in  a  family  in  which 
there  is  no  other  child  for  a  number  of  j'ears,  and  the 
child  whose  isolation  is  brought  about  by  the  death 
of  brothers  or  sisters  suffers  the  same  di-sadvantages 
as  the  onlj'  child. 

The  question  of  the  order  of  birth  bears  an  impor- 
tant relation  to  that  of  longevity.  According  to 
A.  H.  Stewart-  "the  age  of  one's  parents  at  the  time 
of  one's  birth  appears  to  be  a  factor  in  one's  longevity. 
Children  born  of  parents  w-ho  are  between  twenty 
and  forty  years  of  age  are  believed  to  possess  the 
greatest  vitality.  This  appears  to  apply  especially 
to  the  age  of  fathers.  Children  born  of  mothers  who 
are  between  twenty  and  thirty-five  appear  to  have 
the  greatest  chance  of  survival,  while  children  born 
of  mothers  who  are  under  twenty  or  past  thirty-five 
or  of  fathers  who  are  past  forty  pos.sess  less  vitality, 
and  consequently  have  less  chance  of  survival.  The 
second,  third,  fourth,  and  fifth  children  are  believed 
to  have  a  better  chance  of  survival  than  first-born  or 
those  born  after  the  fifth.  But  later  statistics  seem 
to  indicate  that  one's  numerical  position  in  the 
family  is  not  as  important  as  the  age  of  the  parents, 
especially  of  one's  mother  at  the  time  of  one's  birth. 
About  twenty-five  per  cent,  of  those  centenarians 
whose  family  histories  have  been  traced  were  the  first 
children  of  their  parents.  If  the  chUdren  of  primi- 
parce  are  smaller  and  less  vigorous  than  those  of 
multiparse,  as  has  been  claimed,  it  is  probably  due 
more  to  the  difference  in  the  age,  size,  and  physical 
vigor  of  the  mother  than  to  the  number  of  births. 
There  are  good  physiological  reasons  for  the  belief 
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that  large  families  tend  to  longevity,  since  the  pro- 
duction of  a  large  family  indicates  a  special  phy.sical 
vigor  of  the  parents.  "  It  has  been  shown  by  Miss 
Beeton  and  Karl  Pearson^  that  the  older  siblings, 
I.e.  children  born  of  the  same  parents,  live  on  an 
average  four  to  five  j'ears  longer  than  younger  sib- 
lings. They  state  that  "a  brother  born  ten  years 
before  another  brother  has  probably  seven  years 
greater  duration  of  life.  A  sister  born  ten  years 
before  another  sister  has  probably  six  years  greater 
duration  of  life." 

The  most  inten.sive  studies  with  reference  to  the 
relationship  between  the  order  of  birth  and  anj' 
particular  disease  have  been  made  in  the  ca.se  of 
tuberculosis.  To  W.  C.  Rivers*  we  are  indebted  for  a 
scholarly  review  of  this  aspect  of  the  subject.  Rivers 
had  noticed  in  examining  the  case  histories  of  a  large 
number  of  tuberculous  patients  at  the  Cros.sley  Sana- 
torium that  a  considerable  proportion  of  these  were 
eldest-born  children.  He  submitted  his  material  to 
the  expert  biometrician,  Karl  Pearson,'  who  concluded 
from  the  figures  that  both  first-  and  second-born  ofl- 
■spring  appear  subject  to  consumption  at  a  very  much 
higher  rate  than  younger  members  of  a  family. 
(See  Table  1.)     This  conclusion  is  at  variance  with 


Table  III. 

Phthisical  patients. 

Order  of  birth. 

Subjects. 

Expected. 

Actual. 

1 

263 

41.5 

53 

2 

259 

40.9 

47 

3 

246 

38. 9 

41 

4 

222 

35.1 

30 

5 

190 

30.0 

38 

6 

160 

25.3 

22 

7 

US 

18.6 

16 

8 

ss 

13.9 

8 

9 

oo 

8.6 

5 

10 

31 

4.9 

2 

11 

25 

3.1 

1 

12 

5 

0.7 

0 

13 

2 

0.3 

0 

14 

1 

0.1 

0 

15 

1 

0.1 

0 

16 

1 

0.1 

0 

In  commenting  upon  the.se  results,  Pearson  observes 
that  "if  this  special  incidence  on  the  earlier  born  be 


Table  I. 


Siblings'  order. 

1  _ 

2. 

3. 

4. 

5. 

6.           7. 

8. 

9. 

10. 

11.       12.       13.        14. 

-•VboveU 

Number  of  cases  obseri-ed.  .113 
Number  of  cases  calculated.     67.1 

79. 
64.4 

41. 
58.5 

52.         39. 
50.9      43.3 

18. 
32.6 

18. 
22.2 

9. 
15.1 

3.        3. 

10.0      6.2 

3.        1. 

3.7      2.6 

1. 
1.6 

1. 

1.1 

0 
1.6 

what  has  been  taught  on  the  authority  of  the  great 
German  phthisiologist,  Brehraer.  The  latter  was  of 
the  impression  that  although  in  certain  instances 
scrofula  affected  the  earlier  offspring,  in  large  families 
the  late-born  were  especially  liable  to  contract  tuber- 
culosis. This  susceptibility  wa.s,  he  thought,  greatest 
in  the  .sixth  child.  Brehmer's  observations  were 
made  offhand  and  were  not  based  upon  exact  statis- 
tical analj'sis.  Pearson  applied  careful  mathematical 
methods  to  500  cases  reported  by  Brehmer'  and 
found  that  there  is  an  excess  of  tuberculosis  in  the 
first-,  second-,  and  .si.xth-born.  A  third  series  of  ca.ses 
was  that  afforded  by  Riffel's'  records  of  several 
generations  of  the  populations  of  south  German 
villages,  and  analysis  of  these  cases  shows  that  first- 
born children  present  a  larger  proportion  of  tubercu- 
losis than  any  of  the  rest.  The  value  in  this  connec- 
tion of  the  ca.ses  reported  by  Riffel  is  increased  bj'  the 
fact  that  this  observer  also  recorded  the  relative 
ordinal  incidence  among  the  children  of  the  same 
families  with  reference  to  pneumonia,  tj-phoid  fever, 
cancer,  and  trauma.  His  results  are  indicated  in 
Table  II  as  modified  by  Rivers.  This  table  shows 
that  of  the  five  conditions  investigated  the  only  one 
besides  tuberculosis  that  presents  a  greater  incidence 
in  the  first-born  is  cancer.  Rivers' own  later  material 
included  263  ca.ses  of  tuberculosis.  The  results  of 
the  analysis  of  these  are  indicated  in  Table  III. 

Table  II. 


Deaths  from 


Phthisis 

Pneumonia  .  .  . . 
Typhoid  fever  . 

Cancer 

Trauma 
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1.     2.     3. 


8.     9.     10.   11.  12 


11  1  I        I        I        I 

16.35.  15.25.1  5. 2'S. 75.  4.83.43.33.36. 
1.82.52.0  1.5  1.32.12.1  1.80.82.60  0 
1.2  0.7!  1.2  0.7  0.5  1.30.40.6  1.7  1.3  1.1  0 
1.210.8  1.1  0.90.40.50.60.3  1.2  1.30  |0 
O.liO. 70. 60. 40. 60. 5:0. 60. 7, 0.40      0     12. 
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found  to  be  true  for  other  forms  of  pathological 
heritage,  we  have  here  a  very  serious  factor  of  national 
deterioration  introduced  by  the  growing  limitation 
of  the  family.  It  is  further  conceivable  that  any 
class  which  reproduces  itself  largely  from  elder 
children,  e.g.  the  peerage,  as  far  as  the  father  is  con- 
cerned, would  tend  on  the  average  to  degenerate 
more  rapidly." 

Rivers  has  carefully  reviewed  the  available  litera- 
ture concerning  what  he  calls  the  pathological  aspects 
of  primogeniture,  and  to  him  we  are  indebted  for 
man5-  of  the  following  statements.  The  references 
to  the  literature  are  given  in  his  article.  Sir  A. 
Mitchell  found  among  44.3  idiots  and  imbeciles  that 
31.1  per  cent,  were  first-born.  This  observer  con- 
cluded that  idiocy  is  more  likely  to  occur  among 
first  and  latest  pregnancies  than  among  others. 
Matthews  Duncan  found  that  first-born  children  in 
Scotland  are  shorter  and  lighter  than  others  but 
traces  this  to  the  influence  of  the  earlj'  age  of  the 
mother.  Heron  made  a  study  of  Urquhart's  331 
family  trees  of  lunatic  asylum  patients  in  which  he 
found  excess  of  insanity  among  the  four  eldest 
children  in  a  famUj-.  Carman  after  examining  1507 
Michigan  school  children  found  that  in  general  sen- 
sitiveness to  pain  decreases  in  order  of  birth.  Wells 
studying  data  furnished  by  trained  ob.'iervers  and  by 
teachers  of  school  children  in  California,  gives  curves 
showing  with  minor  sex  differences,  first-bora 
children  superior  to  others  in  weight,  height,  associa- 
tion time,  discrimination,  voluntary  motor  ability, 
natural  mental  ability,  neatness,  and  deportment. 
Macdonald  stated  that  of  fifty-three  university 
students  the  first-born  were  more  sensitive  to  pain 
than  the  .second-born.  Pearson  notes  that  albinism 
occurs  most  frequently  in  eldest-born.  Galton  refers 
to  the  relative  sterility  of  heires.ses.  Dugdale  is 
quoted  by  Havelock  Ellis  as  finding  that  criminality 
favors  the  first-born  child.  This  observation  is 
confirmed  by  Winter,  who  found  that  thirty  out  of 
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fifty-four  criminals  were  first-born.  Davidson  found 
ten  out  of  nineteen  cases  of  congenital  pyloric  stenosis 
to  be  in  eldest  children. 

In  summing  up  his  study  Rivers  concludes  that 
''an  innate  tendency  to  consumption,  a  soil  intrinsic- 
ally suitable  to  the  tubercle  bacillus,  and  not  the 
result  of  weakening  by  other  disease,  is  an  idea  which 
has  always  had  support.  Bacteriological  work  may 
have  limited  the  influence  to  be  properly  assigned  to 
this  predisposition;  nevertheless,  the  theories  of  the 
habitus  phlhisicus,  as  stenosis  of  the  upper  thoracic 
aperture,  the  frequency  of  a  small  heart,  of  a  con- 
dition of  underweight,  of  supernumerary  nipples  and 
of  nasal  defects,  have  never  been  confuted.  Eldest- 
born  incidence  might  unite  all  these  as  coordinate 
degenerative  manifestations;  and  eldest-born  inci- 
dence apparently  disposes  of  the  objection,  first 
advanced  bj'  Cohnheim,  that  the  habitus  phthisicus 
is  the  result  of  an  already  existing  tuberculous  infec- 
tion." Alexander  Spingarx. 
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Birth  Palsy. — See  Palsies,  Infajitile  Cerebral. 
Births,  Statistics  of. — See  Vital  Statistics. 

Bislcra. — This  is  a  place  of  growing  importance  situ- 
ated on  the  outskirts  of  the  Algerian  Sahara,  at  an  ele- 
vation of  about  360  feet  above  sea  level,  in  Lat.  35°  27' 
N.,  and  Long.  3°  22'  E.  It  consists  of  a  union  of 
several  villages  containing  in  aU  8,000  inhabitants. 
It  lies  among  plantations  of  date  palms  and  evergreen 
trees,  with  gardens  and  squares  containing  tropical 
plants  such  as  the  yucca,  the  false  pepper  plant,  the 
fragrant  gum  trees,  and  palms.  Nearby  are  mountains 
capped  with  snow  for  the  greater  part  of  the  year, 
and  to  the  south  the  limitless  expanse  of  the  desert. 
Biskra  is  reached  by  steamer  from  Marseilles  to 
Algiers  in  twenty-six  hours,  and  by  rail  from  the 
latter  place  in  two  days.  One  can  break  the  journey 
at  Constantine,  which  is  about  half-way.  One  can  also 
reach  Biskra  by  automobUe.  There  are  good  hotel 
accommodations,  and  one  can  find  endless  diversion 
in  the  Oriental  life  and  scenes  of  the  various  tribes 
which  collect  here — the  shepherd  Arab,  the  Nomad, 
the  Moor,  and  the  African.  There  are  also  to  be 
found  ntinierous  remains  of  Roman  occupation. 
The  water  supply  is  derived  from  weUs,  one  of  which, 
in  the  great  mosque,  is  said  never  to  be  dry.  Ac- 
cording to  Weber  and  Foster,  the  water  contains 
too  much  salt  for  drinking  and  for  certain  cooking 
purjioses. 

The  climate  partakes  of  that  of  the  desert,  being 
warm,  Ary,  equable,  sunny,  and  rather  bracing.  "It 
is  much  drier  and  sunnier  than  the  neighborhood 
of  .\lgiers  itself:  but  it  is  subject  to  violent  winds 
which  for  days  together  maj'  prevent  outdoor  e.xer- 
cise"  (Weber  and  Foster).  The  season  extends  from 
October  to  April,  and  the  temperature  for  these 
months,  for  the  years  1S87  to  1891,  is  given  by 
Hurabielle  ("Biskra,"  Paris,  1899)  as  follows: 


October. . . . 
November. 
December. . 
January. .  . 
February. . 

March 

April 


Maximum. 


81.2°?. 

69.0 

60.5 

58.6 

62.0 

77.5 

77.7 


Minimum.        Mean 


58.6°  F. 

48.0 

42.0 

39.7 

42.0 

48.4 

54.0 


I 


70.0°F. 

57.9 

50.8 

48.8 

52.6 

59.3 

66.0 


The  following  comparison  is  made  with  the  tem- 
perature of  Nice: 

Maximum. 

Minimum. 

Mean. 

RainfaU. 

Nice 

67.7''F.'        Sfi.S'F. 

52.0"  F.  3.9  inches. 

Biskra 

60.5 

47.6 

58.4 

0.6  inch. 

The  rainfall  is  almost  nil,  and  the  relative  humidity 
must  be  very  small.  We  have  then  at  Biskra, 
during  the  winter  season,  or  from  October  to  April 
inclusive,  a  dry  pure  atmosphere,  a  mild  and  very 
equable  temperature,  practically  no  rain,  and  almost 
constant  sunshine.  "For  si-X  months,"  says  Murray, 
"the  climate  is  delicious.  In  the  whole  of  Algeria 
one  does  not  find  a  more  agreeable  temperature,  a 
clearer  sky,  or  more  beautiful  vegetation."  The 
most  considerable  drawbacks  are  the  high  winds 
from  the  south  and  west,  which  are  frequent.  One 
is,  however,  partially  protected  from  them  in  the  in- 
terior of  the  oasis  by  the  forest  of  date  palms,  which 
covers  an  area  of  12,000  square  meters. 

The  diseases  which  are  relieved  by  a  residence  in 
this  climate  are  certain  cases  of  ptdmonar}-  tuberculo- 
sis, albuminuria,  rheumatism,  neurasthenia,  climac- 
teric disturbances,  etc.  There  is  no  e\-idence  that 
malaria  exists  at  Biskra.  "Biskra  is  suitable," 
says  Huggard,  "rather  for  valetudinarians  than  for 
invalids.  For  Europeans  it  can  hardly  compete  in 
attraction  with  the  Egyptian  resorts  such  as  Assouan, 
Luxor,  Mena  House,  or  Helonan." 

The  writer  would  acknowledge  liis  indebtedness  in 
the  preparation  of  this  sketch  to  J.  Madison  Taylor's 
article  "Biskra,"  in  the  Climatologist  for  1891;  to 
"Au  pays  du  bleu,"  Biskra,  par  L'.\bbe  Jean  Hura- 
bielle, Paris,  1899;  and  to  the  article  upon  "CUmate 
in  the  Treatment  of  Disease"  by  Sir  Hermann 
Weber  and  Dr.  M.  G.  Foster,  in  .\llbutt  and  RoUeston's 
System  of  Medicine,  vol.  i.,  1905. 

Edward  O.  Otis. 

Biskra  Button. — See  Oriental  Sore. 

Bismuth. — Bismuth  is  a  metallic  chemical  element, 
with  the  symbol  Bi,  and  atomic  weight  20S.5.  It 
occurs  free,  also  as  the  oxide  and  sulphide,  BijOj  and 
BioSj.  It  is  hard  and  brittle,  and  crystallizes  in 
rhombohedra.  It  is  frequently  contaminated  with 
arsenic. 

Gexeral  Medicinal  Properties  of  Compounds 
OF  Bismuth. — Experiments  upon  animals  have  shown 
that  impregnation  of  the  blood  with  bismuth  produces 
poisonous  effects  generaUj'  similar  to  tho.se  wrought 
by  other  heavy  metals.  So  far,  however,  as  concerns 
tiie  compounds  of  bismuth  u.sed  in  medicine,  these, 
if  pure,  can  be  given  with  great  freedom  without 
constitutional  disturbance — a  fact  commonly,  and 
probably  correctly,  accounted  for  by  the  great  in- 
solubility of  these  compounds,  by  reason  of  which 
absorption  of  the  mineral  is  both  feeble  and  slow. 
Locally,  soluble  bismuth  compounds  are  astringent 
and  irritant,  and  the  insoluble  ones  soothing,  healing, 
and  antiseptic.     But  if  applied  abundantly  to  exces> 
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sive  wound  surfaces,  the  insoluble  compounds  are 
capable  of  producing  constitutional  effects — acute 
stomatitis,  catarrh  of  the  intestines,  and  nephritis. 
Taken  internally,  bismuth  compounds  allay  gastric 
pain  or  nausea,  and  tend  to  check  diarrhea. 

Compounds  of  Bismuth  Used  in  Medicine. — 
The  compounds  of  bismuth  official  in  the  United 
States  Pharmacopceia  are  the  citrate,  bismuth  and 
ammonium  citrate,  the  subcarbonate,  the  subgallate, 
subnitrate,  and  subsalicylate. 

Bismuth  Citrate,  BiC^Ufi.. — This  salt  is  official 
under  title  Bismuthi  Citras,  chiefly  for  the  purpose  of 
making  the  next-to-be-named  compound.  Bismuth 
citrate  is  made  by  boiling  the  subnitrate  in  a  solution 
of  citric  acid.  It  is  "a  white  amorphous  or  micro- 
crystalline  powder,  odorle.ss  and  tasteless,  and  per- 
manent in  the  air.  Insoluble  in  water  or  alcohol, 
but  soluble  in  ammonia  water,  and  in  solutions  of 
alkali  citrates"  (U.  S.  P.).  Dose,  0.12.5  gram  (two 
grains).  Bj'  dissolving  this  salt  in  water  of  ammonia, 
filtering,  evaporating  to  a  syrupy  consistence,  and 
spreading  the  syrupy  fluid  on  glass  plates  to  dry,  a 
dry  film  breaking  up  into  scales  is  obtained,  analogous 
to  the  scale  preparations  of  iron.  These  scales  are 
official  under  the  title: 

Bismuthi  et  Ammonii  Citras,  Bismuth  and  Ammo- 
nium Citrate.  They  appear  as  "shining,  pearly, 
or  translucent  scales,  odorless,  having  a  metallic 
taste,  and  becoming  opaque  with  loss  of  ammonia  on 
exposure  to  the  air.  \'cry  soluble  in  water,  and 
sparingly  soluble  in  alcohol"  (U.  S.  P.).  The  com- 
pound should  be  kept  in  small  tightly  stoppered 
bottles,  and  awaj'  from  the  light,  for  on  exposure 
it  loses  ammonia,  and  then  fails  to  dissolve  whollj'  in 
water.  The  chemical  composition,  as  in  the  case  of 
the  analogous  preparations  of  iron,  is  obscure;  some 
regard  the  scales  as  containing  a  true  double  citrate 
of  the  bases,  and  others  consider  them  as  a  mere 
admixture. 

This  preparation  is  unicjue  as  being  a  soluble  com- 
pound of  bismuth.  It  is  used  internally  for  diarrhea, 
and,  in  medicinal  dose,  proves  astringent  and  mildly 
irritant.     The  dose  ranges  from  gr.  i.-iii.  (0.06-0.2). 

Bismuth  Subcarbonate  (BiO)X'03H;O.^This  salt 
is  official  as  Bismuthi  Subcarbonas.  It  is  "a  white,  or 
pale  yellowish-white  powder,  of  somewhat  varying 
chemical  composition,  odorless  and  tasteless,  and 
permanent  in  the  air.  Insoluble  in  water  or  alcohol, 
but  completely  soluble  in  nitric  or  hydrochloric  acid, 
with  copious  effervescence.  When  heated  to  redness, 
the  salt  loses  water  and  carbon  dioxide,  and  should 
leave  not  less  than  90  per  cent,  of  a  3'ellow  residue 
which  is  soluble  in  nitric  or  hydrochloric  acid, 
and  blackened  by  hydrogen  sulphide"  (U.  S.  P.). 

Bismuth  subcarbonate  is  substantially  a  duplicate 
of  the  subnitrate  in  all  its  properties,  and  may  be 
used  for  the  same  purposes  and  in  the  same  manner 
as  the  latter  salt. 

Bisrtiuth  Subgallate. — This  salt,  approximately 
Bi(OH)2.C7H505,  is  official  as  Bismuthi  SubgaUas.  It 
is  widely  known  as  dermatol.  It  should  yield 
between  fifty-two  and  fifty-seven  per  cent,  of  pure 
bismuth  oxide.  It  is  "an  amorjjhous,  bright  yellow- 
powder,  somewhat  variable  in  chemical  composition, 
without  odor  or  taste,  and  permanent  in  the  air. 
Insoluble  in  water,  alcohol,  and  ether;  readil}'  soluble 
with  decomposition  in  hydrochloric,  nitric,  and 
sulphuric  acids,  if  thei^o  be  heated;  insoluble  in  very 
dilute  mineral  acids;  readily  soluble  in  solutions  of  the 
alkali  hj'droxides,  forming  a  clear  yellow-colored 
solution,  which  rapidly  changes  to  a  deep  red"  (U.  S. 
P.).  Bismuth  subgallate  is  used  as  an  astringent 
sedative,  also  as  an  external  application  in  eczema 
and  for  wounds  and  ulcerations.     Dose,  gr.  iv.  (0.2.5). 

Bismuth  Subnitrate,  Bi()N0„H,0. — This  salt  is 
official  as  Bismuthi  Subnilras.  It  is  "a  white  powder, 
of  somewhat  varying  chemical  composition,  odorless 
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and  almost  tasteless,  and  permanent  in  the  air. 
Almost  insoluble  in  water,  and  insoluble  in  alcohol; 
but  readily  soluble  in  nitric  or  hydroeliloric  acid. 
When  heated  to  120°  C.  (248°  F.)  for  twelve  hours,  the 
salt  lo.ses  not  over  three  per  cent,  of  moisture;  when 
subsequently  heated  to  redness,  it  evolves  nitrous 
vapors,  leaving  not  less  than  eighty  per  cent,  of  its 
weight  of  a  yellow  residue  which  is  soluble  in  nitric 
or  hydrochloric  acid,  and  blackened  by  hydrogen  sul- 
phide. When  brought  in  contact  with  moistened 
blue  litmus  paper,  the  .salt  shows  a  slightly  acid 
reaction"  (U.  S.  P.).  This  salt  should  not  be  pre- 
scribed with  potassium  iodide  nor  with  the  carbonates 
of  the  alkalies.  Specimens  of  poor  qualitj'  are  apt 
to  contain  variable  proportions  of  arsenic,  even 
enougii,  it  may  be,  to  cause  distinct  poisoning  in 
therapeutic  doses.  To  detect  this  contamination, 
treat  the  specimen  with  sulphuric  acid,  evaporate  to 
dryness,  dissolve  the  residue  in  hot  distilled  water, 
and  test  the  solution  by  Marsh's  test  for  arsenic. 

Bismuth  subnitrate  produces  the  effects  of  the  in- 
soluble bismuth  compounds  alreadj'  described,  and 
is  the  principal  medicinal  preparation  of  the  metal. 
The  only  peculiarities  of  its  action  are  the  production 
of  a  garlicky  odor  to  the  breath  of  the  taker,  and  a 
blackening  of  the  stools.  The  salt  is  given  internally 
in  doses  oif  wide  range,  from  gr.  v.-oi.  (0.3-4.0),  taken 
as  a  powder  or  suspended  in  mucilage.  The  phar- 
macopa-ial  dose  is  gr.  vii.  (0.5).  Externally  it  is  used 
as  a  dusting  powder  in  excoriations  and  sores,  or, 
suspended  in  water,  ten-per-cent.  admixture,  in  the 
treatment  of  wounds. 

Bismuth  Subsalicylate. — This  salt,  approximately 
Bi(0H)„.C-H,,0,,  is  official  as  Bi.smuthi  Subsalicylas, 
and  should  yield  not  le.ss  than  sixtj--two  and  not  more 
than  sixty-four  per  cent,  of  pure  bismuth  oxide.  It 
is  "a  white,  or  nearly  white,  amorphous  or  crystalline 
powder,  odorless,  tasteless,  and  permanent  in  the  air. 
Almost  insoluble  in  cold  water;  upon  prolonged 
boiling  with  water  a  portion  of  the  salicylic  acid 
passes  into  solution  with  the  formation  of  a  more 
basic  bismuth  salicylate.  It  is  partly  soluble  with 
decomposition  in  hydrochloric  and  nitric  acids,  a 
white,  flocculent  precipitate  of  salicylic  acid  separat- 
ing. When  heated  at  120°  C.  (248°  F.)  bismuth 
subsalicylate  should  not  lose  more  than  one  per  cent, 
of  water,  and  on  subsequently  heating  to  redness  it  at 
first  chars,  finally  leaving  a  yellow  residue,  which  is 
soluble  in  hydrochloric  or  nitric  acid  and  is  blackened 
by  ammonium  sulphide  (U.  S.  P.).  It  is  u.sed  as  an 
intestinal  antiseptic,  in  doses  of  from  five  to  fifteen 
grains.     The  pharmacopceial  dose  is  gr.  iv.  (0.25). 

ToxicoLOGT. — The  two  most  important  compounds 
of  bismuth  are  the  subnitrate  and  the  suljcarbonate. 
These  preparations  are  extensively  used,  in  doses  of 
gr.  X.  to  Ix.  (0.6  to  4.0),  or  more,  in  the  treatment 
of  diarrhea  and  other  forms  of  intestinal  irritation. 
The  subnitrate  of  bismuth  was  considered  an  active 
poison  by  many  of  the  earlier  writers,  who  state 
that  symptoms  of  gastroenteritis  frequently  follow 
its  administration  in  doses  of  oss.  to  ij.  (2.0  to  8.0) 
daily.  A  case  is  recorded  in  which  two  drams 
of  tliis  substance,  administered  to  an  adult,  caused 
severe  symptoms  of  irritant  poi.soning,  followed 
by  deatli  on  the  ninth  day.  At  the  postmortem 
examination  the  tonsils,  uvula,  pharynx,  and  epi- 
glottis were  found  gangrenous;  tlie  esojihagus  and 
stomach  were  very  red,  and  the  whole  intestinal  canal 
was  red,  and  here  and  there  gangrenous,  especially  at 
the  rectum  (Christison). 

As  the  subnitrate  and  subcarbonate  of  bismuth  are 
used  very  freely  without  any  bad  results,  it  is  doubt- 
ful if  thoy  can  be  considered  irritants  even  in  com- 
paratively large  doses.  The  best  authorities  of  the 
present  day  generally  agree  in  attributing  the  effects 
noticed  by  the  earlier  writers  to  impurities  in  the 
drug,  chiefly  arsenic,    but  also   lead  and  antimony. 
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Taylor  found  arsenic  in  three  samples  of  subnitrate  of 
bismuth  out  of  five  examined  by  him;  Rogers,  in 
eight  samples  out  of  ten.  Herepath  examined  four- 
teen samples  and  found  arsenic  in  aU.  Salisbury 
found  arsenic  in  thirteen  samples  out  of  eighteen;  he 
also  examined  five  samples  of  the  subcarbonate  of  bis- 
muth and  found  arsenic  in  all. 

There  can  be  no  doubt  that  the  symptoms  produced 
by  subnitrate  of  bismuth  have  been  sometimes  due  to 
the  arsenic  which  it  contains.  Salts  of  bismuth  con- 
taining 0.129  per  cent,  arsenic,  however,  have  failed  to 
produce  symptoms  of  poi-soning  when  administered 
to  dogs  in  doses  of  fifteen  to  thirty  grams  (Parral 
and  Garnier').  It  is  possible,  therefore,  that  the  bad 
effects  which  have  been  caused  by  these  preparations 
are  to  be  attributed,  in  some  cases  at  least,  to  other 
cau.ses.  Idiosj-ncrasy  has  been  suggested.  Mon- 
neret  thinks  thej-  may  be  due,  in  certain  cases,  to  an 
exacerbation  of  the  trouble  for  which  the  bismuth 
was  administered.  It  has  been  suggested  that  an 
excess  of  free  acid  in  the  stomach,  or  acid  salts,  ad- 
ministered simiJtaneouslj'  with  the  subnitrate,  maj-, 
in  some  cases,  have  converted  the  latter  into  a  solu- 
ble poisonous  salt  of  bismuth.  Sobernheim  explains 
the  poisonous  effects  in  a  fatal  case  related  by 
Christison,  by  supposing  that  the  bitartrate  of  potas- 
sium, which  was  administered  with  the  subnitrate  of 
bismuth,  converted  the  latter  into  an  acid  nitrate, 
which  is  shown  by  experiments  on  animals  to  be  an 
irritant  poison.  Herbelin  has  found  considerable 
free  nitric  acid  in  subnitrate  of  bismuth.  The  pres- 
ence of  this  acid,  or  of  the  normal  or  acid  nitrate,  in 
specimens  which  have  been  carelessly  prepared,  may 
also  explain  some  of  the  symptoms  which  have  been 
observed. 

Preparat  ions  of  bismuth  are  frequently  administered 
in  the  treatment  of  gastroenteritis  caused  by  the 
metallic  irritants.  The  discovery  of  arsenic  in  the 
subnitrate  of  bismuth  thus  administered  has  been 
sufficient  to  invalidate  the  results  of  the  chemical 
analj'sis  in  certain  cases  of  alleged  poisoning  by  arsenic, 
in  which  the  amount  of  arsenic  detected  in  the  organs 
was  small  (Rogers,  Reese).  The  attempt  to  account 
for  the  presence  of  arsenic  in  the  bodj-  bj'  suggesting 
that  it  may  have  come  from  the  bismuth  administered, 
is  frequently  made.  It  is  important,  therefore, 
whenever  these  preparations  have  been  given  in  cases 
of  suspected  poisoning,  to  preserve  a  sample  for  sub- 
sequent analysis,  if  necessary. 

The  subcarbonate  of  bismuth,  if  pure,  is  undoubt- 
edly as  free  from  irritant  properties  as  is  the  subnitrate. 
It  is,  however,  more  soluble  than  the  subnitrate,  and 
is,  therefore,  more  liable  to  become  converted  into  a 
soluble  salt  of  bismuth  by  the  acidsof  the  gastric  juice, 
or  by  acid  salts  if  these  are  administered  simulta- 
neously with  it.  As  the  soluble  salts  of  bismuth  are 
poisonou.s,  the  subnitrate  would  appear  to  be  the  safer 
preparation  when  large  doses  are  to  be  administered, 
or  when  the  administration  is  to  be  continued  for  a 
long  time. 

Under  the  name  "pearl  white"  the  subnitrate  of 
bismuth  is  used  to  a  considerable  extent  as  a  cosmetic. 
The  subcarbonate  and  oxychloride  of  bismuth  are 
sometimes  used  for  the  same  purpose.  There  is  no 
evidence  to  show  that  thej-  are  absorbed  through  the 
skin,  or  that  thoj-  produce,  if  pure,  any  injurious 
consequences,  aside  from  stopping  up  the  pores  and 
thus  interfering  with  the  healthy  action  of  the  skin. 
Bismuth  preparations  containing  arsenic  or  lead 
might,  however,  produce  injurious  effects  when  used 
as  cosmetics. 

Experiments  on  animals  show  that  the  soluble 
salts  of  bismuth  are  poisonous.  The  action  of  the 
following  salts  has  been  investigated:  the  nitrate 
(OrfUa),  the  citrate  of  bismuth  and  ammonia  (Stefano- 
witch,  Lebedoff,  Feder-Meyer,  Mory),  the  acetate 
(Bricka),  and  the  tartrate  of  bismuth  and  potassium 
(Rabuteau).     The    symptoms   which  follow  the  ad- 


ministration of  these  salts  do  not  differ  materially 
from  those  produced  by  the  metallic  irritants  gencr- 
all3'.  The  most  constant  postmortem  appearances  are 
inflammation  of  the  stomach  and  intestines,  and  a 
more  or  less  extensive  fattj'  degeneration  of  the  liver, 
kidnej-s,  and  heart.  Lebedoff  states  that  the  glyco- 
gen disappears  from  the  liver  after  the  long-continued 
administration  of  the  citrate  of  bismuth  and  ammonia. 
The  red  blood  corpuscles  in  animals  poisoned  by  this 
compound  pre.'^ent  a  finelj'  granular  appearance,  and 
masses  of  small  free  granules  may  be  seen  in  the  serum. 
These  appearances  point  to  the  destruction  of  the 
blood  corpuscles  (Feder-Meyer). 

Absorption  and  Elimination. — When  subnitrate  of 
bismuth  is  administered,  the  greater  part  is  separated 
with  the  feces,  either  unchanged  or  in  the  form  of  sul- 
phide. A  part  is  absorbed.  Orfila  detected  bis- 
muth in  the  liver,  spleen,  and  urine  of  dogs  to  which 
the  subnitrate  had  been  administered.  Bergeret  and 
Mayenc^on  state  that,  when  the  subnitrate  is  ad- 
ministered, bismuth  can  alwaj's  be  detected  in  the 
urine  after  a  few  hours.  They  also  detected  it  in  the 
serous  exudation  of  dropsy.  When  a  few  grains  are 
given  to  rabbits,  it  can  be  found,  in  from  twenty  to 
thirty  minutes,  in  the  urine,  spleen,  blood,  and  muscles, 
and  even  eight  daj's  after  the  administration  it  can 
be  detected  in  all  the  tissues.  The  last-named  au- 
thorities detected  traces  in  the  liver  and  kidneys  of  a 
man  who  had  taken  one  gram  of  the  subnitrate  five 
days  before  death,  but  they  failed  to  find  it  in  the 
body  of  a  woman  who  died  sixty-two  days  after 
the  ingestion  of  two  grams  (quoted  by  H.  C.  Wood,  Jr.). 

After  the  administration  of  the  soluble  salts  of  bis- 
muth, the  metal  has  been  detected  in  the  lu-ine, 
feces,  saliva,  stomach,  liver,  spleen,  and  bones.  It 
can  be  detected  in  the  liver  man5'  months  after  the 
last  administration  (Bricka).  It  is  eliminated  with 
the  urine,  feces,  and,  according  to  Dubinski,  with  the 
saliva.  Edwabd  Curtis. 

R.  J.  E.  Scott. 


Bistort. — The  rhizome  of  Polygonum  historta  L. 
(fam.  Polygonacea). 

The  rliizome  is  covered  with  roots.  It  is  as  large 
as  the  little  finger,  from  five  to  fifteen  centimeters 
long  (two  to  six  inches),  somewhat  flattened,  trans- 
versely wrinkled,  variously,  often  excessively,  once 
or  twice  doubled  upon  itself  like  the  letter  S.  When 
dry  it  is  hard  and  brittle,  dark  brown  externaEj-, 
reddish  or  purphsh  within,  with  a  single  circle  of  well- 
marked  woody  bundles;  taste,  astringent;  odor,  sUght. 

It  contains  about  twenty  per  cent,  of  tannic  and  a 
little  gallic  acid,  and  was  formerly  used  as  a  source  of 
starch.  It  has  been  a  well-known  and  considerably 
used  astringent  but  is  now  little  used. 

Dose:  gr^xv.-xxx.  (1.0-20).  H.  H.  RrsBT. 

Bittersweet. — See  Dulcamara. 

BittersAiveet,  false  or  climbing,  should  not  be  con- 
founded with  Dulcamara,  though  its  composition  is 
in  part  similar.  It  is  the  bark  of  Cdastrus  scandens 
L.  (fam.  Celasiracece),  a  verj-  woody  twiner,  common 
in  many  parts  of  the  United  States.  This  is  the 
"bittersweet"  whose  orange-colored  fruits,  after 
bursting  open  in  the  fall  to  display  the  handsome 
scarlet-arOled  seeds,  is  largely  used  for  decorative 
purposes.  Its  composition  and  properties  are  even 
less  known  than  those  of  Dulcamara.  Its  active  con- 
stituent is  apparently  a  saponin-like  glucoside,  and 
it  has  been  used  in  svphilis  and  hepatic  disorders. 

H.  H.  RusBT. 


Bizzozero,  Giulio. — Born  in  Varece,  Northern  Italy, 
March  20,  1846.  He  studied  medicine  in  Ziirich  and 
also  in   Berhn,   and  finally  received   the   degree   of 
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M.  D.  from  the  Universitj-  of  Pavia,  Italy,  in  1S66. 
From  1S6S  to  1S72  he  acted  as  a  temporary  professor 
in  the  same  university.  In  December  of  tne  latter 
year  he  was  called  to  fill  the  chair  of  General  Path- 
ology in  the  University  of  Turin.  He  died  April  8, 
1901. 

Bizzozero  was  a  frequent  contributor  to  medical 
literature,  both  Italian  and  German.  Many  articles 
from  his  pen  wUl  be  found  in  the  Wiener  med.  Jahr- 
bucher,  in  the  Centralblatt  fiir  die  med.  Wissen- 
schaften,  in  Moleschott's  Untersuchungen,  in  Vir- 
chow's  Archiv,  and  in  the  Archiv  fur  mikroskopische 
Anatomic.  He  founded  the  Archi^■io  delle  Scienze 
Mediche.  The  Pathological  Institute  of  Turin,  of 
which  Bizzozero  was  the  Director,  was  one  of  the 
most  frequented  in  Italy.  Among  his  pupils  were 
such  men  as  Golgi  of  Pa\-ia,  Tizzoni  of  Bologna. 
Griffini  and  Canalis  of  Genoa.  Foa  of  Turin,  Salvioli 
of  Padua,  and  Morpurgo  of  Siena.  A.  H.   B. 

Blackberry. — See  Rubus. 

Black  Flies. — Flies  of  the  genus  Simuliitm,  also 
called  buffalo  gnats.  The  lar\-ie  live  in  swift  flowing 
streams.  The  adult  flies  are  fierce  blood  suckers; 
their  bite  is  not  only  painful,  but  it  also  usually 
causes  profuse  bleeding.  A  poison  is  injected  into 
the  wound  which  causes  severe  sweUing  and  has  been 
known  to  produce  systemic  infection.  Bj-  those 
holding  the  protozoan  theory  of  pellagra,  the  patho- 
ganic  cause  of  the  disease  is  believed  to  be  transmitted 
by  a  species  of  Simulium.     See  Insects,  poisonous. 

A.  S.  P. 

Blackwater  Fever. — Synonyms:  Hemoglobinuric 
malarial  fever,  Malarial  hemoglobinuria. 

Definition. — A  disease  or  form  of  disease  associated 
with  malarial  infection,  caused  possibly  by  an  in- 
vasion of  some  special  form  or  forms  of  malarial 
garasites,  and  characterized  by  fever,  jaundice,  and 
emoglobinuria. 

Geographicai  Distributiox. — The  disease  was 
first  described  early  in  the  nineteenth  century  by 
French  naval  surgeons  stationed  at  Xossibe,  an  island 
off  the  northwest  coast  of  Madagascar.  It  is  prevalent 
in  the  flat  coast  regions  of  tropical  Africa,  especiaUj-  on 
the  Gold  Coast  and  in  the  Congo  basin,  and  is  said  to  be 
increasing  in  these  regions  of  late  years.  It  is  encoun- 
tered in  Southern  China,  in  some  districts  of  India, 
in  Siam  and  the  East  Indies,  and  in  Asia  Minor. 
Cases  are  occasionally  seen  in  Greece,  Italj-,  and 
Spain.  The  disease  is  not  unknown  in  the  Southern 
United  States.  It  is  not  uncommon  in  the  West 
Indies;  and  on  the  Isthmus  of  Panama  it  causes  a 
considerable  number  of  deaths  every  year.  Hemo- 
globinuric fever  is  found  only  in  regions  where 
malaria  is  exceedingly  prevalent  in  its  severer  forms. 
And  it  is  not  found  in  all  of  such  regions.  For 
instance,  malarial  fever  prevails  throughout  India; 
but  only  in  certain  notorious  districts  in  Assam, 
Upper  Burmah,  and  the  Terai  is  blackwater  fever 
encountered.  In  other  regions  of  India  it  is  prac- 
tically unknown.  The  same  is  true  of  British 
Guiana.  Laveran  never  saw  blackwater  fever  in 
Algeria. 

Etiologt. — It  is  quite  generally  accepted  now  that 
blackwater  fever  is  a  form  of  malaria.  It  occurs  only 
in  malarial  regions;  and  if  examination  of  the  blood 
has  been  made  in  time,  competent  observers  have 
been  able  to  demonstrate  malarial  parasites  in  nearly 
everj"  case,  though  their  specific  characters  were  not 
always  determined.  Thus,  in  blood  examinations 
made  on  the  day  preceding  the  hemoglobinuric  at- 
tack, Stephens  and  Christophers'  and  Mannaberg^ 
have  found  parasites,  either  estivo-autumnal,  tertian, 
quartan,  or  of  undetermined  character,  in  ninety-five 
per  cent,  of  cases.    F.  Plehn  found  parasites  in  sixteen 
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out  of  nineteen  cases  examined  on  the  first  daj"  of  the 
disease,  in  two  out  of  nine  cases  examined  on  the 
second  daj',  and  in  none  of  six  cases  examined  after 
the  second  day.  Very  early  in  the  attack  the  disin- 
tegration of  the  infected  corpuscles  deprives  the 
parasites  of  their  corpuscular  hosts  and  the3-  perish  in 
the  plasma.  Free  hemoglobin  is  not  present  in  the 
urine  in  health.  In  an  infection  with  the  subtertian 
parasites  invoh-ing  a  verj'  high  percentage  of  the  red 
corpuscles  (twelve  to  fifteen  per  cent.),  Brem  has 
shown  that  free  hemoglobin  in  the  urine  can  be 
demonstrated  chemicaUj-  though  the  amount  may  be 
by  no  means  sufficient  to  constitute  chnically  a  case 
of  blackwater.  Xo  other  parasite  than  a  malarial 
one  has  ever  been  found  in  the  blood  or  organs.  Xo 
case  of  blackwater  fever  has  ever  come  to  autopsy  in 
which  microscopic  e.xamination  of  sections  of  liver 
and  spleen  failed  to  show  a  deposit  of  malarial 
pigment. 

All  races  are  susceptible  to  the  disease.  Europeans 
are  most  susceptible,  negroes  least  so:  The  European 
sojourner  is  seldom  attacked  during  his  first  six 
months,  and  Crosse  states  that  a  first  attack  is  rarely 
experienced  after  three  years  of  residence.  Children 
are  seldom  attacked,  and  women  less  frequently  than 
men.  After  a  prolonged  residence  in  a  tropical  place 
where  malaria  and  blackwater  fever  are  prevalent  and 
where  the  patient  has  suffered  attacks  of  malaria  in 
its  ordinary  forms,  removal  or  return  to  a  cold  cli- 
mate often  results  in  an  attack  of  blackwater  fever. 
Bodily  exertion,  injuries,  excesses,  and  all  weakening 
influences  predispose  to  attack  as  is  the  case  with 
other  diseases.  Indi\-idual  susceptibility  probably 
varies.  One  attack  predisposes  to  recurring  attacks 
which  almost  invariably  foUow  and  one  of  which  is 
hkely  to  be  fatal.  Fisch  has  seen  permanent  re- 
covery after  ten  or  more  attacks  and  beheves  that 
after  the  fourth  attack  there  is  a  diminishing  danger 
of  fatal  result. 

The  administration  of  quinine,  even  in  small 
dosage,  has  sometimes  acted  as  the  immediate  pre- 
cipitating cause  of  the  hemoglobinuria. 

Pathology. — The  very  extensive  and  rapid  destruc- 
tion of  red  corpuscles  in  the  attack  is  the  dominant 
feature  of  blackwater  fever.  It  has  been  suggested 
that  the  disease  may  be  caused  by  a  peculiar  variety 
of  the  subtertian  organism,  morphologically  undistin- 
guishable  from  others  as  j^et,  and  producing  a  pecul- 
iarly virulent  hemolj'tic  toxin.  The  hemoglobin 
released  from  the  destroyed  corpuscles  in  great 
quantities,  being  partly  converted  into  biliary  pig- 
ment in  the  liver,  produces  a  jaundice  and  is  largely 
excreted  in  an  increased  production  of  bile.  Some  is 
excreted  through  the  intestinal  walls  (tarry  stools). 
The  hemoglobin,  with  the  Hberated  toxin  and  soluble 
waste  products,  free  in  the  blood-plasma,  is  excreted 
in  great  quantities  by  the  kidnej's,  producing  the 
tj-pical  "blackwater,"  a  urine  as  dark  as  porter  or 
stout,  which  produces  a  persistent  pink  or  yellow 
froth  on  shaking  the  bottle. 

Examination  of  the  blood  reveals  poikilocytosis, 
with  niacroeytes  and  microcytes.  Sambon  has 
observed  an  absolute  leucocj"tosis  in  some  cases. 
The  plasma  is  stained  with  hemoglobin  in  solution. 
The  appearance  of  nucleijted  red  cells  is  a  sign  of 
commencing  regeneration.  The  hemoglobin  falls 
rapidly,  a  hemoglobinuric  attack  frequently  causing  a 
loss  of  one-third  of  the  existing  percentage,  even 
though  that  were  already  low.  In  a  case  of  Brem's' 
the  hemoglobin  fell  from  forty-two  to  twenty-eight 
per  cent,  in  twenty-four  hours,  and  continued  to  fall 
till  it  reached  seventeen  per  cent.  The  loss  of 
hemoglobin  is  apt  to  continue  for  a  day  or  two  after 
the  cessation  of  hemoglobinuria.  Owing  to  the  fact 
that  corpuscular  destruction  takes  place  faster  than 
the  hemoglobin  is  eUminated  by  the  kidneys  or  con- 
verted into  bile  pigment  by  the  liver,  the  color  index 
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is  apt  to  be  above  normal  during  the  attack,  tliough 
it  falls  below  normal  later  when  blood  regeneration 
has  begun. 

Postmortem,  the  kidneys  of  a  rapidly  fatal  case  are 
found  to  be  enlarged  and  congested,  "the  tubules 
blocked  with  hemoglobin  infarcts,  the  cells  laden  with 
yellow  pigment  grains." 

Symptoms. — The  prodrnmes  are  identical  with 
those    of   a   malarial   attack,    viz.,    malaise,    lumbar 

Eain,  sense  of  heaviness  and  apathy,  with  mild 
eadache  and  anorexia. 
The  actual  commencement  of  the  disease  is 
usually  with  severe  and  prolonged  rigor  and  rapid 
rise  of  temperature  to  104°  or  105°.  In  some  ca.ses  the 
initial  rise  is  slight,  not  exceeding  100°.  The  attack 
may  even  run  a  non-febrile  course.  There  is  restless- 
ness, with  sense  of  oppression  and  hopelessness.  After 
a  few  hours  there  is  usually  a  transient  perspiration 
with  only  slight  remission  in  the  fever,  followed 
by  a  second  and  perhaps  even  by  a  third  rigor 
and  exacerbation  within  the  first  twenty-four  hours. 
Quite  usually  there  will  be  one  or  two  rigors  on  the 
second  day,  and  often  one  on  the  third. 

Generally  from  the  beginning  there  is  violent 
biUous  vomiting  with  abdominal  pain  and  inten.se 
thirst.  There  may  be  diarrhea,  the  stools  being 
bilious  and  at  times  tarry  from  the  extravasation  of 
blood  serum  containing  free  hemoglobin  into  the 
intestine.  Sometimes  there  is  constipation  in- 
stead of  diarrhea.  The  liver  is  apt  to  be  enlarged 
and  tender  to  pressure  especially  over  the  gall 
bladder.  Enlargement  of  the  spleen  is  the  rule, 
though  it  may  be  masked  by  intestinal  distention, 
tympanites  being  a  fre(|uent  condition  in  blackwater 
fever.  Jaundice  appears  early,  generally  within 
the  first  twenty-four  hours,  and  increases  rapidly. 
It  is  seldom  very  deep  in  color  and  it  usually  dis- 
appears within  a  few  days. 

The  urine  is  almost  invariably  markedly  re- 
duced in  quantity.  Very  early  in  the  attack,  some- 
times even  before  the  outbreak  of  the  fever,  the 
hemoglobinuria  appears,  the  urine  being  thick,  opaque, 
and  a  yeUow,  red,  or  blackish-brown  hue.  It 
is  usually,  though  not  alwaj's,  acid.  The  specific 
gravity  is  generally  high,  1.030  to  1.032.  The  al- 
bumin, estimated  "by  Esbach's  method,  is  generally 
from  0.05  to  0.2  per  cent.  Biliary  pigment  and  bile 
acid  are  often  present.  If  the  urine  be  shaken  it 
forms  a  red  or  yellow  froth.  When  allowed  to  stand, 
a  copious  sediment  forms,  which  contains  epithe- 
lium, grains  and  flakes  of  hemoglobin,  hematoidin 
crystals,  and  hemoglobinuric  casts.  It  is  exceptional 
to  find  a  few  red  blood-corpuscles.  The  evacuation 
of  urine  is  frequent  and  painful.  Occasionally  there 
is  complete  anuria. 

The  attack  inevitably  produces  a  sudden  and  severe 
anemia,  and  the  bodily  strength  is  lost  with  corre- 
sponding rapidity.  Tliere  is  a  small  and  irregular 
pulse  with  dyspnea,  and  hemorrhage  from  the  nose 
is  common;  from  the  gums  or  in  the  skin  hemorrhages 
are  less  common. 

In  fatal  attacks,  death  is  apt  to  occur  during  the 
second  week  of  the  disease.  It  may  be  the  clirect 
result  of  cardiac  insufficiency,  of  thrombosis  or 
embolism,  or  of  the  severe  blood  dyscrasia.  I'rom  the 
inability  of  the  kidneys  to  perform  their  function 
death  sometimes  ensues  from  uremia  with  all  the 
usual  symptoms  of  that  condition. 

The  albuminuria  persists  usually  for  weeks,  but 
in  favorable  cases  the  hemoglobinuria  is  transitory 
and  the  jaundice  disappears  rapidly.  Recovery  is 
slow,  with  a  gradual  regeneration  of  the  normal  blood 
elements.  As  the  parasites  have  undergone  destruc- 
tion along  with  the  corpuscles  containing  them,  a 
convalescent  case  frequently  remains  free  from  ma- 
laria for  a  long  time  without  the  administration  of 
quinine.     Hemoglobinuric  attacks  have  been  known 
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in    .several    instances    to    terminate    permanently    a 
chronic  malarial  infection. 

DiAGNOSLS. — The  presence  of  malarial  parasites  in 
the  blood  early  in  the  disea.se,  and  their  absence  later, 
is  an  important  fact.  The  presence  of  parasites  in  the 
peripheral  blood  after  the  second  day  of  the  disease, 
if  tlie  case  be  not  seen  earlier  in  the  attack,  is  against 
a  diagnosis  of  blackwater  fever  and  in  favor  of  ordi- 
nary bilious  remittent  malaria.  The  most  important 
differential  diagnosis  to  be  made  is  that  from  yellow 
fever.  The  discovery  of  parasites  by  an  early  blood 
examination,  and  the  enlarged  and  tender  liver  and 
spleen  are  against  yellow  fever.  The  sthenic  features 
present  at  tlie  outset  of  yellow  fever,  the  throbbing 
lioadache,  flushed  face,  injected  conjunctiva;,  con- 
gested gums  tending  to  bleed  at  a  touch,  are  absent 
in  blackwater  fever.  The  points  for  differential 
diagnosis  may  be  tabulated  thus: 


Blackwater  Fever. 

Asthenic. 

Spleen  almost  always  enlarged 

and  palpable. 
Liver  enlarged  and  painful. 
Early     vomiting     bilious,     not 

bloody. 
No  late  vomiting. 

Jaundice     early,     and     always 

present. 
Hemoglobinuria,  not  hematuria. 

Sporadic. 

Wide  distribution. 

Attaclcs  old  residents  mostly. 

Predisposes  to  further  attacks. 


Yellow  Fever. 

Sthenic. 

Spleen  not  enlarged. 

Liver  enlarged,  not  painful. 
Early  vomiting  acid  and  mucous. 

Late    vomiting    bloody     (black 

vomit) . 
Jaundice  late,  perhaps  absent. 

Sometimes   hematuria,  but   not; 

hemoglobinuria. 
Epidemic. 

Limited  distribution. 
Attacks  new  residents  mostly. 
Produces  immunity. 


Prognosis. — This  is  always  grave.  A  mortality  as 
low  as  four  per  cent,  has  been  observed  by  O'Neill  in 
Madagascar,  but  the  usual  mortality  to  be  expected 
is  much  higher,  usually  from  twenty-five  to  forty  or 
fifty  per  cent.  If  a  single  attack  followed  by  recovery 
is  to  be  considered  as  a  case  treated  (a  large  percentage 
of  recoveries  are  returned  on  this  basis)  it  should  be 
remembered  that  if  the  patients  were  followed  through 
subsequent  attacks  the  individual  mortality  would  be 
found  to  be  much  higher.  According  to  Fisch,  black- 
water  fever  has  become  more  frequent  on  the  Gold 
Coast  of  late  years,  but  the  mortality  has  fallen  from 
fifty  to  about  twenty  per  cent.  Favorable  signs  are 
the  occurrence  of  only  one  or  two  brief  febrile  par- 
oxysms lasting  a  few  hours,  and  the  rapid  disappear- 
ance of  the  jaundice  and  hemoglobinuria. 

Prophylaxis. — The  prophyla.xis  of  blackwater  fever 
is  the  prophylaxis  of  malaria  and  has  to  do  entirely 
with  protection  of  persons  from  the  bites  of  mosquitos. 
Individual  prophylaxis  is  a  question  of  screening,  and 
public  propnylaxis  a  question  of  mosquito  extermina- 
tion. We  are  not  as  yet  in  possession  of  any  evidence 
that  blackwater  fever  is  due  to  any  special  form  of 
parasite.  The  writer's  view  of  the  so-called  pro- 
pht/lactic  use  of  quinine  is  as  follows:  A  very  small 
daily  dosage  of  quinine  is  often  sufficient  to  inhibit 
the  symptoms  of  the  malarial  paroxysm.  In  the 
malignant  forms  of  malaria  which  prevail  in  the  trop- 
ics this  small  dosage  is  not  sufficient  to  cure  existing 
infection.  Such  use  of  quinine  does  not,  of  course, 
bring  about  any  sort  of  phy.siological  immunity  to 
disease.  As  a  matter  of  military  or  other  expediency, 
the  efficiency  of  a  force  may  often  be  preserved  or 
enhanced  by  that  small  dosage  of  quinine  which  will 
inhibit  symptoms  without  producing  inconvenient 
cinchonism.  But  there  is  no  acceptable  evidence  on 
record  that  this  so-called  prophylactic  dosage  will 
destroy  the  sporozoites  implanted  by  the  mosquito 
or  prevent  their  further  development.  If  malarial 
infection  has  taken  place  the  patient  needs  more 
than  this  dosage  for  his  cure.  If  no  infection  exists 
he  needs  no  quinine  at  all. 
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Treatment. — The  causes  of  death  to  be  feared  early 
in  the  attack  are  kidnry  block,  and  heart  failure.  The 
patient  attacked  sliould  be  put  to  bed  at  once  and  not 
moved  after  the  first  day.  The  surface  of  the  body 
should  be  kept  warm.  Heat  may  be  applied  to  the 
loins.  Licjuid  must  be  given  copiou.sly  in  the  form 
of  warm  drink  or  carbonated  water  if  retained; 
otherwise  sahne  injections  preferably  by  rectum,  if 
necessary  by  hypodermoclysis.  The  effort  should  be 
to  get  ovi.  or  oviii.  of  water  per  hour  into  the  system, 
allowing  for  diaphoresis  and  hoping  that  half  this 
amount  will  be  e.xcreted  by  the  kidneys.  Do  not 
give  diuretic  drugs.  The  hemoglobin  itself  is  a 
powerful  diuretic.  Do  not  give  a  cathartic  till  after 
the  fourth  day,  when  a  saline  may  assist  in  the  ehmina- 
tion  of  toxins  and  waste-products.  The  irregular 
secondary  fever  which  follows  the  acute  hemoglobinu- 
ric  stage  is  not  malarial  but  caused  by  waste-products. 
In  high  degrees  of  anemia  o.xj'gen  inhalations,  if 
available,  may  relieve  alarming  symptoms.  Trans- 
fusion of  blood  has  been  successfidly  practised. 
Cardiac  stimulants  shovdd  not  be  given  at  tlie  begin- 
ning, but  later  on,  if  needed,  alcohol  in  a  palatable 
form,  strychnine,  or  digitalin  may  be  u.sed;  and 
calcium  chloride  gr.  xv.  to  xxx.  every  four  hours  may 
be  gi\en  to  restore  tonicity  of  blood  and  of  heart  and 
kidnej'  cells. 

As  regards  the  use  of  quinine  it  should  not  be  for- 
gotten that  the  disea.se  itself  destroys  primarily  those 
red  corpuscles  whose  resistance  is  lowered  by  con- 
tained parasites,  and  destroys  the  parasites  along 
with  them.  There  is  thus  a  tendency  to  spontaneous 
cure.  On  this  principle,  and  remembering  that 
quinine  acts  in  some  cases  as  a  precipitating  or 
secondary  cause  of  hemoglobinuria,  it  is  now  quite 
generally  accepted  by  those  famihar  with  the  disease 
that  no  quinine  should  ever  be  given  during  the 
hemoglobinuric  attack,  whether  parasites  are  found 
in  the  blood  or  not.  Lower  mortality  and  better 
results  are  .secured  by  adherence  to  this  rule. 

Two  weeks  after  the  attack,  if  any  parasites  can  be 
found  in  the  blood,  give  quinine  very  cautiously,  one- 
quarter  to  one-half  grain  three  times  a  day  increased 
carefully  to  one  grain  untU  tolerance  is  estabhshed. 
Similar  caution  sliould  be  observed  in  treating  any 
case  of  malaria  with  a  history  of  blackwater.  The 
best  form  of  cjuinine  for  use  is  the  bihydrochloride 
in  solution  of  the  strength  of  one  to  three  and  with 
an  e.xcess  of  acid,  given  intramuscularly.  When 
a  patient  has  recovered  from  an  attack  of  blackwater 
fever  it  is  advisable  to  remove  him  to  a  non-malarious 
place  in  a  temperate  chmate.  J.  F.  Leys. 


1.  Practical  Study  of  Malaria.     London,  1904. 

2.  Malarial  Diseases.     Philadelphia,  1905. 

3.  Journal  of  the  American  Medical  Association,  1906,  xlvii., 
1896. 


Blackwcll,  Elizabeth. — Born  in  Bristol,  England, 
February  3,  1S21.  When  she  was  eleven  j'ears  old 
her  father  brought  his  family  to  America  to  hve,  but 
died  si.x  years  later  leaving  nine  children  in  straigh.t- 
cned  circumstances.  The  three  eldest  girls,  of  whom 
Elizabeth  was  one,  then  supported  the  family,  at  the 
same  time  educating  the  younger  children,  by  teaching 
school.  When  the  boys  had  become  self-supporting 
the  school  was  abandoned,  but  EUzabeth  continued  to 
teach  music  for  some  years  in  order  to  earn  enough 
for  her  medical  education.  She  was  taught  anatomy 
by  two  medical  students  in  Philadelphia  and  then 
sought  admission  to  a  medical  school.  Twelve 
schools,  one  after  another  in  monotonous  succession, 
refused  her  prayer  for  an  education,  but  finally  the 
Geneva,  N.  Y.,  Medical  College  received  her,  after 
liaving  submitted  her  application  to  a  plebiscite  of 
the  students.     After  once  gaining  the  rigiit  to  study 
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here — somewhat  to  the  chagrin,  it  is  said,  of  the 
faculty  who  had  not  anticipated  the  favorable  action 
of  the  students — she  was  treated  with  the  utmost 
courtesy  by  professors  and  students  alike.  She 
received  the  degree  of  M.  D.  in  1S49,  being  the  first 
woman  medical  graduate  in  modern  times.  After 
graduation  she  spent  two  years  in  study  in  Europe, 
chief!}'  in  France,  the  hospitals  of  her  native  country 
being  closed  to  her  as  had  been  the  schools  of  America. 
Wliile  at  the  Maternity  Hospital  in  Paris  she  con- 
tracted a  purulent  ophthalmia  from  one  of  the  patients, 
as  a  result  of  which  she  lost  the  sight  of  one  eye. 

On  returning  to  this  country  Elizabeth  BlackweU 
entered  upon  the  practice  of  her  profession,  forming 
a  partnership  with  her  sister  Emily  after  the  latter's 
graduation  in  18.54.  With  Emily  she  established  the 
New  York  Infirmary  for  Women  and  Children,  out 
of  which  grew  the  first 
medical  school  for 
women  in  the  world. 
In  1859  she  revisited 
England  and  was  now 
received  cordially  by 
many  of  the  leaders  of 
the  profession,  her 
name  being  admitted 
to  the  Medical  Register 
as  a  recognized  practi- 
tioner, she  being  thus 
the  first  woman  physi- 
cian to  be  registered  in 
Great  Britain.  While 
there  she  dehvered  a 
number  of  lectures  in 
the  larger  towns  of 
Great  Britain  on  Medi- 
cine as  a  Profession  for 
Women  At  tlie  out- 
break of  the  American  Civil  War  she  took  an  active 
part  with  her  sister  in  perfecting  an  organization  for 
tlie  nunsing  of  wounded  and  invahded  soldiers.  In 
1869  she  returned  to  England  to  hve,  practising  in 
London  and  Hastings.  Slie  then  joined  the  staff  of 
the  New  Hospital  for  Women  and  held  the  chair  of 
Gynecology  in  the  newly  estabhshed  London  School 
of  Medicine  for  AVomen.     She  died  May  31,  1910. 

Dr.  BlackweU  wrote  a  number  of  articles  and  mono- 
graphs on  subjects  relating  to  popular  medicine,  the 
moral  and  sanitary  education  of  cliildren,  and  medical 
education  for  women.  Among  the  more  formal 
treatises  published  by  her  were:  "The  Lesson  of  Life," 
1852;  "The  Religion  of  Health,"  1869;  "The  Physical 
Education  of  Girls";  "  Moral  Education  of  the  Y'oung," 
1876;  "Human  Element  in  Sex,"  1884;  "Scientific 
Method  in  Biology";  and  "Pioneer  Work  in  Opening 
the  Medical  Profession  to  W^onien,"  1895,  the  latter 
containing  many  interesting  autobiographical  details. 
The  New  Y'ork  Infirmary  for  Women  and  Children, 
founded  by  Dr.  BlackweU,  was  organized  January  30, 
1854,  its  objects  being:  "  1.  To  provide  medical  aid  for 
the  sick  poor,  especially  women  and  chUdren.  2.  To 
secure  the  services  of  well-qualifiod  female  physicians 
in  the  care  of  sick  women.  3.  To  form  a  school  for 
training  nurses."  During  the  first  three  years  only 
tlie  dispensary  for  out-door  patients  was  in  operation, 
but  in  the  spring  of  1857  the  Legislature  of  the  State 
of  New  York  voted  an  appropriation  of  $1,000  to  the 
Infirmary,  in  common  with  appropriations  to  other 
city  infirmaries,  and  a  further  amount  being  sub- 
scribed by  friends  of  the  institution,  it  was  decided  to 
open  a  hospital.  A  building  was  rented  and  the 
hospital  was  opened  May  12,  1857.  The  attending 
physicians  were  Drs.  Elizabeth  BlackweU,  Marie  F. 
Zackrzewska,  and  Emily  BlackweU.  In  1865  the 
charter  for  a  woman's  medical  college  was  obtained, 
and  the  first  regular  instruction  was  begun  early  in 
November,  1868,  with  a  class  of  fifteen  students. 
In  1898,  the  CorneU  University  Medical  College  having 
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opened  its  classes  to  women  on  equal  terms  with  men, 
the  college  work  in  connection  with  the  Infirmary  was 
discontinued.  Dr.  BlackweU  was  not  long  actively 
connected  with  the  college,  although  she  held  the  chair 
of  Hj-giene  in  the  faculty,  as  she  went  to  England  to 
live  in  1S69,  but  her  sister.  Dr.  Emily  Blackwell,  was 
dean  of  the  school  for  many  years.  During  the  thirty 
years  of  its  existence  the  school  numbered  among  its 
graduates  many  of  the  leading  women  physicians  of 
this  and  other  countries.  T.  L.  S 


Blackwell,  Emily. — Born  in  Bristol,  England,  in 
1826,  but  removed  with  her  family  to  this  country  in 
1832.  Her  struggles  to  obtain  a  medical  education 
were  indicative  of  the  prejudices  of  the  time.  In  ISol 
she  was  refused  admission  to  the  Geneva  Medical 
School,  from  which  her  sister  had  been  graduated  two 
years  before,  although  the  authorities  were  compeUed 
to  admit  that  the  presence  of  Elizabeth  Blackwell 
"had  exercised  a  beneficial  influence  upon  her  fellow 
students  in  all  respects."  In  succession  ten  medical 

colleges  refused  to  enter 
her  as  a  student,  but 
finally  she  was  per- 
mitted to  attend  some 
of  the  classes,  though 
not  as  a  regular  stu- 
dent, at  the  Bellevue 
Medical  College  in  New 
York,  and  a  year  later 
the  Rush  Medical  Col- 
lege of  Chicago  con- 
'.^  \  sented  to  admit  her  as 
-' '  -  candidate  for  a  de- 
gree. This  permission 
was  later  withdrawn, 
however,  because  of 
the  censure  of  the  Illi- 
nois State  Medical  As- 
sociation. At  length 
the  Cleveland  Medical 
College,  the  Medical 
Department  of  Western  Reserve  College,  admitted  her, 
and  in  1854  she  received  the  degree  of  doctor  of  medi- 
cine from  this  institution.  After  further  study  abroad 
Dr.  Blackwell  returned  to  practise  in  New  York,  and 
together  with  her  sister  undertook  to  provide  facilities 
for  other  women  to  enter  their  profession.  It  was 
decided  that  the  greatest  need  was  for  a  hospital  in 
which  women  might  obtain  the  experience  not  offered 
to  them  elsewhere,  but  the  proposal  to  open  such  an 
institution,  in  which  the  attending  physicians  should 
be  women,  was  met  by  a  storm  of  disapproval.  All 
difficulties  were,  however,  finally  overcome,  and  in 
1865  the  New  York  Legislature  granted  a  charter  to 
the  New  York  Infirmar3'  for  Women  and  Children,  a 
number  of  eminent  men  physicians  acting  as  a  con- 
sulting board.  In  1868  the  \Voman"s  Medical  CoUege 
was  opened  in  connection  with  the  Infirmary,  and  the 
first  class  was  graduated  in  1S70.  Dr.  Blackwell  was 
for  many  years  dean  of  the  college.  In  1898  the 
college  courses  were  discontinued.  (See  the  sketch  of 
Elisabeth  Blackwell.)  Dr.  BlackweU  remained  on  the 
consulting  staff  of  the  Infirmar}'  until  her  death,  which 
occurred  at  her  summer  home,  Y'ork  CMffs,  Maine, 
on  September  8,  1910.  T.  L.  S. 
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Bladder,  Anatomy  of  the. — The  urinary  bladder  pre- 
sents a  body,  a  neck,  an  apex,  and  a  base,  or  bas-fond. 
It  is  sometimes  absent  as  a  distinct  organ,  owing  to 
an  arrest  in  the  development  of  the  parts,  when  it 
forms  but  one  ca\"itj'  with  the  rectum.  It  is  never 
double.  It  may,  however,  extend  in  a  constricted 
form  up  to  the  umbihcus  in  those  cases  of  arrest  of 
development  in  which  the  urachus  fails  to  undergo 
obliteration. 


In  a  general  way  it  maj-  be  said  that  when  distended 
to  its  full  capacity,  the  bladder  is  about  twice  as  large 
as  the  fist  of  the  subject.  In  this  description  the 
organ  will  be  supposed  to  be  distended  to  its  usual 
capacit}-. 

It  occupies  the  front  part  of  the  pehnc  ca\'ity  and 
the  lower  part  of  the  hypogastrium. 

The  direction  of  its  axis,  tliat  is,  of  the  line  e.xtend- 
ing  from  the  apex  to  the  center  of  the  base,  is  about 
the  same  as  that  of  the  upper  strait  of  the  pelvis,  and 
therefore  the  same  as  that  of  the  body  and  neck  of 
the  female  uterus.  The  direction  of  the  neck  is 
forward,  parallel  to  the  line  of  the  axis  of  the  lower 
strait  of  the  pehis.  The  line  from  the  apex  to  the 
orifice  of  the  neck  would  be  represented  bj'  a  curved 
line  corresponding  to  the  curved  axis  of  the  cavity  of 
the  pelvis. 

The  bladder  is  held  in  its  position  by  the  connection 
of  its  neck  with  the  pelvis  through  the  short  ghstening 
fibers  of  fibrous  tissue  called  the  hgament  of  the  blad- 
der; also  bj'  the  connection  of  the  apex  with  the 
urachus  and  the  umbUicus  opening.  The  reflection 
of  the  peritoneum  from  the  abdominal  wall  to  the 
rectum,  along  its  posterior  surface  and  over  the  upper 
part  of  the  lateral  surfaces,  assists  in  keeping  the  organ 
in  position.  The  bladder  is  also  supported  bj-  the  rec- 
tum upon  which  the  base  rests.  Thus  fixed,  it  may 
expand  and  contract  more  or  less,  but  it  possesses  no 
movement  in  its  entirety. 

The  shape  of  the  organ  is  more  or  less  conical,  with 
the  base  situated  below.  The  anterior  surface  is  in 
relation  below  with  the  posterior  surface  of  the  pubis, 
and,  above  the  peh'is,  with  the  abdominal  walls,  i.e. 
with  the  posterior  surface  of  the  rectus  abdominis 
muscles.  It  is  almost  always  free,  in  this  locality, 
from  peritoneal  covering.  There  is  a  thin  layer  of 
fat  between  the  walls  of  the  bladder.  The  posterior 
surface  is  in  relation  with  the  peritoneum,  with  coils 
of  the  Oeum,  and  with  the  rectum.  The  peritoneum 
forms  there  the  rectovesical  cul-de-sac. 

The  lateral  folds  of  this  rectovesical  cul-de-sac 
are  called  by  some  the  posterior  hgaments  of  the  blad- 
der. They  enclose  the  obfiterated  umbihcal  arteries 
and  the  ureters.  The  lateral  surfaces  are  covered  by 
peritoneum  in  the  upper  and  posterior  half  and  are 
there  in  relation  with  the  coils  of  the  ileum.  But 
the  lower  and  anterior  half  of  these  surfaces  is  free 
from  peritoneum  and  is  in  relation  with  the  pelvic 
areolar  tissue.  The  obliterated  umbilical  arteries  cross, 
obhquely  downward,  the  lateral  surface;  the  periton- 
eum does  not  extend  in  front  of  this  cord.  The  sper- 
matic duct  curves  backward  along  the  posterior  por- 
tion of  the  lateral  surface,  passing  on  the  inner  side 
of  the  ureter. 

The  apex  gives  attachment  to  the  virachus.  It  is 
covered  with  peritoneum. 

The  base  is  in  relation,  on  the  middle  line  and  in 
front,  with  the  prostate  and  behind  with  the  rectum. 
On  the  side  it  is  in  relation  with  the  spermatic  duct, 
seminal  vesicles,  and  the  ureters. 

The  bladder  is  of  a  white  flesh  color.  It  is  a  resist- 
ant organ;  it  is  contractile.  It  presents  first  a  peri- 
toneal coat  which  invests  only  its  apex,  its  posterior 
surface,  and  the  upper  part  of  the  lateral  surfaces. 
The  anterior  surface,  the  lower  part  of  the  lateral 
surfaces,  the  base,  and  the  neck  are  entirelj'  free  from 
peritoneum. 

The  second  coat  is  a  muscular  coat  composed  of 
three  layers  or  sets  of  fibers.  The  superficial  fibers 
are  longitudinal  in  direction  and  are  composed 
of  three  groups.  The  upper  group  comes  from  the 
urachus  and  spreads  over  the  apex  of  the  bladder. 
The  anterior  group  comes  from  the  pubis,  to  which 
they  are  attached  bj'  glistening  aponeurotic  fibers 
called  the  ligaments  of  tiie  bladder;  they  spread  over 
the  anterior  surface.  The  posterior  group  comes 
from  the  base  of  the  prostate  and  expands  over  the 
posterior  surface  of  the  organ.     The  middle  muscular 
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fibers  are  more  or  less  circular.  They  are  in  greater 
number  around  the  neck,  where  they  form  the 
sphincter  of  the  bladder  or  vesical  sphincter.  They 
form  a  sort  of  elhptical  sphincter  around  the  orifices  of 
each  ureter.  The  last  and  innermost  layer  of  fibers 
are  the  plexiform  fibers,  which  have  no  definite 
direction.  These  fibers  are  not  uniformly  distributed 
over  the  organ,  but  form  bundles  more  or  less  promi- 
nent which  cross  one  another  in  all  directions. 
Some  of  the  bundles  make  quite  a  projection  on  the 
inner  surface  of  the  bladder,  and  may  give  rise  to 
small  pouches  or  alveoles.  The  muscular  fibers  are 
all  of  the  smooth  variety. 

The  submucous  areolar  layer  is  marked,  but 
presents  nothing  special. 

The  mucous  layer  presents  nothing  of  interest  ex- 
cept at  the  base.  There  the  organ  presents  poste- 
riorly a  slight  depression  called  the  bas-fond.  In 
front  is  seen  a  triangular  surface  called  the  trigone; 
it  corresponds  to  tne  prostate.  The  front  angle 
corresponds  to  the  urethra,  and  the  two  posterior 
angles  to   the   openings  of   the   ureters,   remarkable 


Fig. 


647. — Sagittal   Median   Section   through   the   Male  Pelvis. 
About  one-third  natural  size.     (Heitzmann). 


for  their  sht-like  shape.  The  surface  of  the  trigone 
is  smooth,  and  there  the  submucous  layer  is  scanty 
and  the  mucous  membrane  is  adherent  to  the  sub- 
jacent muscular  tissue. 

The  mucous  membrane  is  continuous  in  front  with 
that  of  the  urethra,  and  behind  with  that  of  the 
ureters. 

The  exact  nature  of  the  glands  which  secrete  the 
mucus  of  the  bladder  is  not  well  settled  as  yet,  but 
they  are  more  Uke  single  racemose  glands  than  any- 
tliing  else. 

The  bladder  is  provided  with  three  arteries  on  each 
side,  the  upper,  middle,  and  inferior.  They  are 
derived  from  the  internal  iliac. 

The  veins  are  specially  abundant  around  the  neck 
of  the  organ,  where  tliey  form  a  marked  plexus,  the 
main  formative  branch  of  which  is  the  dorsal  vein  of 
the  penis. 

The  lymphatics  open  into  the  pelvic  glands. 

The  nerves  of  tlie  body  of  the  bladder  come  from 
the  sympathetic.  Those  of  the  base  and  neck  come 
from  the  third  and  fourth  .sacral  nerves. 

The  bladder  is  d(!veloped  from  the  cloaca,  i.e.  the 
cavity  formed  by  the  terminal  point  of  the  primary 
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intestinal  cord  and  the  pedicle  of  the  allantois.  In 
course  of  development  tlicre  is  thrown  out  a  trans- 
verse partition  which  separates  it  from  the  rectum, 
and  the  pedicle  of  the  allantois  becomes  obliterated 
and  is  then  known  as  the  urachus. 

Peculiarities  of  the  Bladder. — The  bladder  is 
the  largest  of  all  the  receptacles  that  are  found  in 
the  cour.se  of  the  excretory  apparatus  of  the  body. 
It  corresponds  to  the  gall-bladder  and  to  the  seminal 


Fig.  648. — Sagittal  Median  Section  through  the  Female  Pelvis, 
About  one-third    natural  size,      (.\fter  Heitzmann). 

vesicles.  Together  with  the  stomach  it  is  the  only 
organ  that  is  susceptible  of  considerable  enlarge- 
ment within  the  bounds  of  health. 

It  encroaches  upon  two  large  cavities,  the  pelvis 
and  abdomen.  When  empty  it  is  fiat  against  the 
pelvis.  The  difference  of  direction  of  the  various 
axes  is  worthy  of  notice.  The  organ  is  as  it  were 
suspended  by  its  two  extremities,  the  neck  and  the 
urachus;  but  the  neck  is  the  less  movable.  The 
urachus  recalls  the  pyramidal  process  of  the  thyroid 


A  B 

Fio.  649. — Median  Sagittal  Section  through  the  Pehis  of  a  Young 
Man.     A,  bladder  empty;  B,  bladder  full.     (Heitzmann.) 

body.  Upon  clo.so  examination  the  bladder  will  be 
found  to  be  really  fusiform,  the  two  pointed  extremi- 
ties corresponding  to  the  apex  or  urachus  and  to  the 
neck. 

The  absence  of  peritoneum  on  the  anterior  surface 
when  the  bladder  is  distended  (see  Fig.  649,  B)  is  the 
reason  why  that  surface  is  the  spot  chosen  when  it  is 
desired  to  penetrate  into  the  Ijladder.  The  relation  of 
the  base  with  the   rectum  makes  the  exploration  by 
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way  of  the  rectum  indispensable  in  many  bladder 
troubles.  The  presence  of  theuraehus  is  noteworthy. 
The  mode  of  attachment  and  the  fi.xed  character  of 
the  neck  are  evidently  intended  to  direct  the  action 
of  the  fibers  toward  the  orifice  of  the  urethra. 

The  presence  of  three  muscular  coats  is  noticeable; 
so  also  is  the  triple  origin  of  the  longitudinal  fibers, 
recalling  the  similar  arrangement  of  the  longitudinal 
fibers  of  the  stomach.  The  sphincters  formed  by  the 
outer  fibers  around  the  neck  and  around  the  orifices 
of  the  ureters  are  to  be  noticed.  The  bundle  arrange- 
ment of  the  plexiform  fibers  is  unique.  The  forma- 
tion of  alveoles  on  the  mucous  surface  by  the  projec- 
tion of  these  fibers  is  an  arrangement  worthy  of  notice. 

The  presence  of  the  bas-fond,  of  the  trigone,  and 
of  the  sut-like  orifices  of  the  ureters  is  peculiar,  and  so 
also  is  the  indistinct  character  of  the  glands  of  the 
mucous  membrane.  That  a  small  organ  like  this 
should  be  provided  with  si.'c  arteries  is  remarkable, 
although  it  is  true  that  the  organ  is  hoUow  and  that 
the  arteries  are  small.  The  presence  of  an  abundant 
venous  plexus  around  the  neck  of  the  bladder  is  to  be 
noted.  That  the  bodj'  and  the  neck  possess  each  a 
difi'erent  nerve  supply  is  al.so  striking. 

The  development  of  the  bladder  in  common  with  the 
rectum  is  to  be  remembered;  and  so  also  is  its  com- 
mon development  with  the  allantois.  Arrest  of  de- 
velopment by  which  the  partitioning  of  the  bladder 
from  the  rectum  does  not  take  place  accounts  for 
those  cases  in  wliich  a  cloaca  persists  into  adult  life. 
Failure  of  obHteration  of  the  pedicle  of  the  allantois 
explains  the  persistence  of  umbUical  fistula.  The 
fact  that  the  bladder  is  developed  separately  from  the 
urethra  accounts  for  the  cases  of  unperforated  urethra 
in  which  the  development  is  arrested  before  the  proper 
time.  The  arrest  of  development  before  the  abdom- 
inal wall  is  closed  accounts  for  the  cases  of  exstrophy 
of  the  bladder. 

In  fetal  life  the  bladder  is  distinctly  fusiform  in 
shape. 

Owing  to  the  smallness  of  the  pelvic  ca\"it}-  in  the 
child  the  bladder  encroaches  at  that  age  more  on  the 
abdominal  cavity. 

In  old  people  the  muscular  fibers  become  more 
fibrous  and  the  glands  secrete  more  mucus. 

The  Female  BL.\DDER.^The  bladder  of  the  female 
differs  from  that  of  the  male  in  size  and  relations. 
It  is  usually  somewhat  larger  than  the  male  bladder, 
with  an  excess  of  length  in  the  transverse  diameter. 

The  posterior  surface  is  in  relation  with  the  uterus, 
separated  from  it  by  the  fold  of  the  peritoneum  known 
as  the  vesicouterine  cul-de-sac  or  pouch,  excavatio 
vesicouterina  [BN.\]. 

The  under  surface  or  base  has  most  important  re- 
lations. It  corresponds  to  the  anterior  wall  of  the 
vagina  and  to  the  lower  third  of  the  neck  of  the  uterus. 
The  ureters  on  the  sides  are  close  to  the  upper  part 
of  the  neck  of  the  uterus  and  the  base  of  the  bladder. 
These  relations  explain  the  occurrences  of  vesico- 
vaginal and  cer\-ical  fistulas.        Edmond   SoxjChox. 


Bladder,  Extirpation  of  the. —  History. — The  first 
operation  for  removal  of  the  bladder  was  made  by 
Bardenheuer,  in  1SS7,  in  the  male.  The  operation, 
through  a  subpubic  incision,  was  incomplete,  and  the 
patient  died  on  the  fourteenth  day.  The  first  opera- 
t_ion  in  the  female  was  made  by  Pavlik,  in  ISSS. 
Since  that  time  more  than  a  hundred  cases  have  been 
operated  upon.  In  this  country  the  operation  has  been 
done  by  many  different  surgeons,  both  in  the  male  and 
in  the  female.  In  the  female.  Martin  of  Chicago  was 
the  first  to  operate,  his  first  operation  being  in  1S92. 
The  i:)ladder  was  removed  with  a  uterine  fibroid.  He 
has  also  operated  on  several  other  cases.  Mann' 
of  Buffalo  operated  on  three  cases,  the  first  one  in 
1900.  McCosh  of  New  York  performed  the  operation 
twice  in  1903,  once  in  a  man  and  once  in  a  woman. 


Frederick  of  Buffalo,  Reynolds  of  Boston,  Hartley  of 
New  York,  and  Lapthorn  Smith  of  Montreal  have  each 
operated  once.  The  operations  upon  the  male  for 
exstroph}'  have  been  quite  numerous. 

A  bibliography  of  total  cystectomy  for  tumors  is 
given  by  Watson  in  the  Annals  of  Surgery,  xlii.,  6, 
December,  1905.  One  of  cystectomy  for  all  causes 
is  pubUshed  bj-  Verhoogen  and  DeGraeuwe  in  Folia 
Urologica,  iii.,  6,  April,  1909. 

Indic.4.tions. — The  indications  for  the  performance 
of  this  operation  are:  first,  incurable  disease  of  the 
bladder,  such  as  cancer  and  tuberculosis;  second, 
exstrophy;  third,  incurable  disease  of  surrounding 
organs  which  has  begun  to  involve  the  bladder,  sucn 
as  cancer  of  the  uterus  in  the  female. 

M.\NAGEMEXT  OF  THE  Ureters. — In  the  male  the 
method  generally  proposed  has  been  the  grafting  of 
the  ureters  into  the  bowel.  In  100  cases  collected  by 
Bovee  the  ureter  was  grafted  into  the  bowel  separately 
31  times;  by  the  Maydl  and  Pozzi  method,  44  times; 
into  the  urethra,  13  times;  into  the  vagina,  8  times; 
and  into  the  skin,  4  times.  This  is  the  most  important 
question  connected  with  the  operation,  and  must  be 
clearly  understood.  As  the  conditions  in  the  male 
and  the  female  vary  verj-  much,  different  methods 
may  be  used  in  the  two  sexes.  I  wiU,  therefore,  first 
consider  the  methods  in  the  male. 

The  first  plan  used  by  Bardenheuer  was  to  insert 
the  cut  ends  of  the  ureters  directly  into  the  rectum. 
Experimentation  upon  the  lower  animals,  by  Peterson 


Fig.  650. — Extirpation  of  the  Bladder.  The  dotted  line  shows 
the  line  of  incision:  the  ureter  (u)  is  roughly  shoTSTi  entering  the 
bladder. 

and  others,  shows  conclusively  that  this  is  an  exceed- 
inglj-  dangerous  method,  as  in  almost  every  case, 
within  a  comparatively  short  time,  infection  traveled 
from  the  bowel  to  the  kidney,  and  the  animal  died 
of  this  complication.  The  same  thing  has  been  noted 
in  man,  and  the  method  is  now  considered  so  danger- 
ous as  to  be  practically  given  up. 

Maydl  proposed  the  removal  of  the  trigone  of  the 
bladder  with  the  ureters,  and  the  transplantation  of 
this  piece  of  the  mucous  membrane  of  the  bladder 
directly  into  the  intestine.  The  results  of  this  have 
been  very  much  better,  as  the  natural  valvularactioa 
at  the  end  of  the  ureters  seems  to  prevent  the  ingress 
of  infecting  germs;  so  that  manj'  cases  in  which  this 
has  been  performed  have  been  permanently  success- 
ful. This  can  be  done  onlj-  in  cases  in  which  the 
trigone  is  healthy,  so  that  in  exstrophy  of  the  bladder 
it  is  the  recognized  method.  In  the  case  of  malignant 
disease  and  of  tuberculous  disease,  which  are  most 


69 


Bladdrr,  Extirpation  of 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


apt  to  affect  the  posterior  wall  of  the  bladder,  it  may 
be  impossible  to  dissect  out  the  trigone;  in  wliich  cass 
it  will  be  necessary  to  put  the  cut  ends  of  the  ureters 
into  the  intestine.  But,  as  this  is  almost  certainly 
fatal,  it  would  seem  to  rule  out  operations  for  removal 
of  the  bladder  for  these  indications  in  the  male  in  a 
large  proportion  of  cases. 

In  the  female  we  have  the  choice  of  two  methods, 
both  of  which  have  been  proved  to  be  successful. 
We  may  either  open  the  ureters  into  the  vagina  by  a 
previous  operation,  as  w'as  done  by  PavUk,  or  we  may 
leave  the  cut  ends  of  the  ureters  opening  into  the 
\-agina  after  the  removal  of  the  bladder — methods 
which  reaUy  amoiint  to  the  same;  or  we  may  perform 
the  operation  of  Maydl,  or,  better  still,  its  modification 
by  Pozzi. 

Pozzi's  operation  differs  from  Maj'dl's  in  that  more 
of  the  mucous  membrane  of  the  bladder  is  removed, 
and  the  trigone  is  not  retained  in  one  piece,  but  is 
divided  by  making  a  longitudinal  median  incision 
before  separation.  The  results  of  both  the  llaj-dl 
and  Pozzi  operations  have  been  most  satisfactory. 
Out  of  forty-four  cases  only  two  deaths  occurred  from 
infection. 

The  grafting  of  the  ureter  to  the  skin  has  been  done 
ten  times,  but  the  results  are  not  encouraging.  Son- 
nenberg  implanted  the  exposed  ureter  of  an  ectopic 
bladder  into  the  urethra  of  the  glans  penis.  In  all, 
more  than  twelve  cases  have  been  done  by  this  method. 
It  leaves  dribbling  of  urine,  but  this  is  more  easily 
taken  care  of  than  in  the  case  of  grafting  to  the  skin. 

In  the  female,  when  the  bladder  is  removed,  by 
removing  at  the  same  time  a  portion  of  the  anterior 
wall  of  the  vagina  the  cut  ends  of  the  ureters  may 
be  left  entirely  alone;  and,  when  cicatrization  has 
taken  place,  they  will  be  found  to  empty  into  the 
vagina.  This  gives  an  opportunity  of  making  a 
receptacle  for  the  urine  out  of  the  vagina  by  simply 
closing  the  vaginal  entrance.  As  the  urethra  must 
also  necessarily  be  cut  in  removing  the  bladder,  it 
also  will  open  into  the  vagina,  and  the  patient  will 
be  able  to  empty  the  vagina  through  the  urethra, 
either  by  the  catheter  or  by  volimtarj'  effort,  as  was 
flone  in  Pavlik's  case.  If  the  vagina  is  maintained 
in  an  aseptic  condition  during  healing,  ascending 
infection  will  be  prevented.  After  complete  healing 
of  all  the  parts  tne  danger  of  infection  will  be  very 
greatly  diminished. 

In  exstropln'  of  the  bladder,  in  the  female,  the  Maydl 
or  the  Pozzi  operation  may  be  done  in  the  vagina, 
thus  obviating  the  necessity  of  opening  the  abdomen. 

The  Mauclaire-Gersuny  operation  consists  in  im- 
planting tlie  ureters  into  the  rectum,  which  is  cut  off 
from  the  bowel  above  after  an  artificial  anus  has  been 
made.  Gersuny  modified  the  original  operation  by 
bringing  the  bowel  e.xit  into  the  sphincter  ani,  thus 
doing  away  with  the  artificial  anus  and  maintaining 
a  separate  receptacle  for  the  urine. 

Technique.  Exstrophy  in  the  Male. — The  trigone  is 
first  dissected  out  with  the  ureters.  The  abdomen  is 
then  opened  and  the  trigone  carried  into  the  rectum 
througn  an  incision  and  sewed  in  place.  After  this 
the  bladder  is  removed  and  the  opening  closed.  The 
incision  maj'  be  made  curved,  with  its  concavity  down- 
ward from  one  inguinal  canal  to  the  other;  a  vertical 
incision  may  be  made  which  can  bo  enlarged  by  a 
transverse  incision  crossing  the  lower  end  of  the 
vertical  one. 

Ezstrophy  in  the  Female. — Here  the  Pozzi  operation 
will  be  necessary,  in  order  to  get  around  the  uterus. 
If  it  is  desired  to  transplant  the  ureters  into  the  va- 
gina, a  transverse  incision  may  be  made  down  to  th"^ 
peritoneum.  After  the  trigone  has  been  dissecfr3d 
out,  the  vagina  can  be  pushed  up  by  an  assistan-  and 
opened  and  the  trigone  in.serted.  It  will  be  necessary 
to  dis.sect  off  the  mucous  membrane  of  the  vagina  on 
the  anterior  w^all  beforehand,  .so  as  to  make  a  raw  sur- 
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face  to  which  the  trigone  can  adhere.     The  closure  of 
the  vagina  can  be  left  to  a  later  date. 

Cancer  or  Tuherculosi^i  in  the  Male. — Although  the 
indication  may  seem  to  be  urgent,  so  far  the  technique 
of  the  operation  is  not  complete  enough  to  warrant  its 

fjerformance  unless  the  parts  around  the  l^ladder  are 
lealthy.  This  can  be  satisfactorUy  ascertained  only 
after  the  bladder  is  opened.  Suprapubic  cystotomy 
must  first  be  performed,  and  the  bladder  carefully 
e.xamined.  If  the  trigone  be  healthy,  the  abdomen 
must  then  be  opened  by  a  free  longitudinal  incision, 
the  bladder  thorouglily  disinfected  and  laid  open,  and 
the  trigone  may  then  be  dissected  out  (the  patient 
being  in  tlie  Trendelenburg  position),  with  the  ureters, 
and  put  into  the  rectum;  after  which  the  bladder  may 
be  easily  removed,  mostly  by  blunt  dissection. 

Cancer  or  Tuberculosis  in  the  Female. — Owing  to  the 
fact  that  the  ureters  may  be  left  undisturbed  in  the 
female,  the  operation  is  much  ea.sier  than  in  the  male. 
After  the  bladder  has  been  carefidly  washed  out,  a 
median  abdominal  incision  is  made,  and  the  patient 
put  in  the  Trendelenburg  position,  self-retaining 
retractors  being  introduced.  The  peritoneal  covering 
is  then  incised  over  the  bladder  from  side  to  side. 
The  bladder  is  afterward  loosened  with  the  finger 
down  to  the  attachments  of  the  ba.se,  so  that  it  is 
held  only  by  the  urethra,  ureters,  and  attachments  to 
the  anterior  wall.  These  are  then  cut  with  strong 
scissors,  so  as  to  remove  a  portion  of  the  anterior  wall 
of  the  vagina  as  big  as  a  fifty-cent  piece.  Any  bleed- 
ing vessels  are  tied  and  the  peritoneum  closed  over 
the  seat  of  the  bladder  with  catgut  suture.  If  the 
patient  be  in  good  condition,  and  no  previous  infec- 
tion of  the  bladder  exists,  the  vaginal  entrance  may 
tlien  be  closed  by  a  plastic  operation. 

Apter-tbe.\tjient. — In  order  to  keep  the  urine 
aseptic,  and  thus  prevent  ascending  infection  of  the 
ureters,  in  all  these  operations  it  is  well  to  give  the 
patient  large  doses  of  benzoate  of  ammonium,  begin- 
ning a  few  daj's  before  the  operation.  In  women  the 
vagina  must  be  kept  weU  cleansed  out  and  drained. 
If  the  vagina  be  closed  at  the  time  of  the  operation,  a 
self-retaining  catheter  shoidd  be  pa.ssed  through  the 
urethra  and  left,  the  vagina  being  washed  out  through 
the  catheter  at  least  twice  a  day. 

Results. — Bovee,  in  1901,  ccUocted  reports  of  100 
operations.  Of  these  the  operation  was  done  sixty- 
eight  times  for  exstrophy,  twenty-one  times  for  malig- 
nant disease,  three  times  for  tuberculosis,  once  for 
epispadias,  once  for  fibroid  of  the  uterus,  and  si.x  times 
for  conditions  not  noted. 

For  exstrophy  Jlaydl's  operation  was  done  thirty- 
eight  times,  with  eight  deaths;  Pozzi's  operation, 
four  times — no  deaths;  anastomosis  of  the  ureters  into 
the  rectum,  ten  times,  with  three  deaths;  and  separate 
anastomosis  into  sigmoid,  twice,  both  patients  dying. 
Sonnenberg's  operation  was  done  thirteen  times — no 
deaths. 

For  malignant  disease  twenty-one  operations  were 
done,  with  eleven  deaths.  In  seven  the  ureters  were 
grafted  into  the  vagina,  with  one  death  from  collapse, 
and  one  from  peritonitis  on  the  ninth  day. 

For  tuberculosis,  three  cases,  with  two  deaths,  arc 
reported. 

Altogether  there  were  twenty-seven  deaths  in  100 
cases.  Sixty-eight  operations  for  exstrophy  gave 
nineteen  per  cent,  mortality,  and  thirty-two  opera- 
tions for  other  conditions  gave  forty-two  per  cent, 
mortality. 

Vcrhoogen  and  DeGracuwe-  collected  reports  of  sixty- 
one  cases,  in  fifty-nine  of  which  tlie  results  were  stated. 
There  were  thirty-one  deaths,  three  immediately  fol- 
lowing the  operation.  Matthew  D.  Manx. 

Refehexcks, 

1.  Transactions  ,\m.  GynecoloKieal  Societj\  1901. 

2.  Folia  Urologica,  iii.  0,  April.  1909. 
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Bladder,  Injuries  and  Diseases  of  the. — Malforma- 
tions.— The  development  of  the  bladder  may  be 
arrested  at  various  stages  in  its  progress.  Occasionally 
the  septum  which  divides  the  rectum  from  the  bladder 
is  wholly  or  partially  wanting,  so  that  they  freelj'  com- 
niuuicate  with  each  other,  or,  in  extreme  cases,  form 
together  a  large  pouch  (cloaca)  into  which  the  intestine 
and  ureters  open.  TIls  condition  of  things  may  be  as- 
sociated with  imperforate  anus.  Entire  absence  of 
the  bladder  has  been  reported,  in  which  case  the  ure- 
ters opened  directh'  into  the  urethra. 

Exstrophy. — The  most  common  fault  of  develop 
ment,  however^  is  the  absence  of  the  anterior  vesica 


If  the  fault  of  development  is  not  so  e.vtensivo  as  in 
complete  exstrophy,  the  abdominal  walls  may  unite 
entirelj-  up  to  the  umbilicus,  which  fails  to  close  and 
leaves  a  fistulous  communication  with  the  bladder 
through  the  still  patent  urachus.  An  even  lesser 
degree  of  the  same  deformitj-  is  represented  by  a  pro- 
longation of  the  bladder  up  into  tne  lower  portion  of 
the  urachus.  Sometimes  the  canal  may  be  shut  off 
from  the  bladder  and  form  a  cyst,  or  a  series  of  cysts. 

The  suflfering  in  a  case  of  complete  exstrophy  is 
usually  very  great. 

The  treatment  maj'  be  briefly  summarized  under 
three  heads: 


Fig,  651. — Ex-strophy  of  Bladder  in  a  Girl  of  Sixteen  Years. 
Complete  exstrophy.  Pubic  rami  are  separated  four  inches,  the 
position  of  the  ends  being  approximately  shown  by  the  pubic  hair. 
Above  is  the  bulging  posterior  bladder  wall,  while  below,  the 
thickened  hypertrophied  cen-ix  protrudes  from  the  vulva.  (Ca-se 
of  Dr  M.  H.  Richardson  ) 

wall.  This  deformity,  known  as  exstrophy  of  the 
bladder,  is  far  more  common  in  males  than  in  females. 
It  consists  in  a  failure  of  union  of  the  two  halves  of 
the  body  along  the  abdominal  .surface.  The  anterior 
wall  of  the  bladder,  and  the  abdominal  wall  over  it. 
are  wanting,  and  the  pubic  bones  are  generally  .sepa- 
rated by  a  considerable  interval.  The  posterior  vesi- 
cal wall  is  consequently  exposed  to  the  air,  and  is 
pressed  forward  by  the  intestines  behind  it,  thus  form- 
ing a  prominent  tumor  which  maj-  reach  the  size  of  the 
palm  of  the  hand.  This  bulging  bladder  wall,  owing 
to  the  constant  irritation  to  which  it  is  subiected,  is 
much  reddened  and  inflamed,  and  is  usually  covered 
with  stringj-  alkaline  mucus.  In  the  lower  part  of  this 
protruding  mass  may  be  seen  the  openings  of  the 
ureters,  which  are  revealed  by  the  constant  little  jets 
of  urine  escaping  from  them.  They  are  sometimes 
much  dilated.  The  rudimentary  penis,  which  is 
always  in  a  condition  of  complete  epispadias,  usuaUj- 
exists  merely  as  a  sUght  prominence,  but  may  be  of 
considerable  size.  It  sometimes  even  retains  a  con- 
siderable power  of  erection,  a  point  to  be  considered 
in  the  fitting  of  an  apparatus.  In  connection  with 
e.vstrophy  are  associated  not  infrequently  hernite  of 
one  or  both  sides.  In  the  female,  exstrophy  is  gener- 
ally compUcated  with  prolapse  or  procidentia  uteri. 


Fig.  652. — Ex-strophy  of  Bladder  in  a  Boy  of  Five  Years.  Com- 
plete exstrophy.  Penis  rudimentary,  showing  condition  of  epis- 
padias. Both  testicles  undescen.led  and  double  inguinal  hernia- 
Loose  puckered  skin  below  penis  is  the  scrotum,  and  suggests  the 
possibility  of  using  it  as  a  skin  flap  to  cover  the  defect.  (Case  of 
Dr.  C.  B.  Porter.) 

I.  Treatment  by  Apparatus. — This  method  is  appli- 
cable to  (1)  AU  cases  in  which  the  defect  is  moderate 
and  the  condition  of  the  patient  is  not  sufficiently  dis- 
tressing to  lead  him  to  desire  operation.  (2)  Cases  in 
which  plastic  operations  have  been  tried  and  have 
failed.  (3)  Cases  in  which  the  coexistence  of  other 
disease  makes  any  operation  inadvisable. 

The  rubber  urinals  manufactured  for  these  cases 
are  unsatisfactory,  as  they  press  upon  and  irritate  the 
mucous  membrane.  The  best  apparatus  is  a  silver  or 
German  sUver  shield,  which  arches  over  and  protects 
the  bladder,  with  a  dependent  portion  into  which  the 
urine  runs,  and  which  communicates  by  a  tube  with  a 
rubber  bottle  strapped  against  the  leg.  In  order  to 
get  a  well-fitting  apparatus,  it  is  a  good  plan  to  have 
first  made  a  flexible,  metaUie  ring,  large  enough  to 
encircle  the  bladder.  This  is  then  Ijent  and  adapted 
to  the  inequaUties  of  the  surface,  and,  finally,  the  edge 
of  the  sliield  is  fitted  and  soldered  to  it.  The  whole  is 
held  in  place  by  a  belt  and  perineal  straps. 

II.  Treatment  by  Plastic  Operations. — The  utmost 
that  we  can  reasonably  expect  to  gain  by  any  plastic  op- 
eration for  the  relief  of  exstrophy  is  the  greater  comfort 
of  the  patient  and  greater  ease  in  fitting  apparatus.  A 
truly  retentive  bladder  cannot  be  obtained,  and  while 
the  mortaUty  of  these  operations  is  commonly  sup- 
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posed  to  be  insignificant,  such  is  not  the  case,  for  the 
repeated  attempts  to  obtain  closure  of  the  wounds 
seriously  undermines  these  little  patients'  strength. 
Clearly  brilliant  results  are  not  to  be  expected  from 
operations  of  this  kind.  Plastic  operations  may  be 
divided  into  two  classes: 

1  Those  in  which  the  skin  of  the  abdomen  is  used 
in  making  the  anterior  bladder  wall.  The  flaps  may 
be  taken  from  a  variety  of  sources,  but  the  most 
satisfactory  is  Wood's  operation,  by  which  a  flap 
large  enough  to  cover  the  defect  is  taken  from  above 
and  turned  down  so  that  the  skin  surface  is  innermost, 
and  stitched  in  position.  The  raw  surface  of  this  flap 
may  be  covered  by  flaps  drawn  over  it  from  the  sides 
by  skin  grafts,  or  left  to  granulate. 


Fig.  653. — Apparatus  for  Palliative  Treatment  of  Exstrophy. 
Above  is  shown  the  belt  to  go  around  the  body,  holding  in  place 
the  metal  shield  of  silver  or  German  silver  with  a  cup-shaped  de- 
pendent portion  into  which  the  urine  runs.  On  either  siae  below 
are  the  perineal  straps  which  fasten  to  the  belt  behind,  and  be- 
tween them  is  the  tube  connecting  the  shield  with  the  rubber 
receiving  bottle  fastened  to  the  leg. 

The  objections  to  all  operations  in  which  the  skin  is 
used  to  restore  the  defect  are  the  great  tendency  to 
calculus  formation  and  the  danger  of  irritation  from 
hair  growing  into  the  bladder. 

2.  Those  in  which  the  mucous  membrane  alone  is 
utilized.  These  operations  depend  on  the  possibility 
of  getting  enough  mucous  membrane  to  make  a  con- 
tinuous canal  from  the  openings  of  the  ureters  to  the 
base  of  the  penis.  The  urethra  is  then  restored  by  an 
operation  for  epispadias,  and  thus  in  some  cases  the 
problem  of  fitting  a  urinal  may  be  greatly  simplified 
and  the  discomfort  of  the  patient  proportionately 
lessened.  In  selected  cases  this  is  an  exee'lent 
procedure. 

III.  Radical  Cure  by  Implantation  of  the  Ureters 
into  the  Bowel. — The  unsatisfactory  results  obtained 
bj'  plastic  operations  and  the  discomfort  incident  to  all 
forms  of  apparatus  have  led  to  attempts  at  radical  cure 
of  the  condition  by  the  removal  of  all  t  nat  remains  of  the 
bladder  wall  and  suturing  the  ureters  into  the  bowel. 
The  advantage  of  such  an  operation  is  the  entire 
relief  from  the  discomforts  incident  to  the  condition. 
The  bowel  soon  becomes  accustomed  to  its  new  func- 
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tion  and  the  urine  is  passed  at  intervals  closely 
approaching  the  normal.  The  dangers  are  twofold: 
those  arising  from  the  immediate  effects  of  the  opera- 
tion and  those  resulting  from  infection  of  the  kidneys 
by  intestinal  bacteria.  The  immediate  mortality  of 
the  operation  is  by  no  means  small,  and  ihough  the 
statistics  on  the  subject  are  too  meagre  to  warrant  a 
definite  opinion,  it  is  probably  not  far  from  that  of 
other  operations  involving  resection  of  the  bowel. 
The  more  remote  effects  are  those  resulting  from 
infection  of  the  kidneys,  and  it  is  upon  this  issue  that 
the  ultimate  value  of  the  operation  must  be  decided. 

We  are  stiU  somewhat  in  the  dark  as  to  the  condi- 
tions which  influence  infection  of  the  kidney  under 
these  conditions.  Considerable  doubt  has  been  shed 
upon  the  older  view  that  protection  of  the  kidney  was 
due  to  the  anatomical  arrangement  by  which  the 
ureters  enter  the  bladder  obliquely.  It  is  now  very 
generally  believed  that  the  circular  fibers  in  the  wall 
of  the  ureter  itself  play  an  important  part  in  prevent- 
ing reflux  from  the  bladder.  Whatever  may  be  the 
importance  of  the  protective  mechanism  the  fact 
remains  that  operations  involving  transplantation  of 
the  ureter,  particularly  into  the  bowel,  have  been 
exceedingly  likely  to  be  fodowed  by  pyelitis  and 
pyelonepnritis.  No  method  has  as  yet  been  devised 
which  will  certainly  avoid  this  danger,  which  is  there- 
fore a  serious  menace  to  the  ultimate  success  of 
the  operation.  Though  a  number  of  operations  of 
this  type  have  been  devised,  and  a  good  many  cases 
are  on  record,  no  considerable  number  of  brilliant 
results  has  been  recorded  and  such  procedures  cannot 
be  advised  with  enthusiasm.  Children  who  will 
later  be  obliged  to  work,  and  adults  who  are  compe- 
tent to  decide  the  ciuestion  for  themselves,  would 
seem  to  be  the  most  favorable  subjects  for  this 
operation. 

The  limits  of  this  paper  will  not  permit  of  an 
extended  discussion  of  the  various  forms  of  operation 
that  have  been  proposed,  for  as  yet  no  one  method 
has  attained  a  stable  position.  [See  also  the  article 
on  Ertirpiition  of  the  Bladder,  page  70.] 

Diverticulum. — Another  type  of  malformation  gen- 
erally believed  to  be  due  to  defective  development  is 
the  .so-called  diverticulum  of  the  bladder.  This  con- 
sists of  sacculations  involving  all  the  coats  of  the 
bladder  and  having  a  small  orifice,  though  the  cavity 
may  be  of  considerable  size  even  eqvialling  the  capacity 
of  the  bladder  itself.  They  may  occur  in  any  portion 
of  the  bladder  wall  but  are  most  frecjuently  seen  in  the 
neighborhood  of  the  ureteral  orifices,  often  to  the  outer 
side.  On  account  of  this  location  it  not  uncommonly 
occurs  that  the  orifice  of  the  ureter  is  drawn  into  the 
diverticulum  to  such  an  extent  as  to  be  inaccessible. 
These  sacculations  are  important  for  two  reasons. 
First,  because  when  they  exist  in  the  neighborhood  of 
the  ureter  they  generally  involve  that  structure  in 
pressure  and  ultimately  produce  dilatation  of  the 
ureter  and  compression  atrophy  of  the  kidney.  The 
second  waj*  in  which  they  become  a  menace  is  through 
infection,  for  they  are  commonly  the  seat  of  residual 
urine  and  should  infection  occur  the  cystitis,  so  called, 
becomes  very  intractable.  They  may  exist  in  con- 
siderable numbers  scattered  over  various  portions  of 
the  bladder  wall  and -when  numerous  are  likely  to  be 
small.  Their  discovery  is  frequently  quite  accidental, 
coming  about  during  the  investigation  of  the  cause  of 
pus  in  the  urine  or  in  the  cystoscopic  examination  of 
the  bladder  for  some  other  cause.  Since  they  are 
undoubtedly  a  menace  to  the  integrity  of  the  kidney 
as  well  as  "to  the  proper  emptying  of  the  bladder, 
they  should  be  removed  by  operation  whenever 
possible. 

Herni.\  of  the  Bl.^^dder. — This  displacement  may 
be  congenital  or  acquired.  Like  other  hernioe,  it  is 
sometimes  brought  about  by  violence  or  over-exertion. 
It   may  appear  at  any  oi  the   orifices  in  the  lower 
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abdomen  through  which  other  hernia;  occur.  Tlu- 
most  common  forms  are  inguinal  in  men,  and  vaginal 
or  femoral  in  women.  The  hernial  sac  usually  con- 
tains also  portions  of  intestine  and  omentum,  but  may 
be  occupied  by  a  part  of  the  bladder  alone.     The 

Cortion  of  the  bladder  in  the  sac  is  usually  not  covered 
y  peritoneum,  although  exceptionally  it  may  be. 
The  presence  of  the  bladder  in  a  hernial  sac  is  some- 
times brought  about  by  its  adhesion  to  the  intestine 
or  omentum,  which  then  drags  it  down  with  it. 

The  diagnosis  is  to  be  made  by  the  aid  of  the 
catheter,  tne  tumor  being  emptied  when  the  urine  is 
drawn  from  the  bladder.  Pressure  on  the  tumor, 
too,  hastens  the  flow  of  the  urine. 

The  treatment  of  hernia  of  the  bladder  is  essential!}' 
that  of  hernia  of  other  viscera  except  in  so  far  as  its 
existence  brings  with  it  additional  dangers  if  treated 
paUiatively — namely,  those  incident  to  the  presence 
of  cystitis;  for  inflammation  may  occur  in  a  saccula- 
tion as  the  result  of  stagnation  and  consequent 
fermentation  of  the  urine.  Unless  some  concomitant 
disease  forms  a  distinct  contraindication,  an  attempt 
should  be  made  to  cure  the  condition  by  radical 
operation.  If  this  cannot  be  done,  the  sac  should  be 
supported  by  a  pressure  bandage,  and  the  escape  of 
urine  should  be  aided  by  pressure  during  micturition. 
If,  in  spite  of  these  precautions,  the  bladder  is  still 
incompletely  emptied,  the  dangers  arising  from  the 
constant  presence  of  residual  urine  may  to  some 
extent  be  obviated  by  the  routine  use  of  the  catheter, 
erapt}"ing  the  bladder  at  least  once  a  day,  preferably 
in  the  evening. 

Wounds  of  the  Bladder, — The  protected  situa- 
tion of  the  bladder  renders  it  little  liable  to  injury. 
In  fracture  of  the  pelvis,  a  sharp  point  or  fragment  of 
bone  maj'  penetrate  its  wall,  or  it  may  be  injured  bj' 
gunshot  wounds,  or  by  puncture  with  a  sharp  instru- 
ment. The  treatment  of  tliis  class  of  cases  will  be 
considered  more  at  length  under  Rupture  of  the 
Bladder.  The  bladder  may  also  be  wounded  by  the 
unskilful  use  of  instruments  in  lithotrity,  or  may  be 
incised  bj-  accident  during  abdominal  operation.  In 
this  latter  case,  if  at  once  carofuU}'  stitched  up,  the 
wound  usuallj-  heals  without  serious  trouble. 

The  question  of  the  advisability  of  closing  openings 
in  the  bladder  intentionally  made,  as  in  suprapuliic 
lithotomy,  must  be  decided  in  each  individual  case 
according  to  circumstances.  While  the  ideal  pro- 
cedure is  to  close  the  bladder  by  immediate  suture, 
the  patient  is  often  subjected  to  fewer  risks  if  the 
wound  is  left  open.  The  question  must  be  decided 
by  taking  into  consideration  the  general  condition 
of  the  patient,  the  local  condition  of  the  bladder,  and 
the  trauma  to  which  the  bladder  walls  have  been 
subjected  during  the  operation. 

RrPTURE  OF  THE  Bladder. — Ruptures  of  the  blad- 
der are  either  idiopathic  or  traumatic.  According  to 
their  location,  they  may  be  also  classed  as  intra- 
peritoneal and  extraperitoneal.  Among  the  extra- 
peritoneal are  to  be  reckoned  the  partial  and  the 
subperitoneal. 

Idiopathic  ruptures  probablj'  always  occur  in 
bladders  altered  by  disease.  A  long-continued  ob- 
struction to  the  passage  of  the  urine,  as  from  a  stric- 
ture or  enlarged  prostate,  favors  the  formation  of 
Lttle  herniie  of  the  mucous  membrane  through  the 
meshes  of  the  muscular  tunic,  and  an  over-violent 
strain  duing  some  exertion,  or  in  the  effort  to  empty 
the  bladder,  may  rupture  one  of  these  Httle  thin 
diverticula.  The  vesical  wall  is  also  sometimes 
weakened  by  ulceration,  simple  or  malignant,  and  is 
thus  rendered  especially  liable  to  give  way.  During 
labor,  the  distended  bladder  may  be  ruptured  by 
compression  between  the  abdominal  wall  and  some 
part  of  the  child  or  instrument  used  in  the  birth. 
The  rent  in  this  case  may  be  to  into  either  the  vagina 
or  the  peritoneal  cavity. 


Rupture  of  the  health}-  bladder  is  rarely  produced, 
except  by  external  violence  in  the  form  of  a  blow  or 
crush.  Probably  it  is  sometimes  also  brought  about 
by  great  muscular  exertion  when  the  bladder  is  dis- 
tended, even  though  it  be  healthy.  In  traumatic 
ruptures,  the  bladder  is  almost  always  full  at  the  time 
of  the  traumatism. 

Great  violence  to  the    h}-pogastrium  is  capable  of 

Erodueing  a  tear  in  the  anterior  wall  of  an  empty 
ladder.  This  accident  is  to  be  explained  as  follows: 
The  force  appHed  to  the  hypogastrium  carries  the 
upper  portion  of  the  bladder,  which  is  attached  to  the 
abdominal  waU  by  the  peritoneum  and  urachus, 
violently  backward.  The  lower  part  of  the  bladder  is 
held  by  the  prostate,  which  is  fixed  by  the  pelvic 
fasciae,  and  consequently  a  rent  occurs  in  the  anterior 
vesical  wall  just  above  the  prostate.  This  is  often 
accompanied  by  a  considerable  stripping  up  of  the 
peritoneum.  Intraperitoneal  rupture  uncomplicated 
can  occur  only  when  the  bladder  is  full. 

Sijmptoms. — When  a  rupture  occurs  a  feeling  of 
giving  way  or  of  a  tear  is  often  experienced.  If  the 
bladder  has  been  painfully  stretched  by  long  reten- 
tion, the  first  feeling  may  be  of  relief.  Soon,  how- 
ever, pain  follows,  and  is  referred  to  the  whole  abdo- 
men or  to  the  pelvic  region.  This  is  followed  in  the 
majority  of  cases  by  sliock  and  inability  to  walk. 
There  may  be  desire,  but  want  of  ability,  to  mictu- 
rate. Catheterism  is  usually  easy,  but  obtains  only 
a  little  bloody  urine;  not  infrequently,  on  pushing  the 
catheter  further,  a  "second  escape"  of  fluid  is 
obtained. 

Many  of  these  symptoms  may,  however,  be  wanting. 
The  pain  is  sometimes  not  very  great;  micturition  may 
be  possible,  though  even  then  usually  difficult.  The 
catheter  may  draw  clear  urine. 

The  principles  of  treatment  in  rupture  of  the  blad- 
der may  be  summarized  by  the  following  rules: 

1.  When  an  intraperitoneal  rupture  is  made  out,  an 
immediate  laparotomy,  with  suture  of  the  bladder 
wound  and  subsequent  drainage  of  the  bladder,  should 
be  done. 

2.  When  a  reasonable  doubt  exists  as  to  whether 
the  rupture  is  intraperitoneal  or  not,  an  immediate 
laparotomy  should  be  done. 

3.  If  an  extraperitoneal  rupture  is  made  out,  and 
uncertainty  exists  as  to  the  direction  in  which  the 
urine  is  extravasated,  a  laparotomy  should  be  done 
for  exploration  to  ascertain  now  the  drainage  may  best 
be  placed. 

4.  In  the  case  of  fracture  of  the  pubes,  ^-ith  evi- 
dence that  urine  is  extravasated  in  the  prevesical 
space,  an  incision  should  be  made  in  the  suprapubic 
region,  and  a  tube  should  be  carried  to  the  bottom  of 
the  effusion. 

In  short,  a  laparotomy  should  be  done  in  all  cases  of 
bladder  rupture  except  in  those  which  come  under 
Rule  4,  or  those  of  such  severity  that  they  cannot  bear 
more  than  the  median  operation. 

Tumors  of  the  Bladder. — Tumors  of  the  bladder 
may  be  classiiied  as  follows,  in  the  order  of  their  fre- 
quency: PapiUoma,  carcinoma  (carcinoma  papillo- 
sum, epithehoma),  myoma,  fibroma,  sarcoma. 

Papillary  tumors  form  more  than  half  all  new 
growths  of  the  bladder.  They  are  made  up  of  very 
vascular  branching  papillae,  clothed  with  irregularly 
cylindrical  epithelium.  They  are  either  peduncu- 
lated or  sessile,  single  or  multiple,  and  upon  their 
character  in  this  respect  depends  the  difficulty  of 
their  removal.  Their  favorite  seat  is  in  the  neighbor- 
hood of  the  trigonum,  and  they  may  attain  the  size 
of  a  pigeon's  egg,  or  even  larger. 

They  give  rise  to  intermittent  hematuria,  but  gen- 
erally there  is  no  pain  in  the  early  stages.  Pain 
usually  appears  later,  however,  and  may  finally  become 
quite  constant  and  severe,  but  should  always  raise 
the  suspicion  that  the  tumor  is  malignant  in  character 
and  that  the  pain  is  due  to  involvement  of  pelvic 
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lymph  glands.  Occasionally,  by  their  pressure,  they 
cause  obstruction  to  micturition  or  to  the  entrance  of 
the  urine  through  the  ureters.  Finally,  cystitis  is 
usually  associated  with  them.  The  hematuria  ma3-, 
however,  exist  for  a  number  of  years  before  other 
symptoms  appear.  Although  benignant  in  their 
character,  the}'  maj-finallj-  cause  death  by  the  changes 
that  they  bring  in  their  train.  No  method  has  yet 
been  discovered  by  which  the  benign  papillarj'  growths 
can  be  distinguished  from  the  maUgnant  growths  of 
similar  gross  appearance  except  by  a  microscopic 
examination  of  the  base  of  the  tumor.  The  view  has 
been  \\-idely  held  that  the  benign  tumors  ultimately 
take  on  a  maUgnant  degeneration,  but  the  demonstra- 
tion of  tliis  fact  is  by  no  means  complete  and  it  is 
more  Ukel}'  that  the  cases  ultimate^  proving  malig- 
nant were  cancerous  from  the  start.  The  impossi- 
bility of  drawing  a  distinction  by  observation  alone 
makes  it  wise  to  regard  all  tumors  of  the  bladder  as 
potentially  malignant. 

The  diagnosis  can  be  made  with  certainty  only  by 
the  aid  of  the  cystoscope.  With  modern  instruments, 
in  skilled  hancis,  failure  to  get  a  satisfactory  view  of 
the  tumor  is  a  rare  occurrence.  Bj'  this  means  it  is 
possible  to  ascertain  the  general  appearance,  size,  and 
position  of  the  tumor,  but  in  the  papillary  forms  of 
growth  it  is  not  possible  to  say  with  certainty  whether 
the  tumor  is  mahgnant  or  benign. 

Two  methods  of  treatment  are  available,  one  of 
recent  origin  by  means  of  the  high  frequencj'  current, 
the  other  bj"  removal  of  the  growth  through  a  supra- 
pubic incision.  Too  little  time  has  elapsed  since  the 
introduction  of  the  liigh  frequency  current  for  this 
purpose  to  admit  of  an  accurate  estimate  of  its  final 
place  in  treatment.  At  present,  however,  it  seems  to 
be  a  satisfactory  method  for  treating  small,  appar- 
ently benign,  growths,  for  multiple  small  tumors  and 
for  multiple  recurrences  after  radical  operation.  The 
procedure  is  a  simple  one  and  can  be  carried  out  in 
the  office.  It  consists  In  the  introduction  of  a  wire 
through  the  catheter  channel  of  a  catheterizing  cysto- 
scope and  the  direct  application  of  the  high  frequency 
current  to  the  tumor  by  means  of  this  cable.  Growths 
rapidly  shrivel  up  and  disappear,  partly  by  actual 
destruction  and  partly  by  slougliing.  Small  growths 
maj'  be  destroyed  at  one  sitting  while  larger  ones 
may  take  several  applications,  best  made  at  an  inter- 
val of  about  a  week.  The  operation  is  free  from  pain 
and  discomfort  other  than  that  incident  to  cystoscopy. 

The  other  method  of  dealing  with  these  growths  is 
by  suprapubic  operation.  This  method  should  be 
applied  to  aU  cases  in  which  the  use  of  the  high  fre- 
quency current  is  not  indicated  and  to  all  cases  in 
which  doubt  exists  as  to  the  character  of  the  tumor. 
The  operation  should  be  truly  racUcal  and  should 
remove  the  whole  thickness  of  the  bladder  wall  with  a 
considerable  margin  around  the  base  of  the  tumor, 
which  should  be  handled  as  delicately  as  possible  to 
avoid  scattering  its  cells  and  producing  implantation 
growths.  Since  the  transperitoneal  operation  gives 
the  best  access  to  these  tumors  it  is  generally  to  be 
preferred. 

Primary  carcinoma  of  the  bladder  occurs  either  in 
the  form  of  papillary  cancer,  in  which  an  indurated 
cancerous  base  is  covered  by  papilliB  resembling  those 
of  the  simple  papilloma,  or  as  an  epitheliomatous 
u'cer  with  hard  indurated  base  and  edges.  Scirrhus  is 
rarely  met  with,  as  is  also  an  encephaloid  form  of  the 
disease. 

The  symptoms  resemble  those  of  papilloma,  but  are 
sooner  or  laterassociated  withseverelancinatingpains 
in  the  bladder  and  its  neighborhood.  The  cancerous 
cachexia  is  often  very  marked. 

,  These  tumors  show  a  very  marked  tendencj'  to 
late  metastasis  which  has  encouraged  the  attempts 
at  their  radical  removal.  Where  they  grow  upon 
the  vertex  or  lateral  walls  of  the  bladder  there  is 
considerable  chance  of  success  and  radical  operation 


should  be  advised.  It  should  consist  in  a  wide 
removal  of  the  whole  thickness  of  the  bladder  wall 
and  if  necessary  a  portion  of  the  ureter  when  this  is 
involved  in  the  growth.  The  ureter  when  thus  di- 
vided should  be  reimplanted  into  the  bladder  wall 
liigher  up.  Growths  which  involve  the  trigonal  por- 
tion of  the  bladder  are  frequently  impossiljle  of  re- 
moval owing  to  infiltration  of  the  perirectal  and  peri- 
prostatic tissues  and  to  their  greater  inaccessibility. 

The  operation  of  total  cystectomy  for  cancer  has 
not  as  yet  reached  a  stable  position  owing  to  the 
difficulty  of  satisfactorily  disposing  of  the  urinary 
stream.  Implantation  of  the  ureters  into  the 
intestine,  vagina  in  the  female,  or  the  skin,  either 
exposes  the  patients  to  a  very  large  danger  of  renal 
infection  or  leaves  them  in  a  condition  not  notably 
more  comfortable  than  their  previous  one.  The 
operation  of  Watson  consisting  of  a  double  lumbar 
nephrostomy  with  ligation  of  both  ureters  and  then 
extirpation  of  the  bladder  at  a  second  operation  seems 
the  most  feasible  procedure. 

In  less  promising  cases  much  reUef  may  be  afforded 
the  patient  by  suprapubic  cystotomy  and  curetting  the 
growth.  This  procedure  may  be  repeated  if  neces- 
sar}',  and  may  decrease  the  suffering  and  lengthen  the 
Hfe  of  the  patient  considerably.  Death  ultimately 
takes  place  from  generaUzation  of  the  disease  with 
sj-mptoms  which  vary  according  to  the  organs  im- 
phcated,  the  liver  being  almost  invariably  the  seat 
of  secondary  deposits. 

,  The  v\yomata  and  fibromata  can  hardly  be  con- 
sidered separatelj",  as  they  usually  occur  in  a  mixed 
form,  myofibroma  or  fibromyoma  containing  both 
fibrous  and  muscular  elements.  They  are  very  rare. 
Gussenbauer,  Volkmann,  and  A.  T.  Cabot  have  re- 
moved tumors  of  this  character.  Gussenbauer's  and 
Cabot's  patients  recovered,  while  Volkmann's  died. 
Tumors  of  this  class  may  give  rise  to  symptoms  of 
obstruction,  but  do  not  as  a  rule  cause  hematuria  or 
cystitis. 

A.  T.  Cabot  has  called  attention  to  the  condition 
known  as  pachydermia  ve.n^:(t,  in  which  the  mucous 
membrane  of  the.  bladder  is  changed  into  a  membrane 
consisting  of  epidermoid  cells.  The  relation  to  carcin- 
oma appears  to  be  close,  and  in  the  case  reported 
(American  Journal  of  the  Medical  Sciences,  February', 
1891)  death  ultimately  occurred  from  that  cause. 

Primary  sarcoma  is  extremely  rare.  Tumors  of 
the  prostate  and  bladder  secondary  to  a  round-ceUed 
sarcoma  of  the  testis  have  been  mistaken  for  primary 
sarcoma. 

Besides  the  regular  tumors  mentioned  above,  cysts 
may  rarely  occur.  They  are  sometimes  congenital 
and  contain  hair,  bones,  etc. 

Neurosis  of  the  Bl.\dder. — Spasm  of  the  blad- 
der, when  not  due  to  inflammation,  is  probably  in 
the  great  niajoritj'  of  cases  dependent  upon  an  in- 
creased sensibility  of  the  prostatic  urethra,  causing 
by  reflex  action  an  excessive  contraction  of  the 
detrusor  urince  muscle  (see  Prostate,  Diseases  of  the). 

In  this  connection  we  may  mention  the  retention  of 
urine  which  not  uncommonly  follows  surgical  opera- 
tions, especially  those  involving  the  region  of  the 
perineum.  It  is  due  apparently  to  a  reflex  inhibition, 
the  stimuli  starting  from  the  seat  of  the  operation. 
This  condition  can  often  be  relieved  by  the  use  of  hot 
appUcations  to  the  hj-pogastrium  or  perineum,  and 
in  women  by  spraying  the  vulva  with  warm  water. 
If,  however,  all  eS'orts  to  induce  the  patient  to  pass 
urine  fail,  the  catheter  must  be  used  before  the  dis- 
tention of  the  bladder  becomes  extreme,  and  when 
once  started  the  use  of  the  catheter  may  have  to  be 
continued  for  several  daj-s  before  the  power  of  volun- 
tarj'  micturition  returns. 

Paralysis  of  the  bl.\dder  is  usually  consequent 
upon  some  disease  or  injury  to  the  nervous  system. 
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The  lesion  may  exist  in  peripheral  nerve  trunks,  or 
may  be  located  either  in  the  reflex  or  in  the  motor 
center   (spinal  cord  or  brain). 

The  loss  of  ])o\ver  may  be  total  or  partial.  When 
the  jiaralysis  is  complete  (which  occurs  usually  in 
connection  with  paraplegia),  the  sphincters,  both 
voluntary  and  involuntary,  are  also  paralyzed,  and 
after  the  accumulation  of  the  urine  produces  a  tension 
in  the  bladtler  great  enough  to  overcome  the  resistance 
in  the  urethra,  a  leaking  of  the  overflow  commences. 
As  sensation  is  lost  in  the.se  cases  the  distention  of 
the  bladder  and  escape  of  the  urine  are  often  not 
jierceived  by  the  patient. 

If  the  paralysis  comes  on  slowly,  as  it  may  do  in 
cases  of  spinal  sclerosis,  tabes  dorsalis,  and  Pott's 
disease,  it  first  makes  itself  known  by  the  diminution 
in  the  force  of  the  stream,  and  the  increase  in  the  time 
occupied  in  urination.  When  the  paralysis  is  ex- 
treme, the  pressure  of  the  abdominal  muscles  fur- 
ni.shes  almost  the  only  driving  power,  and  the  stream 
dribbles  perpendicularly  from  the  meatus. 

As  the  act  of  urination  becomes  more  and  more 
incomplete  the  amount  of  residual  urine  slowly  in- 
creases until  finally  the  bladder  becomes  distended 
and  the  overflow  begins  to  escape,  either  intermit- 
tently or  constantly.  In  either  case  a  partial  power 
of  urination  may  be  preserved.  When  the  distention 
becomes  extreme,  the  pressure  is  transmitted  back  to 
the  kidneys,  and  may  be  so  great  as  to  cause  suppres- 
sion of  the  urine  and  uremia. 

Besides  this  true  paralysis,  dependent  on  nervous 
lesions,  there  is  also  occasionally  a  partial  or  tempo- 
rary loss  of  power,  dependent  upon  general  disturb- 
ances of  the  nervous  system,  such  as  hj'stcria,  nervous 
prostration,  and  the  debility  following  sexual  excesses. 

Atnny  of  the  bladder,  by  which  is  understood  a 
weakness  or  loss  of  contractile  power  of  the  muscular 
coat,  is  not  infrequently  seen  as  a  result  of  over- 
stretching, which  may  be  brought  about  by  voluntary 
retention,  or  may  be  the  result  of  obstruction  in  tlie 
prostate  or  urethra.  It  is  considered  in  this  connec- 
tion, not  because  it  is  due  to  any  nerve  lesion,  but 
because  the  local  condition  and  its  treatment  are 
closely  allied  to  those  of  paralysis.  The  condition  is 
closely  analogous  to  the  enfeebled  condition  induced 
in  any  voluntary  muscle  which  is  persistently  kept 
upon  the  stretch. 

The  diagnosis  of  paralysis  or  of  atony  of  the  bladder, 
when  existing  in  any  marked  degree,  is  usually  not 
difficult,  although  sometimes  the  constant  escape  of 
urine  from  an  overfilled  bladder  leads  to  the  erroneous 
idea  that  true  incontinence  exists.  This  mistake  will 
be  avoided  by  an  examination  of  the  hypogastrium, 
where  the  bladder,  if  full,  wiU  be  easily  detected. 
Any  doubt  as  to  the  character  of  a  central  tumor 
above  the  pubes  should  lead  to  the  passage  of  a 
catheter. 

Atony  of  the  bladder,  if  dependent  upon  some  con- 
dition that  can  be  relieved,  may  be  recovered  from. 
The  chance  of  a  favorable  termination  is,  however, 
nuich  more  doubtful  in  old  and  worn-out  subjects. 

True  paralysis  occasionally  depends  upon  some 
nerve  lesion  (meningitis,  apoplexy,  syphilitic  inflam- 
mation, fracture  of  spinal  column),  which  admits  of 
more  or  less  complete  recovery.  In  the  majority  of 
cases,  however,  the  loss  of  power  is  permanent.  The 
cystitis,  which  is  its  most  uncomfortable  accompani- 
ment, may  be  kept  under  control  by  proper  care. 

The  treatment  in  cases  of  paralysis  and  atony 
should  consist,  first,  in  the  systematic  use  of  a  cath- 
eter. The  bladder  ought  to  be  emptied  at  least  as 
often  as  once  in  the  twenty-four  hours  when  the  loss 
of  power  is  partial,  while  in  complete  paralysis  this 
should  be  done  four  or  five  times  a  day.  In  addition 
to  this,  irrigation  should  be  regularly  employed, 
especially  when  cystitis  has  already  started.  If  the 
loss  of  power  is  partial,  the  washing  may  be  done 
with  cold  solutions,  which  have  a  stimulating  influ- 


ence upon  the  detrusor  muscle.  The  .systematic 
use  of  urotropin  in  doses  of  gr.  v.  to  x.,  three  times  a 
daj',  appears  to  have  a  distinct  influence  in  postponing 
the  advent  of  cystitis  and  in  rendering  it  less  severe. 
Cold  bathing  of  the  abdomen  and  sacral  region  may 
also  be  useful. 

Electricity  is  sometimes  used  with  advantage. 
One  electrode  should  be  placed  over  the  sacrum,  and 
the  other  just  above  the  symphy,sis  pubis,  in  the 
perineum,  or  within  the  bladder  itself. 

Besides  these  local  measures  of  treatment,  the 
strength  of  the  patient  should  be  supported  as  far  as 
possible  by  regulation  of  the  diet,  by  exercise,  and 
even  b)^  change  of  climate  if  it  seem  wise. 

Strychnine  and  ergot  are  both  thought  to  have  a 
beneficial  effect  upon  the  muscular  wall  of  the  bladder, 
and  general  tonics  are  of  use  by  their  effect  upon  the 
general  system. 

When  the  power  of  retention  is  lost,  a  urinal 
becomes  a  necessity. 

Inflammation  op  the  Bladder  (Cystitis). — Of 
recent  years  a  very  considerable  change  has  taken 
place  in  our  conceptions  of  the  condition  known  as 
cystitis  and  we  have  come  to  recognize  that,  except 
in  unusual  cases,  it  is  a  symptom  of  some  other  con- 
dition and  not  a  disease  in  itself.  This  change  of 
view  has  come  with  the  more  thorough,  and  conse- 
quently satisfactory,  investigations  of  the  urinary 
tract  in  both  sexes,  due  to  the  more  extended  use  of 
the  cystoscope  and  ureter  catheter.  We  have  come 
to  recognize  that  the  bladder  is  far  more  resistant  to 
infection  than  many  other  portions  of  the  urinary  and 
genital  apparatus  with  which  it  is  anatomically  associ- 
ated and  that  its  inflammations  are  as  a  rule  of 
secondary  and  not  of  primary  occurrence.  It  may 
reasonably  be  doubted  whether  cystitis,  meaning  a 
pure  inflammation  of  the  bladder  mucous  membrane 
not  associated  with  disease  of  other  portions  of  the 
genital  or  urinary  mechanisms,  ever  occurs.  One  by 
one  the  cases  of  acute  cystitis  or  chronic  cystitis, 
supposed  to  be  due  to  conditions  arising  within  the 
bladder,  have  been  shown  to  be  of  secondary  nature 
and  the  only  doubtful  cases  are  those  of  so-called 
acute  cystitis  occurring  in  young  women.  I  am  confi- 
dent that  most  of  these  will  prove  to  be  secondary 
and  generally  merely  symptoms  of  acute  pyelitis. 

Etiology. — We  shall  perhaps  make  the  matter  clearer 
by  enumerating  briefly  the  conditions  with  which  in- 
flammations of  the  bladder  are  associated  in  a  secon- 
dary capacity.  Infections  of  the  kidney  and  ureter, 
whether  primary  or  due  to  calculus,  freciuently  result 
in  the  symptoms  of  cystitis  and  less  commonly  in 
actual  inflammation  of  the  bladder  mucous  membrane. 
As  an  instance  of  this  may  be  cited  the  very  irritable 
bladders  seen  in  early  cases  of  renal  tuberculosis  in 
which  the  bladder  itself  does  not  as  yet  participate  but 
which  are  still  unfortunately  commonly  regarded  as 
cases  of  cystitis.  Inflammations  of  the  prostate,  acute 
or  chronic,  and  stricture  of  the  urethra  of  any  origin 
freciuently  give  rise  to  the  symptoms  and  sometimes 
the  signs,  of  cystitis,  and  the  commonest  cause  of  true 
cystitis  is  the  obstructive  lesions  occurring  in  the 
prostate  in  later  life.  Changes  in  the  bladder  itself, 
notably  tumor,  diverticulum,  and  stone,  not  secondary 
to  prostatic  obstruction,  may  result  in  cystitis. 
Lesions  of  the  pelvic  viscera  in  both  sexes  are  often 
the  primary  cause  of  trouble.  Inflammatory  lesions 
of  the  tube  or  o\'ary,  tumors  of  ovai'ian  or  uterine 
origin,  inflammation  of  the  sigmoid  flexure,  generally 
due  to  diverticulitis,  and  inflammation  of  the  peri- 
rectal tissue,  are  common  instances. 

All  the  above  enumerated  concUtions  act  in  pre- 
paring the  soil  of  which  the  later  cystitis  is  the  result. 
Thejr  must,  therefore,  be  regarded  as  the  primary 
cause  and  attention  must  be  addressed  to  their 
relief  if  a  satisfactory  understanding  of  the  cystitis 
is  to  result.     Given  the  prepared  soil  the  necessary 
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infecting   organisms   will   not    be   long   wanting   but 
without  it  they  are  quite  unable  to  gain  a  foothold. 

There  are  five  routes  by  which  bacteria  may  reach 
the  bladder:  (1)  By  the  urine  from  the  kidneys;  (2) 
through  the  urethra  on  instruments;  (3)  through  the 
blood;  (4)  from  the  rectum  and  sigmoid  flexure, 
either  by  passing  through  the  peritoneum  or  through 
retroperitoneal  lymphatics;  (5)  by  direct  extension 
from  adjoining  areas  of  suppuration,  e.g.  infected 
urethra,  prostate,  or  pelvic  abscess. 

A  discussion  of  the  comparative  frequency  of  these 
various  sources  of  infection  would  exceed  the  limits 
of  this  paper,  but  a  few  interesting  observations  may 
be  noted. 

Posner  and  Lewin  found  that  after  Ugation  of  the 
rectum  in  animals,  intestinal  bacteria  soon  appeared 
in  the  urine  and  clisappeared  when  the  ligature  was 
removed.  Werden  succeeded  in  producing  cystitis 
by  causing  an  artificial  retention  and  making  an 
abrasion  on  the  rectal  mucous  membrane. 

The  constant  presence  of  the  typhoid  bacillus  in 
the  urine  of  typhoid  fever  is  now  generally  accepted 
and  is  doubtless  the  cause  of  many  of  the  cases  of 
c}'stitis  occurring  in  this  disease;  but  the  discovery  is 
even  more  valuable  as  suggesting  the  possibility  tliat 
a  .similar  condition  exists  in  otner  acute  infectious 
diseases,  as  the  acute  exanthemata,  acute  polyarth- 
ritis, etc.,  with  the  bacteriology  of  which  we  are  less 
familiar. 

The  bacteria  most  commonly  found  in  cystitis  are : 
(1)  The  group  of  bacteria  of  which  the  bacillus  coli 
communis  is  the  type  and  which  are  found  in  more 
than  one-half  of  all  cases  of  cystitis.  (2)  The  proteus 
vulgaris  of  Hauser,  a  common  intestinal  saprophyte. 
(3)  The  staphylococcus  aureus,  albus,  and  citreus. 
(5)  The  streptococcus  pyogenes.  (5)  The  tubercle 
bacillus. 

All  of  tlie  above-mentioned  bacteria  are  capable, 
under  favorable  circumstances,  of  decomposing  urea, 
but  the  colon  group  and  the  tubercle  baciUi  do  so 
much  less  rapidly,  and  in  the  cases  in  which  they 
occur  the  urine  is  more  likely  to  be  found  acid. 

In  rare  instances  the  gonococcus  causes  a  true 
cystitis. 

Pathology. — The  pathological  appearances  vary 
with  the  severity  of  the  inflammation.  In  simple 
catarrhal  cystitis,  the  mucous  membrane  is  more  or 
less  swollen  and  reddened,  with  the  minute  vessels 
sometimes  visibly  injected.  This  redness  is  usuallj' 
most  marked  on  the  summits  of  the  folds  or  rugs, 
which  may  be  studded  with  punctate  hemorrhages  if 
the  inflammation  has  been  of  considerable  intensity. 
Streaks  of  viscid  mucus  cover  to  a  greater  or  lesser 
degree  the  inflamed  surfaces.  These  appearances 
may  be  confined  to  the  neighborhood  of  the  urethral 
opening  (partial  catarrh,  catarrh  of  the  neck  of  the 
bladder),  or  may  be  diffused  over  the  whole  mucous 
membrane  (universal  catarrh).  Even  in  this  latter 
case,  however,  the  evidences  of  inflammation  are 
usually  most  marked  about  the  urethra  and  trigone. 

A  loss  of  the  superficial  epithelium  (erosion)  some- 
times occurs,  and  this  is  occasionally  associated  with 
the  formation  of  false  membrane  (croupous  inflamma- 
tion). A  severe  inflammation  sometimes  leads  to 
ulceration  which  may  be  diphtheritic  in  character. 
Rarely  sloughing  of  considerable  portions  of  the 
mucous  membrane,  and  also  of  the  muscular  coat, 
follows  long  retention.  When  inflammation  extends 
to  the  deeper  layers  of  the  bladder,  the  tissues  are 
much  thickened  and  infiltrated  with  pus,  which  may 
lead  to  the  foriruition  of  abscesses.  These  may  ex- 
tend outward  through  tlie  surrounding  cellular  tissue, 
and  open  spontaneously  into  the  vagina,  rectum, 
neighboring  coil  of  intestine,  or  into  the  peritoneal 
cavity.  Occasionally,  however,  they  perforate  the 
mucous  membrane,  and  open  into  the  bladder  itself. 

Dr.  Samuel  .Vlcxandcr  has  described  a  condition 
known  as  nodular  or  follicular  cystitis.     It  is  charac- 


terized by  intense  congestion  and  the  appearance, 
especially  in  the  region  of  the  trigonum,  of  hyper- 
plasia of  lymph  nodes,  somewhat  resembling  the 
condition  of  the  ileum  in  t}'phoid  fever. 

A  long-standing  catarrh  causes  a  brown  Or  gray  dis- 
coloration of  the  mucous  membrane,  often  with  con- 
siderable dilatation  of  the  veins,  especially  about  the 
urethral  opening.  The  surface  is  covered  with  muco- 
pus  which  is  often  extremely  viscid  and  adherent.  The 
mucous  membrane  and  parts  beneath  are  much  thick- 
ened and  infiltrated,  if  an  obstruction  has  been  the 
primary  cause  of  trouble,  the  muscular  coat  of  the 
bladder  is  greatly  hj-pertrophied  and  forms  inter- 
lacing bands  which  stand  out  like  the  columnte  carnea; 
of  the  heart  {vessie  a  colonne).  At  the  same  time  that 
the  bladder  is  thus  thickened,  it  is  often  also  dilated 
(eccentric  hypertrophy).  Little  herniiB  of  the  mucous 
membrane,  between  the  fibers  of  the  muscular  coat, 
are  not  infrequent.  Lastly,  inflammation  of  the 
bladder  may  be  tuberculous  in  character,  in  which 
case  the  mucous  membrane  of  the  bladder,  the  pros- 
tate, ureters,  and  even  the  pelves  of  the  kidneys  may 
be  the  seat  of  characteristic  ulcerations. 

Clinical  History. — In  cj'stitis  the  most  prominent, 
almost  unfaihng,  symptom  is  a  frequent  desire  to 
urinate.  This  varies  greatly  in  degree,  from  a  slightly 
increased  frequency  of  micturition  which  escapes 
notice,  to  an  almost  constant,  painful  tenesmus  of  the 
bladder,  compelling  straining  efforts  which  accom- 
plish only  the  voiding  of  a  few  drops  at  a  time.  It 
must,  however,  alwa3's  be  remembered  that  these 
symptoms  are  by  no  means  characteristic  of  cystitis 
and  except  in  their  most  severe  manifestations  may 
occur  in  lesions  of  the  kidney  or  prostate  without  any 
involvement  of  the  bladder  itself.  The  symptom 
next  in  importance  is  pain.  This  may  be  very  slight, 
and  felt  only  just  before  and  at  the  end  of  micturi- 
tion. It  may,  however,  be  almost  constant  and  severe 
in  character.  The  pain  is  ordinarily  referred  either 
to  the  hypogastrium,  the  perineum,  or  the  end  of  the 
penis,  but  when  severe  assumes  a  lancinating  charac- 
ter, shooting  down  the  thighs,  through  the  lumbar  and 
sacral  regions,  and  to  the  testicles.  Pain  referred  to 
the  hypogastrium,  especially  if  accompanied  by  ten- 
derness in  that  region,  is  usually  indicative  of  inflam- 
mation affecting  the  body  of  the  bladder.  When  the 
neck  of  the  bladder  is  especially  affected,  the  pain  is 
referred  to  the  perineum  and  to  the  end  of  the  penis. 
These  two  prominent  symptoms  are  usually  accom- 
panied by  some/fcer  in  cases  of  acute  universal  cysti- 
tis. In  inflammation  of  the  neck  of  the  bladder 
fever  may  be  present,  but  is  often  slight  or  entirely 
wanting.  In  chronic  cj-stitis  there  is  ordinarily  no 
febrile  reaction.  Retention  of  urine  occurs  rarely  as 
a  complication;  it  is  most  common  in  cystitis  following 
gonorrhea,  when  a  deep  urethritis  exists,  and  it  is 
then  due  to  a  spasmodic  contraction  of  the  constrictor 
urethrce  muscle. 

Constipation  is  almost  always  present,  and  not  only 
do  the  difficult  movements  of  the  bowels  greatly 
aggravate  the  pain  in  the  bladder,  but  experiments 
would  suggest  that  the  condition  may  favor  a  fresh 
supply  of  infectious  organisms  from  the  intestine. 

Cases  of  chronic  cystitis,  dependent  upon  condi- 
tions which  cannot  be  removed,  run  a  protracted 
course  with  many  ups  and  downs.  Errors  in  diet, 
exposure  to  cold,  over-exercise,  or  any  excess  in 
alcoholic  Uquors  or  in  sexual  excitement,  bring  fresh 
accessions  of  inflammation,  which  are  recovered  from 
with  ever-increasing  difficulty,  especially  at  an  ad- 
vanced age.  Finally,  some  serious  complication, 
such  as  inflammation  of  the  pelvis  and  secreting  por- 
tion of  the  kidney,  ulceration,  possibly  diphtheritic, 
of  the  bladder  wall,  formation  of  an  abscess,  .septice- 
mia or  uremia,  appears  and  quickly  closes  the  scene. 

Tlie  character  of  the  urine  is  of  great  importance  in 
supplj'ing  information  as  to  the  condition  of  the  blad- 
der.    In  a  mild  case,  the  urine  may  be  acid  and  but 
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sliglitly  cloudy.  When  the  urine  is  allowed  to  stand 
for  some  time  a  light  sediment  separates,  consisting 
of  nuico-pus,  with  usually  a  considerable  number  of 
flat  epitfielial  cells.  As  the  cystitis  increases  in 
severity,  the  urine  becomes  more  and  more  turbid 
from  the  increasing  amount  of  pus;  and  in  addition 
to  the  squamous  surface  epithelium,  rounded  cells, 
derived  from  the  deeper  layers  of  the  bladder  mucous 
membrane  and  from  the  prostatic  urethra,  make  their 
appearance.  If,  finally,  alkaUne  fermentation  occurs, 
the  urine  acquires  a  pungent  ammoniacal  smell,  and 
the  pus  assumes  a  thick  ropy  consistency.  Bacteria 
are  also  present  in  great  number,  giving  a  cloudj- 
appearance  to  the  urine  even  after  the  pus  has  settled 
out  of  it.  Strongly  ammoniacal  urine  causes  the  pus 
cells  to  swell  to  several  times  their  natural  size,  and 
finally  to  dissolve.  Casts,  if  present,  are  similarly 
dissolved,  a  fact  which  should  be  borne  in  mind  when 
examining  for  evidence  of  coincident  kidney  disease. 
Blood  corpuscles  may  be  present  in  ca.ses  of  cystitis 
of  some  severity,  but  in  ammoniacal  urine  are  quickly 
dissolved.  The  blood-pigment  in  this  case  imparts 
a  brown  or  smoky  color  to  the  urine,  which  is  quite 
characteristic. 

Occasionally  blood  in  considerable  quantities  may 
be  passed  and  easily  recognized.  Besides  these  cel- 
lular elements  many  crystals  are  found  in  the  urine  of 
cystitis.  In  strongly  acid  urine,  crystals  of  uric  acid 
or  oxalate  of  lime  are  not  infrequent.  If  they  are  in 
considerable  quantity,  and  especially  if  of  large  size, 
thej-  may  be  suspected  as  the  possible  predisposing 
cause  of  the  inflammation.  In  ammoniacal  urine, 
the  crystals  usually  found  are  those  of  triple  phos- 
phate and  urate  of  ammonia,  with  which  are  often 
associated  amorphous  phosphates  in  a  finely  gran- 
ular form.  If  the  bladder  inflammation  takes  on 
a  diphtheritic  character,  bits  of  discolored  diph- 
theritic membrane  may  appear  in  the  urine.  Gan- 
grenous inflammation  of  tne  bladder  wall,  which  is 
usually  the  result  of  severe  injury,  long-continued 
pressure,  or  the  breaking  down  of  a  new  growth, 
gives  the  urine  an  excessively  fetid  character.  The 
admixture  of  blood  more  or  less  decomposed  gives  it 
a  brownish,  smoky,  or  green  color,  and  the  sediment 
contains  much  granular  matter  and  large  granular 
corpuscles,  besides  the  various  cells  and  crj'stals  found 
in  severe  cystitis.  OccasionaUv',  especially  as  a  result 
of  long-continued  pressure,  considerable  portions  of 
the  mucous  membrane  are  thrown  off,  and  may  be 
recognized  as  such  in  the  sediment.  In  the  case  of  a 
sloughing  new  growth,  characteristic  forms  (vilh)  can 
frequently  be  found  under  the  microscope. 

Interstitial  (parenchymatous)  cystitis  causes  a 
train  of  symptoms  much  more  severe  than  those  oc- 
casioned by  a  simple  catarrhal  inflammation.  There 
is  ordinariljv  high  fever,  sometimes  accompanied  bj- 
chills.  The  inflammatory  infiltration  of  the  bladder 
walls  stiffens  them,  and  by  hindering  their  contrac- 
tions makes  complete  expulsion  of  the  urine  impossi- 
ble. The  ureters,  or  the  urethra,  may  be  obstructed 
by  abscesses,  or  bj'  inflammatory  swelling  about  the 
orifices.  If  an  abscess  breaks  into  the  bladder,  the 
appearance  of  a  greatly  increased  quantity  of  pus 
in  the  urine  is  followed  by  a  decided  improvement  in 
symptoms.  If  the  opening  takes  place  into  the  intes- 
tine, the  symptoms  also  improve,  although  they  may 
speedily  resume  their  serious  character  if  the  intestinal 
contents  get  into  and  infect  the  abscess  cavity.  If 
the  pus  finds  its  way  into  the  perivesical  connective 
tissue,  it  may  work  outward  and  point  either  above 
the  pubes  or  in  the  perineum,  in  which  case  its  ap- 
proach to  the  surface  is  heralded  by  preceding  edema 
and  induration.  Occasionally,  perforation  takes 
place  into  the  peritoneal  cavity,  and  speedy  collapse 
and  death  is  the  consequence.  Infiltration  of  urine 
is  a  very  rare  consequence  of  inflammatory  rupture  of 
the  bladder  wall,  and  its  spread  is  limited  by  the  at- 
tachment of  the  pelvic  fascia  along  the  brim  of  the 


pelvis.  A  localized  pelvic  abscess  may  thus  be  formed 
and  require  drainage. 

Diagnosis. — When  this  article  was  last  rewritten, 
only  a  few  years  ago,  this  section  began  as  follows: 
"The  diagnosis  of  a  cystitis  is  usually  a  matter  of 
tolerable  ease,  if  the  symptoms  and  condition  of  the 
urine  are  carefullj'  inquired  into." 

How  different  is  the  condition  to-daj-!  We  now 
know  that  the  symptoms  and  condition  of  the  urine 
rarely  enable  us  to  make  a  diagnosis  of  any  accuracy 
and  that  a  far  more  searching  investigation  must  be 
instituted  if  we  really  desire  the  facts.  This  is  of 
course  due  to  our  comprehension  of  the  secondary 
nature  of  cystitis  and  of  the  nece.ssit}'  of  finding  the 
ultimate  cause  rather  than  of  treating  a  result.  In 
every  case  with  the  symptoms  of  frequency  of  urina- 
tion, pain,  and  pjmria,  a  careful  search  must  be  made 
for  the  cause  outside  of  the  bladder  itself.  In  acute 
cases  it  will  frequently  be  impossible,  or  unwise,  to 
institute  the  searching  methods  of  examination  which 
alone  can  give  a  result  beyond  dispute  and  if  the  con- 
dition subsides  without  going  into  the  chronic  stage  a 
Eositive  diagnosis  may  never  be  possible.  We  should, 
owever,  in  all  cases  investigate  as  thoroughly  as 
possible  the  condition  of  the  structures,  which  are 
generally  the  cause  of  bladder  irritabiUty.  In  acute 
cases  a  careful  examination  of  the  renal  regions  should 
be  made  to  elicit  tenderness,  particularly  in  the  costo- 
vertebral angle  which,  if  present,  renders  the  diagnosis 
of  acute  pyelitis  probable.  The  presence  of  fever, 
without  demonstrable  lesion  other  than  in  the 
bladder,  should  excite  strong  doubt  as  to  the  integrity 
of  the  kidney.  If  the  case  fails  to  clear  up  promptly 
radiographic  plates  should  be  taken  to  exclude  a 
"silent  stone'  in  the  kidney  or  ureter  as  these  are  of 
by  no  means  rare  occurrence.  In  the  male  the  pros- 
tate and  urethra  should  be  carefully  looked  over  and 
in  both  sexes  lesions  of  the  rectum  must  be  excluded. 
In  the  female,  lesions  of  the  pelvic  viscera  must  be 
sought  for,  it  being  remembered  that  the  sagging 
bladder  floor  in  multiparous  women  not  infrequently 
causes  residual  urine  and  conditions  not  unlike  those 
resulting  from  prostatic  obstruction  in  the  male. 
Should  the  acute  symptoms  subside  but  the  pus  not 
disappear  from  the  urine,  a  thorough  study  of  the 
urinary  tract  must  be  undertaken.  This  should 
include  cystoscopy,  ureter  catheterization,  radio- 
graphic pictures,  cultures,  a  search  for  the  tubercle 
bacillus  bj-  stain  and  guinea-pig  inoculation. 

If  the  study  of  all  cases  of  so-called  cystitis  be 
taken  up  in  this  way  we  shall  come  to  a  sounder  real- 
ization of  the  truly  secondary  nature  of  the  disease. 

Prognosis. — Acute  C3'stitis,  when  not  dependent 
upon  some  previously  existing  chronic  condition, 
may  with  proper  care  run  its  course  in  from  two  to 
three  weeks.  It  is  rarely  severe  enough  seriously  to 
threaten  life. 

Chronic  cystitis,  if  dependent  on  some  curable  con- 
dition (stone,  stricture,  etc.),  may  be  recovered  from 
after  the  removal  of  the  predisposing  cause,  provided 
that  the  long  duration  of  the  malady  has  not  induced 
permanent  organic  changes  in  the  bladder  wall. 

Advanced  age  and  a  weak  constitution  render  the 
prognosis  much  less  favorable.  When  the  disease  is 
the  result  of  some  condition  which  cannot  be  removed 
(enlarged  prostate,  tuberculosis,  inoperable  tumor, 
etc.),  recoverj-  cannot  be  expected,  although  a  con- 
siderable amelioration  of  sj'mptoms  may  be  accom- 
plished by  appropriate  and  thorough  treatment.  The 
appearance  of  plilegmonous,  diphtheritic,  or  gangren- 
ous inflammation  with  or  without  the  formation  of 
abscesses,  makes  the  prospect  of  recovery  extremely 
doubtful. 

Prophylaxis. — Many  eases  of  cystitis  could  no 
doubt  be  avoided  by  intelligent  care.  Careful  man- 
agement of  an  acute  gonorrhea,  or  of  a  stricture  or 
enlarged  prostate,  would  often  enable  the  patient  to 
escape  the  cystitis  which  they  so  frequently  induce. 
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The  most  important  prophylactic  measure,  however, 
is  a  thorough  observance  of  aseptic  precautions  iu 
any  and  all  operative  procedures  upon  the  bladder. 
All  metal  and  rubber  instruments  should  be  thoroughly 
cleaned  and  boiled  immediately  after  using,  and 
should  then  either  be  kept  in  an  aseptic  case  or 
cleaned  again  immediately  before  using.  The  prob- 
lem of  cleaning  gum  elastic  and  webbing  catheters  is 
more  difficult,  and  they  can  rarely  be  used  with  safety 
more  than  a  few  times.  They  should  be  cleaned  with 
soap  and  water  to  remove  the  oil  and  then  washed 
carefully  with  corrosive  sublimate  1  to  1,000.  The 
use  of  formaldehj-de  vapor  generated  in  various  ways 
for  the  sterilization  of  instruments  that  cannot  be 
satisfactorily  boiled,  is  a  safe  method  if  a  method  is 
employed  which  insures  the  vapor  passing  through 
the  lumen  of  the  instrument. 

In  all  cases  in  which  there  is  any  doubt  as  to  the 
healthy  condition  of  the  urethra  it  is  wise  to  give  it  a 
preliminary  washing  with  some  mild  anti-septic,  and 
in  cases  in  which  urethritis  exists,  it  is  well  to  repeat 
this  after  the  use  of  any  instrument. 

Of  the  great  variety  of  lubricants  one  should  be 
selected  which  is  aseptic  and  non-irritant.  Most  of 
the  antiseptic  lubricants,  and  especialh'  those  con- 
taining carbolic  acid  or  eucalyptus  oil,  are  irritating. 
The  undesirable  effect  of  greasy  lubricants  upon 
rubber  instruments  has  led  to  their  displacement  bj' 
the  newer  lubricants  prepared  from  Iceland  moss. 
Of  these  there  are  a  great  variety,  good,  bad,  and 
incUflferent  and  one  should  be  selected  which  does  not 
tend  to  cake  or  harden  but  maintains  an  even  con- 
sistency, even  though  kept  a  considerable  time. 
They  are  a  great  improvement  over  the  lubricants 
previously  used. 

Treatment. — In  acute  cystitis,  whether  universal  or 
partial,  the  thing  of  first  and  greatest  importance  is 
rest.  Rest  should  be  absolute  in  bed,  in  a  horizontal 
position,  or  with  the  hips  slightly  raised.  The  blad- 
der, irritated  and  intolerant  of  its  contents,  should  be 
soothed  by  full  doses  of  some  anodyne  to  lessen  as 
much  as  possible  its  overe.Kcitability,  and  to  quiet 
its  constant  spasmodic  activity.  The  anodyne  may 
be  administered  in  fhe  form  of  a  suppositorj-,  a  favor- 
ite combination  being  opium  or  morphine,  with  either 
hyoscyamus  or  belladonna.  Not  infrequently,  how- 
ever, it  wiU  be  found  wise  to  give  the  anodj'ne  by  the 
mouth,  as  rectal  absorption  is  slow  and  sometimes 
unsatisfactorj-.  If  the  pain  is  due  mainly  to  the 
spasmodic  action  of  the  bladder,  hyoscyamus  or 
belladonna  sometimes  suffices  to  relieve  it,  and  when 
either  of  these  is  efficient  it  is  preferable  to  opium, 
wliich  is  objectionable  from  its  constipating  proper- 
ties, even  when  it  does  not  disagree  with  the  stomach. 
Codeine  will  also  be  found  useful,  especially  in  the 
less  severe  cases.  If,  however,  hyoscyamus,  bella- 
donna, or  codeine  does  not  control  the  pain,  opiates 
should  at  once  be  resorted  to;  and  these  should  be 
given  in  full  doses,  as  a  really  curative  effect  is  to  be 
expected  from  the  relief  of  spasm. 

Heat,  wet  or  dry,  over  the  liypogastrium  and  peri- 
neum will  often  be  of  use,  and  if  well  applied  will 
accomplish  more  than  a  hot  hip-bath,  which  is  com- 
monly used,  but  which  has  only  a  transient  effect. 
A  hip-bath,  if  given,  should  be  very  hot,  and  the 
patient  should  be  in  it  but  a  few  minutes  (four  or  five 
at  the  outside),  as  the  necessary  position,  if  main- 
tained for  any  length  of  time,  favors  congestion  of 
the  pelvic  organs,  and  to  a  great  extent  counteracts 
tlie  otherwise  good  effects  of  the  heat. 

Medicinal  treatment  intended  to  modify  the  con- 
dition of  the  urine  may  be  beneficial  in  two  ways:  first, 
by  increasing  the  amount  and  consequently  diluting 
the  urine;  and,  second,  by  affecting  its  reaction  and 
rendering  it  a  less  favorable  medium  for  the  growth 
of  bacteria. 

The  most  simple  and  generally  an  efficient  method 
of  increasing  the  amount  of  urine  is  to  urge  the  patient 
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to  drink  at  least  two  quarts  of  water  or  milk  in  the 
twenty-four  hours;  if  more  can  be  taken,  so  much  tlie 
better.  To  this  may  be  added  cream  of  tartar  water, 
or  citrate  of  potassium,  both  of  which  are  mild  diu- 
retics and  tend  to  stimulate  tlie  action  of  the  kidneys. 
In  this  way  the  amount  of  urine  can  generally  be 
kept  sufficiently  large  markedly  to  dilute  it.  The 
vegetable  diuretics,  buchu,  triticum  repens,  uva  ursi, 
etc.,  are  less  used  now  than  formerly,  and  they  are  not 
notably  more  efficient  than  the  milder  measures  above 
mentioned. 

Of  the  drugs  which  owe  their  power  to  the  fact  that 
they  are  excreted  in  some  form  in  the  urine,  benzoate 
of  sodium,  boric  acid,  sandalwood  oil,  and  many  new 
compounds  containing  formalin  are  the  most  valuable. 
If  the  urine  is  ammoniacal,  as  is  not  infrequently  tlie 
case,  its  irritating  properties  are  thereby  much  in- 
creased, and  the  use  of  some  drug  to  render  the  urine 
acid  is  distinctly  indicated.  The  most  efficient  are 
benzoate  of  sodium  and  boric  acid  in  doses  of  from 
gr.  V.  to  X.  every  three  to  four  hours,  according  to  the 
reaction  of  the  urine  and  the  tolerance  of  the  patient. 
Sandalwood  oQ  has  a  soothing  effect,  especially  when 
the  inflammation  is  most  marked  about  tlie  neck  of 
the  bladder,  but  it  is  taken  with  difficulty  by  some 
patients  and  should  alwaj'S  be  given  in  capsules. 

Besides  this  strictly  medicinal  treatment,  the  diet 
should  be  carefully  regulated,  only  bland,  unirritating 
articles  of  food  being  allowed.  Alcohol  in  every  form 
should  be  interdicted,  and  tea  and  coffee  should  be 
avoided  or  taken  very  much  diluted.  The  bowels  are 
to  be  kept  gently  open,  and  especial  care  in  this 
direction  is  needed  when  opiates  are  being  used. 

When  the  inflammatorj^  process  is  being  combated 
in  this  manner,  the  predisposing  cause  of  the  cystitis 
should  be  sought  for  and  if  possible  removed.  Re- 
tention of  urine,  if  it  exists,  should  be  relieved  by  the 
use  of  a  catheter.  When,  however,  the  cause  of  the 
cystitis  is  one  which  requires  an  operation  for  its 
removal  (calculus,  stricture,  etc.),  it  is  usually  best, 
unless  in  case  of  emergency,  to  defer  interference  until 
the  acute  stage  of  the  disease  is  past. 

If  the  inflammation  is  so  severe  as  to  involve  sur- 
rounding parts  and  to  give  rise  to  pericj-stitis,  the 
appearance  of  abscesses  must  be  watched  for  with 
great  care,  as  their  early  detection  and  evacuation  is 
of  cardinal  importance. 

Ordinarilj-  an  acute  cystitis  yields  to  careful  treat- 
ment, and  recovery  is  complete.  If,  however,  the 
acute  condition  does  not  subside,  or  having  subsided 
pyuria  persists,  the  time  has  arrived  for  the  more 
searching  investigation  referred  to  under  Diagnosis. 
Almost  all  cases  of  subacute  or  chronic  cystitis, 
especially  when  associated  with  foul,  decomposing 
urine,  will  be  greatly  benefited  by  thorough  irrigation; 
and  this  measure  may  be  employed  in  acute  cases  if 
the  urine  assumes  a  fetid  character.  When  properly 
performed  this  washing  out  of  the  bladder  usually 
does  much  good,  but  if  done  carelessly  or  improperly 
it  may  cause  serious  harm. 

As  a  rule  not  more  than  two  ounces  of  fluid  shall 
be  thrown  into  the  bladder  at  one  time.  This  rule  is 
a  good  one  in  cases  of  acute  cystitis,  or  when  the 
bladder  is  greatly  contracted  or  especially  irritable. 
In  many  chronic  cases,  however,  it  is  not  only  safe, 
but  wise  to  distend  the  bladder  somewhat  with  the 
injected  fluid,  the  object  being  to  spread  out  the 
folds  of  the  mucous  membrane  so  as  to  insure  the 
thorough  removal  of  fermenting  mucus  and  the  con- 
tact of  the  irrigating  fluid  with  all  parts  of  the  blad- 
der wall.  If  the  injection  is  made  slowly,  the  bladder 
ordinarily  tolerates  the  distention  well. 

With  regard  to  the  injecting  apparatus,  a  S3'ringe 
forces  the  fluid  in  with  irregular,  intermittent  force, 
and  imperfections  in  the  valves  make  it  often  a  matter 
of  uncertainty  whether  the  proper  amount  has  flowed 
into  the  bladder  or  not.  These  disadvantages  are 
avoided  by  the  use  of  a  fountain  syringe;  and  if  a  clear 
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glass  bottle  is  used  as  the  reservoir,  it  can  be  easily 
kept  clean,  and  the  exact  amount  of  the  fluid  whicli 
(lows  into  the  bladder  can  be  readily  seen  and  exactly 
measured  by  a  scale  fastened  upon  the  side  of  the 
bottle.  The  force  of  the  stream  is  to  be  regulated  by 
adjusting  the  height  of  the  reservoir  above  the  blad- 
der. This  should  never  be  greater  than  from  one  to 
two  feet,  or  the  bladder  may  be  subjected  to  a  dan- 
gerous strain.  It  is  also  important  to  stop  injecting 
the  moment  the  patient  feels  the  least  desire  to 
micturate. 

The  simplicity  of  this  apparatus  is  of  great  advantage 
In  point  of  cleanliness,  and  patients  quickly  learn  to 
manage  it  for  themselves. 

The  catheter  used  should  be  of  soft  rubber,  if  such 
can  be  introduced;  if  not,  that  form  which  passes  with 
least  irritation  is  the  best,  whether  bulb-pointed  or 
coudde,  gum-elastic  (English)  or  sOver.  A  double- 
current  catheter  is  less  good  than  one  with  single 
caliber,  for  the  continuous  stream  does  not  cleanse 
the  bladder  so  quickly  as  is  done  by  alternate  filling 
and  emptying,  and  the  necessarily  small  size  of  the 
escape  tube  in  a  double  instrument  pre\-ents  the 
ready  exit  of  thick  pus  or  mucus.  The  bladder  may 
also  be  irrigated  without  the  use  of  a  catheter  by 
means  of  a  fountain  syringe  with  an  olive-tipped 
nozzle.  This  is  held  tightlj-  against  the  meatus  and 
the  fluid  allowed  to  distend  the  urethra,  which  will 
"balloon"  out  as  far  as  the  triangular  ligament.  In 
this  way  the  anterior  urethra  maj'  be  thoroughlj- 
washed,  and  then  by  raising  the  douche  bottle  higher, 
sufficient  pressure  may  be  obtained  to  overcome  the 
resistance  of  the  compressor  muscle  and  the  fluid  will 
run  back  into  the  bladder.  The  whole  operation  is 
carried  out  without  introducing  anj-  instrument 
beyond  the  meatus,  and  this  method  of  irrigation  has 
of  late  found  considerable  favor  among  surgeons  in 
some  parts  of  the  country. 

Many  drugs  are  added  to  the  injection  fluid,  either 
with  the  object  of  disinfecting  the  contents  of  the 
bladder  or  of  acting  topically  upon  the  mucous  mem- 
brane. The  most  useful  solutions  with  wliich  to  irri- 
gate the  bladder  are  a  solution  of  borax  (biborate  of 
sodium),  a  dram  to  the  pint;  boric  acid  two  per  cent., 
and  chloride  of  sodium  two  drams  to  the  pint.  The 
stronger  antiseptics,  as  corrosive  sublimate  and  car- 
bolic acid,  are  too  irritating  to  be  often  useful.  Occa- 
sionally when  the  secretion  of  pus  and  mucus  is  ver}- 
abundant,  and  especially  in  chronic  cases,  perman- 
ganate of  potassium  1  to  5,000  to  1  to  10,000  will  be 
found  useful  for  its  astringent  action. 

In  phosphaturia  very  dilute  hj-drocliloric  or  nitric 
acid  (one  or  two  drops  of  strong  acid  to  the  fluid- 
ounce  of  water)  may  assist  by  their  solvent  and  as- 
tringent action. 

Lastly,  we  come  to  speak  of  nitrate  of  silver,  which 
if  properly  used  is  productive  of  much  good,  but  if 
abused  or  improperly  employed  may  do  decided  harm. 
An  obstinate  chronic  cystitis  wliich  does  not  yield 
to  milder  measures  is  sometimes  greatly  benefited  by 
the  use  of  a  weak  solution  (one-tenth  to  one-fifth  per 
cent.)  of  nitrate  of  silver.  This  gives  the  best  results 
when  it  is  used  every  second  or  third  daj',  some  milder 
injection  being  substituted  on  the  intermediate  days. 
The  amount  of  pus  is  usually  very  decidedly  dimin- 
ished by  these  applications. 

Occasionally,  it  happens  that  adhesive  mucus  so 
clogs  the  eye  of  the  catheter  as  to  prevent  the  escape 
of  the  urine.  This  may  be  removed  by  attaching  a 
rubber  tube  full  of  water  to  the  catheter  and  then 
dropping  its  free  end  into  a  vessel  upon  the  floor.  The 
weight  of  this  column  of  water  usuallj'  e.xerts  sufficient 
suction  to  draw  out  the  obstructing  mucus. 

In  chronic  cystitis,  the  local  treatment  is  more  to 
Ix;  relied  upon  than  medication. 

In  the  majority  of  cases  the  measures  that  have 
been  suggested  will  accomplish,  if  not  a  cure,  at  least  a 
palliation   of  symptoms   which   brings   comparative 


comfort  to  the  patient;  occasionally,  however,  a  case 
is  met  with  in  which  the  bladder  has  suffered  such 
decided  organic  changes  that  the  passage  of  urine 
through  it,  with  its  alternations  of  expansion  and  con- 
traction, is  sufficient  to  keep  up  an  aggravated  inflam- 
mation. In  spite  of  every  care  the  patient  begins 
to  suff'er  from  septic  absorption,  and  death  seems 
imminent. 

Under  such  circumstances,  constant  drainage  by 
means  of  a  catheter  should  he  tried.  This  will  often 
have  the  effect  of  giving  tlie  bladder  the  desired  rest 
and  allowing  the  reparative  process  to  begin.  If  this 
is  not  successful,  cystotomj'  holds  out  a  last  hope.  It 
is  now  generally  believed  that  the  suprapubic  route 
is  the  most  efficient  for  drainage  of  this  kind  since  it 
allows  a  more  thorough  investigation  of  the  condition 
of  the  bladder  and  is  more  readily  carried  out  under 
local  anesthesia.  In  general,  it  ma}-  be  said  that  it 
is  rarely  wise  to  give  a  general  anesthetic  for  this 
purpose  and  that  local  or  spinal  anesthesia  is  to  be 
preferred.  The  details  of  these  procedures  will  be 
further  discussed  in  the  article,  Prostate,  Diseases  of 
the. 

Stone  in  the  Bladder. — The  stones  which  are 
commonly  found  in  the  bladder  may  be  rougldy 
divided  into  uric  acid,  oxalate  of  lime,  and  phosphatic 
calculi.  A  stone  composed  wholly  of  anj'  one  of  these 
constituents  is,  however,  not  common,  the  usual 
condition  being  a  mixed  form,  in  which  a  uric  acid 
or  oxalate  of  lime  nucleus  is  covered  by  a  phosphatic 
crust ;  sometimes  a  succession  of  layers  may  be  formed 
b}'  alternating  deposits  of  different  components.  The 
phosphates  are  almost  alwaj-s  combined  with  alkaUne 
urates  and  carbonates.  Other  substances,  such  as 
cystin  and  xanthin,  in  rare  instances  form  concretions 
in  the  bladder. 

For  purposes  of  surgical  classification,  calculi  may 
be  divided  into  those  which  form  in  an  acid  and  those 
which  form  in  an  alkaline  urine.  The  former  class  in- 
cludes the  uric  acid  and  oxalate  of  lime  stones,  while 
the  soft  concretions,  composed  mainly  of  phosphates, 
belong  to  the  latter. 

"The  researches  of  Rainey,  Harting,  Ord,  Ebstein, 
and  others,  indicate  that  the  formation  of  stone  is  not 
a  simple  process  of  deposition  of  salts  existing  in 
excess  in  the  urine.  Indeed,  instances  are  of  everj-- 
daj'  occurrence  in  which  uric  acid,  the  urates,  oxa- 
late of  lime,  or  the  phosphates  are  present  in  solid 
form  for  long  periods  of  time  in  the  urine  without 
leading  to  stone  formation.  The  investigations  of 
these  obser\-ers  ha\'e  shown  the  crj'stalline  substances 
of  the  urine  to  follow  the  law  of  'molecular  coales- 
cence' laid  down  by  Rainey  and  elaborated  by  later 
observers;  which  is  briefly,  that  'in  the  presence  of 
colloid  or  albuminoid  substances  crystalline  materials 
become  spheroidal  in  shape  and  coalesce  in  rounded 
form.'  Following  this  law,  in  the  urinary  passages 
crystals  of  uric  acid  in  their  usual  rhomboidal  shape 
may  for  long  periods  be  thrown  down,  washed  along, 
and  passed  out  with  the  urine  without  showing  any 
tendenc}-  to  form  concretions.  Finally,  the  irrita- 
tion of  the  urinary  tract  leads  to  the  exudation  of 
albuminoid  material,  which,  acting  on  the  crystals, 
changes  their  molecular  form  and  creates  in  them  the 
tendency  to  coalesce.  The  necessary  albuminoid 
material  may  be  supphed  in  other  wa^-s.  Necrotic 
bits  of  tissue  are,  as  is  well  known,  likely  to  be  en- 
crusted with  lime  salts.  Masses  of  bacteria  and  bits 
of  blood  clot  are  also  found  in  stones,  but  what  part 
they  play  in  the  formation  of  the  stone  is  not  clear. 
The  concretion,  once  started,  continues  to  act  as  an 
irritant  to  the  wall,  and  so  continues  to  be  supplied 
with  an  albuminoid  envelope,  in  which  successive 
laj-ers  of  spheroidal  crystals  are  deposited."  (From  A. 
T.  Cabot's  article  in  Morrow's  "System  of  Genito- 
urinary Diseases,  Syphilology,  and  Dermatology," 
vol.  i.) 
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The  formation  of  phosphatic  stones  is  almost  in- 
variably the  result  of  inflammatory  conditions  in  the 
urinar5-  tract  leading  to  alkaline  fermentation  of  the 
urine. 

Calculi  may  form  in  any  part  of  the  urinary  ap- 
paratus. When  the}'  originate  in  the  kidney  they 
may  find  their  way,  sooner  or  later,  into  the  bladder. 
This  may  be  accomplished  painlessly,  or  may  be 
accompanied  by  severe  pain  (nephritic  colic). 

After  reaching  the  bladder  they  either  pass  out 
through  the  urethra  and  cause  no  further  trouble,  or 
they  remain  and  graduallj"  increase  in  size  until  their 
presence  is  revealed  by  the  symptoms  to  which  they 
give  rise.  Their  detention  in  the  bladder  is  rendered 
extremely  probable  when  some  obstruction  to  mictu- 
rition has  caused  dilatation  with  residual  urine,  or 
when  sacculation  of  the  bladder  exists.  A  stone  thus 
retained  in  the  bladder  continually  grows  by  accretion. 
So  long  as  the  urine  remains  unchanged,  the  character 
of  the  stone  continues  the  same;  when,  however,  the 
urine,  formerly  acid,  becomes  alkaline  from  the 
occurrence  of  fermentation,  the  soft  salts  (phosphates, 
etc.)  are  deposited  on  the  hard  basis  of  calcic  oxalate 
or  uric  acid. 

Stones  usually  occur  singly,  but  sometimes  many, 
up  to  several  hundreds,  are  found  in  one  bladder. 

Single  calculi  are  moulded  into  a  more  or  less  oval 
form  by  attrition  of  the  vesical  walls.  The  surface 
may  be  tolerably  smooth,  as  is  often  the  case  with 
uric  acid  calculi,  or  rough  and  granulated,  as  is  more 
common!}'  seen  in  phosphatic  stones;  and  finally, 
those  composed  of  oxalate  of  lime  are  usually  covered 
with  rough,  often  sharp  projections,  giving  them  a 
knobby,  irregular  outline,  which  has  suggested  their 
distinctive  name  of  mulberry  calculi.  AVhen  many 
calculi  e.xist  together  in  the  bladder,  thej'  are  usuallj' 
smoothed  and  faceted  by  mutual  attrition. 

Stones  vary  greatly  in  size  and  consistency.  ^'e^J' 
large  concretions  were  much  more  common  formerly 
than  now,  when  the}'  come  earlier  to  operation. 

Phosphatic  stones  are  usually  soft  and  friable, 
though  they  may  sometimes  have  considerable  hard- 
ness. L'ric  acid  makes  firmer  calculi,  which  are, 
however,  tolerably  brittle.  The  hardest  stones  are 
those  made  of  oxalate  of  lime,  and  they  may  oc- 
casionally resist  any  but  the  most  powerful  lithotrites. 

Stone  in  the  bladder  is  often  hereditary.  A  gouty 
or  rheumatic  diathesis,  by  favoring  the  production  of 
acid  urine,  fosters  the  tendency  to  stone. 

The  habitual  use  of  Mquids  or  articles  of  food  that 
easily  ferment  and  give  rise  to  acidity  may  increase 
the  chances  of  stone  formation.  That  the  quality  of 
the  drinking  water  (presence  of  lime  salts)  has  "any 
influence,  is  not  proved. 

The  geographical  distribution  of  stone  seems  to  be 
independent  of  any  climatic  or  geological  influences. 

Dr.  Keyes  beUeves  that  the  prevalence  of  stone  in 
certain  localities  is  to  be  in  great  measure  accounted 
for  by  the  hereditary  nature  of  calculous  disease, 
fostered  by  more  or  less  close  intermarriage. 

Thompson  states  that  stone  is  common  in  the 
children  of  the  poor,  but  rare  among  old  persons; 
whereas  among  the  rich  this  state  of  things  is  reversed 
and  the  children  are  exempt,  whUe  their  elders  are 
oftener  afflicted. 

Symptoms. — The  symptoms  of  stone  in  the  bladder 
are:  First,  pain.  This  is  especially  severe  at  the  end 
of  micturition,  when  the  bladder  wall  closes  down 
upon  the  rough  surface  of  the  calculus.  The  pain  is 
referred  either  to  the  end  of  the  jjenis,  or  to  the  jieri- 
neum  and  rectum.  It  is  usually  much  increased  by 
violent  movements  or  jolting,  as  in  riding.  Secondly, 
frequency  of  micturition,  which  may  or  may  not  be 
diminished  by  rest  in  bed.  Thirdly,  hematuria.  The 
presence  of  blood  in  the  urine  is  intermittent.  The 
water  may  be  of  a  wine-red  or  smoky  color,  or  the 
blood  may  be  contained  in  the  last  few  drops  of  urine 
passed.    JHemorrhage  is  likely  to  appear  after  exercise 
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or  jolting.  When  these  important  symptoms  are  pres- 
ent, inquiry  will  often  discover  a  history  of  previous 
attacks  of  renal  colic,  or  of  the  appearance  of  gravel 
in  the  urine. 

As  confirmatory  s}'mptoms  may  be  mentioned, 
sudden  stoppage  of  the  stream  in  the  midst  of  mictu- 
rition, caused  by  the  stone  falling  against  the  urethral 
opening,  and  in  children  an  elongated  prepuce,  owing 
to  constant  pulling  in  the  effort  to  relieve  pain  felt 
at  the  head  of  the  penis. 

Diagnosis. — UntU  recent  times  the  diagnosis  of 
stone  in  the  bladder  has  depended  usually  upon  the 
possibility  of  touching  the  stone  with  a  metal  instru- 
ment. In  the  case  of  large  stones,  or  those  readily 
accessible  from  the  neck  of  the  bladder  this  was  a  very 
certain  method  but  there  are  many  pathological  con- 
ditions frequently  associated  with  stone  which  make 
it  a  very  unreliable  method,  though  one  stiO  to  be 
employed  in  the  absence  of  a  better.  In  the  adiilt 
male,  stone  formation  is  by  far  more  common  in  con- 
nection with  senile  changes  in  the  prostate  which 
lead  to  residual  urine.  Under  these  conditions  a 
stone  may  easily  be  missed  by  a  searcher  and  in  fact 
it  may  be  impossible  to  touch  it  on  account  of  me- 
chanical conditions.  All  the  uncertainty  arising  in 
this  way,  together  with  the  doubt  always  felt  as  to 
the  size  and  position  of  a  stone,  have  been  eliminated 
by  the  advent  of  the  cystoscope.  It  could  properly 
be  said  to-day  that  the  cystoscope  is  the  only  thor- 
oughly certain  and  always  satisfactory  method.  It 
is  applicable  to  all  cases  in  which  any  instrument  can 
be  passed  through  the  urethra  and  supplies  us  not 
only  with  all  the  evidence  in  regard  to  the  size  and 
position  of  the  stone  but  also  as  to  the  other  conditions 
in  the  bladder.  A  cystoscopy  by  a  competent  ob- 
server not  only  establishes  the  presence  or  absence  of 
stone  but  enables  the  surgeon  to  decide  what  operation 
should  be  selected  for  relief  of  the  symptoms.  It 
would  be  difficult  to  lay  too  much  stress  upon  the 
importance  of  employing  the  cystoscope  in  the  diag- 
nosis of  vesical  calculi  whenever  possible.  In  case 
the  urethra  is  impassable  to  instruments  by  reason 
of  stricture  or  the  conformation  of  an  abnormal 
prostate,  stone  can  be  detected  with  certainty  by 
means  of  the  i-ray  in  competent  hands.  This 
method,  however,  is  far  less  satisfactory  than  cystos- 
copy as  it  gives  no  evidence  other  than  the  presence 
or  absence  of  stone. 

Prophylaxis. — Soft  phosphatic  stones  are,  as  has 
been  said,  dependent  usually  upon  a  local  condition 
of  inflammation  of  the  bladder,  and  any  treatment,  by 
irrigation  or  otherwise,  which  reduces  this  inflamma- 
tion lessens  the  chances  of  stone  formation.  Uric 
acid  and  o.xalate  of  lime  stones,  on  the  other  hand, 
are  of  constitutional  origin,  and  indicate  faults  of 
assimilation  and  tissue  change  which  are  in  a  degree 
amenable  to  constitutional  treatment. 

When  a  tendency  to  uric  acid  formation  is  evinced 
by  the  appearance  of  crystals  in  the  urine,  or  by  any 
symptoms  indicating  a  gouty  diathesis,  efforts  should 
be  made  to  counteract  this  tendency  by  strict  atten- 
tion to  the  patient's  habits  with  regard  to  food  and 
exercise.  Sugar  in  every  form  is  harmful  in  these 
cases,  as  are  also  all  fatty  articles  of  food,  and  these 
should  accordingly  be  avoided.  Overindulgence  in 
stimulating,  highly  seasoned  dishes  should  be  inter- 
dicted. Wine  should  be  given  up,  and  if  the  stimu- 
lant effect  is  needed,  spirits,  largelv  diluted,  shotild 
be  preferred.  Systematic  exercise  sliould  be  taken — 
if  possible,  sufficiently  ^^olent  to  excite  moderate 
perspiration,  and  the  skin  should  be  cared  for  by 
regular  bathing  and  vigorous  rubbing.  If  the  patient 
be  constipated,  his  bowels  should  be  regulated,  and 
this  may  well  be  done  by  a  morning  glass  of  Fried- 
richshall  or  Carlsbad  water.  Thompson  recommends 
a  long  course  of  saline  waters  for  these  patients  with 
uric  acid  tendencies,  and  regards  their  effect  as  due 
to  a  stimulant  action  on  the  liver.     Whatever  the 
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rntionale  of  tlioir  iiso,  they  are  of  undoubted  benefit 
wlien  a  constipated  habit  exists. 

Lastly,  general  tonics,  such  as  strychnine  and 
quinine,  may  be  of  great  service  when  the  general 
health  is  del)ilitated.  Alkaline  diuretics,  by  correct- 
ing the  overacidity  of  the  urine,  relieve  local  symp- 
toms; but  without  the  adtiition  of  general  treatment 
the  acidity  returns  ciuickly  upon  their  disuse. 

Tn-ntmciit. — After  the  formation  of  a  stone  too 
large  to  pass  through  the  urethra,  its  removal  can  be 
accomplished  only  by  some  mechanical  expedient. 
The  solvent  action  of  alkaline  or  other  remedies  has 
never  been  shown  to  destroy  a  stone  that  had  been 
proved  to  exist. 

The  choice  of  the  operation  appropriate  to  each  case 
is  to  be  decided  both  by  the  character  of  the  stone  and 
by  the  condition  of  the  urinary  organs. 

Children  stand  the  operation  of  litholapaxy  very 
well.  Occasionally  the  small  size  of  the  urethra  makes 
this  operation  impossible,  but,  except  in  these  cases, 
it  is  to  be  preferred  to  lithotomy. 

The  crushing  of  stone — lithotrity — became  a  recog- 
nized operation  in  1824  through  the  efforts  of  Civiale, 
who,  although  operating  with  inferior  instruments, 
obtained  successes  which  demonstrated  the  possibil- 
ity of  pulverizing  stones  with  instruments  intro- 
duced tlirough  the  urethra. 

After  that  time  the  operation  was  greatly  improved 
in  technique,  and  largely  displaced  the  earlier  opera- 
tion of  lithotomy.  (For  the  history  of  its  develop- 
ment, see  under  the  head  of  Lithotrihj.) 

In  1879  Prof.  Henry  J.  Bigelow  published  a  paper 
introducing  the  operation  of  litholapaxy  (lithotrity 
at  one  sitting,  rapid  lithotrity),  and  so  quickly  did 
this  procedure  gain  in  favor  that  within  a  year  or  two- 
of  the  publication  of  his  first  article  it  was  a  generally 
established  practice;  and  the  old  operation  of  litho- 
trity, without  complete  evacuation,  had  become  a 
thing  of  the  past. 

Professor  Bigelow  showed  that  the  tolerance  of  the 
bladder  to  instrumentation  is  much  greater  than  had 
been  supposed,  and  demonstrated  the  fact  that  there 
is  less  danger  in  an  operation,  even  long  and  tedious, 
which  results  in  the  complete  evacuation  of  a  stone, 
than  in  the  usual  short  and  repeated  sittings  for  its 
more  gradual  removal.  In  short,  he  proved  that  the 
greatest  danger  of  lithotrity  is  not  from  the  use  of 
instruments,  but  from  the  subsequent  irritation  of 
the  mucous  membrane  by  the  fragments  left  in  the 
bladder.  To  facilitate  the  rapid  crushing  and  remov- 
al of  stones,  he  also  introduced  improved  instruments, 
which  will  be  described  under  the  head  of  Litholapaxy. 
With  these  instruments  it  is  now  possible  to  dis- 
po.se  of  many  stones  that  would  formerly  have  been 
thought  beyond  the  reach  of  lithotrity,  and  it  suffices 
to  say  that  litholapaxy  should  be  employed  in  all 
stone  patients,  except  in  cases  falling  under  the  fol- 
lowing exceptions: 

1.  A  very  large  and  hard  stone  may  resist  every 
attempt  at  crushing. 

2.  A  stone  may  have  as  a  nucleus  a  foreign  body, 
such  as  a  piece  of  necrosed  bone  or  a  bullet,  too  hard 
to  crush  and  too  large  to  come  through  a  tube. 

3.  An  encysted  stone  may  be  out  of  reach  of  the 
lithotrite. 

4.  Some  writers  consider  that  stricture  of  the  ure- 
thra may  prohibit  litholapaxy.  This  cannot  often 
happen,  for  strictures,  however  close,  yield  readily  to 
divulsion  which  may  be  immediately  followed  by  the 
crushing  and  evacuation  of  the  stone.  We  have  so 
often  seen  these  two  operations  successfully  done 
together  upon  an  etherized  patient  that  we  cannot 
but  think  this  the  best  practice.  While  it  economizes 
time,  it  saves  the  patient  much  needless  manipulation. 
When  an  impassable  stricture  exists,  perineal  section 
followed  by  perineal  lithotrity  must  be  done. 

5.  The  small  size  of  the  urethra  in  children  may 
prevent  the  pa.ssage  of  instruments. 
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0.  Hypertrophy  of  the  prostate  may  occasionally 
render  the  passage  of  the  lithotrite  impossible  and 
render  lithotomy  necessary. 

7.  False  passages  may  exist,  which  so  interfere  with 
the  introduction  of  instruments  that  the  dangers  of 
the  operation  are  greatly  enhanced,  and  the  question 
of  lithotomy  is  to  Ise  entertained. 

S.  The  hip  may  be  ankylosed  in  a  position  which 
interferes  with  the  use  of  instruments. 

Briefly  stated,  litholapaxy  is  the  operation  of 
election  for  all  cases  of  stone  in  the  bladder  which  do 
not  require  supracystotomy  for  some  other  purpose, 
such  as  hypertrophy  of  the  prostate,  or  tumor. 

Hugh  Cabot 


Bladder=wrack. — Sea-wrack.  Kelp-ware.  Black- 
iany.  The  plant  Fucus  vesiculosus  L.  (fam.  Fucacea'). 
This  peculiar  coarse  sea-weed  grows  in  the  greatest 
abundance  on  the  rocky  Atlantic  shores  of  both  this 
country  and  Europe.  At  low  tide  it  covers  the  rocks 
thickly  with  its  prostrate  greenish-yeUow  fronds, 
while,  when  the  tide  is  fuU  and  the  plant  is  enabled  to 
float  by  the  aid  of  its  numerous  air  vesicles  or  "blad- 
ders," it  covers  the  bottom  with  a  forest  of  weeds. 
This  is  one  of  the  plants  which  have  been  most 
extensively  employed  in  the  manufacture  of  kelp. 
It  has  also  been  considerably  used  in  medicine  as  a 
deobstruent  and  alterative.  Neither  its  composition 
nor  its  properties  have  been  made  well  known,  and  its 
value  is  problematical.  It  contains  one-fifth  per  cent, 
or  more  of  iodine,  in  combination  with  potash. 
Rarely,  considerable  quantities  of  tannin  have  been 
observed  in  it.  It  has  been  loudly  proclaimed  as  an 
agent  to  reduce  obesity,  and  proprietary  articles  sold 
for  this  purpose  are  said  to  contain  it.  Tlie  dose  is 
two  to  fifteen  grams  (o  ss.  to  iv.).  Most  manufac- 
turing houses  prepare  both  fluid  and  soLld  extracts. 
Tlie   dose  of  the 
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latter  is  0.3   to  2  grams  (gr.  v.  to 
H.   H.   RusBY. 


Bladon  Springs. — Choctaw  County,  Alabama. 
Post-office. — Bladon    Springs.      Hotel    and    cot- 
tages. 

One  United  States  Gallon  Contains: 


Solids. 

Vichy 
Spring. 
Grains. 

Branch 
Spring. 
Grains. 

Sulphur 
Spring. 
Grains. 

Old 
Spring. 
Grains. 

Sodium  carbonate 

M.iKnesium     car- 
bonate. 

Cak-iura   carbon- 
ate. 

Iron  carbonate. .  . 

Calcium  sulphate. 

46.33 

.29 

.87 

.49 
2.25 

2.26 

41.21 
.61 

2.14 

.23 
2.79 

1.90 

34.93 
.65 

2  .42 

.76 
2.96 

1.25 

32.89 
1.36 

2.75 

.02 

'!24 

Sodium  chloride.. 
Strontium 

7.69 

.32 

2.10 

Organic  matter.... 

(Veuic  acid 

Hypocrenic  acid  . 

'^75 
.60 

52.49 

48.88 

42.97 

48.72 

Gases. 

Cubic  inch. 

Cubic  inch. 

Cubic  mch. 

Cubic  inch. 

Carbonic  acid. . .  . 
Sulphureted     hy- 

65.44 
i!84 

59.20 
i!84 

52.88 

.56 
1.84 

32.56 

Xotal          

67.28 

61.04 

55.28 

32.56 
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Access. — The  shortest  route  is  by  the  Tombigbee 
Valley  Railroad  to  Cullom  Station,  whence  a  drive 
of  one  and  one-haU  hours  to  the  hotel.  Another  route 
is  by  steamer  from  Mobile  on  the  Tombigbee  River, 
twelve  hours.  Daily  communication  during  winter 
season.  The  springs  are  four  miles  from  the  steamer 
landing  on  the  Tombigbee  River.  A  railroad  is  being 
built  witliin  seven  miles  of  the  place. 

For  upward  of  thirty  years  the  Bladon  Springs  have 
been  a  favorite  resort  for  the  best  people  of  Alabama 
and  the  neighboring  Gulf  States.  Before  the  Civil 
"War  Bladon  was  called  the  Saratoga  of  the  South. 
The  hotel  is  open  all  the  year. 

The  location  is  about  eighty  miles  from  the  Gulf  as 
the  crow  flies,  and  about  170  feet  above  tide  water. 
The  climate  is  mild  and  equable,  the  mean  annual 
temperature  being  75°  F.  The  nights  are  delightfully 
cool,  averaging  about  65°  F.  after  eight  o'clock  during 
July  and  August.  The  surrounding  country  is  hLUy 
and  heavUy  wooded  with  pines,  and  excellently 
adapted  for  thorough  drainage.  The  resort  offers 
abundant  inducement  for  those  wishing  to  escape  the 
rigors  of  a  Northern  winter.  Game  is  abundant  dur- 
ing the  fall  and  winter  months,  and  it  is  said  that  deer 
are  killed  within  a  mile  of  the  hotel. 

The  waters  are  of  the  alkahne  type,  quite  plenti- 
fuHv  charged  with  carbonic  acid.  They  are  useful  in 
chronic  indigestion,  in  syphilitic  cachexia,  in  diseases 
of  hver  and  spleen,  in  diseases  of  women,  in  advanced 
nephritis,  in  diabetes  meUitus,  and  in  rheumatism. 

Emma  E.  ^VALKER. 


Blastoderm. — (Greek.  /SXoino's,  a  sprout,  and  Sipfi.a.. 
skin.)  The  word  blastoderm  is  used  to  designate  the 
layers  of  cells  which  result  from  the  cleavage,  as 
distinguished  from  the  unsegmented  yolk  of  the 
meroblastic  eggs. 

The  blastoderm  merely  represents  one  phase  of  a 
general  process  that  occurs  in  the  development  of  all 
Metazoa  between  the  completion  of  the  segmentation 
of  the  ovum  and  the  formation  of  the  gastrula  stage. 
(See  articles  Segmentntion  of  the  Ovum,  Gastrula,  and 
Area  Embryonalis.) 
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Fig.  654. — Blastula  of  Amphioxus  in  Optical  Section.  X  280. 
a,  Micromeres  of  animal  pole;  v,  vegetative  pole,  (.\fter 
Hat^chek.) 

The  process  of  cell-division  that  begins  with  the 
first  di\"ision  of  the  egg  into  two  blastomeres  in  reaUty 
continues,  not  only  until  a  late  period  of  embryonic 
life,  but  also  in  parts  of  some  animals  throughout  the 
life  of  the  individual.  But  for  the  purposes  of 
description,  it  is  desirable  to  divide  the  embryonic 
life  into  stages,  and  the  stage  of  the  segmentation  of 
the  ovum  is  regarded  as  closed  when  the  blastomeres 
lose  their  rounded  outlines  and  form  distinct  epithe- 
lial layers  of  cells. 


The  stage  following  the  segmentation,  or  cleavage, 
of  the  ovum  is,  in  its  simplest  form,  the  btastula. 
This  is  a  spherical  or  oval  body  consisting  of  a  single 
layer  of  cells  surrounding  a  cavity.  The  cavity  is 
known  as  the  fc/astoco-ic  or  segmentation  cavity;  and, 
following  Hertwig,  we  may  call  the  cellular  envelope 
the  primarj-  germ-layer.  The  blastula  is  developed 
only  from  eggs  that  have  a  holoblastic  cleavage.  The 
typical  blastula.  in  which  the  primarj-  germ  layer  is 
onlv  one  cell  deep,  is  met  with  in  ccelenterates, 
echinoderms,  and  among  the  chordata  in  Amphioxus 


Fig.  655. — Blastula  of  .\xoiotl.  Transverse  section.  BI, 
Micromeres;  s.c,  segmentation  caWty;  kw,  (Keimwall)  germinal 
wall;  Yolk,  yolk  cells.     (.A.fter  Bellonci.) 

(Fig.  6.54).  It  rarely,  if  ever,  happens  that  all  of  the 
cells  of  the  blastula  are  the  same  size.  Usually  those 
at  one  pole  are  smaller  than  those  at  the  other.  The 
former  is  known  as  the  animal  pole;  the  latter,  as  the 
vegetative  pole. 

In  Amphioxus  the  cells  of  the  vegetative  pole  are 
somewhat  larger  and  more  abundantly  supphed  with 
yolk  granules  than  the  cells  of  the  animal  pole.  This 
difference  is  emphasized  in  the  blastulas  of  the  lower 
vertebrates  which  have  holoblastic  eggs,  the  1am- 
prej-s,  the  sturgeon,  the  Dipnoi  and  the  typical 
Amphibia  (Fig.  655).  In  these  animals  the  primary 
germ-layer  may  be  several 
cells  deep  and  is  always  so 
at  the  vegetative  pole;  the 
lower  hemisphere  of  the 
blastula  being  composed  of 
a  sohd  mass  of  large  cells 
heavOy  laden  with  yolk 
granules.  Tliis  mass  merges 
gradually  into  the  thinner 
layer  of  small  cells  that 
occupies  the  animal  pole 
and  covers  the  excentric 
blastoccele  (Fig.  655).  The 
subsequent  history  of  the 
various  parts  of  the  blastula 
is  discussed  in  the  descrip- 
tion of  the  next  stage  of  de- 
velopment.     (See  Gastrula.) 

The  eggs  of  the  fresh-water  ganoids.  Amis  ("dog- 
fish" of  the  Great  Lakes)  and  Lepidosteus  (gar-pike) 
exhibit  a  condition  that  is  transitional  between  mero- 
blastic and  holoblastic.  The  early  cleavage  planes  ex- 
tend slowly  toward  the  vegetative  pole  and  divide  the 
lower  part  of  the  egg  into  several  large  irregular  yolk- 
masses.  These  do  not  develop  further,  while  seg- 
mentation proceeds  rapidly  at  the  animal  pole, 
producing  a  cap  of  numerous  small  cells,  the  blasto- 
derm (Fig.  656),  which  eventually  grows  around 
and  encloses  the  j-olk.  Sections  of  an  early  stage 
show    a    small    blastoccele  under    the    blastoderm. 


of 


,.  056. — \'ertical  Section 
a  Late  Stage  of  Cleavage 
in  the  Egg  of  Amia  Calva. 
D.  Yolk  cells.  (After  Sobotta 
from  Henvrig.) 
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True  meroblastic  eggs  are  produced  by  the  elas- 
mobranch  and  teloo.st  fishes,  the  Gymnophiona 
(bh'nd  snake-like  burrowing  Amphibia),  Reptiles, 
Birds,  and  Monotrenies.  In  these  eggs  the  segmenta- 
tion is  confined  to  the  animal  pole  and  results  in  the 


Fig.  657. — Egg  of  a  Flounder  in  Transverse  Vertical  Section, 
Semidibgrammatic.  z.  Vitelline  membrane;  ku\  periblast;  Bl, 
blastoderm;  s.c,  segnientatioQ  cavity;  s.ff.,  subgerminal  plate; 
gl,  oil  globule  of  yolk. 

formation  of  a  blastoderm  composed  of  a  layer  of 
numerous  small  cells.  This  layer  may  be  one  or 
several  cells  thick.  The  yolk  remains  unsegmented 
for  the  most  part,  but  it  usually  contains  in  the  floor 
of  the  blastocoele  (Fig.  657),  especially  near  the 
margin,  a  number  of  peri- 
blastic  nuclei,  so  that  in 
reality  the  yolk  is  a  syn- 
cytium, and  the  proto- 
plasm surrounding  the 
periblastic  nuclei  may  be- 
come separated  from  the 
yolk,  producing  cells  that 
are  added  to  the  blasto- 
derm in  the  region  of  the 
germ-wall. 

The  blastoderm  that  has 
been  produced  by  the  seg- 
mentation of  the  ovum  has 
been  called  the  primary 
blastoderm.  When,  dur- 
ing the  process  of  gastru- 
lation,  the  blastoderm  has 
been  differentiated  into 
three  germ-layers,  it  be- 
comes the  secondary  blas- 
toderm. 

There  are  two  chief  types 
of  blastoderm:  the  piscine 
of  elasmobranchs  and 
teleosts,  and  the  saurop- 
aidan  of  reptiles,  birds, 
and  monotremes.  In  the 
former,  the  embryonal  area 
appears  at  the  posterior 
margin  of  the  blastoderm 
and  is  continuous  with  a 
fold  that  e.xtends  on  both 
eroove  is  forming  at  the  edge  sides  for  some  distance 
•f  the  blastoderm.  (.\fter  around  the  margin  of  the 
Hert»-ig.)  blastoderm  (Fig.  0.58)  and 

finally  forms  the  lip  of  the 
blastopore.  That  part  of  the  margin  which  is  not 
occupied  by  the  marginal  fold  forms  a  zone  of  over- 
growth which  advances  over  the  yolk  with  the  growth 
of  the  blastoderm  until  the  yolk  is  finally  enclo.sed. 
In    the    sauropsidan    blastoderm    (Fig.    G.50)    the 


Fig.  6.58.— Egg  of  Scyllium 
Canicula.  The  lif^hter  area  is 
the  blastoderm  resting  upon  the 
ilarker   yolk.      The    medullary 


marginal  fold  is  transitory,  disappearing  at  an  early 
stage,  after  which  the  whole  p(^ri])hi'ry  of  tlie  blasto- 
derm consists  of  a  zone  of  overgrowtli  (Fig.  660), 
which  advances  over  the  yolk  and  finally  i^nlo.ses  it. 
The  embryo  arises  near  the  center  of  the  blastoderm 
in  connection  with  the  primitive  streak,  which  is 
described  with  the  other  structures  of  the  blastoderm 
in  another  article.      (See  Area  Emhryonalis.) 

The  blastoderm  of  the  Gymnophiona  shows  some 
very  interesting  features  intermediate  in  structure 
lietween  tlie  two  main  types. 


Fio.  6.39. — Transverse  Section  through  the  Center  of  the  Blas- 
toilerm  of  a  Pigeon's  Egg  taken  Fourteen  and  One-half  Hours 
after  Fertilization,     p.  Periblast,      (.\fter  Blount.) 

In  the  mammals,  there  are  three  types  of  eggs 
corresponding  to  the  three  main  divisions  of  the  group. 

The  egg  of  the  monotremes  resembles  a  reptUe's 
egg  except  in  size.  When  the  egg  enters  the  oviduct  it 
i.s  3.5  to  4  millimeters  in  diameter,  which  would  be  very 
small  for  a  reptile  of  the  same  size  as  the  mother, 
but  much  larger  than  other  mammalian  eggs.  It  is 
laden  with  both  white  and  yellow  yolk,  consisting  of 
discrete  yolk-spheres  and  is  surrounded  by  a  vitelline 
membrane.  In  the  oviduct  it  receives  additional 
envelopes,  a  layer  of  albumen  and  a  horny  shell. 
While  still  covered  by  the  shell  the  egg  is  laid  and 
received  into  the  mammary  pouch  where  it  hatches. 
While  in  the  uterus,  development  proceeds,  so  that 
when  the  egg  is  laid  the  embryo  of  Ornithorhynchus 


ii^  ^^^^te&> 


Fni.  6G0. — A,  Transverse  Section  Tlauimh  tliL-  i'ij.-.tLiioi  Pai't 
of  the  Blxstoderm  of  a  Chick  Incubated  About  Ten  Hours.  X  21. 
B,  Median  portion  of  the  same.  X  65.  ec,  Ectoderm;  en,  endo- 
derm;  pin,  germ-wall;  m,  mesoderm;  o,  zone  of  overgrowth:  p, 
primitive  groove;  s,  subgerminal  cavity;  y,  yolk.     (After  Duval.) 

is  in  about  the  stage  of  a  chick  of  thirty-six  hours 
and  the  embryo  of  Echidna  is  about  as  far  advanced 
as  a  chick  at  the  end  of  the  third  day  of  incubation. 
(Wilson  and  Hill,  1907,  p.  94.)  But  the  most 
remarkable  thing  about  the  monotreme  egg  is  that  it 
grows,  actually  increases  in  both  size  and  weight, 
while  in  the  uterus  after  the  formation  of  the  shell, 
wliich  appears  to  be  added  in  the  Fallopian  tube. 
When  it  enters  the  uterus  the  monotreme  egg  in- 
cluding its  nienil)i.ines  has  a  diameter  of  4  to  5  miili- 
nielrrs;   when  laid  its  greatest  diameter  in  Ornitho- 
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rhynclius  is  sixteen   to   nineteen  millimeters  and  in 
Echidna  somewhat  less.     (Hill,  1910.  p.  93.) 

In  its  earhest  stages  the  blastoderm  of  the  mono- 
tremes  resembles  the  corresponding  stage  of  a 
reptile  or  bird.  Segmentation  results  in  the  forma- 
tion of  a  discoidal  blastoderm  one  or  two  cells  thick 
Ij-ing  upon  a  bed  of  white  yolk  (Fig.  661 ).  But  in  the 
subseciuent  stages  it  shows  two  marked  departures 
from  the  sauropsidan  type.  The  first  is  the  complete 
absence  of  any  periblast  or  sj'ncytial  germ-waU:  and 
the  second  is  the  very  rapid  extension  of  the  blasto- 
derm on  all  sides  so  as  to  entirely  envelop  the  yolk, 
forming  a  complete  single  layered  blastoct/st  in  close 
contact  with  the  vitelline  membrane.  As  soon  as  the 
blastocyst  is  completed  the  egg  begins  to  grow  and  the 
yolk  is  gradually  converted  into  a  fluid  mass.  At  a 
stage  wlien  the  hquefaction  of  tlie  yolk  has  just 
commenced  and  the  size  of  the  egg  has  increased  to 
6x6.5  millimeters  the  blastocyst  is  found  to  consist  of 


Fig.  661. — Vertical  Section  of  Blastoderm  and  Yolk  of  Omi- 
thorhynchus.  X  245.  a.  Albumen:  ec,  ectoderm:  en,  endodenn; 
s,  shell:  vm,  vitelline  membrane:  wy,  white  yolk:  yy,  yellow  yolk. 
(Alter  Wilson  and  Hill.) 

two  layers.  The  inner  layer  of  "  yolk-endoderm  "  con- 
sists of  a  single  layer  of  cells,  each  cell  being  distended 
at  the  center  by  a  vesicular  nucleus  and  containing 
yolk  spheres.  The  outer  layer  is  for  the  most  part 
composed  of  smaller  very  much  flattened  ccUs  but 
in  a  small  area  0.5  millimeter  in  diameter,  probably  at 
the  animal  pole  of  the  egg.  the  ccUs  of  this  ectodermal 
layer  are  larger  and  more  closely  packed,  and  are 
continuous  with  an  undorh-ing.  loose,  lenticular  mass 
of  rounded  cells,  beneath  which  is  the  one-celled 
layer  of  endoderm.  This  region  is  probably  the 
beginning  of  the  area  embryonalis. 

Our  knowledge  of  the  early  stages  in  the  develop- 
ment of  the  7narsupials  rests  chiefly  on  the  observa- 
tions of  Selenka  on  the  opo.ssum,  Didelphys,  and  the 
observations  of  HiU  (1910)  onDasyurus,  the  so-called 
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"native  cat"  of  Australia.  The  ripe  ovum  of 
Dasj-urus  consists  of  two  substances.  Toward  one 
pole  the  ovum  is  composed  of  dense,  slightly  vacuo- 
lated, formative  cytoplasm,  which  contains  the  polar 
spindle  and  occupies  about  two-thirds  of  the  egg. 
The  other  third  consists  of  deutoplasmic  cytoplasm 
containing  finely  granular  yolk  material.  The  whole 
is  surrounded  by  a  distinct  viteUine  membrane,  or 
zona  pellucida.  AVhile  very  much  smaller  than 
monotreme  eggs,  the  eggs  of  the  marsupials  are  large 
for  mammals,  Dasyurus  having  an  egg  0.24  millimeter 
in  diameter,  as  against  0.07  millimeter  in  the  mouse 
and  0.2  millimeter  in  man.  After  fertilization  while 
passing  down  the  tube,  the  egg  of  the  marsupials  re- 
ceivestwoother  coverings,  a  laminated  layer  of  albumen 
and  a  thin  shell  membrane,  which  thickens  in  the 
uterus  and  apparentlj-,  hke  the  shell  of  the  monotremes, 
is  capable  of  distention.  Cleavage  begins  in  the  uterus 
and  in  the  two-cell  stage  the  deutoplasm  of  the  ovum 
is  seen  to  have  been  eliminated  as  a  distinct  yolk- 
mass  wliich  takes  no  further  part  in  development, 
but  becomes  enclosed  in  the  blastocj-st  and  finally 
disintegrates.  The  first  three  cleavage  planes  are 
vertical,  producing  eight  equal  blastomeres  arranged 
in  a  circle.  The  fourth  plane  is  eciuatorial  and 
unequal,  dividing  each  blastomere  into  a  smaller 
more  transparent  upper  cell  and  a  larger  more  opaque 
lower  cell.     From  this  inceresting  sixteen-cell  stage  a 


L*' 


Fig.  662.- 


-Blastocyst  of  Dasj-urus,  0.6  mm.  Diameter, 
from  a  photograph.      X  SO.     (jVfter  Hill.) 


Drawing 


single  layered  blastocyst  is  produced  by  subsequent 
cell  divisions,  all  radial  to  the  surface.  The  com- 
pleted blastocyst  (Fig.  662)  is  a  sphere  consisting  of  a 
single  layer  of  flattened,  polyhedral  ceUs  enclosing  a 
tense  fluid  mass  and  pressing  externally  against  the 
zona,  which  in  turn  is  in  close  contact  with  the  sheU- 
membrane,  the  albumen  having  been  absorbed. 
Study  of  the  newly  formed  blastocj-st  (Fig.  662) 
shows  it  to  be  composed  of  two  hemispheres,  one 
of  transparent  cells  derived  from  the  upper  ring  of  the 
sixteen-cell  stage,  and  the  other  derived  from  the 
lower  ring  and  rendered  more  opaque  by  a  conden- 
sation of  cytoplasm  alsout  the  nuclei  of  the  cells. 
During  the  growth  of  the  blastocyst,  tliis  polar 
differentiation  disappears,  to  reappear  preparatorj' 
to  the  formation  of  the  embryo.  The  upper  hemi- 
sphere Hill  believes  to  be  the  Jorinative  one  in  wliich 
the  embrj'o  is  developed,  and  he  infers  that  the  other, 
the  "tropho-ectoderm, "  is  homologous  with  tro- 
phoblast  of  the  higher  mammals  and  gi\'es  rise  to  the 
external  covering  of  the  chorion.  The  establisli- 
ment  of  the  embryonal  area  is  preceded  by  the 
appearance  of  an  inner  layer  of  eeUs  in  the  formative 
hemisphere.  This  inner  layer  of  "primitive  endo- 
derm" is  produced  according  to  Hill  by  cells  which  are 
differentiated  in  the  outer  laj'er  and  migrate  inward. 
Confirmation  of  Hill's  results  is  afforded  by  later  ob- 
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siTvations  made  by  Minot  (1911)  on  the  blastocyst  of 
the  opossum. 

In  the  Eutheria,  the  ordinary  mammals  with  which 
we  are  familiar,  including  man,  the  ova  are  verj' 
small  (0.07  to  0.2  niillimcter  diameter),  are  very  noor 
in  yolk,  and  are  never  covered  by  any  shell  or  sheU- 
meinbrane.  Rarely,  as  in  tlie  rabbit,  the  egg  receives 
a  coating  of  albumen  during  its  passage  through 
the  Fallopian  tube.  The  cleavage  is  holoblastic,  but 
the  result  is  very  unlike  the  blastula  of  the  lower 
vertebrates. 


J;y     Lttl 


Fig.  663. — Section.s  Through  Three  Supces.?ive  Stages  of  the 
Blastocyst  of  the  Mole,  x  and  z,  Zona  pellueida;  Ec,  trophoblast; 
hy,  endoderm;  i.m.,  inner  cell  mass.     (After  Heape.) 

In  the  marsupials,  as  stated  above,  the  cleavage  is 
radial  and  produces  an  open  ring  of  blastomeres  that 
give  rise  directly  to  a  single  layered  blastocyst.  In 
the  Eutheria,  on  the  other  hand,  the  origin  of  the 
blastocj-st  is  indirect.  The  first  two  cleavages  pro- 
duce a  characteristic  four-cell  stage  in  which  the  blasto- 
meres have  a  peculiar  cross-sliaped  arrangement. 
At  the  close  of  tlie  cleavage,  the  minute  embrj'o  is  a 
solid  mass  of  cells,  or  morula.  In  some  cases  the 
inner  cells  of  the  morula  are  found  to  stain  differently 
from  the  outer  ones,  indicating  a  difference  in  con- 
stitution, and  it  has  been  suggested  that  the  latter 
have  grown  around  the  former  by  a  process  of  over- 
growth, or  epiboly.  At  any  rate,  the  morula  is  soon 
converted  into  a  blastocyst  by  the  appearance  of  a 
cleft  wliich  .separates  the  inner  cell  mass  from  the 
peripheral  layer.  The  cleft  rapidly  enlarges  by  the 
imbibition  of  fluid  from  the  uterus,  the  inner  cell-mass 
remaining  attached  at  one  point  to  the  inner  side  of 
the  peripheral  layer  (Fig.  663). 

This  stage  is  characteristic  of  the  Eutheria  and  has 
been  found  in  all  species  in  which  the  early  ontogeny 
has  been  fully  investigated.  The  inner  cell-mass  was 
called  by  Hubrecht  the  embri/onal  ktiob  because  it 
contains  all  of  the  formative  material  of  the  egg  and 
from  it  are  developed  all  the  tissues  of  the  embryo. 
The  peripheral  layer  is  strictly  extraembryonic  and 
to  this  layer  Hubrecht  has  given  the  name  iropho- 
bla^t,  because  it  is  concerned  with  the  implantation 
and  nutrition  of  the  embryo.  It  eventually  forms 
the  outer  covering  of  the  chorion. 


According  to  Hill  (1910),  the  embryonal  knob  is 
homologous  with  the  formative  hemisphere  of  the 
marsu|)ial  l)lastocj'st,  and  the  trophoblast,  witli  the 
trophoectodermal  hemisphere.  The  difference  be- 
tween the  blastoc3'st  of  the  marsupials  and  that  of 
the  Eutheria  is  due  to  the  presence  in  the  latter  of  a 
process  or  condition  that  Selenka  (1900)  has  named 
entj/py  of  the  germinal  area.  He  defines  it  as  "the 
early  enclosure  of  the  formative  cells  in  the  interior 
of  the  egg,"  or  "the  separation  of  the  germinal  area 
in  the  interior  of  the  blastodermic  covering  (chorion) 
during  gastrulation  and  not  bj'  the  formation  of  tj-pi- 
cal  amnion  fokis."  To  bring  this  definition  into  har- 
mony with  present  views,  we  must  substitute  "cleav- 
age"' for  "gastrulation."  The  word  "entypy"  means 
a  drawing  or  pushing  inward,  and  is  a  convenient  one 
to  designate  tliis  peculiar  condition  of  the  eutherian 
blastocyst. 

The  subsequent  history  of  the  embryonal  knob 
differs  considerably  in  different  species  of  mammals. 
Keibel  (1910),  following  Hubrecht  (1908)  recognizes 
three  main  types  of  development.  Type  I  is  exempli- 
fied by  the  hedgehog  and  the  bats.  In  these  the 
trophoblast  remains  a  covering  over  the  whole  of  the 
blastocyst.  In  the  hedgehog  (Fig.  604)  a  space  ap- 
pears between  the  trophoblast  and  the  embryonal  knob 
which  remains  attached  at  its  edges.  The  portion  of 
the  trophoblast  thus  separated  is  called  by  Hill  (1910) 
the  covering  layer.  After  the  embryonal  knob 
becomes  spread  out  to  form  the  embryonal  area; 
amniotic  folds  grow  upward  in  contact  with  the  tro- 
phoblast from  the  edges  of  the  area,  as  described 
elsewhere  (see  Amnion),  and  enclose  the  space  which 
then  becomes  the  amniotic  cavity.  Hubrecht  regards 
this  as  a  very  primitive  condition.  In  the  bats,  the 
amniotic  cavity  is  formed  directly  within  the  em- 
bryonic knob.  Type  II  is  found  in  the  deer,  sheep, 
and  pig.  In  such  forms,  a  cavity  appears  in  the  knob 
and  extends  to  the  exterior.  It  then  opens,  and  with 
the  expansion  of  the  blastocyst  the  embryonal  area 
flattens  out,  becoming  a  part  of  the  general  wall  of 
the  blostocyst  without  anj'  covering  layer.     Type  III 


Fig.  664. — Section  of  the  Bl;i-«t.iiy.--t  of  a  Hedgehog  at  the  Stage- 
when  the  Amniotic  Ca-vnty  is  a  Cleft  Between  the  Trophoblast  and 
Formative  Ectoderm,  a,  .\mniotic  cavity;  ec,  ectoderm;  en,  endo- 
derm; tr,  trophoblast.      (.\fter  Hubrecht.) 

is  met  with  in  the  shrew,  the  dog,  and  the  rabbit  (Fig. 
66.)).  In  this  type  no  cavity  is  formed  in  the  knob, 
which  simply  flattens  out  to  form  the  embryonal  area. 
Over  this,  the  trophoblast  persists  for  a  time  in  the 
rabbit  as  a  very  thin  covering  layer.  In  the  dog 
(Fig.  0()0)  no  covering  layer  is  to  be  found  at  a  very 
early  stage. 

Type  I  is  of  special  interest  because  of  the  modi- 
fications of  it  that  are  found  in  the  rodents  and  the 
Primates.     In  the  mice,  rats,  and  guinea-pig  we  have 
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the  condition  known  as  the  inversion  of  the  germ- 
layers.  At  one  time  this  condition  (Fig.  667)  created 
a  great  deal  of  discussion,  for  what  was  apparently 
ectoderm  was  found  to  produce  endodermal  structures 
and  i-ice  versa.  But  it  is  recognized  now  that  we 
have  in  these  forms  merely  an  exaggeration  of  the  con- 


of    Kahbit,   Nmety-four    Hours    after  Coitus, 
inner   mass  of  cells:   Z,  zona  pellucida.      (The 


Fig.    665. — Blastocy 
£c,    Trophoblast;   i.m. 

upper  half  represents  an  optical  section,  the  lower  half  a  surface  \'iew.} 
(.\fter  Van  Beneden.) 


ditions  seen  in  such  animals  as  bats,  with  certain 
modifications.  This  condition  is  associated  with  a 
great  development  of  the  covering  layer,  which  forms 
the  first  organ  for  the  attachment  of  the  embrj-o  to 
the  uterine  wall,  and  has  received  the  name  ecto- 
placenta. 

The  blastocyst  as  a  w-hole  becomes  cylindrical  with 
the  ectoplacenta  (Tr,  Fig.  667)  at  one  end.  This  is 
greatly  tliickened  and  projects  into  the  cavity  of  the 
blastocyst,  pushing  the  embrj-onal  knob  before  it, 
forming  a  central  mass  which  nearly  fills  the  cavity. 
The   rest   of   the    trophoblast,    the    parietal   portion. 


Fig.  666. — Surface  View  of  the  Blastocyst  of  a  Dog,  Eleven  to 
Fourteen  Days  after  Coitus.  The  darker  portion  is  the  area 
embryonalis.      X  20.     (.\fter  Bonnet.) 

remains  a  single  layer  of  cells,  and  in  the  mouse, 
according  to  Melissinos  (1907),  soon  degenerates  into 
a  structureless  membrane.  The  cells  on  the  free 
surface  of  the  embryonal  knob  become  differentiated 
into  a  layer  of  endoderm  {En,  Fig.  667),  that,  like 
the  finger  of  a  glove,  covers  the  central  cj'lindrical 
mass  and  then  grows  over  the  inner  surface  of  the 
parietal    trophoblast,    finally    completely    enclosing 
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the  cavity  of  the  blastocyst,  which  then  becomes  the 
yolk-sac.  In  the  deep  part  of  the  central  mass  is  a 
sphere  of  formative  ectodermal  cells  in  which  a  cavity 
appears.  A  cavity  also  appears  in  the  ectoplacenta 
and  these  two  cavities  may  fuse  to  be  separated  again 
later  by  the  development  of  amniotic  folds.  In  the 
bottom  of  the  two-layered  pouch,  consisting  of 
formative  ectoderm  within  {Ec,  Fig.  667),  and 
endoderm  without,  the  area  embryonalis  develops. 
It  is  therefore  strongly  concave  on  its  dorsal  side. 
In  the  Primates  (the  monkeys,  apes,  and  man  . 
the  whole  trophoblast  becomes  thickened,  but  the 
cliief  deviation  from  the  ordinary  blastocyst  of 
Type  I  is  in  the  development  of  the  endoderm. 
This  does  not  form  a  lining  to  the  trophoblast  but 
appears  at  a  very  earlj-  stage  as  a  small  vesicle,  or 
yolk-sac,  attached  to  the  ectodermal  vesicle  and 
ruvered  by  a  precocious  development  of  meso- 
ilerm,  which  at  first  appears  to  fill  the  space  be- 
I  ween  the  embryonal  knob  and  the  trophoblast  as 
a  loose  niesenchymatous  tissue  but  later  becomes 
concentrated  into  discrete  layers  covering  the 
formative  vesicles  and  lining  the  trophoblast  (Fig. 
i)<iS).  The  peripheral  and  the  yolk-sac  mesoderm 
are  separated  by  a  cavity,  except  where  they  are 
united  in  the  connective  stalk,  or  embrj'ophore, 
(.">elenka,  1900).  There  is,  therefore,  no  union  of 
yolk-sac  and  chorion.  The  early  stages  are  im- 
perfectlj'  known,  but  the  amniotic  cavity  appears 
to  form  directly  as  a  space  in  the  formative  ecto- 
derm, as  in  the  bats. 

An  interesting  summarj-  of  the  fate  of  the  tropho- 
blast is  given  by  Hubrecht  (1908).  In  brief  it  is 
tliis  part  of  tHe  blastocyst  that  is  chiefly  con- 
cerned in  what  has  been  called  the  "implantation 
of  the  ovum"  and,  in  connection  with  the  aUantois 
or  its  vessels,  forms  an  important  part  of  the  fetal 
placenta.  In  the  hedgehog,  the  anthropoid  apes, 
and  man  there  is  a  great  prohferation  of  the 
trophoblast  over  the  whole  surface  of  the  blasto- 
cyst (Fig.'^.  60-1  and  66S).  In  tliese  ca.«es,  implan- 
tation consists  in  the  complete 
enclosure  of  the  young  blasto- 
cyst within  the  mucous  mem- 
brane on  one  side  of  the  uterus. 
Under  the  action  of  the  tropho- 
blast the  uterine  mucous  mem- 
brane is  eroded  to  such  an  ex- 
tent that  the  endothelium  of  tlie 
maternal  capillaries  is  ruptured 
and  the  surface  of  the  tropho- 
blast is  freely  bathed  in  the 
maternal  blood,  this  surface 
having  greatly  increased  by  tlie 
development  of  lacunie  or  viUi. 
Later  a  certain  part  of  the  tro- 
phoblast, the  ectoplacenta,  be- 
comes differentiated  into  the 
fetal  placenta  bj-  the  prohfera- 
tion of  allantoic  capillaries  into 
the  trophoblastic  villi. 

In  many  mammals  the  prohf- 
eration of  the  trophoblast  is 
confined  to  certain  regions,  the 
rest  of  it  remaining  a  simple 
epithelial  membrane.  Refer- 
ence has  been  made  above  to 
the  very  precocious  development  embr>onal  ectoderm;  a, 
of  the  ectoplacenta  in  the  guinea-  fctodermal  canity,  the 
pig  and  in  the  mouse  (Fig.  667).    '"'^^  P°''"<"'  "'  "^^''^ 

In  some  mammals  such  as  the 
pig,  the  horse,  and  many  lemurs, 
wliich  present  the  extreme  tj'pe 
of  diffused  placenta  there  is  no 
prohferation  whatever  of  the  trophoblast.  The  uterine 
mucous  membrane  remains  intact,  but  is  provided 
with  depressions  which  receive  vascular  projections 
from  the  chorion.    There  appears  to  be  an  interesting 


Fig.  667. — Early  Em- 
bryo of  Mus  Sylvaticus. 
En,  Endoderm;  c,  cavity 
of  umbilical  vesicle;  ol, 
trophoblast;  Tr,  prolif- 
erating trophoblast:  Ec, 


is  afterward  cut  off  to 
form  the  amniotic  cav- 
ity. (From  Minot,  after 
Selenka.) 
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inverse  correlation  between  the  size  of  the  young 
blastocyst  and  the  activity  of  the  trophoblast.  In 
the  Primates  and  the  rodents,  with  a  very  active  tro- 
phoblast, the  young  blastocyst  is  very  minute,  while 
in  the  ungulates,  with  httle  or  no  proliferation  of  the 
trophoblast,  the  blastodermic  vesicle  acquires  con- 
siderable size  at  a  very  early  stage. 

For  further  details  the  reader  should  consult 
Hubrecht's  article  referred  to  above,  and  also  the 
article  in  Hertwig's  Handbuch  by  StralJ  (1902), 
whose  views  differ  from  Hubrecht's  in  many  respects. 
(See  also  articles  Chorion  and  Placenta.) 

We  have  now  traced  in  outline  the  variations  of  the 
Uastoderiu  met  with  in  the  main  groups  of  verte- 
brates from   -Vmphibioxus  to  Man.     "We  have  seen 

almost  a  contin- 
'r  uousseriesof 

forms  from  the 
simple  blastula 
of  the  yolk-free 
egg  of  Amphioxus 
to  the  flattened 
blastoderm  cover- 
ing one  pole  of  the 
richly  endowed 
egg  of  the  bird. 
Several  series  of 
parallel  modifica- 
tions coiJd  be 
cited  from  among 
groups  of  inverte- 
brates, and  these 
FiQ.  668.  — DiaKramniatic  Section  of  an  facts  leave  _  little 
Early  Human  Blastocyst,  tr,  Trophoblast.  doubt  that  in  the 
(.\fter  Hubrccht.)  Course    of   evolu- 

tion there  has 
been  a  causal  relation  between  the  changes  in  the 
character  of  the  blastoderm  and  the  increased  amount 
of  food  yolk  in  proportion  to  the  protoplasm  stored 
in  the  egg  preparatory  to  de\elopment. 

In  all  vertebrates  below  the  mammals,  with  a  few 
rare  exceptions,  all  the  material  that  is  to  nourish  the 
young,  before  it  is  able  to  take  food  by  the  mouth, 
is  stored  in  the  egg  or  else  enclosed  as  an  albumin- 
ous covering  within  the  shell.  But  in  the  mammals  a 
new  method  is  adopted  by  which  the  embryo  receives 
a  continuous  supply  of  nourishment  directly  from  its 
mother.  Even  in  the  monotremes  where  there  is  a 
considerable  supply  of  yolk  this  is  by  no  means  the 
chief  source  of  supply  for  the  developing  embryo; 
in  the  marsupial  egg  thereis  very  little  yolk,  and  in  the 
eutherians  practically  none  at  all.  Associated  with 
this  condition  we  find  in  all  mammals  that  the  seg- 
mentation of  the  ovum  results  in  the  formation  of  a 
closed  blastodermic  vesicle,  or  blastocyst,  and,  as 
HiU  has  pointed  out,  this  has  furnished  a  mechanism 
for  the  absorption  of  material  from  the  uterus.  In 
the  monotremes,  whose  eggs  are  provided  with  both 
yolk  and  shell,  the  development,  except  for  the 
precocious  enclosure  of  the  yolk  by  the  rapidly  devel- 
oped blastocyst,  is  essentially  sauropsidian  in  charac- 
ter. In  the  marsupials,  the  yolk  is  so  reduced  as  to 
have  little  influence  on  the  course  of  ontogeny,  but 
there  is  a  firm  shell-membrane  which,  serving  as 
a  mould,  makes  possible  the  development  of  the 
blastocyst  as  a  single  layered,  hollow  sphere.  On  the 
surface  of  this  there  appears  an  embryonal  area  closely 
resembling  what  is  found  in  reptiles  and  birds.  In 
the  Eutheria  a  further  modification  is  found  in  the 
entypy  if  the  germinal  area  preceded  by  a  morula 
stage.  The  condition  which  has  brought  about  this 
change  in  the  method  of  ontogeny  HiU  beUeves  to 
be  the  complete  loss  of  the  egg  shell  and  membranes, 
which  leaves  the  egg  without  means  of  resisting  the 
pressure  of  the  maternal  organs  and  makes  necessary 
the  very  early  arrangement  of  the  embryonic  cells  in 
a  cln.sed  vesicle  that,  by  absorbing  liquid,  can  ex- 
pand and  furnish  room  for  the  development  of  the 


embryonal  area.  Minot  (1911)  regards  this  explana- 
tion of  the  condition  found  in  the  Eutheria  as  the 
most  satisfactory  j-et  offered,  and  as  probal)ly  correct. 
Although  the  lo.ss  of  yolk  in  mammals  results  in  the 
formation  of  a  minute  vesicular  stage  which  superfi- 
cially resembles  the  blastule  of  Amphioxus,  it  is  essen- 
tially a  very  difl'ercnt  structure,  and  in  all  mammals 
the  area  embryonalis  and  the  stages  immediately  fol- 
lowing closely  resemble  the  corresponding  stages  in 
Sauropsida. 

These  considerations  lead  to  the  conclusion  that 
the  mammals  have  descended  from  ancestors  that 
bore  yolk-laden  eggs,  and  comparative  anatomy  points 
strongly  to  the  reptOes  as  the  group  containing  the 
ancestral  form,  altliough  there  are  some  facts  which 
point  to  an  amphibian  ancestr5'. 

A  very  different  conclusion  is  reached  by  Hubrecht 
(1908)  who  regards  the  holoblastic  eggs  of  mammals 
as  primitive  and  believes  the  trophoblast  to  be  a 
larval  envelope  simQar  to  what  is  found  in  certain 
invertebrates.  He  would  regard  both  the  mammals 
and  Sauropsida  as  descended  from  a  viviparous 
amphibian  ancestor.  The  trophoblast  has  persisted 
in  the  mammals,  according  to  his  views,  because  it 
has  become  adapted  to  an  intrauterine  life,  whereas 
in  Sauropsida  it  has  become  vestigial  because  that 
group  has  secondarily  acquired  yolk  laden  eggs  and  the 
oviparous  habit.  These  views  of  Hubrecht's,  although 
brilliantly  expounded  and  supported  by  a  wealth  of 
illustrations,  are  too  revolutionary  and  too  much  at 
variance  with  the  general  conclusions  derived  from 
comparative  anatomy  to  be  acceptable  to  the  majority 
of  morphologists.  Moreover  Hill's  demonstration 
(1910)  that  the  Monotremes  and  Marsupials  in  their 
development  show  progressive  transitional  stages 
between  the  reptiles  on  the  one  hand  and  the  euthe- 
rian  mammals  on  the  other,  has  still  further  strength- 
ened the  older  and  generally  accepted  views  as  to  the 
relations  of  the  vertebrates. 

Robert  P.\yne  Bigelow. 
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Blastomycetes. — The  Blastomycetes,  or  yeast  fungi, 
are  divided  into  two  groups:  (1)  Saccharomycetes 
or  true  5-easts,  in  which  true  spore  formation  occurs; 
(2)  Torul(E,  in  which  no  spore  formation  has  been 
observed. 

The  Blastomycetes  reproduce  themselves  by  germ- 
ination or  budding,  which  distinguishes  them  from 
the  Schizomycetes,  or  bacteria,  which  reproduce 
themselves  bj-  fission  or  division.  From  the  Hypho- 
mycetes  or  mould-fungi  they  are  distinguished  by  be- 
ing unicellular  and  by  non-sexual  reproduction.  They 
are  round  or  oval  cells,  usually  many  times  larger 
than  bacteria. 

These  organisms  are  of  the  greatest  practical 
importance  in  various  commercial  industries,  such 
as  brewing,  baking,  etc.,  but  as  yet  very  little  is 
known  of  their  pathogenic  properties  in  man.  Cer- 
tain varieties,  when  injected  into  animals,  have 
proved  to  be  tpahogenic  and  capable  of  producing 
tumors,  and  recently  they  have  apparently  been 
demonstrated  (by  Sanfelice,  PUmmer,  and  others) 
in  the  epithelial  cells  in  cases  of  cancer  in  the  human 
subject;  but  what  relation  they  bear,  if  any,  to  this 
affection  is  j-et  to  be  determined.  They  are  not 
infrequently  present  in  the  air  and  in  cultures  made 
from  the  healthy  threat. 

Some  varieties  of  Blastomycetes  have  been  de- 
scribed which  are  pathogenic  for  mice,  and  in  recent 
years  (since  1S94)  tnere  have  been  reported  a  number 
of  cases  of  human  infection  from  yeast.  The  patho- 
genic Blastomycetes  may  be  briefly  summarized  as 
follows: 

Saccharomyces  busse,  isolated  in  1S94  by  O.  Busse 
from  the  tibia  of  a  thirty-one-year-old  woman,  who 
died  thirteen  months  after  the  first  symptom  ap- 
peared. The  autops}'  showed  numerous  broken-down 
nodules  in  several  of  the  bones,  in  the  lungs,  spleen. 
and  kidneys.  The  yeast  was  cultivated  from  aU 
these  foci. 

Saccharomyces  trartsfaciens ,  isolated  in  1S95  by 
Curtis.  The  patient  was  a  young  man  showing 
on  the  hips  and  neck  multiple  tumors  having  the 
gross  appearance  of  softened  myxosarcoma.  This 
yeast  is  pathogenic  for  rats,  mice,  and  dogs,  only 
sUghtly  so  for  rabbits  and  not  at  all  for  guinea-pigs. 
^"arious  simOar  cases  have  since  been  described,  a 
number  of  them  becoming  generalized,  and  ending 
fatally.  In  general  blastomj-cosis  the  lungs  seem 
frequently  to  be  the  seat  of  primary  infection. 

The  cases  described  first  by  Rixford  and  Gilchrist  as 
coccidiosis  due  to  Coccidiodes  immiiis — thought  to  be 
a  protozoon — should  be  classed  here,  since  Opiiuls  and, 
otners  have  shown  that  the  ''Coccidium"  formed 
showed  the  characteristics  of  yeasts.  Dogs,  rabbits, 
and  guinea-pigs  are  susceptible  to  the  fungus  and 
show  lesions  similar  to  those  in  human  beings. 

A  typical  case  of  systemic  blastomycosis  has  been 
reported  by  Fontaine,  Hasse,  and  Mitchell  (1909), 
with  characteristic  lung  lesion.  Lundsgaard  re- 
ported a  case  of  ophthalmia  due  to  yeast.  I^xre 
culture  obtained  from  the  pus,  showing  the  presence 
of  yeast  cells,  in  a  severe  hypopyon  keratitis,  inocu- 
lated into  guinea-pigs  produced  abscess  both  at  the 
site  of  inoculation  and  in  the  Ij-mph  glands.  Buschke 
lisoated  yeast  from  a  cervical  discharge,  in  which  no 
gonococci  were  present,  the  blastomycete  being  patho- 
genic for  guinea-pigs.  Tokishige  (1S95)  reported  an 
epidemic  among  hor.sesand  cattle  in  Japan,  known  as 
"Japanese  worm,"  "benign  worm"  or  "pseudo- 
worm,"  which  is  caused  bj'  one  of  the  saccharomj-ces. 
This  is  pathogenic  also  for  rabbits,  guinea-pigs 
and  hogs.  .\  similar  disease,  due  to  a  species  of 
yeast,  has  been  identified  in  Italy  and  Southern 
France. 

Recently  Kartulis  in  Alexandria  has  described 
about  a  hundred  cases  of  a  skin  affection  occurring 
in  the  gluteal  region  of  men  and  characterized  by 
an  elongated  finger-like  swelling,  which  breaks  down 


and  emits  a  purulent  discharge  forming  an  unhealed 
sinus.  In  the  discharge  and  surrounding  tissues  are 
found  numerous  blastomycetes  which  have  been  shown 
to  be  a  variety  of  the  ordinarj-  fermenting  yeast  (Sac- 
charomyces cererisiiT — Hansen).  Kessler  reported 
(1907)  a  skin  lesion  in  an  infant  probably  due  to  a 
similar  blastomycete. 

Judging  from  these  reported  cases,  the  yeast 
fungi  may  eventually  prove  to  be  of  not  inconsider- 
able pathogenic  importance. 

Akthur  R.  Gcerard. 


Blastomycosis. — This  comparativelj-  recently  known 
affection  is  of  relatively  very  infrequent  occurrence, 
though  a  number  of  cases  have  been  observed  and 
studied  in  this  countrj",  especially  in  Chicago  and 
vicinity.  It  is  known  to  be  a  specific  affection,  due 
to  the  pathogenicity  of  the  yeast  fungus,  or  saccharo- 
myces; or  at  least  to  certain  forms  of  the  latter. 
Pathogenic  activities  of  yeast  fungi  have  been  as- 
serted  at  a   much   earlier   date — for   example,  thej' 


Fig.  669. — Blastomycetic  DermaliUi.      ii.i..^iir.oL  Ai.a  it,ykcj 

were  at  one  time  accused  of  being  the  essential  cause 
of  tuberculosis  and  other  constitutional  maladies. 
But  our  modem  knowledge  of  mycetogenic  diseases, 
as  far  as  the  occurrence  of  granulomatous  and  in- 
ternal lesions  is  iavolved,  dates  back  to  a  period  not 
very  remote,  in  which  it  was  shown,  in  connection 
with  actinomycosis  and  mycetoma,  that  hj-phomycetes 
(fungi  in  the  technical  sense)  were  able  to  cause  an 
infectious  group  disease.  The  latter  was  naturally 
brought  into  relationship  with  the  parasitic  dermato- 
ses due  to  other  hyphomycetes,  some  of  which,  under 
certain  circumstances,  coiild  also  cause  granulomatous 
lesions  (so-called  kerion). 

Blastomycosis  is  clearly  not  a  new  disease,  but  one 
for  many  "years  overlooked;  and   was  undoubtedly 
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confounded  with  localized  tuberculosis — chiefly  tu- 
berculosis verrucosa  cutis — with  certain  syphilidrs, 
and  cpithelioniata.  Dermatologists  have  long  known 
of  manifestations  which  suggested  one  or  the  other  of 
these  affections 
at  first  sight, 
and  even  for 
prolonged  pe- 
riods; yet  the 
course  was 
eventually 
found  to  be 
benign,  and  the 
malady  did  not 
in  any  way  re- 
spond to  the 
treatment  indi- 
cated in  tlie 
known  affec- 
tions. Not  all 
of  these  prob- 
lematic affec- 
tions could 
have  been  ex- 
amples of  blas- 
tomycosis; but 
the  lesson  was 

learned  that  supposedly  incurable,  destructive,  and 
slowly  progressive  lesions  of  the  skin  could  persist  for 
years  without  involving  the  general  health,  and  had 
absolutely  nothing  in  common  with  lues  or  tuberculo- 
sis, save  through  a  superficial  or  Ulusional  resemblance. 
The  status  of  blastomycetic  dermatitis  was  first 
established    in    1894,    when    Gilchrist    demonstrated 

before  the  American 
Dermatological  As- 
sociation sections, 
containing  budding 
saccharomyces, 
from  a  lesion  be- 
lieved to  have  been 
a  scrofulide.  At 
very  nearly  the  same 
period  Buschke  and 
Busse  in  Germany 
discovered,  inde- 
pendently of  Gil- 
christ, the  same 
pathogenicity,  not 
only  in  its  local  ex- 
pression, but  in  its 
possibilities  for  gen- 
eral infection  (one 
patient  had  suffered 
fatal  pyemia  from 
the  saccharomyces). 
From  this  period 
onward  the  affection 
became  recognized 
as  both  a  local  der- 
matitis and  a  gener- 
alized infection — ■ 
the  latter  as  com- 
pared with  the 
former  being  ex- 
tremely rare.  The 
American  dermatol- 
ogists proposed  the 
names  blastomy- 
cetic dermatitis  and 
blastomycosis;  while 
the  continental  au- 
FiG.  671. — Some  of  the  Individual  thors  preferred  the 
Blastomycetes  Found  in  the  Section  ^gj.^g  Saccharomy- 
bhowninrig.  670,     Nos.  2-16  represent  .  "r      ' 

various  budding  forms;   Nos.  8  and  9     CO^IS,  COCCUllOSls, 

show  blastomycetes  with  some  form  of     etc.      It  may    DO  re- 
fibrous  coating.     (Gilchrist.)  marked    in    pa.ssing 


that  these  discoveries  gave  an  impetus  to  the  doctrine 
of  the  hyphomycetic  origin  of  cancer.  Certain  authors 
like  Leopold  of  (iermany  and  San  l''elice  of  .Sicily  were 
especially  enthusiastic  in  this  direction  for  many  years. 


.44./^ 


fm. 


iMUm^W-' 


Fig.  670. — A  Microscopic  Section  of  Blastomycetic  Dermatitis,  Showing  Hypertrophied  Epidermis  (e)  Numer- 
ous Miliary  Abcesses  (a)  which  Contain  Parasitic  Organisms  ip).  In  the  corium  (c)  are  pseudotubercles  (n) 
with  giant  cells  (G)  and  parasites  (p).     (Gilchrist.) 

Symptoms. — The  description  of  a  beginning  case 
does  not  necessarily  apply  to  a  long-standing  instance. 
At  some  locality  in  the  integument,  prcsumablj'  in 
one  exposed  to  accidental  inoculation,  one  or  more 
indolent  papidopustules  appear,  as.sociated  with  an 
overgrowth  of  the  papillary  layer,  with  resulting 
appearance  of  a  wart-like  formation.  The  pus  forces 
its  way  outward  between  the  papillary  prolongations 
which  make  up  the  wart  and  there  dries  to  form  a 
crust.  One  or  a  group  of  such  papules  may  be  in 
evidence,  but  the  clinical  expression  is  the  same. 
Pus  may  not  form  at  aU;  or  it  may  appear  only  after 
squeezing.  As  already  stated  the  pus  does  not  pro- 
ceed from  a  cavity  or  surface  of  any  size  but  only  from 
minute  cavities — mere  points  to  the  naked  eye.  The 
pus  forms  entirely  in  the  epidermis.  The  sensory 
nerve  filaments  are  not  involved,  so  that  there  is  no 
pain  or  itching.  New  lesions  may  form  close  to  the 
old  ones  or  at  some  more  remote  points.  The  result- 
ing patches  may  attain  a  variable  size — usually  not 
above  that  of  a  large  coin,  but  exceptionally  consid- 
erably larger. 

It  must  be  insisted  further  that  the  entire  pro- 
cess is  very  superficial.  The  depth  of  infiltration 
does  not  usually  reach  half  an  inch,  so  that  the 
increa.sed  thickness  occurs  only  in  tlie  epidermis  and 
overgrowth  of  the  papillce.  When  the  dried  pus  and 
epidermis  are  remo\'ed  we  usually  see  papUlffi  which 
discharge  pus  and  bleed  freely.  If  the  horny  layer 
does  not  come  away  we  see  droplets  of  pus  oozing 
from  its  interstices.  Of  ulceration  in  the  ordinary 
sense  nothing  is  seen  as  a  ride  until  the  disease  has 
persisted  for  a  time.  But  for  some  reason  not  under- 
stood ulceration.often  occurs  in  time  with  cicatrization; 
and  as  in  other  granulomata  ulcers  may  heal  spon- 
taneously as  they  appear  elsewhere.  Circinate  and 
serpigino\is  forms  are  not  common,  if  they  ever  occur 
at  all.  One  would  naturally  attribute  this  ulceration 
and  scarring  to  .secondary  infection,  but  authors  are 
silent  upon  this  point.  It  is  known  that  cicatrization 
is  a  notable  factor  in  many  cases.  The  scar  may  be 
smooth  and  supple,  or  deep  and  contractile,  causing 
much  disfigurement.  Of  special  importance  is  the 
recrudescence  of  lesions  in  apparently  well-healed 
ulcers.  This  phenomenon  is  of  course  common  in 
other  granulomata  of  the  skin. 

In  regard  to  distribution,  the  lesions  as  already 
stated  tend  to  appear  on  expo.sed  parts,  but  they  also 
develop  repeatedly  on  the  ordinarily  covered  tissues. 
There  is  no  region  absolutely  immune — a  fact  which 
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compels  us  to  believe  that  the  aflfection  may  be  and 
often  is  spread  by  autoinoculation.  This  fact  is 
difficult  of  explanation,  for  we  must  bear  in  mind 
that  itching  is  verj'  unusual.  The  lower  extremities, 
from  the  waist  down,  seem  more  exposed  to  attack 
than  the  trunk  and  limbs  (with  the  exception  of  the 
hands).  By  far  the  greatest  incidence  is  apparent 
on  the  face'and  hands.     The  favorite  location  on  or 


ment.  This  may  or  may  not  be  consecutive  to 
cutaneous  lesions.  But  few  instances  are  on  record 
and  these  differ  much  among  themselves.  One  sub- 
ject after  seven  years  of  cutaneous  blastomycosis  de- 
veloped symptoms  of  general  infection  which  ended 
fatally.  In  certain  cases  of  general  outbreak  the  skin 
participated  as  if  by  secondary  involvement.  In  a 
third  series  of  cases  there  were  no  cutaneous  lesions; 


Fir..  672. — I'hotoinicroEraph  from  the  First  Case  of  Blastomycetic  Dermatitis.  (Gilchrist.)  It  .shows  one  of  the  smaller  miliary  ab- 
scesses contained  in  the  epidermis.  Enclosed  in  the  abscess  are  two  blastomycetes,  one  ot  which  belongs  to  the  large  buddiiiE  variety 
(seen  a  little  to  the  rifiht  of  the  centre  ol  the  field),  whereas  the  other  is  a  younger  detached  form  which  is  seen  directly  below  the  former. 
These  bodies  are  similar  to  those  represented  in  Fig.  671. 


near  the  eyelids,  or  in  general  on  the  upper  half  of 
the  face  suggests  the  similar  preference  of  rodent 
ulcer.  The  prolonged  isolated  location  about  the 
eyes  suggests  a  possibly  primary  focus  for  auto- 
inoculation elsewhere.  There  is  further  a  tendency 
to  the  production  of  ectropion  in  this  locality.  There 
is  no  typical  enlargement  or  tenderness  of  the 
lymph  nodes. 

A  word  may  be  said  as  to  constitutional  involve- 


the  disease  first  attacked  the  vertebne  or  some  other 
deep-seated  organ.  It  is  evident  that  the  internal  or 
generalized  cases  are  mostly  autopsy  material. 

Course. — Whatever  the  type  of  the  disease  the 
course  is  eminentlj'  chronic.  In  one  instance  we  may 
.see  isolated  lesions  undergo  apparent  resolution  with 
relap.se  in  the  scar.  In  others  we  have  to  deal  with 
a  perennial  focus  of  disease  which,  while  showing  some 
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Iriidency  to  heal  in  spots,  nevertheless  continues  to 
advance.  The  double  tendency  to  heal  and  advance 
side  by  side  may  be  expressed  in  many  ways.  A 
sudden  spontaneous  involution  may  be  succeeded 
:ift«r  a  prolonged  interval  by  recrudescence.  Cases 
of  indefinite  persistence  are  known,  and  in  any  large 
community  we  may  cncoimter  dermatoses  of  which  it 
may  be  said  that  they  cannot  be  tuberculous,  syphi- 
litic, etc.,  for  sufficient  reason.s,  but  that  they  have 
something  in  common  with  all. 

Etiology  and  Nature. — Such  a  condition  could 
not  have  been  .shown  to  exist  before  the  modern  devel- 
opments of  differential  staining,  cultivation,  and 
inoculation.  Gilchrist  first  revealed  the  nature  of 
the  malady  by  a  study  of  the  contents  of  one  of  the 
microscopic  abscesses.  Cultures  of  the  fungus  were 
obtained  in  pure  state  and  inoculation  tests  showed 
that  the  affection  could  be  produced  at  will  in  animals. 
Physicians  have  been  accidentally  inoculated,  and  as 
far  as  we  know  the  disease  is  communicable  only  in 
tliis  manner. 

The  fact  that  women  are  inoculated  about  as 
frequently  as  men  is  perplexing  in  a  malady  of  this 
kind.  The  more  the  disea.se  is  studied  the  more  it 
seems  assured  that  age,  race,  se.x,  dwelling  place,  etc., 
are  not  of  essential  significance  in  its  incidence.  It 
may  almost  be  affirmed  that  the  secondary  causes  are 
quite  unknown.  In  this  connection  may  be  mentioned 
the  fact  that  the  pathogenicity  of  the  hj-phomycetes 
which  cause  tinea,  favus,  etc.,  differs  radically  from 
that  of  the  blastomycetes. 

Pathology. — The  process  appears  to  begin  as  a 
jiroliferation  of  the  rete  cells,  involving  the  production 
(if  minute  abscesses.  The  derma  may  be  involved 
secondarily  with  ulceration  and  scar  formation.  The 
horny  layer  may  or  may  not  be  actively  involved — in 
the  latter  ca.se  it  may  undergo  proliferation  with  or 
without  formation  of  epithelial  pearls.  The  rete  cells 
enlarge  and  swell,  and  leucocytes  appear  between 
them;  the  former  also  tend  to  dip  into  the  corium,  in 
the  form  of  long  epithelial  processes  such  as  are  seen 
in  certain  epitheliomata.  The  simultaneous  occur- 
rence of  overgrowth  of  epithelium  and  of  abscess 
formation  suggests  an  association  of  cancroid,  plus  a 
chronic  infectious  process.  This  symbiosis  seems  to 
be  upheld  throughout,  and  much  depends  therefore 
on  the  infectious  factor,  and  its  relationship  to  the 
frankly  neoplastic  element.  A  study  of  the  former 
shows  the  presence  of  an  active  organism,  which  flour- 
ishes and  proliferates  chiefly  in  the  minute  absces.ses 
often  referred  to,  the  contents  of  which  are  to  some 
extent  a  culture  of  the  said  organism.  When,  how- 
ever, we  .seek  to  fix  the  zoological  status  of  the  latter 
we  at  once  encounter  difficulties.  From  the  strict 
bacteriological  standpoint  the  case  is  by  no  means 
jiroven.  Nonpathogenic  cultures  may  be  developed, 
and  even  among  the  pathogenic  there  is  a  wide  range 
of  activity. 

The  minute  descriptions  of  authors  concerning  this 
or  that  species  maj'  be  left  out  of  consideration.  It 
has  long  been  known  that  in  this  field  of  bacteriology 
results  are  most  inconstant.  We  can  at  the  outset 
isolate  various  fungi  for  the  different  affections;  it  is 
only  when  we  seek  to  cultivate  permanently  certain 
strains  that  we  come  to  grief.  We  may  of  course 
contrast  this  dermatosis  with  other  contemporary 
affections — such  as  the  "protozoic  derma'titis"  of 
authors,  an  affection  which  comprises  but  a  few 
recorded  cases — the  hyphomycetic  dermatitis  of 
Duhring  and  Hartzell,  sporotrichosis,  etc.  But  there 
is  no  longer  any  necessity  for  indirect  routine  methods 
of  diagnosis,  for  the  latter  is  easily  accomplished  as  a 
rule. 

Diagnosis. — This  is  made  first  of  all  by  the  char- 
acteristic clinical  picture,  which  includes  the  minute 


absces.ses,  the  contents  of  which  should  readily  reveal 
the  nature  of  the  malady.  A  smear  of  pus  from  one 
of  these  abscesses,  placed  upon  a  slide,  should  first  Ije 
treated  with  a  few  drops  of  thirty-three-per-cent. 
solution  of  pota.ssic  hydrate,  and  a  cover-glass  duly 
affixed.  After  an  interval  of  an  hour  or  less — some- 
times within  a  quarter  hour— the  tis.sues  and  pus  will 
have  disappeared,  while  the  budding  organisms  of  the 
blastomycetes,  resistant  to  the  alkaline  action,  are  still 
in  evidence.  In  doubtful  cases  cultures  may  be  made, 
and  the  Wassermann  and  tuberculin  tests  used 

Prognosis. — There  is  no  reason  for  death  in  a  case 
of  blastomycetic  dermatitis;  despite  all  the  unfavor- 
able features  which  develop  in  a  chronic  ca.se,  there 
is  nothing  to  cloud  the  prognosis  for  ultimate  recovery, 
or  at  least  for  arrest  of  the  malady.  On  the  other 
hand  we  know  of  infernal  blastomycosis  only  from 
autopsy  records,  and  may  conclude  provisionaUy  that 
this  form  is  essentiall)'  fatal. 

Treatment. — In  the  earliest  days  of  our  knowledge 
of  blastomycosis  it  was  assumed  that  a  most  vigorous 
local  treatment  was  the  sole  indication.  The  curette 
and  if  necessary  excision  were  the  rational  measures 
to  be  employed.  With  the  increa.se  of  our  general 
information,  it  was  thought  possible  that  iodide  of 
potassium,  because  of  its  power  over  actinomycosis, 
was  indicated  in  blastomycosis.  This  was  tested 
with  good  outlook,  but  x-ray  therapy  was  thought  to 
be  still  more  valuable,  and  at  present  both  measures 
are  jointly  employed. 

Naturally  a  full  rational  management  includes  both 
local  and  general  measures;  and  it  is  .seldom  that  the 
twofold  indication  is  so  clearly  apparent  as  in  the 
affection  under  review.  All  local  resources,  including 
the  i-rays,  intended  to  destroj*  morbid  tissues,  should 
be  a.ssociated  with  the  use  of  potassic  iodide  and  other 
internal  remedies  of  pos.sible  value  in  granulomata. 

Dermatitis  coccidioides,  once  regarded  as  identical 
with  blastomycetic  dermatitis,  is  now  looked  upon 
as  a  separate  affection.  Edward  Preble. 
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Blastopore. — (From  the  Greek  /SXcurris,  a  sprout, 
and  Tropes,  a  passage,  a  way  through.)  The  word  blas- 
topore was  invented  by  Sir  Ray  Lankester  (1877), 
wno  defined  it  as  "The  orifice  of  invagination  by 
means  of  which  invaginate  planuke  acquire  their 
endoderm."  Planula  is  the  name  given  by  the  same 
author  to  the  embryo  when  it  consists  of  only  the 
two  primary  germ-layers,  ectoderm  and  endoderm, 
and  by  "invaginate  planula"  he  meant  what  is  now 
always  called  the  gastrula. 

.\ccording  to  Haeckel's  Gastripa  theory,  the  gastrula 
is  a  stage  of  ontogenj'  that  rejiresents  an  ancestral 
type  in  which  all  the  Metazoa  have  their  origin,  and 
which,  in  modified  forms,  persists  among  the  living 
polyps  and  jelly-fishes  to-day. 

This  hypothetically  primitive  type  is  the  Gastrfea, 
its  primitive  digestive  tract  is  the  archenteron,  and 
its  primitive  mouth  we  may  call  archistome  (thus 
translating  the  German  word,  Urmund,  as  did  Minot, 
1892).  The  gaxirula  represents  the  Gastriea  in  the 
ontogeny  of  animals  now  living,  its  cavity  is  also 
called  archenteron,  and  its  blastopore  represents  the 
archistome  wholly  or  in  part.  In  some  animals  the 
blastopore  becomes  the  definitive  mouth,  in  others 
it  persists  as  the  anus.  In  most  animals  it  closes 
completely,  and  the  mouth  and  anus  are  secondary 
openings,  one  or  the  other  appearing  at  the  point 
where  the  blastopore  has  closed. 
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The  hypothetical  Gastraea  would  be,  like  the  living 
coelenterates,  a  radially  symmetrical  animal  witli 
the  niain  axis  of  s^-mmetrj'  running  from  the  mouth 
to  the  aboral  pole.  It  has  been  suggested  that,  in 
the  course  of  evolution  from  the  radial  to  the  bilateral 
form,  a  new  axis  of  sj'mmetry  has  developed  at  right 
angles  to  the  axis  of  radial  symmetry,  and  that  the 
archistome  has  elongated  parallel  to  the  new  axis. 
With  the  elongation  of  the  archistome  has  come  a 
change  In  structure  and  a  differentiation  of  function. 
The  groove  at  the  anterior  end  becomes  an  incurrent 
channel,  and  the  groove  at  the  posterior  end,  an  excur- 
rent  one.  Then  the  Hps  of  the  middle  part  of  the 
arcliistome  fuse  to  form  the  neural  region  of  the  ani- 
mal, while  the  anterior  groove  becomes  the  mouth 
and  the  posterior  one  the  anus.  While  such  a  view 
of  the  evolution  of  the  bilateralia  is  purely  hypo- 
thetical, it  has,  nevertheless,  analogies  among  living 
coelenterates,  and  is  not  incompatible  with  certain 
facts  of  embrj'ologj'.  These  ^•iews  as  to  the  origin  and 
significance  of  the  blastopore  and  the  fact  that  many 
important  structures  develop  in  or  near  its  lips,  have 
caused  the  blastopore  to  be  the  center  of  much  interest 
and  the  subject  of  prolonged  disciissions  among 
embrv'ologists. 

A  typical  blastopore  is  not  to  be  seen  in  the  ontog- 
eny of  all  animals.  It  is  to  be  found  only  in  those 
forms  which  pass  through  a  well-defined  gastrula- 
stage.  The  groups  which  exliibit  a  well-marked 
blastopore  are:  Ccelenterata,  Annehda,  Mollusca, 
Crustacea,  Echinodermata,  Brachiopoda,  Enterop- 
nesta,  Tunicata,  Amphioxus,  lampreys,  ganoid  fishes. 
Dipnoi,  and  Amphibia.  In  eggs  that  are  heavily 
laden  with  yolk,  tne  gastrula-stage  may  be  so  modified 
as  to  be  hardly  recognizable,  and  there  may  be  an 
entire  absence  of  a  true  blastopore.  In  the  higher 
vertebrates,  the  process  of  gastrulation  is  complicated 
by  being  divided  into  two  phases,  with  the  result  that 
several  homologues  of  the  blastopore  appear  to  arise 
separately   in   the   same   individual.     Although    the 


FtG.  673. — Gastrula  of  Amphioxus  killed  about  3  a.m.,  and 
mounted  whole.  The  endodermal  cells  are  \*isible  through  the 
blastopore  in  the  center.  Reduced  from  drawing  made  with  Zeiss 
oc.  4,  obj.  2  mm.     (.-Vf  ter  Morgan  and  Hazen.) 

eggs  of  placental  mammals  bear  little  or  no  yolk, 
the  development  of  the  embryo  with  respect  to  these 
structures  is  of  sauropsidan  type. 

The  blastopore  being  primarily  the  mouth  of  the 
gastnila,  its  origin  and  form  are  discussed  in  the  article 
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dealing  with  that  stage  of  development  (see  Gastrula). 
The  present  article  deals  with  the  position  of  the 
blastopore  relative  to  the  axis  of  the  egg,  its  position 
in  relation  to  the  axis  of  the  body,  its  mode  of  closure, 
the  derivatives  of  the  blastopore  in  the  vertebrates, 
and  the  structures  derived  in  this  group  from  the  hps 
of  the  blastopore. 

In  regard  to  the  position  of  the  blastopore  with 
respect  to  the  primary  axis  of  the  egg,  it  may  be  said 
that,  as  a  general  riile,  when  a  true  blastopore  is 
found  it  appears  at  the  vegetative  pole,  or  at  any  rate 
in  the  vegetative  hemisphere  of  the  egg.  H3dra 
appears  to  be  a  remarkable  exception  to  tms  rule. 

In  its  relation  to  the  orientation  of  the  body,  the 
primitive  position  of  the  blastopore  appears  to  be  at 
the  posterior  end  of  the  long  axis.     It  has  this  position 


Fig.  674. — Sagittal  Section  of  a  Gastrula  of  .\mphioxus  at  4  a.m. 
a.  Anterior  pole;  d,  dorsal  lip  of  the  blastopore;  t',  ventral  lip. 
Reduced  from  camera  drawing  made  with  Zeiss  4,  oil  immersion 
2  mm.     (After  Morgan  and  Hazen. ) 

in  the  free-swimming  planula  larva  of  the  Coelenter- 
ates also  in  the  larv^p  of  the  echinoderms  and  of  Balano- 
glossus.  In  the  annelids,  mollusca,  and  other  groups 
with  a  spiral  cleavage,  the  blastopore  appears  first  as 
a  wide  opening  at  the  posterior,  vegetative  pole  and 
shifts  later  to  the  ventral  side.  In  the  chordata  the 
blastopore  seems  to  be  formed  on  the  dorsal  side,  and 
then  to  be  shifted  to  the  posterior  end  of  the  body. 

The  typical  blastopore  is  a  wide  circular  or  elliptical 
opening  (Fig.  673),  by  which  the  archenteron  commu- 
nicates with  the  exterior,  and  at  its  margin  the  ecto 
dermal  and  endodermal  layers  merge  one  into  the 
other  (Fig.  674).  With  the  development  of  the  embryo, 
this  opening  is  reduced  and  in  most  cases  completely 
closed.  The  method  of  closure  may  be  concentric  or 
excentric.  It  is  concentric  when  the  primary  axis 
of  the  egg  coincides  with  the  principal  axis  of  sym- 
metry of  the  embryo.  This  occurs  in  the  coelenter- 
ates, in  which  group  either  the  blastopore  becomes 
the  mouth  or  the  mouth  is  subsequently  formed 
where  the  blastopore  closes.  In  most  eclnnodernis, 
the  blastopore  becomes  in  a  similar  way  converted 
into  the  anus,  which  subsequently  shifts  to  the  ventral 
side.  In  Balanoglossus  the  blastopore  closes  con- 
centrically, and  the  anus  later  breaks  through  at  the 
point  of  closure. 

To  demonstrate  an  excentric  method  of  closure  it  is 
necessary  to  determine  some  point  nearer  one  side 
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of  the  blastopore  toward  which  the  margins  grow 
with  unequal  rapidity.  This  is  not  easy  to  do  at  a 
stage  when  the  embryo  presents  few  landmarks. 
Nevertheless,  it  is  believed  that  the  closure  of  the 
blastopore  takes  place  in  this  manner  in  the  majority 
of  animals.  In  annelids,  mdllusea,  and  other  groups 
with  spiral  cleavage,  the  closure  is  said  to  take  place 
from  behind  forward,  and  in  many  annelids  and 
mollusca  tlie  diminished  blastopore  becomes  the 
moutli,  or  rather  the  inner  opening  of  the  stomodaeum. 

While  many  investigators  have  declared  that  in  the 
vertebrates  they  could  find  no  evidence  for  such  a 
process,  most  students  of  vertebrate  embryology 
regard  the  blastopore  of  the  chordata  as  closing  excen- 
trically  from  before  backward,  and  some  claim  with 
Cerfontaine  (190<3)  that  the  blastopore  as  a  whole 
changes  position  in  the  same  direction. 

In  some  vertebrates,  as  for  examjile  the  spotted 
salamander,  Amblystoma,  the  blastopore  may  be 
seen  to  close  in  such  a  way  as  to  lea\e  two  openings 
leading  outward  from  the  archenteron.  These  are 
the  nriircnleric  canal  and  the  anns.  In  Amblystoma 
the  blastopore,  after  being  reduced  to  a  .small  round 
opening,  is  closed  by  the  appro.ximation  and  fusion 


\ 


Fig.  675. — Surface  views  of  successive  stages  in  the  closure  of 
the  blastopore  of  Amblystoma.  X  12J.  a,  anus;  b,  blastopore: 
»i,  neurenteric  canal;  v,  vegetative  pole.     (After  Eycleshymer.) 

of  its  lateral  margins,  Fig.  675.  During  this  process 
it  becomes  a  narrow  longitudinal  slit.  The  anterior 
angle  of  this  slit  persists  for  some  time  as  the  neu- 
renteric canal,  the  posterior  angle  remains  open  as  the 
permanent  anus.  When  the  anus  appears  as  a  new 
opening  after  the  complete  closure  of  the  blastopore, 
as  it  does  in  most  vertebrates,  it  develops  in  the  same 
relative  position  as  in  Amblystoma  and,  therefore, 
may  still  be  regarded  as  a  blastoporic  derivative. 
Likewise  the  neurenteric  canal  may  develop  appar- 
ently  independently    of   any    true    blastopore,    but. 


nevertheless,  its  anatomical  relations  arc  such  as  to 
cause  it  to  be  regarded  as  always  a  vestige  of  that 
more  primitive  opening. 

In  all  amphibia  the  blastopore  is  infolded  around 
a  mass  of  endodcrmal  cells,  the  yolk-plug  (Fig.  676), 
which  fills  its  orifice  until  just  before  closure  and  is 
then  drawn  inward.  The  ganoids  exhibit  transitions 
from  this  condition  to  that  found  in  the  eggs  of  the 
selachians,  teleosts,  and  amniota  where,  associated 
with  the  presence  of  a  relatively  large  amount  of 
yolk,  there  is  more  or  less  suppression  of  the  gastrula- 
stage,  and  a  typical  blastopore  fails  to  appear.  But, 
on  the  other  hand,  eggs  with  a  large  amount  of  yolk 
always  present  structures  which  may  be  regarded  as 
homologous  with  the  lips  of  the  blastopore.  The.se 
are  the  marginal  fold  of  the  blastoderm  and  the  primi- 
tive streak.  The  distinguishing  feature  which  these 
structures  have  in  common  with  each  other  and  with 
the  lips  of  the  bastopore,  is  the  presence  of  a  fold 
(the  ectental  line)  where  two  germ-layers  merge  into 
one  another.  The  marginal  fold  appears  at  the  poste- 
rior edge  of  the  blastoderm,  which  is  homologous  with 
the  anterior  or  dor.sal  lip  of  the  blastopore.  In  the 
fishes  the  marginal  fold  may  extend  rapidly  on  both 
sides  until  it  involves  the  whole  circumference  of  the 
blastoderm.  In  the  sauropsida,  on  the  contrary,  it 
is  never  extensive  and  is  soon  surrounded  by  the  zone 
of  overgrowth  and  disappears.  The  primitive  streak 
is  especially  characteristic  of  a  little  later  stage  in 
the  development  of  sauropsida  and  mammals.  That 
it  is  a  vestige  of  the  blastopore,  is  indicated  by  the 
perforation  of  its  anterior  end  by  the  neurenteric 
canal  and  by  the  development  of  the  anus  or  anal 
plate  at  its  posterior  end.      (See  Area  Embryonalis.) 


Fig.  676. — Sagittal  Section  of  the  Gastrula  of  a  Tree-toad, 
Chorophilus.  Arch,  archenteron;  d.l  and  v.h  dorsal  and  ventral 
lips  of  blastopore,  the  yolk-plug  lies  between  them;  8.c,  segmenta- 
tion cavity.     Zeiss  A,  2.     (After  H.  V.  Wilson.) 

The  relation  of  the  blastopore  to  the  body  of  the 
embryo,  is  a  riuestion  that  can  hardly  be  regarded 
as  settled,  although  it  has  provokecl  a  discussion 
lasting  forty  years  and  has  led  to  the  production  of 
voluminous  literature.  W'e  may  recognize  three 
main  theories  as  to  this  relation  in  the  vertebrates: 
(1)  The  overgrowth  theory,  (2)  the  concrescence 
theory,  and  (3)  the  archistome  tlieory. 

According  to  the  first  of  these,  the  closure  of  the 
blastopore  is  effected  by  the  unequal  growth  of  its 
lips  toward  a  point  placed  excentrically  near  its  pos- 
terior margin.  The  posterior,  or  ventral,  margin  is 
the  place  of  least  growth,  the  anterior,  or  dorsal, 
margin  being  the  place  of  greatest  growth.  The  axial 
structures  of  the  embryo  arise  by  the  differentiation 
of  the  tissues  in  the  dorsal  lip  of  the  blastopore,  and 
elongation  is  produced  by  simple  growth  and  differ- 
entiation backward. 
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Although  it  is  not  entirelj-  original  with  him,  the 
concrescence  theorj'  is  to  be  chiefly  attributed  to  the 
celebrated  German  embryologist,  His,  whose  dis- 
tinguished pupil,  Minot,  is  its  chief  advocate  in  tliis 
country.  The  ^•iews  of  His  were  founded  primarily 
on  phenomena  observed  in  the  teleosts  and  selach- 
ians. According  to  this  theory,  the  marginal  fold 
of  the  blastoderm  contains  the  rudiments  of  the  two 
halves  of  the  embryo.  ^^'hiIe  the  blastoderm  grows 
over  the  yolk,  these  two  halves  are  gradually  brought 
together,  beginning  at  the  cephalic  end  (Fig.  677). 
Minot  (IS92)  defines  concrescence  as  the  growing 
together  of  the  two  halves  of  the  ectental  line  to  form 
the  structural  a.xis  of  the  future  embrj-o. 

The  archistome  theory  (Urmundtheorie)  founded 
by  O.  Hertwig,  is  very  similar  to  the  concrescence 
theory,  but  differs  in  the  following  particulars:  (1) 
In  emphasizing  the  character  of  the  blastopore  as  a 
vestige  of  the  archistome;  (2)  in  distinguisning  two 
parts  of  the  margin  of  the  blastoderm,  the  marginal 
fold  representing  marginal  lips  and  the  zone  of  over- 
growth where  the  process  of  cleavage  is  not  complete; 
and  (3)  in  recognizing  that  the  blastopore  is  not  a 
structure  having  a  fi.xed  position,  but  that,  beginning 
at  the  anterior  end,  it  may  migrate  along  the  median 


Fig.  677. — Diagram  to  illustrate  the  theory  of  Concrescence: 
Bl,  blastoderm;  bl,  blastopore;  a",  a',  a,  successive  stages  in  the 
closure  of  the  blastopore:  .V,  medullarj'  groove;  nr,  neural  ridge; 
pr.  s,  primitive  streak;  s,  thickened  edge  of  blastoderm;  Yk,  yolk. 
(From  Minot.) 


line  the  whole  length  of  the  archistomal  region. 
According  to  this  theory  the  anterior  lip  of  the  archis- 
tome gives  rise  to  onlj-  the  anterior  part  of  the  head 
of  the  embryo,  and  the  rest  of  the  a.xial  structures 
are  formed  from  the  lateral  margins  of  the  archis- 
tome, which  unite  in  the  mid-line.  The  anus  marks 
the  posterior  end  of  the  archistome. 

Hubreeht  holds  similar  views  as  to  the  relation  of 
the  archistome  and  a.xial  structures,  but  he  lays 
especial  stress  upon  the  idea  of  gastrulation  in  two 
phases,  and  differs  widely  from  Hertwig  as  to  the  ori- 
gin of  the  mesoderm  and  in  other  details.  To  give 
a  history  of  these  theories  with  a  summary  of  the  evi- 
dence for  and  against  each  would  require  an  amount 
of  space  that  is  prohibitive.  Therefore  for  further 
information  it  is  necessary  to  refer  the  reader  to  the 
works  cited  in  the  list  wliich  follows,  and  to  related 
articles  in  this  H.wdbook,  viz..  Blastoderm,  Gastrula, 
Germ-layers,  Mesoderm,  Xeurenteric  canal,  etc. 

Robert  P.\yne  Bigelow. 
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Blattidas. — The  name  given  to  the  cockroach 
family.  Several  species  are  common  inhabitants  of 
dwellings.  Some  are  known  to  carry  stages  in  the  life 
cycles  of  certain  parasitic  protozoans,  and  it  is  be- 
lieved by  some  writers  that  these  insects  may  even 
harbor  minoparasite  pathoganic  in  man.     See  Insects. 


Blaud,  P. — Born  in  1774  at  Nimes,  he  was  educated 
at  Paris  and  began  the  practice  of  medicine  there  in 
1S05.  Little  is  known  of  his  life  beyond  the  fact  that 
he  was  a  very  successful  practitioner  and,  in  spite  of 
the  demands  of  a  large  clientele,  was  a  prolific  writer. 
.\mong  the  more  important  of  his  contributions  to 
medical  literature  were:  "Nouvelles  recherches  sur 
la  laryngo-tracheite  connue  sous  le  nom  de  croup," 
1S2.5;  "Traite  elementaire  de  physiologic  philoso- 
phique  ou  Clemens  de  la  science  de  i'homme,  ramenee 
d  ses  veritables  principes,"  18.30.  He  also  contributed 
many  articles  to  various  medical  encyclopedias  and 
to  the  medical  journals,  on  "  compression  of  the  caro- 
tids for  the  rehef  of  cerebral  congestion,"  "infiuenee 
of  the  muscular  system  on  the  circulation,"  "fibrinous 
concretions  of  the  heart,"  "the  clilorotic  diseases," 
etc.  In  the  last  named  essaj-  he  described  the  iron 
pill,  which  is  known  as  Blaud's  pill  to  this  day,  the 
originator  being,  however,  usually  regarded  as  a 
German,  owing  probably  to  the  fact  that  the  pill  was 
strongly  recommended  by  Niemeyer  in  his  treatise  on 
the  Practice  of  Medicine.  The  formula  of  this  pUJ 
is  as  follows:  ferri  sulph.  pulv.,  potass,  carb.,  aa 3 ss, 
gum  tragacanth,  q.s.  to  make  ninety-six  pills. 
Blaud  died  in  May,  1858.  T.  L.  S. 


Blennostasine. — A  compound  derived  from  one  of 
the  cinchona  alkaloids.  It  is  said  to  be  cinchonidine 
hydrobromide.  It  is  hemostatic,  astringent,  and 
sedative  to  the  central  nervous  S3-stera.  It  has  been 
used  in  catarrhal  inflammation  of  the  respiratory 
mucous  membrane,  influenza,  colds,  hay  fever,  etc., 
in  doses  of  gr.  i.  to  iv.  (0.06-0.25). 

R.  J.  E.  Scott. 


Blepharospasm. — ^'on  Michel  restricts  this  term 
to  the  tonic  spasm  of  the  orbicularis,  applying  to 
clonic  spasm  the  expressions  blepharoclonus,  spasmus 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


Blepharospasm 


nictitans  and  nictitatis.  In  the  article  on  blepharo- 
spasm in  Wilbrand  and  Sanger's  "  Neurologie  des 
Auges"  tlie  affection  is  described  as  a  spasmodic 
state  which  may  involve,  beside  the  orbicularis 
muscle,  the  corrugator  supercilii  and  frontal  portion 
of  the  occipitofrontalis.  Generalizations  like  the 
preceding  appear  to  show  that  the  teachings  on  this 
subject  are  in  need  of  standardization,  and  this  im- 
pression is  borne  out  by  furtlior  consideration.  It 
appears  to  be  inipracticaljle  to  separate  the  tonic 
from  the  clonic  form,  for  in  many  cases  of  the  latter 
the  contractions  occur  in  a  muscle  already  the  seat  of 
increased  tonus,  while  tonic  and  clonic  forms  may 
occur  in  the  same  subject.  Such  cases  are  termed 
mixed.  Indeed  perfectly  pure  tonic  blepharospasm  is 
said  to  be  of  infreciuent  occurrence. 

Tonic  blepharospasm  may  occur  either  in  accesses 
or  as  a  persistent  contraction  wliich  in  its  higliest 
degree  clo.ses  the  palpebral  fissure  and  thereby  con- 
stitutes a  form  of  blindness;  for  in  the  vast  preponder- 
ance of  cases  all  blepharospasm  is  bilateral.  It  is 
always  difficult  and  sometimes  impossible  for  the 
patient  to  force  apart  the  closed  lids.  In  thus  en- 
deavoring the  patient  contracts  his  corrugators  and 
frontalis  muscles,  and  tlirows  the  forehead  into  deep 
transverse  folds.  There  may  be  further  associated 
movements  of  other  facial  muscles.  The  patient  may 
be  compelled  to  open  his  eyelids  with  the  fingers. 

The  greatest  variation  is  seen  in  the  intensity  and 
duration  of  the  spasm.  The  latter  may  be  very 
transitory  lasting  but  a  few  minutes,  or  maj'  persist 
for  weeks;  and  individual  attacks  may  rapidly  follow 
one  another.  In  the  latter  case  the  muscle  may  not 
be  wholly  quiescent  during  the  intervals  but  may 
show  an  increase  of  tonus.  In  .serial  attacks  there  is  a 
notable  absence  of  perioflicity,  while  the  duration 
and  severity  show  no  regularity.  Sometimes  we  see 
particularly  severe  attacks  follow  long  periods  of 
quiescence.  Accesses  tend  to  appear  without  warn- 
ing, so  that  the  fear  of  becoming  suddenly  blind  has 
an  unfavorable  effect  on  the  psyche.  Certain  effects 
may  both  precipitate  and  cut  short  the  attacks. 
Chief  among  these  are  influences  which  concentrate 
or  divert  the  patient's  attention.  Sleep  usually 
causes  cessation  of  the  spasms,  but  sometimes  the)' 
set  in  during  .slumber.  Hence,  blepharospasm  often 
has  a  psychogenous  component  independent  of  any 
actual  material  causation.  Subjects  may  recover 
promptly  or  fail  to  recover  at  all  by  reason  of  this 
factor. 

Wliile  there  is  an  essential  type  of  blepharospasm 
without  associated  movements  of  any  kind,  it  is 
perhaps  rather  rare.  As  a  rule  there  is  more  or  le.ss 
involvement  of  other  muscles  supplied  by  the  facial 
nerve. 

The  clinical  types  of  blepharospasm  may  be 
grouped  in  various  ways.  Michel  divides  them  into 
involuntary,  voluntary,  and  reflex.  They  may  also 
lie  divided  according  to  origin  into  central  and 
peripheral.  The  involuntary  form  is  chiefly  an 
accompaniment  of  various  neuroses  or  of  organic 
di.sea.se  of  the  central  nervous  system — in  detail 
ti  s,  epUepsy,  hysteria,  traumatic  psychoneurosis, 
chorea,  tetanus,  tetany,  paramyoclonus,  myotonia, 
and  any  organic  disease  involving  the  fa?ialarea  of  the 
cortex,  the  proper  cerebral  patlis,  and  facial  nuclei 
(such  as  tumors,  hemorrhages,  softening,  abscesses, 
etc.,  etc.).  The  involuntary  type  may  show  great 
variation  in  intensit)'  and  duration  and  in  the  as.so- 
ciated  phenomena,  which  latter  also  vary  necessarUy 
with  the  cause. 

Voluntary  blepharospasm,  so  called,  is  simply  a 
habit  spasm  which  at  first  may  be  controlled  by  the 
will,  but  eventually  becomes  of  the  nature  of  an 
imperative  concept.  This  type  of  affection  may  be 
accompanied  by  as.sociatcd  movements  of  the  face 
and  head.  The  spasms  always  cea.se  during  sleep. 
In  certain  cases  this  form  of  habit  spasm  becomes  a 


confirmed  part  of  the  individual's  make-up  and  is 
u.seful  for  identification.  The  subjects  are  said  to 
"snap''  or  "bat"  their  eyes,  and  "sna|)per"  or 
"blinky"  becomes  a  familiar  descriptive  nickname. 
The  affection  which  begins  in  childhood  is,  however, 
outgrown  and  is  seldom  seen  after  adolescence.  The 
clinical  expression  is  an  incessant  winking,  and  the 
term  blepharoclonus  is  largely  synonymous  with  it. 
But  not  all  of  these  cases  are  examples  of  habit  spasm. 
Some  may  represent  the  inception  of  a  chorea,  while 
others  are  doubtless  reflex,  in  part  at  least,  and  due 
often  to  visual  anomalies.  Fibrillary  twitching  of  the 
orbicularis,  which  is  usually  quite  a  different  affection, 
may  be  encountered  in  all  forms  of  blepharospasm, 
and  may  be  an  isolated  symptom. 

The  involuntary  and  "voluntary"  forms,  however 
numerous  and  varied  they  may  be,  really  make  up 
but  a  small  proportion  of  all  the  cases  of  blepharo- 
spasm. The  great  majority  are  reflex,  and  require  a 
centripetal  irritation  to  bring  out  the  motor  disorder. 
An  el.>ment  which  enters  strongly  into  the  reflex 
is  increased  sensitiveness  of  the  centers  involved. 
Given  this  factor,  the  peripheral  irritants  which 
suffice  are  numerous  and  show  much  variety.  The 
starting  point  may  be  anywhere  in  the  region  supplied 
by  the  trigeminus,  although  its  first  branch  naturally 
is  most  frequently  concerned. 

In  the  great  majority  of  ca.ses  the  irritation  proceeds 
from  some  inflammatory  affection  of. the  bulbus  oculi, 
nota'oly  the  cornea,  iris,  and  ciliary  body.  The 
nature  of  the  blepharospasm  is  in  all  such  cases 
readily  apparent.  Despite  the  fact  that  in  many 
cases  but  one  eye  is  the  seat  of  a  lesion,  the  spasm  is 
usually  binocular.  In  all  ca.ses  of  this  type  we  see  a 
triai  of  symptom,s — lacrymation,  photophobia,  and 
blepharospasm.  The  spasm  tends  to  persist,  to  lie 
constant,  as  long  as  the  eyes  are  inflamed.  It  may 
increase  and  diminish  in  proportion  as  the  lesions 
become  aggravated  or  improve.  After  protracted 
closure  of  the  eyes,  exposure  of  the  latter  to  tlie 
light  may  be  attended  by  transitory  bUndne.ss. 
Foreign  bodies  and  various  traumatisms  set  up 
blepharospasm,  and  any  case  of  the  disease  of  what- 
ever nature  which  sets  in  in  the  elderly  is  prone  to 
become  confirmed. 

The  mere  enumeration  of  the  conditions  which 
have  cau.sed  blepharospasm  through  irritation  in 
some  portion  of  the  trigeminus  area  would  rcfpiire 
much  space.  In  this  connection  the  so-caUiMl 
pressure  points  should  be  mentioned.  Compression  of 
a  sensitive  area,  notably  a  sensory  nerve  trunk,  is 
sometimes  sufficient  to  cau.se  blepharospasm;  while 
in  other  cases  it  may  arrest  the  latter.  Among 
peripheral  irritations  which  have  to  be  considered  in 
the  treatment  should  be  mentioned  especially  carious 
teeth. 

Irritation  of  the  retina  is  a  potent  cause  of  bL'pharo- 
spasm  of  a  severe  type.  Bright  lights  or  certain 
colors  (red  or  blue)  and  the  dazzUng  reflection  from 
snow,  ice,  water,  etc.,  may  be  mentioned  in  this 
connection. 

A  certain  occupation  neurosis  or  professional  cramp 
incidentally  entails  a  blepharospasm;  this  is  the 
jeweler's  tic,  which  results  from  habitual  use  of  the 
monocle.  The  compression  of  the  latter  by  the  left 
orbicularis  causes  contractions  of  all  the  muscles  sup- 
plied by  the  left  facial  nerve,  most  marked  in  the 
upper  and  middle  divisions  of  the  latter.  The  affec- 
tion appears  to  be  a  pure  motor  neurosis,  as  if  due  to 
a  quantitative  increase  in  the  innervation  impulses  of 
the  facial. 

Diagnosis. — Aside  from  the  necessity  at  times  of 
excluding  ptosis,  the  question  of  diagnosis  hardly 
becomes  active  in  connection  with  so  obvious  an 
affection  as  blepharospasm.  In  the  rare  cases  of  the 
latter  in  which  muscular  contraction  is  not  in  evidence, 
even  when  it  is  attempted  to  force  the  eyelids  apart, 
the  spasms  may  be  induced  by  stroking  the  lower  lid, 
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or  suddenly  releasing  the  eyeball  after  first  compress- 
ing it.  Michel  states  that  after  transitorj'  facial  paraly- 
sis the  orbicularis  twitches  as  it  resumes  its  activits*. 

Treatment. — This  is  based  wholly  upon  estima- 
tion of  the  causal  factors.  Since  a  neuropathic 
substratum  is  very  probably  present  in  a  majority  of 
all  cases,  institutional  treatment  with  especial  refer- 
ence to  hydrotherapeutic  and  other  physical  meas- 
ures may  be  demanded  in  protracted  cases  of  any 
t\-pe.  The  psychogenous  element  may  also  make 
expedient  a  course  of  psychotherapeutics,  with 
special  emphasis  upon  suggestion  and  inhibition 
therapy.  In  order  to  determine  the  importance  of 
the  reflex  element  in  these  cases  it  is  advocated  in 
some  quarters  to  make  use  of  morphine  h}.-podermics 
and  even  of  general  narcosis.  These  measures  often 
prove  curative,  although  not  eligible  for  routine  use. 
Another  method  of  quicklj'  impressing  the  reflex 
element  is  cocainization  of  the  conjunctiva,  with 
either  a  solution  of  the  alkaloid  or  a  ten-per-cent.  co- 
caine-vaseline ointment.  Plunging  the  face  frequently 
in  cold  water  is  a  simple  method  of  achieving  the 
same  result  advised  by  von  Michel.  The  element  of 
photophobia,  in  so  far  as  it  may  be  a  cause  and  not  a 
mere  accompaniment  of  the  spastic  state,  may  be 
eliminated  bj'  wearing  smoked  glasses.  The  tendency 
of  the  patients  to  seek  darkness  by  other  means 
must  be  combated.  All  forms  of  corneal  and  irido- 
cychcal  inflammation  must,  of  course,  be  treated 
secundian  artem,  and  when  no  adequate  cause  for 
reflex  irritation  is  apparent  authors  unite  in  recom- 
mending galvanism. 

Various  surgical  procedures  have  been  invoked 
to  cut  short  severe  blepharospasm  by  interrupting 
the  reflex  arc  at  some  point.  The  latter  may  be  in 
the  course  of  the  motor  or  sensory  fibers  concerned. 
These  procedures  range  from  section  of  the  muscle 
(external  canthotomy)  to  stretching  or  section  of  the 
facial  nerve  or  parenchymatous  alcohol  injections. 
As  these  interventions  cause  motor  pareses,  albeit 
transitorj-,  similar  operations  on  the  trigeminus  ap- 
parently have  the  preference.  When  disease  of  the 
sensory  nerve  is  actually  the  cause  of  the  reflex  blepha- 
rospasm the  indication  for  operating  upon  it  is  ven,' 
plain.  In  certain  cases  local  measures  are  indicated, 
as  in  carious  teeth,  aural  lesions,  intranasal  mischief, 
and  other  peripheral  affections. 

Edward  Preble. 


Blind,  EEducation  of,  and  Occupations  Open  to  the. — 

The  handicap  of  the  bhnd — the  loss  of  sight — renders 
their  education  and  occupational  training  a  peculiarly 
difficult  problem.  .So  many  of  the  impressions  which 
ordinarilj"  go  to  make  up  our  education  are  received 
through  the  visual  function,  that  its  absence  necessi- 
tates verj'  radical  changes  in  the  method  employed. 
For  many  years  the  difficulties  presented  by  this 
deficiency  were  regarded  as  insurmountable  and  the 
bhnd  existed  in  a  practically  imbecile  condition, 
mental  development  being  largelj'  inhibited.  Later 
it  was  realized  that  the  education  of  the  bhnd  so 
that  they  might  read  and  write  could  be  accomplished 
through  the  sense  of  touch.  The  acuity  of  impression 
which  can  be  gained  bj'  this  means  is  remarkable  and 
there  have  been  trained  blind  persons  of  the  greatest 
culture  and  accomphshment. 

This  development  has,  however,  been  one  of  com- 

f)aratively  recent  years.  While  there  were  some  asy- 
ums  for  the  bhnd  founded  prior  to  modern  times,  as 
one  in  Cappadocia  in  the  fourth  century  and  one  in 
Syria  in  the  fifth  centurj-,  they  were  refuges  only  and 
contemplated  no  plan  of  constructive  education.  A 
government  hospital  was  founded  at  Paris  in  1260, 
this  institution  being  in  existence  to-day.  From  this 
time  on  there  is  record  of  sporadic  efforts  to  educate 
blind  indi\-iduals  but  there  .'seems  to  have  been  devised 
no  methods  of  particular  merit. 
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One  of  the  first  to  conceive  the  idea  of  the  touch 
system  of  reading  and  education  was  an  Italian 
physician  named  Cardan  (c.  1500)  who  had  become 
interested  in  the  physically  handicapped  through  his 
work  for  the  deaf.  During  the  early  part  of  the  six- 
teenth centurj-  Lucas,  a  Spaniard,  and  Rampazetto, 
an  ItaUan,  used  carved  wooden  letters  for  teaching 
the  bhnd.  In  1749  Denis  Diderot,  tne  French  fitter- 
ateur  wrote  an  essay  on  the  lot  of  the  bhnd  which 
attracted  considerable  attention  and  to  which  fre- 
quent reference  has  since  been  made.  The  education 
of  the  bhnd  has  been  inseparably  connected  with  the 
development  of  the  touch  sj-stem  of  reading.  After 
efforts  with  movable  types,  the  faces  of  which  the 
blind  could  feel,  the  ne.xt  advance  was  made  bj-  a 
blind  German,  Weissembourg,  who  in  the  instruction 
of  Marie  Therese  von  Paradis  used  letters  [cut  from 
cardboard.  Later  she  learned  to  read  words  pricked 
bj'  a  sharp  point  on  the  same  material. 

The  use  of  characters  embossed  on  paper,  the 
medium  which  has  since  been  used  in  books  for  the 
bhnd,  was  originated  by  Valentine  Haiiy,  a  French- 
man generally  regarded  as  the  father  of  education 
for  the  bhnd.  Haiiy  was  impressed  with  the  misfor- 
tune of  the  bhnd  after  witnessing  a  burlesque  of  a 
musical  entertainment  by  several  bhnd  men  attired 
as  buffoons.  He  resolved  to  do  what  he  could  to 
ameliorate  the  condition  of  the  sightless  and  took 
as  his  first  pupil  a  bUnd  boy  named  Leseuer.  This 
pupil  while  going  over  some  printed  material  found  a 
sheet  bearing  an  exceptionallv  heavy  tj-pe  impression, 
several  letters  of  which  he  was  able  to  distinguish 
through  the  sense  of  touch.  When  this  was  brought 
to  the  attent  on  of  Halij'  he  impressed  on  paper  some 
other  characters  which  were  read  by  the  boy.  This 
incident  is  said  to  be  responsible  for  the  inception 
of  printing  in  rehef. 

The  first  books  were  made  by  embossing  on  paper 
letters  practically  identical  with  ordinarv  itaUc 
script.  This  system  spread  to  England  wliere  an 
attempt  to  improve  it  was  made  bj-  James  Gall  of 
Edinburgh.  Other  work  was  done  about  the  same 
time  by  Alston  of  Glasgow,  Howe  of  Boston,  and 
Friedlander  of  Pliiladelphia.  Gall  made  great  claims 
for  his  system  which  involved  the  use  of  regular  capital 
letters  with  curves  eliminated  and  angles  thrown  to 
the  outside  substituted  in  their  stead;  his  theory  was 
that  the  outside  contours  of  the  letters  were  more 
distinguishable  to  the  touch  than  the  outhnes  of  the 
inside.  His  plan,  however,  seems  to  have  met  with 
little  favor  though  several  schools  for  the  bhnd  gave 
it  determined  trials.  In  1S27  Gall  did  the  first 
printing  under  his  sj'stem  and  in  1S3-1  issued  the 
Gospel  of  St.  John  in  his  embossed  text.  The  Society 
of  Arts  of  Edinburgh  in  1S32  offered  a  prize  for  the 
best  system  of  embossed  printing  for  the  bhnd. 
After  considerable  dehberation  GaU's  plan  was 
rejected  and  the  award  made  to  Edmond  Fr>-  who 
submitted  an  alphabet  which  consisted  of  capital 
letters  with  the  smaller  strokes  omitted.  John  Alston 
of  Glasgow  became  the  most  prominent  user  of  this 
new  system,  raising  a  fund  of  contributions  and  secur- 
ing a  government  grant  to  aid  the  work.  In  1S3S  he 
issued  the  New  Testament  in  Frj"'s  type  and  ISIO 
the  complete  Bible. 

In  the  United  States  the  first  embossed  printing 
for  the  bhnd  was  done  in  1S33  almost  simultaneously 
by  Samuel  Gridley  Howe  in  Boston  and  Friedlander 
in  Pliiladelphia.  The  former  used  lower  case  letters 
exclusively,  the  cur\es  being  replaced  by  angles;  the 
latter  used  plain  capital  letters  only.  Two  steno- 
graphic sj-stems  of  printing  were  advanced  in  England 
by  Lucas  and  Frere.  The  next  system  which  was 
devised  has  proven  of  great  value.  Its  originator 
was  WiUiam  Moon,  himself  bhnd,  who  promulgated 
it  in  1S47.  The  Jloon  type  as  it  has  since  been  called, 
bears  a  general  resemblance  to  regular  capital  letters. 
All  unnecessarj-  parts  were  omitted  and  some  radical 
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changes  were  made  to  make  the  embossed  letters 
easily  distinguisliable  to  the  touch. 

Up  to  this  juncture  all  the  systems  proposed  had 
been  based  on  an  adhorence,  more  or  less  close,  to 
existing  characters  in  ink  printing  or  writing.  They 
are  all  known  as  line  types.  An  epochal  advance  was 
made  by  the  introduction  of  a  point  system — that 
is  an  alphabet  formed  by  different  combinations  of 
embossed  points.  Charles  Barbier,  a  French  army 
officer  devised  a  system  of  speecli  sounds  represented 
by  units  embracing  twelve  positions  in  whicli  varying 
numbers  of  rai.sed  dots  could  occur.  The  jiarticular 
sound  was  determined  by  the  muuber  and  location 
of  the  dots  in  the  possible  positions.  Each  unit  was 
made  up  of  two  vertical  rows  of  six  points  or  positions 
each.  The  objection  to  this  system  was  that  the 
number  of  dots  u.sed  was  too  great  to  be  easily  sensed 
by  touch  and  thus  read.  But  is  was  reserved  for  a 
blind  man  to  create  the  first  alphabet  destined  to 
come  into  general  use. 

A  teacher  in  the  Institution  Nationale  des  Jeunes 
Aveugles,  Louis  Braille,  in  1834  brought  forth  an 
alphabet  similar  in  general  principle  to  that  of  Barbier 
but  with  the  number  of  point  positions  reduced  to 
six.  These  positions  are  arranged  in  two  vertical 
rows  of  three  points  each.  This  system  is  now  known 
as  European  Braille.  In  the  United  States  there 
sprang    up    later    two    other    point    systems    known 


and  American  Braille  spoke  the  Board  selected  Amer- 
ican Braille  as  tlie  type  to  be  u.sed. 

The  de\-clopment  of  practical  systems  of  reading 
for  tlie  blind  has  made  possible  exceptional  results 
along  educational  lines.  Experience  has  developed 
certain  principles  of  pedagogy  for  the  blind  which  are 
so  well  established  as  to  meet  with  general  acceptation. 

Principles  of  Ediic-^tion. — When  possible,  the 
education  of  blind  children  shoidd  begin  at  an  early 
age.  The  special  disabiUty  must  be  counteracted 
w'lien  the  child  is  young  in  order  that  the  habits  of 
inactivity  which  would  ordinarily  result  may  not 
become  too  firndy  fixed.  At  no  stage  of  life  are  the 
blind  really  helped  by  doing  everytTiing  for  them- — • 
their  .salvation  depends  upon  the  self-reliance  which 
they  can  develop.  Children  should  be  encouraged 
to  do  everything  within  their  power  and  any  tendency 
toward  commiseration  should  be  scrupulously  avoided. 

Definite  efforts  should  be  made  to  develop  the  in- 
tact sensory  faculties,  especially  the  tactile  sense. 
This  is  no  more  acute  in  the  blind  than  in  sighted 
children  and  only  becomes  so  by  practice  in  obser- 
vation through  it.  In  education  the  blind  child 
must,  of  course,  first  be  taught  the  elements  of  speech. 
His  education  will  then  proceed  according  to  much 
the  same  methods  as  are  emploj'ed  with  seeing  chil- 
dren with  the  single  exception  that  he  will  need  special 
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as  American  Braille  and  New  York  Point.  In  both 
these  systems  it  is  so  arranged  that  the  most  frequently 
used  letters  have  the  simplest  dot  combinations. 

The  four  last  mentioned  systems  of  embossed  print- 
ing are  now  in  use.  Apart  from  any  consideration 
of  the  merits  of  eaeli  it  is  unfortunate  that  this  should 
be  the  case.  Were  there  a  uniform  tyijc  the  develop- 
ment of  literature  for  the  blind  would  be  an  easier 
task.  For  example  the  Matilda  Zicgler  Magazine, 
a  periodical  furnished  without  charge  to  all  blind 
persons  in  the  United  States,  has  to  be  issued  in  two 
editions  using  different  types.  The  blind  educated 
in  some  institutions  read  one  type,  those  educated 
in  others,  read  a  different  one. 

The  original  braille  type  generally  known  as  "  Eu- 
ropean Braille"  is  in  use  on  the  Continent,  in  Great 
Britain,  Egypt,  Mexico,  Halifax,  and  Brazil.  In  the 
United  States  both  American  Braille  and  New  York 
Point  are  used.  In  1909  when  the  New  York  City 
Board  of  Education  decided  to  establish  classes  for 
blind  children  in  the  public  schools,  an  investigation 
was  made  prior  to  the  adoption  of  the  type  in  which 
text-books  should  be  embossed.  After  -several  public 
hearings  at  which  advocates  of  both  New  York  Point 
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instruction  with  reference  to  the  objects  of  nature 
and  everyday  life — matters  of  visual  experience  to 
the  average  person.  Once  a  blind  cliild  is  taught 
the  methods  of  observation  he  will  constantly  accu- 
mulate usefid  knowledge  of  various  kinds. 

Some  sort  of  physical  exerci.se  should  be  regularly 
provided  for  as  their  tendency  will  normally  be 
sedentary.  This  is  necessary  if  they  are  to  retain 
the  health  and  strength  necessary  to  bring  their  men- 
tal powers  to  their  full  fruition.  In  schools  for  blind 
children  a  gymna.sium  is  an  es.sential  and  a  flat  out- 
door field  for  exerci.se  and  games  is  highly  desirable. 

It  is  now  regarded  as  an  uncpiestioned  principle 
that  the  training  of  the  bhnd,  at  least  after  the  adoles- 
cent period,  should  not  be  coeducational.  Unless 
this  is  observed  there  are  liable  to  grow  up  friendships 
which  will  result  in  marriage.  Tiiis  is  highly  inex- 
pedient for  two  reasons.  In  the  first  place  the  couple 
may  become  hopelessly  dependent  and  it  is  further 
thought  that  there  is  a  risk  of  the  offspring  of  con- 
genitally  bhnd  persons  being  born  blind.  Single 
blind  persons  have  a  better  opportunity  for  self- 
support  than  do  a  blind  couple,  while  if  the  blind  man 
or  woman  eventually  marries  a  seeing  helpmate,  as 
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is  often  the  case,  the  situation  is  vastly  improved. 
In  the  education  of  the  blind,  since  segregation  of 
the  sexes  is  so  general,  it  should  be  brought  to  the 
physician's  attention  that  homosexual  tendencies 
are  liable  to  develop  and  should  be  guarded  against 
in  everj^  possible  way. 

During  the  course  of  primary  education  the  ulti- 
mate object  of  self-support  under  a  special  handicap 
should  be  kept  in  view.  To  this  end  subjects  culti- 
vating manual  dexterity  should  be  given.  Up  to  a 
certain  point,  however,  the  prime  aim  should  be  to 
provide  a  good  general  education.  A  vocational 
choice  should  be  made  ab.solutely  on  the  evidence  of 
developed  abihties  and  tastes.  This  choice  is  of  great 
importance  as  the  problem  of  occupation  is  difficult 
to  the  blind,  som  any  fields  of  endeavor  being  closed 
to  them  and  their  inability  to  see  proving  a  handicap 
— even  though  a  small  one — in  almost  any  Une  of 
work.  Some  of  the  occupations  which  have  been 
found  especially  suitable  will  be  discussed  later. 

Employment  of  Blind  Teachers. — The  consensus  of 
opinion  and  experience  shows  that  the  best  results  in 
institutions  are  attained  by  the  combined  employ- 
ment of  bhnd  and  sighted  teachers.  In  some  ways 
blind  instructors  are  at  a  disadvantage  as  regards 
supervision  and  discipUne  but  there  are  some  circum- 
stances which  render  them  valuable.  The  advantages 
have  recently  been  enumerated  in  England  as  follows: 
(a)  the  teacher  being  bUnd,  reaUzes  the  needs  and 
difficulties  of  the  pupils  better  than  a  sighted  teacher; 
(fc)  the  blind  teacher  far  excels  his  sighted  colleagues 
in  making  clear  those  subjects  where  the  apparatus 
u.sed  is  especially  adapted  for  the  blind;  (c)  the  pres- 
ence of  a  blind  teacher  in  the  school  acts  as  a  stimu- 
lating example  and  inspiration  to  the  pupils.  It  may 
be  mentioned  as  empirical  evidence  on  this  point  that 
much  of  the  best  pioneer  work  in  the  education  of  the 
bhnd  has  been  accomplished  by  bUnd  men  and  women. 

Higher  Education. — Many  blind  persons  after  com- 
pleting the  courses  at  schools  for  the  blind  are  fitted 
intellectually  to  receive  with  profit  higher  education. 
There  has  recently  been  brought  forward  the  proposi- 
tion that  there  should  be  founded  by  the  federal 
government  a  college  or  university  for  the  bhnd. 
The  advantages  urged  for  such  a  project  are  that  a 
similar  scheme  has  worked  well  for  the  deaf,  that  the 
financial  burden  imposed  upon  a  blind  penson  attend- 
ing a  college  for  the  sighted  is  very  considerable  and 
often  prohibitive,  and  that  appropriations  for  such  a 
purpose  would  be  easier  to  secure  than  for  the  alter- 
native plan  of  subsidies  and  scholarships  in  existing 
universities  for  the  seeing.  The  disadvantages  urged 
by  opponents  of  the  project  are  that  segregation  of 
the  blind  any  longer  than  possible  in  special  institu- 
tions is  undesirable,  that  the  blind  need  experience 
in  dealing  and  competing  with  their  seeing  fellows, 
and  that  the  establishment  of  such  an  institution 
would  render  the  regular  colleges  less  ready  to  accom- 
modate the  bhnd.  It  might  be  added  that  there 
are  some  successful  precedents  for  the  scholarship  or 
subsidy  plan.  Several  State  schools  for  the  bhnd 
hold  scholarships  in  various  universities  and  the 
State  of  New  York  at  present  provides  an  allowance 
of  S300  a  year  to  each  blind  person  in  the  State  pur- 
suing in  a  satisfactory  manner  the  prescribed  studies 
leading  to  an  academic  degree.  This  money  is  to  be 
expended  for  the  pay  of  readers,  who  thus  bring  to 
the  bhnd  person  the  advantages  of  books  in  ink  print. 
Througliout  the  country  there  are  a  considerable 
number  of  the  blind  pursuing  college  courses  and  some 
have  taken  higher  degrees  both  in  this  country  and 
abroad. 

It  remains  to  mention,  however,  the  importance  of 
the  social  manners  and  deportment  of  the  blind. 
The  ideal  environment  for  the  blind  is  not  among 
sightless  but  among  seeing  per-sons.  There  is  already 
some  prejudice  against  their  employment  and  this 
is   sometimes   heightened   by   certain   grimaces   and 


mannerisms  which  they  may  develop.  These  can  be 
obviated  if  attention  is  given  to  them  during  the 
course  of  education  and  the  effort  made  to  correct 
them. 

Museum  Facilities. — Another  means  of  education 
for  the  blind  which  has  been  undertaken  in  New  York 
has  been  the  preparation  of  special  exhibits  for  their 
use  by  one  of  the  museiuns.  The  plan  is  to  have 
the  collection  changed  from  time  to  time  to  illustrate 
matters  of  common  interest.  For  instance  at  a  time 
when  arctic  exploration  was  in  the  mind  of  the 
public  the  specimens  comprised  snowshoes,  canoes, 
sleds,  and  similar  articles  which  the  blind  visitors 
were  at  liberty  to  handle  and  study.  This  is  a  field 
of  comparatively  recent  development  but  will  prob- 
ably be  susceptible  of  wider  extension. 

Correspondence  Courses. — Several  years  ago  the  Illi- 
nois School  for  the  Bhnd  inaugurated  some  cor- 
respondence courses  open  to  blind  persons  in  the 
State.  These  courses  are  designed,  first,  for  those  who 
lose  their  sight  too  late  in  hfe  to  permit  their  going 
to  a  school,  and  secondh-,  for  graduates  of  the  insti- 
tution who  wish  to  pursue  their  studies  further. 

Athletics  for  the  Blind. — For  the  promotion  of 
physical  exercise  for  the  blind  there  has  been  formed 
the  National  Athletic  Association  of  Schools  for  the 
Blind,  the  membership  of  which  embraces  sixteen 
schools.  A  good  idea  of  the  abilities  of  the  blind  in 
competitive  athletics  can  be  gained  from  a  hst  of 
the  standard  events  which  are  contested.  For  bot/s, 
Senior:  twelve  pound  shot-put,  standing  broad  jump, 
standing  high  jump,  three  standing  jumps,  running 
broad  jump,  fifty-yard  dash,  and  seventy-five-yard 
dash.  Intermediate:  fifty-yard  dash,  eight-pound 
shot-put,  and  running  broad  jump.  Junior:  fifty- 
yard  three-legged  race  and  fifty-yard  sack  race.  For 
girls,  Senior:  standing  broad  jump,  standing  high 
jump,  thirty-five-yard  dash,  fifty-j'ard  dash,  two 
hundred-yard  relay  race,  and  baseball  throw.  Jun- 
ior: fifty-yard  three-legged  race,  fifty-3'ard  sack  race, 
and  fifty-yard  egg  race. 

Occupations. — There  are  a  great  many  hues  of 
occupation  open  to  the  bhnd,  dependent  upon  indi- 
vidual capabilities.  Almost  any  field  of  activitj'  is 
open  to  tne  blind  person  of  extreme  brilhance  and 
power  but  there  will  be  considered  here  only  the  pro- 
fessions and  occupations  which  have  proved  of 
general  value. 

Music. — In  its  various  branches  music  often  proves 
an  excellent  profes.sion  for  the  bUnd.  It  is  a  fallacy 
to  suppose  that  the  blind  have  more  musical  talent 
than  the  seeing.  Musical  training  is  given,  however, 
in  most  of  the  schools  for  the  bhnd  and  latent  abihties 
are  thus  discovered.  Instruction  should  not  be  carried 
to  an  advanced  stage,  however,  unless  there  is  pronii.se 
of  real  talent,  and  even  in  such  cases  the  training 
should  be  most  thorough.  Preparation  can  be  made 
for  orchestral  positions,  pianists,  organists,  and  music 
teachers.  In  various  schools  for  the  bhnd  arrange- 
ments are  made  to  secure  tickets  for  concerts  and  ope- 
ratic performances  so  that  the  pupils  may  have  the  best 
musical  advantages  as  an  aid  toward  cultivating 
their  taste. 

Piano-tuning. — An  allied  occupation,  open  to  the 
blind  is  piano-tuning,  and  one  which  is  largely  prac- 
tised by  them  at  the  present  time.  The  pioneer  in 
this  field  was  a  bUnd  man  named  Jlontal  who  was  at- 
tending the  school  at  Paris.  With  another  pupil  he 
attempted  to  tune  a  piano  at  the  school  and,  though 
discouraged  at  first,  finally  succeeded.  He  was  given 
charge  of  tuning  all  the  pianos  at  the  school  and  in- 
struction was  also  given  to  the  other  pupils.  Montal 
overcame  the  prejudice  against  his  work  after  leaving 
the  institution,  earned  the  commendation  of  the  best 
musicians  in  Paris,  and  finally  went  into  the  manu- 
facture of  pianos.  In  order  to  do  good  work  in  this 
field  a  long  and  thorough  training  is  necessary  so  that 
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the  blind  tuners  can  compete  on  advantageous  terms 
with  those  who  see.  There  are  several  piano  factories 
in  Germany  where  only  blind  tuners  are  employed. 

Massage. — For  a  long  time  this  occupation  lias  been 
practised  by  the  blind  in  Japan,  where  up  to  recent 
j'cars  they  had  a  practical  monopoly.  Even  now 
ninety  per  cent,  of  the  massage  operatives  are  blind. 
The  work  was  introduced  in  England  and  the  Insti- 
tute for  Massage  bj'  the  Blind  was  started  in  London, 
and  the  occupation  has  recently  been  followed  fairly 
extensively  in  the  L'nited  States.  The  work  being 
whoUj-  dependent  upon  touch  it  is  evident  that  it  is 
within  the  capacity  of  the  blind  who  make  as  com- 
petent masseurs  or  masseuses  as  sighted  persons. 
Some  are  employed  by  phj-sicians,  some  work  in 
hydrotlierapeutic  establishments,  while  others  are 
ill  private  practice  for  themselves.  The  work  has 
many  advantages;  it  requires  no  apparatus  or  machin- 
ery, it  is  lucrative,  and  it  does  not  require  institu- 


result  of  their  experience  certain  conclusions  were 
reached.  As  these  may  be  of  interest  thej'  are  given 
here:  (1)  No  part  of  the  average  operation  of  weaving 
is  impossible  to  the  average  blind  person.  (2)  A  blind 
person  may  become  so  accurate  in  memorizing  the 
design  and  so  adept  in  the  plain-weaving  as  to  earn  a 
fair  li\-ing  wage.  (3)  Weaving,  as  a  mechanically 
repeated  process,  may,  and  usually  does,  become  an 
occupation  of  large  interest  and  pleasure  to  the  worker, 
a  blind  person  getting  a  distinct  sense  of  pleasure  from 
feeUng  the  contour  and  texture  of  the  design.  (4) 
As  the  value  of  any  hand  work  as  a  permanent  occu- 
pation must  depend  finally  upon  the  demand  in  the 
market,  it  is  essential  to  know  that,  in  the  estima- 
tion of  those  who  have  kept  closely  in  touch  with  the 
movement  for  handicraft  in  various  hnes,  the  demand 
is  steadily  increasing  for  handmade  articles  with  a 
regularity  which  is  not  to  be  confused  with  the  spas- 
modic fad  for  machine  imitations  of  the  same. 


Fig.  6<y. — The  Practice  of  Massage  by  the  BUud.     tFrom  a  Japanese  Print. J 


tional  residence,  the  bhnd  person  being  able  to  pursue 
it  while  h\ing  at  home.  In  the  L'nited  States  a 
course  of  training  for  this  occupation  is  offered  by 
the  Philadelphia  Orthopedic  Hospital  and  Infirmarj' 
for  Nervous  Diseases. 

Hand-wearing. — Tliis  was  undertaken  as  an  occu- 
pation for  the  bhnd  in  1904  by  the  Massachu.setts 
Commission  for  the  Bhnd.  Bhnd  persons  are  entirely 
capable  of  operating  the  hand-looms  needing  only  a 
small  degree  of  sighted  supervision  in  order  to  pro- 
vide attractive  patterns.  It  is  worthy  of  note,  how- 
ever, that  the  bhnd  workers  have  themselves  devel- 
oped many  designs  of  considerable  merit.  The  chief 
problem  is  not  the  execution  of  the  wea\nng  by  the 
blind,  but  the  securing  of  a  market  for  the  work. 
The  product,  however,  has  a  fairly  wide  possible  sale 
among  those  interested  in  craftsmanship.  Aiong  a 
similar  line  it  is  also  possible  for  the  bUnd  to  weave 
rag  carpets  and  rugs. 

The  Cleveland  Society  for  Promoting  the  Interests 
of  the  BUnd  has  also  taken  up  hand  weaving  and  as  a 


Making  Willow-ware. — This  trade  which  has  met 
with  such  success  abroad  has  not  worked  out  very  well 
in  the  United  States  owing  to  the  difficulty  of  secur- 
ing the  raw  material  of  good  quality  at  a  reasonable 
price.  In  Wisconsin  they  have  grown  the  willow 
for  themselves  and  so  have  avoided  this  difficulty — 
in  other  locahties,  however,  this  has  not  been  the 
case. 

Hat-frame  Making. — This  trade  has  been  developed 
principall3'  at  the  lUinois  Industrial  Home  for  the 
Bhnd  in  order  to  provide  a  useful  occupation  for 
bhnd  women.  Knitting,  crocheting,  and  bead  work 
were  tried  but  were  abandoned  because  there  was  no 
legitimate  commercial  demand  for  the  products.  In 
the  making  of  wire  hat-frames  the  work  was  slow 
at  first  but  speed  was  soon  acquired.  It  was  found 
that  simple  machines  admirablj^  adapted  to  opera- 
tion by  the  bhnd  were  used  in  the  commercial  manu- 
facture of  frames  and  t«n  such  maclunes  were  in- 
staUed.  The  women  have  been  able  to  do  the  work 
either  by  hand  or  machine  and  it  has  been  possible 
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to  dispose  of  the  frames  so  that  the  blind  operatives 
can  earn  very  fair  wages. 

Farm-work. — In  view  of  the  fact  that  agriculture 
is  the  most  important  single  industn-  in  the  country 
workers  with  the  blind  have  devoted  thought  to  the 
possibility  of  education  in  farm-work.  In  at  least 
two  institutions  work  along  this  hne  has  been  started. 
The  Missouri  School  for  the  Bhnd  recently  reported 
that  "a  class  of  nine  boys  and  eleven  girls  is  being 
taught  chicken  raising.  Pupils  are  assigned  the  care 
of  tne  chickens  for  a  definite  period,  making  records 
of  feeding  period  and  amounts,  results,  and  other 
data,  so  that  they  may  have  practical  experience. 
Instruction  is  also  given  in  bee-keeping,  the  parts 
and  construction  of  the  hive  being  explained  in  detail." 
Farm-work  offers  great  promise  for  the  partially 
blind  and  for  the  totally  bUnd  of  limited  mental 
endowment. 

Typewriting  and  Stenography. — One  of  the  most 
popular  hnes  in  which  instruction  may  be  given  to 
blind  young  men  and  women  of  good  mentality  and 
fair  education  is  stenography  and  tj-pewriting. 
There  has  been  devised  a  key  machine  by  which  steno- 
graphic notes  may  be  recorded  on  a  ribbon.  By 
reading  this  ribbon  the  notes  may  be  transcribed  on 
the  typewriter  with  a  high  degree  of  accuracj*.  This 
work  is  pleasant  and  where  employment  can  be  secured 
the  wages  are  very  desirable.  It  is  needless  to  say 
that  for  pupils  of  considerable  intellectual  capacity, 
tliis  occupation  offers  much  more  interest  than  a 
purely  manual  trade. 

Telephone  Operating. — This  has  been  found  a  possi- 
ble occupation  for  blind  girls,  particularly  on  small 
private  switchboards.  It  is  probably  impractical  at 
large  central  offices. 

Provisiox  for  the  Blind. — At  the  present  time 
there  is  comparatively  adequate  provision  for  the 
needs  of  the  blind  in  comparison  with  those  of  other 
classes  of  the  ph3"sically  handicapped.  All  ci\-ilized 
countries  care  for  many  of  their  sightless  in  one  way 
or  another  and  in  most  cases  the  methods  accord 
^rith  modern  principles  of  work. 

Associations. — There  is  an  American  Association  of 
Workers  for  the  Blind  which  meets  each  j-ear  in  a 
convention  generaUj-  held  at  one  of  the  schools  for 
the  blind.  The  American  Association  of  Instructors 
of  the  BUnd  also  convenes  in  an  annual  meeting. 
The  American  Library  Association  has  a  committee 
on  work  with  the  bhnd  and  the  National  Education 
Association  deals  with  questions  affecting  the  instruc- 
tion of  the  bhnd.  There  are  also,  of  course,  a  great 
many  State  and  local  associations  of  blind  persons  and 
of  those  working  in  their  interest. 

An  International  Conference  on  the  BUnd  is  held 
triennially  in  different  countries.  Among  the  large 
associations  abroad  are  the  Association  Valentin 
Hauy  in  France  and  the  British  and  Foreign  BUnd 
Association  in  England. 

United  States. — In  the  L'nited  States  there  are  a 
large  number  of  institutions  and  organizations  for  the 
benefit  of  the  bUnd.  The  national  government  makes 
an  annual  appropriation  of  S  10.000  its  a  subsidy  for 
the  manufacture  of  embossed  books  and  Uterature, 
the  reading  matter  manufactured  under  this  grant 
being  distributed  to  the  various  State  schools  for  the 
bUnd.  New  York  State  also  makes  an  annual 
appropriation  of  S2.000  for  the  same  purpose.  The 
distinguishing  feature  of  pro\"ision  in  tne  United 
States  is  that  the  pubUc  authorities  have  to  so  great 
an  extent  assumed  the  responsibiUty  of  assisting  the 
bUnd,  who,  therefore,  receive  their  education,  not  at 
the  hands  of  private  philanthropy,  but  as  a  right  of 
their  citizenship  in  the  community.  The  work  is 
thus  considered  in  the  categorj-  of  general  pubUc 
education.  Every  State  in  the  Union  now  provides 
for  the  education  of  the  bUnd.  There  are,  of  course, 
many  other  institutions,  some  of  them  among  the 
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best  which  are  supported  by  private  endowment  or 
charitable  contribution. 

The  Perkins  Institution  and  Massachusetts  School 
for  the  BUnd  is  the  institution  of  earUest  foundation, 
1S29.  The  New  York  Institution  for  the  BUnd  was 
started  in  1S31  and  the  Pennsylvania  Institution  for 
the  BUnd  was  founded  in  1833  in  Philadelphia, 
whence  it  has  since  moved  to  Overbrook.  Ohio 
inaugurated  a  State  school  in  1S37.  Since  that  time 
all  tiie  other  States  have  made  provision  for  the 
bhnd. 

There  are  fairly  extensive  Ubrary  faciUties  for  the 
bUnd.  In  order  to  encourage  the  distribution  of 
embossed  literature  free  mail  transportation  is  pro- 
^^ded  by  the  federal  Post-office  Department.  The 
Matilda  Ziegler  Magazine  issued  in  two  styles  of 
embossed  type  is  supported  by  a  private  benefac- 
tion and  is  sent  without  charge  to  every  blind  person 
desiring  it. 

An  interesting  development  of  recent  years  is  the 
provision  in  the  pubUc  day  schools  for  bUnd  children. 
Special  classes  and  teachers  are  set  apart  and  in  many 
instances  the  bUnd  children  are  transferred  as  soon 
as  possible  to  the  classes  for  the  sighted.  The  same 
text-books  as  are  utUized  by  the  seeing  children  are 
pro\ided  in  embossed  type  for  the  bUnd  pupils  and  the 
instruction  thus  progresses  on  the  same  basis.  In 
New  York  these  books  are  in  American  BrajUe,  that 
type  having  been  adopted  after  extended  hearings 
on  the  merits  of  the  respective  systems. 

The  general  educational  work,  however,  in  its  vari- 
ous phases  is  directed  especiallj-  toward  the  training 
of  bund  children  who  have  not  passed  the  receptive 
or  plastic  age.  In  addition  to  the  regtilar  curriculum 
there  is  also  provided  industrial  training  of  one  type 
or  another  so  as  to  render  them  self-supporting  later 
on.  With  older  bUnd  persons,  however,  the  employ- 
ment problem  is  aU  important.  With  a  view  to  solv- 
ing this  there  have  been  established  in  several  States 
trade  schools  and  workshops  for  the  bUnd.  An  exam- 
ple of  such  provision  is  in  Massachusetts  where  the 
work  done  by  the  bUnd  is  known  throughout  the 
State. 

Five  States,  Massachusetts,  Ohio,  New  Jersey, 
IlUnois,  Delaware,  and  Utah,  have  State  commissions 
for  the  bUnd.  The  duty  of  these  bodies  is  to  look 
after  the  welfare  of  the  bUnd  both  educationally  and 
industrially.  In  two  instances  very  active  propaganda 
for  the  prevention  of  bUndness  have  been  inaugtu^ted 
by  these  commissions.  L'nfortunately  a  legislative 
enactment  creating  a  commission  in  Xew  York  State 
has  recently  (1912)  been  vetoed  by  the  governor  at 
the  behest  of  private  interests.  Maryland  maintains 
a  State  workshop  for  the  bUnd. 

State  care  of  bhnd  babies  is  provided  in  the  States 
of  Xew  York,  Xew  Jersey,  and  Arizona.  In  Xew 
York  the  Commissioner  of  Education  may  appoint 
as  pupils  to  any  one  of  a  number  of  specified  educa- 
tional homes  bUnd  babies  or  children.  For  their 
board  and  care  the  State  pays  one  doUar  a  day.  The 
State  of  Xew  Jersey  pays  S330  a  year  for  the  mainte- 
nance of  bUnd  babies  which  it  commits  to  a  certain 
home.  The  State  of  Arizona  has  made  pro^^sion  for 
the  payment  of  a  stipend  of  one  dollar  a  day  for  the 
proper  care  and  education  of  bUnd  babies  and  children 
under  school  age.  It  might  also  be  pointed  out  that 
Connecticut  maintains  a  kindergarten  and  nursery 
in  conjunction  with  the  State  institution  for  the  bUnd. 
There  are  also  other  private  nurseries  throughout 
the  country,  probably  the  most  notable  one  being  in 
Boston. 

Industrial  Establishmenis. — The  principal  industrial 
estabUshments  for  the  bUnd  in  the  United  States  are 
here  designated  together  with  a  notation  as  to  the 
products  turned  out  of  the  shop.  Workshop  of  the 
Perkins  Institution  for  the  BUnd,  Watertown,  Mass., 
mattresses,  pillows,  door  mats,  and  chair  caning; 
Workshop  of   the   Marj-land   School  for   the   BUnd, 
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Baltimore,  Md.,  brooms,  mattresses,  and  chair  caning; 
Working  Home  for  Blind  Men,  Philadel])hia,  Pa., 
:orn  brooms,  rag  carpet,  and  chair  caning;  Industrial 
Home  for  the  Adult  Bhnd,  Oakland,  Cal.,  brooms, 
!iammocks,  mattresses,  chair  caning,  broom  sacks, 
md  fancy  work;  Institute  for  the  Blind,  Hartford, 
;)onn.,  brooms,  chair  caning,  fancy  work,  and  mat- 
tresses; Industrial  Home  for  the  Blind,  Brooklyn,  N.  Y. 
;orn  brooms,  chair  caning,  mattresses,  and  hammocks; 
Industrial  Home  for  the  Blind,  Chicago,  111.,  brooms; 
[ndustrial  Home  for  Blind  Men,  IndianapoUs,  Ind., 
jrooms;  Pol3'technic  Institute  for  the  Bhnd,  Washing- 
on,  D.  C,  ink  printing;  Clovernook  Home  for  tlie 
Blind,  Mt.  Health}-,  near  Cincinnati,  O.,  weaving, 
jaskets,  crochet  and  knitting  work;  Workshop  for 
he  Bhnd,  Milwaukee,  Wis.,  basket  specialties  in 
villow  and  rattan;  Michigan  Employment  Institution 
or  the  Bhnd,  Saginaw,  Mich.,  brooms,  caning,  cob- 
)hng,  piano  tuning,  feather  dusters,  carpets,  rugs, 
md  baskets;  Society  for  Promoting  the  Interests  of 
he  Blind,  Cleveland,  O.,  cotton  and  linen  draperies, 
aning  chairs;  Workshop  for  Blind  Men,  New  York 
)ity,  brooms,  caning  chairs;  Industrial  Department 
if  the  Massachusetts  Commission  for  the  Blind, 
>mbridge  and  Pittsfield,  Mass.,  rugs,  art  fabrics,  a 
pecial  mop  known  as  the  Wundermop  invented  in  and 
nade  exclusively  by  these  shops,  brooms,  mattresses, 
aning,  and  fancy  work;  Broom  Shop,  Buffalo,  N.  Y., 
irooms. 

Great  Britain. — The  first  institution  for  the  blind  in 
ireat  Britain  was  founded  through  the  efforts  of 
Edward  Rushton,  himself  bhnd,  in  1791.  Tliis  was 
he  Liverpool  School  for  the  Indigent  Bhnd.  This 
.•as  followed  soon  after  by  the  Royal  Blind  Asylum 
1  Edinburgh  which  opened  its  doors  in  1793.  Others 
allowed  in  quick  succession:  British  Asylum,  1793; 
chool  for  the  Indigent  Blind,  Leatherhead  (formerly 
t  Southwark),  1799;  Norwich  Asylum  and  School, 
805;  Richmond  Asylum,  Dubhn,  1810.  The  Royal 
formal  College  and  Academy  of  Music  for  the  Blind, 
Jpper  Norwood,  was  founded  in  1S72. 

England  and  Wales. — In  1907  according  to  Sir 
rancis  Camjibell  there  were  twenty-four  resident 
[•hools  and  fortj'-three  workshops  for  the  bhnd  in 
ddition  to  the  day  classes  for  blind  children  main- 
lined by  the  pubhc  school  authorities  in  almost 
very  city  of  reasonable  size.  At  the  same  time  tliere 
•ere  forty-six  home  teaching  societies.  All  of  these 
jcieties  lend  books  in  tactile  print  and  a  good  many 
ubHc  libraries  make  .similar  provision. 

The  British  and  Foreign  Bhnd  Association  is  one 
f  the  largest  organizations  for  promoting  the  interests 
f  the  bhnd,  through  education,  employment,  and 
;ie  distribution  of  books.  The  International  Lending 
ibrary  in  London  sends  embossed  books  to  aU  parts 
f  the  Kingdom.  There  are  also  fourteen  magazines 
ubhshed  in  embossed  type.  There  are  thirty-six 
ension  societies.  The  Gardner  Trust  is  a  large 
)undation  with  a  purpose  of  instructing  the  blind  in 
lusic,  trades,  and  professions;  it  also  makes  grants  for 
pecial  purposes. 

Scotland. — A  unique  feature  of  work  for  the  bhnd 
i_  Scotland  is  the  Outdoor  Mission.  Twenty-four 
lissionaries  or  teachers  are  employed  in  addition 
)  a  large  number  of  volunteers  and  the  bhnd  are 
isited  throughout  aU  of  Scotland.  There  are  several 
Dcieties  with  a  view  of  providing  work  for  the  bhnd. 
here  are  five  schools  for  bhnd  children  and  connected 
ith  these  are  workshops  for  adults. 

Ireland. — There  are  twelve  institutions  for  the  bhnd 
1  Ireland  and  an  Outdoor  Mission  similar  to  the  one 
1  Scotland.  Nine  of  the  institutions  are,  unfor- 
inately,  asylums.  There  is  Uttle  manufacturing 
I  Ireland  and  there  is  therefore  a  scarcity  of  work 
dapted  to  the  abihties  of  the  bhnd. 

British  Colonies. — In  most  of  the  British  Colonies 
revision  is  made  by  public  authorities  for  the  educa- 
on  of  bhnd  cliildren  and  in  some  cases  industrial 


training   is   provided  at   the  expense   of   the   State. 
Embos.sed  literature  is  carried  post  free. 

In  Austraha  there  are  institutions  for  tlie  blind 
at  Melbourne,  Sydney,  Adelaide,  Brighton,  Brisbane, 
and  Maylands. 

In  New  Zealand  there  is  an  institution  at  Auck- 
land. In  Cape  Colony  there  is  an  institution  at 
Worcester,  established  in  1881  and  supported  partly 
by  government  grant  and  partly  by  private  philan- 
thropy. 

In  Canada  there  are  schools  for  the  blind  at 
Brantford,  estabhshed  in  1871  and  Halifax  estab- 
lished 18C7.  In  Montreal  there  are  two  private  insti- 
tutions. 

Germamj. — There  are  in  Germany  about  thirty 
institutions.  The  distinguishing  feature  of  German 
work  for  the  blind  is  the  extent  to  which  the  responsi- 
bilty  for  their  education  is  assumed  by  the  commun- 
ity as  a  whole.  Over  half  the  institutions  are  wholly 
supported  by  the  State  and  most  of  the  remainder 
derive  most  of  their  support  from  the  provinces, 
the  communes,  or  the  State.  Only  two  are  private 
charitable  institutions. 

Great  emphasis  is  placed  in  Germany  on  the  after- 
care of  the  bhnd,  the  schools  con.side"ring  that  their 
responsibihty  to  pupils  does  not  cease  with  gradua- 
tion. The  bhnd  are  therefore  assisted  to  estabUsh 
themselves  in  business  and  local  cooperation  is  secured 
to  help  place  them  on  a  permanent  footing. 

Austria. — For  bhnd  children  there  are  in  Austria 
eight  institutions.  Children  not  accommodated  in 
these;  institutions  are  required  to  be  educated  so  far 
as  possible  in  the  public  schools.  One  of  the  best- 
known  institutions  for  the  bhnd  in  the  world  is  located 
at  Vienna  and  is  under  the  direction  of  Alexander 
Hell. 

France. — France  is  credited  with  the  estabhshment 
of  the  first  institution,  stiU  existing  at  the  present 
time,  for  the  relief  of  the  bhnd  as  weU  as  with  the 
inception  (178.5)  of  the  first  modern  organization  for 
their  education — the  Institution  Nationale  des  Jeunes 
Aveugles.  There  are  about  thirty  schools  for  the 
blind,  some  of  which  receive  national  support. 
Others  are  maintained  by  departments,  munici- 
palities, and  rehgious  bodies.  The  most  important 
educational  institutions  in  Paris  are,  besides  the  one 
already  alluded  to,  with  the  dates  of  their  foundation: 
the  Ecole  Braille,  1883;  Etablissement  des  Sceurs 
Aveugles  de  St.  Paul,  1852;  and  the  Etabhssement  des 
Frcres  de  St.  Jean  de  Dieu,  1875.  The  Valentin 
Hauy  Association,  named  after  the  illustrious  French 
pioneer  in  the  work,  takes  a  general  interest  in  the 
affairs  of  the  bhnd  and  publishes  a  magazine,  the 
Valentin  Haiiy,  in  their  interest. 

Italy. — The  first  effort  to  care  for  the  bhnd  in 
Italy  was  made  with  the  estabhshment  of  an  asylum 
for  the  bhnd  "S.  Giuseppe  e  Lucia"  in  Naples  in 
1818  in  connection  with  the  royal  almshouse.  Another 
was  founded  in  Padua  in  1838  and  one  at  Milan  in 
1840.  Other  institutions  for  the  bUnd  have  since 
been  established  at  Turin,  Pavia,  Como,  Genoa, 
Reggie  Emiha,  Bologna,  Florence,  Assisi,  Rome, 
Palermo,  and  Cagliari.  Practically  all  the  work  for 
the  blind  in  Italy  is  done  by  private  philanthropy 
and  there  are  several  large  foundations.  There  is 
a  statute  providing  for  the  obhgatory  education  of 
bhnd  children,  but  it  is  largely  inoperative.  Embossed 
literature  in  Italian  for  the  bhnd  is  still  scanty. 

Spain. — Work  for  the  blind  is  not  active  in  Spain. 
There  are  fourteen  institutions  for  the  bhnd  but  some 
are  small  and  they  are  mostly  in  association  with 
asylums  for  the  deaf.  There  are  two  each  in  Barce- 
lona and  Madrid.  The  first  institution  for  the  blind 
in  Spain  was  established  at  Barcelona  in  1820,  the 
next  at  Madrid  in  1842. 

Denmark. — The  oldest  institution  in  Denmark  is 
the  Royal  Institution  for  the  Blind  which  was 
founded  in  1811  on  the  initiative  of  Professor  Bron- 
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son.  A  workshop  and  home  was  added  in  1S25  and 
in  1S57  the  institution  moved  to  a  new  building  built 
for  it  by  the  State.  In  1S61  a  preparatory  school 
for  blind  children  under  ten  years  of  age  was  started. 
In  1862  there  was  inaugurated  a  society  for  the  pro- 
motion of  self-support  by  the  blind.  This  society 
cooperates  in  the  work  of  the  Royal  Institution  and 
women  as  well  as  men  are  provided  for.  Director 
Moldenhawer  is  in  charge  of  tlie  work. 

Sweden. — Before  1879  the  education  of  the  Wind 
in  Sweden  was  in  conjunction  with  the  instruction 
of  the  deaf,  but  since  that  date  it  has  been  entirely 
separate.  The  principal  school  is  the  Royal  Institu- 
tion for  the  blind  at  Tomteboda,  near  Stockholm. 

N^oricay. — In  Norway,  under  provisions  of  the  act 
of  July  S,  ISSl,  the  State  provides  for  the  education 
of  bhnd  children  between  the  ages  of  nine  and 
twenty-one  with  a  minimum  of  eiglit  years  instruc- 
tion for  each  pupil.  This  automatically  imposes  on 
the  education  authorities  the  necessity  of  the  main- 
tenance of  a  sufficient  number  of  schools  for  the 
blind. 

Finland. — In  Finland  there  are  two  small  schools 
for  the  bhnd,  one  at  Helsingfors  established  in  1865 
where  instruction  is  given  in  the  Swedish  and  Finnish 
languages,  and  one  at  Kuopio  established  in  1871 
where  instruction  is  given  in  Finnish  only.  Both 
are  supported  by  the  State. 

The  Xethrrla'nd's. — In  Holland  there  is  but  one 
educational  institution  for  the  bUnd,  the  one  located 
at  Amsterdam.  Connected  with  the  school  is  a 
preparatory  department  (at  Benuchem)  and  a  home 
for  adults.  There  are  workshops  for  the  bhnd  at 
the  Hague,  Rotterdam,  Utrecht,  Amsterdam,  and 
Middleburg. 

Egypt. — The  only  institution  for  the  blind  in  Egypt 
is  the  one  at  Cairo.  Outside  of  this  work  there  is  no 
provision  for  the  blind  in  Egj'pt,  a  country  where 
blindness  is  unusuaU}-  prevalent.  The  only  occupa- 
tion open  to  the  blind  not  accommodated  in  the  Cairo 
institution  is  religious  recitation  at  services  and 
funerals.  Blind  women  and  girls  have  no  occupation 
whatever.  Some  time  ago  there  was  another  school 
for  the  bhnd  in  Cairo  maintained  under  a  yearl)' 
grant  of  S  10,000  from  the  native  ecclesiastical  author- 
ities. This  was  taken  over  by  the  ministry  of  educa- 
tion but  was  finally  discontinued.  Through  the  in- 
strumentality of  Dr.  and  Mrs.  T.  R.  Armitage  a  plan 
for  the  education  of  the  blind  in  Egypt  was  presented 
to  Queen  Victoria  in  1900.  Tliis  was  transmitted 
by  the  Queen  to  the  Khedive  of  Egj'pt  who  approved 
the  proposals  and  gave  a  donation  toward  the 
establishment  of  the  Cairo  school  which  was  started 
in  1901. 

Trachoma  is  verj'  prevalent  in  Egypt,  in  fact  it  has 
often  been  known  as  the  Egyptian  disease.  During 
Napoleon's  campaign  in  Egypt  it  is  said  that  nearh' 
every  soldier  in  his  army  contracted  this  disease  of 
the  eye. 

Palestine. — The  needs  of  the  blind  are  urgent  in 
Palestine  owing  to  the  great  prevalence  of  blindness 
in  that  countrj'.  Ophthalmic  cUnics  are  now  pro- 
vided in  most  of  the  cities.  There  is  a  home  and  school 
for  blind  girls  in  Jerusalem  which  is  a  development 
of  a  day  school  estabhshed  in  1896  by  a  missionary 
from  the  United  States.  There  is  also  a  small  school 
at  Urfa  maintained  by  an  American  mission. 

India. — Onlj'  recently  has  there  been  any  effort 
to  provide  for  the  bUnd  in  India.  Some  time  ago 
an  excellent  school  for  the  blind  was  founded  at 
Amritsar  but  has  since  been  moved  to  Rajpur.  A 
government  school  and  hospital  for  the  blind  was 
established  in  1903  at  Bombay  as  a  memorial  to  Queen 
Victoria.  Instruction  is  given  in  elementary  sub- 
jects, tailoring,  typewriting,  carpentry,  machine 
work,  and  carpet-weaving.  There  are  also  smail 
schools  at  Calcutta,  Parantij,  Cahcut,  Coorg,  Palan- 
cottah,  Chota-Nagpur,  and  Moulmein  in   Burma.     A 
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system  of  Oriental  braille  has  been  devised  for  use  in 
these  schools. 

At  Bombay  there  is  also  an  American  Mission 
School  for  the  Blind  founded  in  1900,  and  this  now 
accommodates  fifty  pupils.  Instruction  is  given  in 
both  elementarj-  and  industrial  subjects;  considerable 
attention  is  devoted  to  music.  Plans  are  also  being 
laid  by  the  Hindus  of  Bombay  for  the  erection  of  a 
native  school. 

Japan. — The  history  of  the  blind  in  Japan  is  of 
considerable  interest  as  it  traces  the  evolution  of 
the  blind  from  charitable  indulgence  and  support  to 
self-dependence.  According  to  Tadasu  Yosnimoto 
{Outlook  for  the  Blind,  III,  91),  in  the  year  858, 
Prince  Hitoyasu,  son  of  the  Emperor,  became  bhnd 
and  many  blind  men  of  good  standing  became  his 
attendants.  The  Prince  divided  among  them  part 
of  his  income  which  was  afterward  largely  augmented 
and  distributed  to  all  the  bUnd  in  the  country.  In 
the  year  886  in  memory  of  the  Prince  blind  officers 
were  appointed  to  look  after  the  welfare  of  the  sightless 
througliout  the  Empire.  During  the  early  part  of  the 
seventeenth  century  the  government  increased  the 
tax  which  had  long  been  levied  throughout  the 
country  for  the  benefit  of  the  bhnd  and  favored  and 
protected  them  in  every  way  possible.  In  1870, 
however,  when  the  government  began  to  adopt 
European  customs,  the  posts  of  the  blind  officials  and 
the  pensions  for  the  bhnd  were  aboUshed.  As  a 
matter  of  fact  this  was  of  indirect  benefit  to  the 
blind  as  it  made  it  necessary  for  them  to  become  self- 
supporting.  Massage  and  music-teaching  became 
by  custom  virtual  monopolies  for  the  bhnd. 

The  first  school  for  the  blind  and  deaf  was  founded 
in  Kyoto  in  1878  and  another  was  started  in  Tokyo 
soon  after.  At  the  present  time  there  are  in  Japan 
eighteen  schools  for  the  bhnd  and  twentj--one  schools 
for  the  bhnd  and  deaf,  in  addition  to  some  pubhc 
schools  where  the  bhnd  boys  and  girls  are  being  edu- 
cated with  seeing  cliildren.  Some  embossed  books 
have  been  published  and  several  embossed  periodicals 
are  being  issued.  Libraries  for  the  blind  nave  been 
started  in  Tokyo  and  elsewhere.  Only  recently  the 
government  authorized  the  Education  Department 
to  erect  a  model  school  for  the  blind  in  Tokyo. 

China. — The  complicated  system  involved  in  the 
writing  of  the  Chinese  language  brings  up  several 
special  difficulties  in  the  instruction  of  the  blind.  A 
numerical  method  of  representing  the  sounds  of  the 
language  was  devised  by  W.  H.  Murray,  but  about  the 
merits  of  tliis  system  there  has  been  some  difference 
of  opinion.  A  braille  code  for  the  Mandarin  dialect 
has  been  arranged  by  Miss  Garland  of  the  China 
Inland  Mission.  There  is  a  school  for  the  blind  at 
Peking,  and  at  Foochow  a  large  school  for  blind  bo\-s 
and  girls,  maintained  by  the  Church  Missionary 
Society.  Provision  for  the  education  and  care  of  the 
blind  is  made  by  missionaries  at  Canton,  Ningpo, 
Amoy,  and  Fukien. 

In  1900  an  analytical  census  of  the  blind  was  taken 
in  conjunction  with  the  national  census.  The  regular 
enumerators  made  only  an  informal  report  giving  the 
names  and  addresses  of  persons  supposed  to  be  blind. 
Correspondence  with  these  persons  was  then  instituted 
in  order  to  ascertain  furtlier  and  more  complete  de- 
tails. The  hsts  of  names  compiled  have  been  of  much 
value  in  State  work. 

The  final  report  of  this  national  census  showed 
there  to  be  64,763  blind  persons  in  the  L'nited  States, 
but  the  correct  figure  is  probably  somewhere  between 
eighty  and  one  hundred  thousand.  Many  of  the  per- 
sons corresponded  with  did  not  reply  and  there  were 
probably  others  missed  in  the  preliminary  enumera- 
tion. Of  the  number  reported  35.645  were  reported  as 
totally  bhnd,  and  29.118  as  partially  blind;  37,054 
were  male  and  27,709  female;  45.479  were  native- 
born  whites.  10.694  foreign-born  whites  and  8,228 
colored.     The  age  distribution  was  as  follows: 
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Age. 

Total                  Number  per 

number         '   "''^°''  P°P"'''- 
number.          ^^^  ^j  ^^^^  ^^^ 

Statistics. — In  the  accompanying  table  are  given 
the  numbers  of  the  bhnd  in  various  countries  in  ab- 
sohite  figures  and  in  relation  to  the  total  population. 

DOUGL.^S    C.    McMuRTRIE. 

10  years  or  under 

10-19  years 

2, .307 

6,001 

4,861 

5,024 

6,504 

8.530 

10..i07 

11,421 

7,409 

1,596 

232 

290 

128 

384 

351 

478 

845 

1,655 

3,396 

8,136 

* 

* 

* 

20-29  years           

40—19  years 

50-59  years 

60-69  years 

70-79  years 

80-89  years 

90-99  years 

100  years  and  over .... 
Age  unknown 

Literature. 

The  literature  regarding  work  for  the  blind  is  very  unsatisfac- 
tory.    There  is  no  good  history  of  their  education.     The  best  ma- 
terial can  be  gleaned  from  periodicals,  among  the  best  of  which  13 
the  Outlook  for  the  Blind,  Boston.     The  Encyklopadisches  Hand- 
buch  des  Blindenwe^ens  by  Alexander  Mell  is  also  of  great  value. 
The  article  on  Blindness  in  the  E ncyelopwdia  Britannica,  Uth  Edi- 

* Percentages  unreliable. 

tion,  iv.,  pp.  59-72,  is  the  best  short  review  of  the  subject. 

The  Blind. 

Absolute  and  Relati\'e  Numbers  prom  Latest  Official  D.vt.\. 


Country. 


Number  of  blind. 


Date. 


Indi^■iduals 


Per  million 
inhabitants. 


Authority. 


United  States*. 
Canada 


Newfoundland  and  Labrador.. 

Trinidad 

ChUe 

Mexico 


Ireland 

Scotland 

England  and  Wales. 

Belgium*.  ,  .  , 

Xi'therland.s* 

Denmark 

Norway ... 

Sweden 

Germany* 

Switzerland 

France. 

Portugal 

Spain 

Gibraltar 

Malta 

Italy 


Finland. 


Ru.ssia  (in  Europe) 

Siberia  and  Central  -Asia . 

Cj*pnis 

Egypt* 

Cape  Colony 

Ceylon* 

British  India 

Java 

Australia  and  Tasmania 
New  Zealand 


1900 
1901 


1901 
1901 
1907 
1900 

1901 

1901 

1901 

1906 

1909 

1901 

1910 
(about  1900) 

1900 

1895 

1901 
(about  1900) 

1877 

1901 

1901 

1901 


Austria* 1905 

Hungary (about  1900) 

Scrvia 1900 

Bulgaria 1  1905 

Roumania 1899 

Poland  (Russian) I  1897 


1900 


1897 

inoi 

1907 
1901 
1901 
1901 
1905 
1901 
1901 


35,645  469  Special  report  of  the  Census  (1906)  The  Blind  and 

the  Deaf. 
3,279  610  British    Empire    Cen.sus,    1901;    "Report    with 

Summary  and  Detailed  Tables,"  published  1906, 
page  69. 
225  1,018  British  Empire  Census,  1901. 

512  1,870  British  Empire  Census,  1901. 

2,601  800  Censo  de  28  Xoviembre,  1907,  page  307. 

12,959  952  Censo  de  28  Octubre,  1900;     Resumen  General, 

page  78. 
4,253  954  British  Empire  Census,  1901. 

3,253  727  British  Empire  Census,  1901. 

25,317  778  British  Empire  Census,  1901. 

3,076  434  .4nni(a!Vc6'ta(i's(i>ue,  1908,  page  27. 

2.710  462  Jaarcijfers  voor  het  Koninkrijk,  1910,  page  27. 

1,047  427  Statistisk  Aarbog,\9\l,x>aee\o. 

2,097  889  Statistisk  Aarbog,  1911. -pase  \o. 

3,413  664  Statistisk  Tidskrift,  1910,  page  11. 

34,334  609  StatistischesJahrbuchfur  das  Reich,  190S. 

2,107  722  £:nc.  Brii.,  11th  Edition,  iv.,  page  60. 

27,174  698  Annuaire  Statistiqiie.  1906,  page  S. 

5,650  1.040  £rw.  BciV.,  11th  Edition,  iv.,  page  60. 

24,608  1,006  £■»!<:.  Bri<.,  11th  Edition,  iv..  page  60. 

33  1,200  British  Empire  Census,  1911. 

418  2,011  British  Empire  Census,  1911. 

38,160  1,175  Censo  delta  Populazione,  10  Febbraio,    1901,    ii., 

page  344. 
14,052  515  Slatistisches  Handbuch,  1907,  pages  52-53. 

19,377  1,006  Official  Publication  Oiagyar) . 

2,345  941  Annuaire  Statistiqtie,  1906,  page  96. 

5,319  1,318  .4n7!tMi!VeS(o(Js%ii<!,  1910,  p.age  114. 

4,967  834  Denombremenl  de  Dec,  1899,  Risultats  Difinitifs. 

7.005  745  Census,  28  Jan.,  1897;  St.  Petersburg,    1905,  ii., 

page  186. 
3.229  1.191  Beforkningsstatistik  No,  37;  A per^u  de  la  popula- 

tion de  la  Finlande  au.,  Dec,  1900. 
215,413  2,097  Census,  28  Jan.,  1S97;  St.  Petersburg,  1905,    ii., 

page  196. 
25,482  1.887  Census,  28  Jan.,  1897;  St.  Petersburg,  1905,    ii.. 

page  186. 
1.732  7.300  British  Empire  Census,  1901. 

148,280  13.2,")0  Census  of  1907,  page  158. 

2,802  1.163  British  Empire  Census,  1901. 

3,747  l.O.iO  British  Empire  Census,  1901. 

354,104  1,207  British  Empire  Census,  1901. 

45,837  1,523  Jaarcijfers  voor  Kolonien.  1908.  page  18. 

2,744  727  British  Empire  Census,  1901. 

390  I  504  British  Empire  Census,  1901 . 


*  Relates  specifically  to  the  totally  bUnd. 
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Blindness. —  iLat.,  Cacitas;  Ger.,  BUndheit;  Fr., 
Areuqlement.)  Amaurosis  is  sometimes  used  synony- 
mously with  blindness,  and  in  selected  cases — the 
cause  of  which  is  obscure,  or  is  located  in  the  nervous 
apparatus — this  is  admissible,  with  the  same  hmita- 
tions  that  apply  to  bHndness.  Blindness  is  a  mis- 
leading term,  being  a  symptom  only,  and  should  not 
be  used  in  scientific  language  (except  in  a  generic 
sense)  without  a  quahfying  phrase  which  describes 
the  condition  upon  which  it  depends — as  bhndness 
from  optic-nerve  atrophy.  X  strict  appUcation  of 
the  term  would  include  only  such  eyes  as  are  not 
possessed  of  light  perception.  It  is,  however,  usually 
understood  to  embrace  aU  e3'es  incapable  of  recogniz- 
ing the  outline  or  shape  of  objects;  and  practically 
it  should  include  aU  eyes  with  vision  less  than  ^^,  i.e. 
all  eyes  which  are  able  to  count  fingers  at  only  one 
foot,  for  such  individuals  have  to  be  led  around. 

EcoxoMic  Effects  of  Blindness. — Blindness  is 
a  misfortune  not  only  to  the  individual,  but  to  a  com- 
munity, for  a  blind  person  has  to  be  supported,  and, 
too,  he  is  not  a  producer.  To  illustrate  the  impor- 
tance of  these  two  factors,  let  us  apply  them  to  the 
United  States,  which,  according  to  the  census  of  1900, 
had  64,763  blind  inhabitants.  The  cost  of  support- 
ing one  blind  person  in  an  economical  manner  maj' 
be  placed  at  S132  annually  (S2  per  week  for  board, 
S2S  for  clothing),  so  that  the  cost  to  this  country  for 
caring  for  its  bhnd  is  SS.. 542, 716  annually.  The 
producing  capacity  of  a  man  at  SI. 20  for  each  working 
day  and  of  a  woman  at  SO. 40  a  day  would  be  S404 
and  S2o6  respectively  annual!}-,  which  would  give 
S22,063.300  as  the  annual  earning  capacity  lost  to  this 
countrv  bv  its  bhnd — cost  and  loss  together  amount- 
ing to  "S30".606,036. 

The  cost  of  living  and  wages  have  both  increased 
since  these  figures  were  adopted  and  hence  the  com- 
munity is  a  loser  to  that  extent.  If  the  increase  in 
the  cost  of  living  be  placed  at  twentj'  per  cent.,  and 
of  wages  at  ten  per  cent.,  S3, 90S, 873  should  be 
added  to  the  cost  of  the  bhnd  to  the  United  States, 
which  would  bring  the  total  S34. 514,909 — and  yet 
this  is  not  exact,  for  a  certain  number  of  blind  per- 
sons are  wage  earners. 

The  geographical  distribution  of  bhndness  as  shown 
in  Table  I.,  compiled  by  Mayr,  of  Munich,  in  1.S77, 
has  been  subject  to  slight  changes  by  later  statis- 
tics, so  far  as  the  proportion  of  the  bhnd  to  the 
population  is  concerned. 

T.4BLE  I. 


Country- 


Total  Xumber 

Population,   i  number  of    of  blind  in 
blind.  lO.CWO. 


England  and  Ireland 31.631.212  31.159  9.85 

Denmark 1.864,496  1,465  7. 86 

Norway 1,701.756  2,320  13.63 

Sweden 4,168,525  3.359  8.06 

Finland 1,732.621  3,891  22.46 

Austria 20.394,980  11,329  5.55 

Hungary 15,417,327  18,523  12.01 

Switzerland 2.669.147  2,032  7.61 

Netherlands 3.575.0S0  1 ,593  4 .  46 

Belgium 4.529,560  3.675  8.11 

Fraace 36.102,921  30,214  8.37 

Spain 15.658,531  !      17,379  11.26 

Italy 26.413,132  I      26.826  10.16 

United  States  of  America. .  38,558,371  20,320  5.27 

.Argentine  Republic 1 ,743,199  3.529  20. 24 

British  colonies  in — 

North  America 583,535  I           361  6.19 

West  Indies 905,730  1        2,a30  22.41 

.\frica .330,460  416  12.53 

-Vu.'itralia 305.730  116  3.79 

Germany 39,862,133  35,048  8.79 

Totab 248.148,446  |    215,585 


8.74 


The  population  of  the  United  States  in  the  above 
table  is  taken  from  the  census  of  1870.  The  census 
for  1880  shows  a  population  of  50,155.783;  number  of 
bhnd,  48,928;  number  of  bhnd  in  ten  thou,sand,  9.73. 
A  striking  difference  is  the  great  increase  of  bhndness 
in  the  United  States  in  the  subsecjuent  decade,  as  is 
shown  in  the  figures  for  1880.  Various  causes  must 
be  considered  in  determining  the  reasons  for  this 
increase  in  bhndness,  the  most  important  of  which 
are  the  following:  1.  The  census  returns  were  more 
complete  for  the  last  census  than  thej-  have  been 
heretofore.  2.  Injuries  more  or  less  remote  from  the 
e)-e,  sustained  during  the  late  war,  continue  to  swell 
the  ranks  of  the  blind,  and  with  pensions  in  view  a 
considerable  number  make  the  claim  unjustly.  3. 
The  foreign  element  in  our  population  adds  to  the 
percentage  of  bhnd;  for  natives  of  the  United  States 
furnish  9.13  bhnd  to  10.000  inhabitants,  whOe  13.45 
bhnd  are  found  in  the  same  number  of  our  foreign 
population.  4.  The  increase  of  manufacturing  inter- 
est and  its  spread  to  locahties  remote  from  competent 
professional  care.  5.  The  increase  of  those  competi- 
tive trades  that  bring  bodily  and  mental  strain,  wnich 
are  hable  to  produce  changes  in  the  nervous  system, 
in  wliich  the  eyes  participate. 

The  next  decade — census  of  1890 — shows  a  grati- 
fying reduction  in  the  proportion  of  bhndness:  popula- 
tion, 62,622,250;  bhnd,  50.411;  number  of  blind  in 
10,000,  8.1;  number  of  natives  bhnd  in  10,000,  7.4; 
number  of  foreigners  blind  in  10.000,  10.1.  This  im- 
provement is  due  to  two  causes:  first,  the  proportion 
furnished  by  the  late  war  has  been  depleted  by  death, 
and  the  proportion  of  foreigners  has  been  lessened 
by  laws  restricting  immigration:  second,  people  are 
being  educated  to  seek  proper  relief  for  diseases  and 
injuries  of  the  eyes. 

The  report  for  1900  shows  a  population  75,994,575. 

Number  of  blind,  64,763 ;  number  of  blind  in  10.000. 8.5 

"  native  blind,  45.479;      "      8.0 

"  foreign     "        10.604;      10.4 

The  shght  increase  here  shown  is  doubtless  due  to 
the  increase  in  the  competitive  trades  and  mechanical 
work,  with  the  attendant  dangers  to  the  eyes. 

The  latest  foreign  statistics,  as  obtained  from 
Prenzing,  Medical  Statistics.  Jena,  1906,  show  the 
number  of  blind  to  100,000  inhabitants  of  the  coun- 
tries referred  to,  as  follows: 

Table  II. — The  NtJMBER  of  Buxd    in-  100,000. 


Country. 


Men. 


Women. 


Average. 


Prussia 

Saxony 

Wurtemburg 

Baden 

.Austria 

Hungarj- 

Switzerland 

Netherlands 

Belgium 

Italy 

Portugal 

England  and  Wales, 

Scotland 

Ireland 

Denmark 

Norway 

Finland 

Russia  (Europe) . . . 

Siberia 

U.  S.  A 

India 

Ceylon 

New  Zealand 

Bulgaria. 

.\rgentino  Republic. 

Coast  Colony 

Trinidad 


1900 
1900 
1900 
1900 
1890 
1890 
1895 
1899 
1878 
1877 
1878 
1901 
1901 
1901 
1901 
1893 
1890 
1886 
1890 
1890 
1901 
1901 
1901 
1888 
1869 
1901 
1901 


64 

60 

66 

57 

86 

102 

78 

51 

98 

172 

210 

&i 

77 

97 

66 

135 

113 

190 

142 

88 

121 

119 

101 

344 

213 

124 

ISS 


56 

60 

54 

50 

75 

104 

66 

43 

64 

122 

191 

73 

69 

94 

47 

123 

196 

200 

115 

77 

120 

89 

73 

285 

191 

108 

189 


61 

63 

60 

54 

81 

106 

72 

47 

81 

147 

200 

78 

73 

95 

57 

129 

156 

195 

129 

81 

120 

105 

87 

315 

202 

116 

187 
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The  climatic  influence,  as  illustratcHl  in  Europo, 
is  shown  in  Table  III.,  from  Magnus,  of  Breslau, 
1883. 

Tadle  III. 

Between  latitudes  30°  and  40°  the  number  of  blinil  in  10,000 
is  11.09. 

Between  latitudes  40°  and  50°  the  number  of  blind  in  lO.fJOO 
is  8.63. 

Between  latitudes  50°  antl  60°  the  number  of  hlinrl  in  10.000 
is  7.55. 

Between  latitudes  60°  and  70°  the  number  of  lilind  in  10,000 
is  18.04. 

And  for  tlie  Western  continent  the  same  autiior 
gives  Table  IV. 

Tahle  IV. 

Between  latitudes  10°  and  20°  the  number  of  blind  in  10,000 
is  22.41. 

Between  latitudes  20°  and  30°  (vacant). 

Between  latitudes  30°  and  40°  the  number  of  blind  in  10.(X)0 
is  8.96. 

Between  latitudes  40°  and  50°  the  number  of  blind  in  10,000 
is  5.36. 

According  to  the  U.  S.  Census  Reports  for  1000 
the  three  grand  divisions  of  this  country  show: 

Atlantic  Division,  number  of  blind  to  10.000  inhabitants S.3 

Central  Division,  number  of  blind  to  10.(X)0  inhabitants 9.0 

Western  Division,  number  of  blind  to  10,000  inhabitants.  ...   5.0 

The  small  number  of  blind  in  the  Western  Division 
is  probably  due  to  the  fact  that  a  large  number  of  its 
inhabitants  represent  the  healthy,  able-bodied  settlers 
from  other  States;  that  there  are  fewer  manufacturing 
industries;  and  that  there  are  fewer  foreigners  and 
negroes  within  the  borders. 

The  hot  southern  latitudes  are  injurious,  because 
of  their  dry,  sandy  interiors  (in  wliich  the  glare  and 
the  prevalence  of  high  winds,  accompanied  by 
clouds  of  a  fine  sandy  dust,  exert  an  irritating  in- 
fluence upon  the  eyes),  and  their  moist,  swampy, 
miasmatic  borders  and  water-courses.  The  cold 
northern  latitudes  are  injurious,  because  confine- 
ment in  badly  ventilated  quarters  is  a  necessary 
concomitant;  and,  the  daj'S  beiitg  short  during  the 
long  winters,  the  work  of  the  e3'es  is  crowded  into  a 
limited  time,  or  is  prolonged  in  insufficiently  lighted 
rooms,  where  work  becomes  injurious.  The  most 
temperate  zone  presents  the  least  number  of  the.se 
objections,  hence  we  find  here  the  smallest  percent- 
age of  blindness.  There  are  also  geological  causes 
which  influence  the  percentage  of  blindness;  for 
instance,  it  is  more  frequent  on  one  side  of  the  Jura 
Mountains  than  on  the  other. 

It  has  been  asserted  that  blindness  was  more  fre- 
quent in  cities  than  in  rural  districts,  and  this,  aside 
from  such  causes  as  lead  to  blindness  from  injuries, 
trades,  etc.;  but  investigations  in  Russia,  and  by 
Howe  in  this  country,  would  seem  to  refute  that 
claim  under  the  present  existing  circumstances. 
Investigation  of  the  number  of  blind  in  cities  of  the 
United  States  containing  50,000  and  upward  in- 
habitants showed  that  the  proportion  was  tliirty- 
three  per  cent,  less  than  in  the  country;  and  still 
further  investigation  by  Howe  seemed  to  show  that 
this  improvement  was  due  to  the  more  general  use 
of  preventive  measures  against  ophthalmia  neona- 
torum in  cities  than  by  the  country  practitioners. 

That  there  are  race  peculiarities  is  shown  by  the 
fact  that  out  of  10,000  Christians  there  are  oiJy  9.4 
bhnd,  while  the  same  number  of  Jews  furnishes  13.3 
blind.  One  reason  for  this  large  percentage  of  blind- 
ness in  Jews  is  the  great  frequency  with  which  they 
suffer  from  glaucoma.  It  is  said  that  the  sclera  is  more 
dense  and  less  elastic  in  people  of  this  race  than  in 
others,  and  that  this  condition  favors  the  develop- 
ment of  glaucoma.  It  has  been  further  claimed 
that  dark  eyes  are  more  prone  to  amaurotic  affections 


than  light  ones,  and  that  Jews,  who  usually  have 
dark  eyes,  are  therefore  more  liable  to  suffer  from 
blindness.  This,  however,  is  not  borne  out  by  facts, 
for  dark  races  are  usually  pos.sessed  of  deeply  pig- 
mented eyes,  yet  the  percentage  of  blindness  is  not 
great  with  them.  It  shoidd  be  remembered,  how- 
ever, that  the  so-called  amaurotic  affections  consti- 
tute but  a  small  proportion  of  the  cau.ses  of  blindness; 
and  the  fact  should  not  be  overlooked  that  over- 
crowding and  bad  ventilation  are  often  found  in  the 
class  to  which  the  majority  of  Jews  belong — and 
such  surroundings  are  prolific  sources  of  external 
i  nflammations  of  the  e3'e.  Con.sanguinity  in  marriage 
is  another  cause  which  renders  the  Jewish  race  more 
prone  to  blindness  than  others.  They,  too,  almost 
invariably  live  in  cities,  where  the  percentage  of 
blindness  has  heretofore  been  higher  than  in  rural 
districts.  The  number  of  blind  negroes  in  the 
United  States  in  1900  was  8,228  out  of  a  population 
of  8,833,994.  or  8.9  to  10,000.  Lack  of  care  for 
disea.ses  and  injuries  is  the  probable  cause  of  much 
blindness  with  them,  rather  than  any  other  racial 
difference.  The  number  of  blind  native-born  Ameri- 
cans is  S.O  per  10,000  inhabitants.  The  number  of 
foreign-born  blind  in  America,  per  10,000,  is  10.4. 

Influence  of  Sex. — The  United  States,  according 
to  the  Census  Reports  for  1900,  has  a  popidation  of 
38,816,448  males,  and  37,178,127  females,  which 
gives  a  preponderance  of  1,638,321  males.  The 
number  of  blind  males  is  37,054,  and  of  females, 
27,709 — which  gives  a  preponderance  of  9,324  l)lind 
males — or  9.5  males,  and  7.4  females,  to  the  10,000 
inhabitants.  Tliis  difference  is  a  slight  one,  and 
can  be  easily  accounted  for  by  tlie  accidents 
arising  from  exposure  of  the  eyes  to  the  injurious 
influences  of  the  trades  followed  by  men.  An  inter- 
esting fact  bearing  upon  this  point  is  the  compara- 
tive diminution  in  tlie  percentage  of  blindness  in 
males  after  they  reach  an  age  which  recalls  them  from 
jjursuits  that  endanger  the  eyes  to  surroimdings 
more  nearly  like  those  of  females.  Table  V.,  pre- 
pared by  JIagnus  from  the  Prussian  census,  illustrates 
this  condition  most  aptly. 

Table  V. 


Age. 

Number  of  blind, 
1871. 

Number  of  blind, 
1880. 

Males. 

Females. 

Males.     Females. 

664 
1,113 
2.572 
5,752 

558 

845 

3,336 

7,100 

572 

992 

3,565 

i    6,148 

488 

10  to  20  years 

20  to  50  years 

t^ver  50  years 

823 
2,989 
6,975 

See   in   this  connection   Table   X.   for 
which  produce  blindness  at  different  ages. 

Table  VI. 


the 


PereentaEe  of 

Percentage 

Number  of 

Age. 

blind  between 

of 

blind  in 

the  ages  given. 

population. 

10,000. 

1  to 

10  years 

3.7 

24.9 

1.75 

10  to 

20  years 

4.6 

19.9 

2.. 36 

20  to 

30  years 

9.8 

16.4 

3.25 

30  to 

40  years 

11.1 

13.0 

3.81 

40  to 

50  years 

15.2 

11.1 

6.84 

50  to 

60  years 

17.3 

7.5 

11.50 

60  to 

70  years 

19.7 

4.7 

26.23 

70  to 

80  years 

13.5 

1.8 

92.44 

80  to 

90  years 

4.3 

.3 

207.00 

90  to  100  years 

.27 

.02 

373.20 
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Table  \1.  gives  the  percentage  of  blind  of  different 
ages  in  column  2,  and  the  percentage  of  population  at 
different  ages  in  column  3  (Katz),  while  column  4, 
wliich  has  been  adapted  from  Meyr's  table,  shows 
the  number  of  bUnd  in  10,000  at  different  ages. 

Tliis  table,  wliich  is  a  ^•ery  interesting  and  instruct- 
ive one,  deserves  attention  for  its  own  merits;  j'et  it 
becomes  more  instructive  when  considered  in  con- 
nection with  Table  X.,  which  gives  the  causes  that 
produce  bUndness  at  different  ages. 

The  following  table  from  Etdenburg's  Real-Encydo- 
■piidie,  p.  505  (1S94),  shows  the  percentage  of  blind- 
ness at  different  ages  in  the  countries  referred  to,  as 
follows: 


Table  VII 

! 


Ages. 

Thirteen 
German 

States. 

England, 

WaleH.  and 

Ireland. 

■6 
1 

S 

11 
1^ 

3 

■a 
m 

2| 

1  to    5.... 

1.45 

1.61 

1.70 

0.69 

0.47 

0.58 

6  to  10. . . . 

2.63 

2.30 

2.39 

1.00 

.79 

1.66 

11  to  15.... 

2.42 

3.23 

3.21 

.98 

1.60 

2.75 

16  to  20. . . . 

3.73 

3.76 

4.30 

1.92 

1.87 

3.. 38 

21  to  30 

4.40 

5.12 

17.00 

1.93 

3.19 

3.30 

31  to  40. . . . 

6.41 

7.81 

12.52 

2.93 

5.51 

4.17 

41  to  50 

9.90 

10.95 

126.31 

4.31 

14.11 

6.55 

Over  50 

33.18 

37.39 

103.49 

16.59 

25.85 

23.73 

Not  stated. 

50.82 

13.27 

19.31 

12.76 

13.56 

Influence  of  Consanguinity  of  Parents. — Of  2,527 
blind  persons  whose  parents  were  cousins,  39.3  per 
cent,  had  bhnd  relatives;  5,389  whose  parents  were 
not  related  showed  17.6  per  cent.,  only  of  bhnd  rela- 
tives (U.  S.  Census  Reports  1900). 

Influence  of  Occupation. — The  causes  of  blindness 
incidental  to  occupation  may  be  divided  into  two 
classes,  \'iz.,  traumatic  and  onn-traumatic. 

Traumatic. — Under  this  head  are  included  such 
occupations  as  necessitate  exposure  of  the  eyes  to  the 
direct  influence  of  injurious  agents  from  without, 
which  result  from  the  work  performed — as  machinists, 
who  are  constantly  exposed  to  flying  bits  of  metal, 
which  often  produce  injury  of  the  ej-e  and  blindness; 
and  the  same  is  true  of  blacksmiths,  locksmiths,  stone- 
cutters, and  miners.  The  last  named  are  also  ex- 
posed to  the  dangers  of  premature  or  careless  explo- 
sions. Cases  of  monocular  blindness  almost  invari- 
ably arise  from  the  causes  just  considered. 

Colin  found  535  men  with  554  blind  eyes,  and  241 
women  with  446  blind  eyes.  Preference  is  shown  for 
neither  eye.  The  United  States  census  reports  for 
1890  (there  were  no  tables  on  this  subject  in  the  1900 
report)  show  93,988  cases  of  monociilar  bhndness — ■ 
or  15.1  to  10.000.  The  males  show  21.7  to  10,000; 
females,  8.3  to  10,000.  The  greater  frequency  of  bin- 
ocular blindness  in  females  is  anotlier  argument  in 
favor  of  the  accidental  occurrence  of  blindness  from 
the  injurious  trades  foUowed  by  men. 

\on-traumatic. —  Under  this  head  are  included 
such  occupations  as  produce  bhndness  indirectly — 
as  myopia,  from  over  use  of  the  eyes.  Professional 
men,  whose  duties  necessitate  much  study;  and 
others,  who,  from  necessity  or  preference,  do  much 
reading,  or  much  fine  work,  which  requires  close  and 
long-continued  use  of  the  eyes,  are  liable  to  suffer 
from  myopia  and  the  train  of  symptoms  which  in 
this  disease  lead  to  bhndness.  Workers  in  lead  are 
liable  to  suffer  from  neuroretinitis  or  atrophy  of  the 
optic  nerves;  and  workers  in  India  rubber  are  expo.sed 
to  the  same  dangers,  from  sidphide  of  carbon.  It  is 
claimed  that  optic-nerve  atrophy  sometimes  occurs 
in  workers  who  are  exposed  to  the  fumes  of  tobacco 
or  of  alcohol.  Soldiers  in  crowded  barracks  are  apt 
to  suffer  from  conjunctival  diseases,  and  tlic  exposure 
to  wind,  dust,  glare,  and  inclemencies  of  weather, 
when   marching,   may  also  cause  the  same  trouble. 


Sailors  who  are  constantly  exposed  to  the  vicissitudes 
of  weather  are  liable  to  suffer  from  conjunctival  and 
other  forms  of  e\-e  di.sease,  and  their  crowded  quarters 
and  often  meager  fare  are  also  conducive  to  eye 
affections. 

CAUSES  OF  Blindness. — Table  VIII.  gives  an 
anatotniciil  grouping  of  the  causes  of  bhndness,  com- 
piled by  Magnus  from  770  cases. 

Table  VIII. 

Per  cent. 

Conjunctiva 16.364 

Cornea 10.650 

Uveal  tract 22.208 

Retina 16.259 

Optic  nerve 22 .  597 

Glaucoma 12.597 

Congenital  deformities  of  the  eyes 2.468 

Unclassifiable 2.857 

Table  IX.,  compiled  by  the  same  author  from  a 
study  of  2,599  cases  reported  by  various  writers,  gives 
the  causes  of  bhndness,  arranged  in  pathological 
groups,  and  the  percentage  of  each  individual  cause. 

Table  IX. 

X. — Congenital  blindness.  Per  cent. 

.\nophthalnius  and  niicrophthalmus 1 .068 

Megalophthalmus 435 

Congenital  cataract 119 

Choroiditis,  congenital 158 

Atrophy  of  optic  nerve,  congenital 751 

Retinitis  pigmentosa  congenitalis 751 

Congenital  blindness  with  retinal  atrophy 079 

Congenital  tumors 039 

Congenital  amaurosis,  not  specified 237 

B. — Acquired  blindness — (a)  From  idiopathic  diseases 
of  the  eye. 

Ophthalmia  neonatorum 10.876 

Trachoma  and  blennorrhea  of  adults   .  9.492 

Diphtheritic  conjunctivitis..'..  .  .  .356 

Diseases  of  the  cornea 8.068 

Iridochoroiditis,  cyciitis,  iritis 8.860 

Choroiditis  myopica .949 

Choroiditis,  choroido-retinitis 1 .  107 

Retinitis  pigmentosa,  acquired 1 .266 

Retinitis  apoplectica .119 

Xeuroretinitis 791 

Detachment  of  retina 4 .  746 

Glaucoma 8.978 

Idiopathic  optic-nerve  atrophy 7 .  751 

Tumors  of  the  eye  and  its  surroundings 356 

Unclassifiable 3 .  368 

C. — Acquired  blindness — (6)  Injuries 

Direct  injury  of  the  eye 4  .034 

Unsuccessful  ooerations 1 .  938 

Injuries  of  head 277 

Traumatic  sympathetic  ophthalmia 4  .  509 

D. — .Acquired  blindness — (c)  The  eye  disease  being  in 
consequence  of  disease  of  the  body. 

Diseases  of  the  eye  from  syphilis 470 

Gonorrheal  conjunctivitis 910 

Scrofulous  diseases  of  the  eye 039 

Iridochoroiditis  with  meningitis 1 .424 

Atrophy  of  optic  nerve,  cerebral 6.961 

Atrophy  of  optic  ner\-e.  spinal 2.333 

Atrophy   of   optic   nerve,   or   neuritis   following 

hemateniesis 396 

Atrophy  of  optic  nerve,  after  vomiting,  not  blood.         .  079 

Atrophy  from  hemorrhage  from  piles 039 

Atrophy  after  facial  erysipelas 079 

.-\trophy  with  insanity 039 

Atrophy  with  epilepsy 158 

.\trophy  with  dysentery 079 

Retinitis  nephritica 198 

Diseases  of  the  eye  from  tj'phus 949 

Diseases  of  the  eye  from  measles 633 

Diseases  of  the  eye  from  scarlatina 514 

Diseases  of  the  eye  from  variola 2.216 

Diseases  of  the  eye  from  exanthemata  (?) 2.35 

Diseases  of  the  eye  from  heart  disease 039 

Diseases  of  the  eye  from  childbirth  and  pregnancy        .  431 

Intoxication  amaurosis 039 

Blindness  from  disease  of  the  orbit 039 
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Congenital  anomalies  constitute  four  per  cent,  of 
the  causes  of  blindness.  The  majority  of  instances 
occur  as  a  result  of  consanguineous  marriages,  or 
where  there  is  an  hereditary  tendency  toward  defects 
of  the  eye.  or  as  a  result  of  syphilitic  manifestations 
in  intrauterine  life.  They  are  usually  hopeless — 
cataract  being  the  only  cause  in  this  category  which 
is  amenable  to  treatment.  Among  thirty-four  chil- 
dren, the  offspring  of  fourteen  marriages  in  which  one 
or  both  parties  were  blind  from  birth  or  childhood, 
Magnus  found  eight  cases,  i.e.  23.5  per  cent.,  of  blind- 
ness or  bad  sight. 

The  various  ages  at  which  other  causes  of  blindness 
arise  are  well  shown  in  Table  X.  from  Magnus,  which 
gives  the  percentage  of  causes  at  the  ages  w-hen  they 
are  developed. 


As  a  rule,  the  contagious  material  from  a  mild  form 
of  conjunctivitis  will  produce  a  slight  attack  in  an- 
other eye,  and  vice  versa  for  virulent  forms.  Yet 
tliis  is  not  alwa3's  the  case. 

(2)  Trachoma  and  blennorrhia  (purulent  conjunc- 
tivitis) of  adults,  with  a  percentage  of  9.492,  come  next. 
Trachoma  occurs  chiefly  in  the  lower  walks  of  life, 
where,  from  necessity  or  indifference,  there  are  over- 
crowding, bad  ventilation,  lack  of  cleanliness,  and  a 
general  disregard  of  the  laws  of  hygiene.  It  is  often 
seen  in  the  poor  and  neglected  of  our  city  population, 
in  the  crowded  barracks  of  military  camps,  and  in 
the  confined  ciuarters  of  northern  latitudes.  Its 
development  is  favored  by  low  and  damp  localities 
on  the  one  hand,  and  by  "dry  and  sandy  districts  on 
the   other.     The   contagiousness   of  the   secretion  is 


Table  X. 

Pro  port 

ion  of  blindness  in  10,000,  and  the  percentage  of 

its  causes 

at  different  ages. 

Cause  of  blindness. 

1  to5 
years. 

6  to  10 
years. 

11  to  IS 
years. 

16  to  20 
years. 

21  to  25 
years. 

26  to  30 
years. 

31  to  40 
years. 

41  to  50 
years. 

51  to  60    61  to  70 
years.       years. 

71  to  80 
years. 

Ophthalmia  neonatorum.. 

1.99 

0.04 
.04 

.26 

.11 
.04 

0.07 
.19 

.61 

.29 
.14 
.27 

.M 

AVI 

0.02 
.05 

.47 

.32 
.29 
.65 
.05 
.14 

0.05 

0.12 

.01 
.35 

.27 
.01 

0.02 
.27 

9.14 
.07 

0.05 
.26 

.13 
.05 

0.10 
.30 

.27 
!20 

0.21 
.28 

.28 
.24 

0.13 

.69 

.25 
.11 
.07 
.01 
.03 

Optic-nerve  atrophy  of  all 

.26 

.49 
.10 

1.50 

.10 

.12 

"Uveal  tract  with  choroido- 
retinitis,      retinitis     pig- 

.12 

Detachment  of  retina 

i.36 

.25 

.27 
.13 
.13 

.07 

.01 

.04 

.04 

.01 
.04 

.04 

.02 

.02 

.13 

.14 

Variola 

Scarlatina 

Tj-phu.s 

.07 

.15 

.03 

.03 

■- 1 

The  various  causes  of  blindness,  as  given  in  Table 
IX.,  will  now  be  considered  individually,  with  such 
remarks  and  deductions  as  are  of  general  interest. 

(1)  Ophthalmia  neonatorutn  furnishes  10.876  per 
cent,  (some  statistics  place  the  percentage  of  bhndne.ss 
from  ophthalmia  neonatorum  as  high  as  twenty-five, 
but  these  figures  are  largely  influenced  by  statistics  of 
orphan  asylums  where  the  young  onl}'  are  included) 
of  the  blind,  a  larger  proportion  than  any  other 
single  cause — which  in  itself  invests  it  with  grave 
importance;  and  this  importance  is  gi-eatlj'  enhanced 
when  it  is  considered  that  blindness  from  this  cause 
means  an  entire  life  of  blindness;  that  this  disease 
can  be  practically  prevented  by  proper  prophylactic 
measures:  and  further,  that  even  after  it  is  developed, 
prompt,  energetic,  and  appropriate  treatment  will 
usually  bring  it  to  a  successful  termination  without 
impairment  of  sight.  The  simple  measure  of  washing 
the  eyes  of  all  infants  with  warm  water  as  soon  as 
they  are  born,  and  instilling  a  few  drops  of  a  two-per- 
cent, solution  of  silver  nitrate  into  tlie  conjunctival 
sac,  and  subsecjuent  attention  to  cleanliness,  as  prac- 
ticed by  Crede,  would  almost  banish  this  disease  from 
our  lists,  as  has  been  lately  proven  in  the  Maternity 
Hospital  in  Vienna  and  other  similar  institutions. 
Ophthalmia  neonatorum  is  almost  always  caused 
by  the  irritating  discharges  from  the  vagina,  which 
gain  access  to  the  eye  either  during  birth,  or,  later,  by 
the  careless  handling  of  the  infant  with  unwashed 
hands  which  have  been  about  the  vulva.  And  it 
should  be  borne  in  mind  that  these  discharges  may 
produce  inflammation  in  any  conjunctiva  with  which 
they  come  in  contact.  Furthermore,  the  contagious- 
ness of  conjiinctival  discharges  should  never  be  over- 
looked, and  this  action  should  always  be  explained  to 
those  who  have  to  deal  with  any  form  of  conjunctivitis. 


also  an  important  element  in  the  spread  of  the  disease 
in  crowded  quarters.  The  presence  of  trachoma, 
even  in  a  mild  form,  renders  an  eye  verj-  prone  to 
take  on  an  active  form  of  inflammation  (blennorrhea), 
which  will  assume  epidemic  character  if  conditions 
favor  its  spread,  as  is  seen  in  Egyptian  or  military 
ophthalmia.  Once  developed,  trachoma  becomes 
always  an  obstinate,  and  often  a  serious,  disease; 
lience  prophylactic  measures  against  it  are  of  the 
utmost  importance,  and  thej'  are  to  be  found  in  a 
correction  of  the  sanitary  conditions  referred  to.  Its 
local  treatment  should  be  prompt,  energetic,  and 
persistent. 

Blennorrhea  (purulent  conjunctivitis)-  of  adults 
may  arise  from  the  same  conditions  that  produce 
trachoma,  and  it  is  often  an  outgrowth  of  the  latter. 
It  is  frequently — in  fact  usually — the  result  of  conta- 
gion of  gonorrheal  origin.  The  discharge  from  any 
form  of  conjunctivitis,  as  also  leucorrheal  or  other 
irritative  discharges,  gaining  access  to  the  eye  may 
produce  the  disease.  Tlie  observance  of  care  and 
cleanliness  with  proper  regard  to  hygiene,  would 
cause  both  of  these  diseases  to  disappear,  and  appro- 
priate treatment  would  cure  most  cases,  even  after 
the  disease  had  developed. 

(3)  Diphtheritic  Conjunctivitis. — Diphtheritic  and 
membranous  ophthalmia  are  sometimes  caused  by 
direct  infection  of  the  conjunctiva  by  diphtheritic 
material  from  the  throat  of  another  person,  while 
in  other  cases  the  diphtheritic  process  creeps  up  the 
nasal  duct  from  the  nose,  and  thus  reaches  the  lining 
membrane  of  the  eye.  But  in  the  majority  of  cases 
of  diphtheritic  ophthalmia  the  disease  is  a  local  one, 
in  which  the  inflammation  takes  on  this  special  form. 
No  doubt  there  is  often  something  pecuUar  in  the 
patient's  health,  or  in  the  state  of  his  e3-e  tissues, 
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which  gives  a  prodivitj'  to  this  particular  patholog- 
ical process.  These  cases  are,  for  instance,  seen 
with  particular  frequency  after  measles,  and  less 
commonly  during  or  after  scarlet  fever,  and  are  more 
likely  to  occur  in  children  than  in  adults.  The  exi.st- 
ence  of  old,  granular  disease  of  the  conjunctiva  also 
gives  a  strong  tendency  to  a  diphtheritic  tj'pe  of 
inflammation,  and  the  same  tendency  is  seen  some- 
times in  a  well-marked  degree  in  ophthalmia  neona- 
torum, and  in  gonorrheal  ophthalmia. 

(4)  Disease  of  the  Cornea. — This  furnishes  rather 
a  large  contingent  of  blind,  and  it  is  not  to  be  wondered 
at  when  we  consider  that  transparencj'  and  regu- 
larity of  curve  of  this  membrane  are  essential  to  good 
vision.  Keratitis,  in  its  various  forms,  may  leave 
opacity  sufficient  to  cause  blindness;  and  the  same 
is  true  of  superficial  ulceration;  wliile  deeper  ulcera- 
tion maj'  lead  to  prolapse  of  the  iris,  displacement  or 
obhteration  of  the  pupil,  etc.,  and  all  are  at  times 
liable  to  be  followed  by  softening  of  the  cornea,  with 
development  of  staph3-loma,  etc.  Hypopyon  kerati- 
tis furnishes  a  larger  number  of  blind  than  all  other 
corneal  affections  put  together.  Keratoconus  and 
keratoglobus  are  sometimes  causes  of  blindness. 

(5)  Iridochoroiditis,  Cf/clith,  Iritis. — The  different 
diseases  enumerated  under  this  heading  are  placed  to- 
gether, first,  because  they  often  combine;  and,  second, 
because  the  structure  invoh-ed — the  uveal  tract — is 
common  to  each  of  the  several  anatomical  parts 
designated.  The  term  vveitis  is  often  and  advanta- 
geouslj'  employed  to  describe,  collectively,  inflam- 
mations in  these  parts.  Iritis,  uncomphcated,  rarely 
causes  blindness;  yet  it  may  do  so  if  the  pupil  becomes 
glued  down  to  the  lens  and  the  pupillary  space  be- 
comes blocked  with  e.xudation  (occlusion  of  pupil). 
Both  this  condition  and  that  of  exclusion  of  pupil 
(complete  posterior  synechiae)  are  very  apt  to  be 
followed  by  secondary  glaucoma.  More  frequently 
synechia  from  previous  inflammation  cause  recurrent 
attacks  of  iritis;  and  the  inflammatory  process, 
extending  to  the  choroid,  or  to  the  ciliary  bod}-,  or  to 
both,  gives  rise  to  opacities  in  the  vitreous,  and  later 
to  detachment  of  the  retina,  cataract,  etc.  The 
trouble  may  begin  in  the  choroid,  or,  less  frequently, 
in  the  ciliary  body,  and,  extending  to  other  parts  or 
remaining  in  either  locaUty,  may  cause  bhndness  in 
the  same  way. 

(6)  Choroiditis  myopica  (6)  and  detachment  of  the 
retina  (11)  wiU  be  treated  of  together  under  the  head 
of  the  latter,  both  being  considered  as  effects  of 
myopia. 

(7)  Choroiditis,  Retinochoroiditis. — The  choroid  and 
retina  are  so  intimately  associated  that  it  is  diflicult 
to  have  an  affection  of  one  of  the.se  structures  without 
involvement  of  the  other.  Syphihs,  acquired  or 
inherited,  is  the  usual  cause;  and  blindness  is  pro- 
duced by  the  formation  of  opacities  in  the  vitreous 
and  disturbance  or  destruction  of  the  retinal  elements. 

(8)  Retinitis  Pigmentosa,  Acquired. — Though  this 
affection  may  be  developed  at  almost  any  period 
of  life,  it  cannot  be  considered  an  acquired  disease, 
for  it  occurs  in  particular  groups  of  individuals 
who,  from  hereditary  tendencies  or  from  consan- 
guineous marriages,  show  congenital  deficiences  in 
this  and  in  other  ways.  Such  cases  are  hopeless; 
and  even  when  the  disease  is  recognized  in  an  early 
stage  little  or  nothing  can  be  accomplished  in  the 
way  of  treatment. 

(9)  Retinitis  Apoplectica. — The  chief  significance 
of  this  disease  is  the  index  which  it  furnishes  of  the 
condition  of  the  blood-vessels  in  the  brain;  for  it 
is  usually  but  a  precursor  of  similar  trouble  within 
the  cranium. 

(10)  Xeurorelinitls,  as  an  idiopathic  affection, 
is  almost  unknown.  It  u.sual!y  occurs  as  an  accom- 
paniment of  some  other  disease — as  sypliilis,  Bright's 
disea.se,  intracranial  disease,  pregnancy,  cardiac 
disease,    etc.;    but    as    these    diseases    are   specially 

108 


considered  as  sources  of  blindness  further  on,  we  are 
reduced  to  very  narrow  limits.  It  must  be  admitted 
that  cases  of  neuroretinitis  are  occasionallj-  seen  with- 
out apparent  cause.  And  it  is  probable  that  such 
vague  causes  as  prolonged  exposure  of  the  eyes  to 
very  bright  light,  with  great  heat,  as  the  glare  of  a 
furnace,  or  to  the  reflection  of  the  sun  from  the 
waters  of  the  tropics,  or  from  excessive  u.se  of  the 
eyes  by  strong,  artificial  light,  may  produce  the 
disease    and    thus   lead    to    blindness. 

(11)  Detachment  of  the  Retina  and  (6)  Cho- 
roiditis Myopica. — Myopia,  the  cause  common  to 
each  of  these  conditions,  is  of  great  importance, 
and  merits  careful  consideration.  It  may  be  said 
to  be  an  outgrowth  of  civilization  and  education, 
and  it  may  be  taken  as  an  index  of  the  studious 
habits  and  of  the  clo.se  eyework  of  a  people.  In  this 
present  busy  age  of  progress  and  competition,  which 
calls  for  work  at  high  pressure,  and  necessitates 
the  forcing  process  as  soon  as  school  daj's  are 
begun,  there  are  many  causes  at  work  which 
serve  to  swell  the  ranks  of  myopes,  and  to  lay  the 
foundation  for  future  increase.  The  long  hours  of 
confinement  in  the  schoolroom,  and  the  lack  of 
proper  out-of-door  exercise  and  fresh  air.  tend  to 
cultivate  sedentary  habits  and  to  lessen  the  resisting 
power  of  the  tissues  of  the  body.  The  close  ap- 
plication of  the  eyes  at  near  work,  with  badly 
constructed  desks  and  insufficient  illumination, 
which  necessitate  stooping  over  the  pages  and 
straining  the  eyes,  brings  on  congestion  of  the  fundus 
of  the  eye,  with  tliinning  and  bulging  of  the  sclera 
at  the  point  of  least  resistance — the  posterior 
pole;  and  the  development  of  myopia  is  the  conse- 
rjuence.  Tins  condition,  once  produced,  is  increased 
by  a  continuation  of  the  causes  which  induced  it; 
and,  in  unpromising  subjects,  even  the  removal 
of  these  causes  does  not  put  a  stop  to  its     progress. 

The  development  and  increase  of  myopia  during 
school  life  are  nowhere  better  shown  than  in  the 
following  table,  taken  from  Fuchs  and  prepared 
by  Cohn.  The  village  school  corresponds  to  our 
lowest  grade,  and  then  follow  in  regular  sequence 
the  higher  grades,  until  the  last  or  university  course 
is  reached: 

Table  XI. 


Percentage 
of  myopia. 


Degree 
of  myopia. 


Village  school [  1.4  |        1/24.4 

Elementary  school 6."  1/22.7 

Intermediate  school 10. .3  1/21.9 

High  school 19.7  1/19.6 

Gymnasium  (college) 26.2  1/18.7 

University 59.0  1/12.2 


It  was  furthermore  noted  that  the  percentage 
of  myopia  increased  in  each  school  from  class  to 
class.  Among  theological  and  medical  students, 
whose  term  of  study  is  prolonged  be3'ond  the  ordinary 
university  course,  the  percentage  of  mj'opia  is  stUl  fur- 
ther increased,  reaching  in  the  case  of  theological  stu- 
dents seventy-eight  per  cent.  And  in  reference 
to  confinement  and  indoor  hfe  on  the  one  hand, 
and  out-of-door  hfe  and  exercise  on  the  other, 
Erisman  found  the  percentage  of  myopia  in  resi- 
dent scholars  to  be  forty-two  per  cent.,  and  in  day 
scholars  to  be  thirty-five  per  cent.  Dor  found 
even  a  greater  difference — tliirty-three  per  cent, 
against  eighteen  per  cent. 

Myopia  abounds  among  studious  people,  and  is 
almost  unknown  among  the  ignorant  and  illiterate. 
It  is  not  congenital,  yet  tlie  tendency  to  its  develop- 
ment is  certainly  transmitted  from  parent  to  child. 
The    prophylactic    measures    against     myopia    are 
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of  the  utmost  iniportanoc.  First  and  foremost 
are:  A  proper  amount  of  out-of-door  exercise  during 
school  life;  well-ventilated  sehoolrooms,  with  good 
iUuniination,  jiroperly  constructed  desks,  so  that 
the  light  will  fall  to  best  advantage  upon  the  page, 
and  avoidance  of  the  habits  of  stooping  or  bending 
the  head  over  the  work,  and  of  holding  objects 
close  to  tlie  ej'es.  After  the  development  of  myo- 
pia, much  can  be  done  for  its  relief  by  tlie  use 
of  atropine  and  the  wearing  of  jiroperly  selected 
glasses.  It  should  be  remembered  tliat  myopia 
fosters  sedentary  and  studious  liabits;  and  it  at  times 
becomes  advisable  to  discontinue  the  use  of  the 
eyes  for  near  work  altogether;  and  it  not  infre- 
quently falls  within  tlie  province  of  the  physician 
to  decide  upon  the  child's  future  mode  of  life  and 
employment. 

A  few  cases  of  myopia  with  choroiditis  occur 
independently  of  the  causes  here  ascribed  to  it; 
yet  they  are  so  infrequent  that  they  may  be  left 
out  of  consideration.  And,  too,  detachment  of 
tlie  retina  is  sometimes  seen  in  eyes  that  are  not 
myopic;  but  it  rarely  occurs  in  such  as  a  primary 
affection,  and  when  secondary  to  some  other 
pathological  lesion,  that,  and  not  the  detachment, 
is  the  cause  of  blindness. 

(12)  Glaucoma. — The  importance  of  this  disease, 
as  indicated  by  its  quota  of  blind,  is  forciUy  in- 
creased, when  its  usual  amenability  to  treatment 
is  considered.  AVhile  a  well-marked  case  of  glau- 
coma presents  unmistakable  symptoms  of  the 
disease,  which  it  would  be  unpardonable  to  over- 
look, there  are  other  cases  which  are  obscure  and 
nii.sleading.  The  very  fact  of  this  uncertainty 
should,  however,  put  us  upon  our  guard;  and  there 
are  few  cases  indeed  which  would  run  the  gaunt- 
let of  careful  examination  and  close  observation. 
Once  recognized,  prompt  and  energetic  treatment 
is  indicated;  and  tiiere  is  no  operation  in  the  whole 
range  of  surgery  that  affords  more  brilliant  results 
than  does  iridectomy  in  cases  of  acute  glaucoma. 
Sclerotomy  and  esi-rine  have  their  spheres  of  use- 
fulness; and  stretching  the  external  na.sal  nerve 
has  recently  been  much  lauded  in  the  treatment  of  cer- 
tain obstinate  forms  of  glaucoma.  Unfortunately 
the  more  obscure  cases  attract  but  little  attention 
until  the  disease  is  far  advanced,  and  medical 
advice  is  sought  only  after  serious  and  permanent 
impairment  of  sight  comes  on.  A  more  thorough 
knowledge  of  the  disease  and  greater  familiarity 
with  its  symptoms  by  the  general  practitioner  will 
not  only  insure  its  more  prompt  recognition,  but  will 
lead  the  laity  to  a  better  understanding  of  the 
affection,  and  cause  greater  care  in  the  ob.servance 
of  eye  symptoms.  A  few  cases  of  glaucoma  are 
strongly  allied  to  optic-nerve  atrophy,  and  these 
are  very  unfavorable. 

(13)  Idiopathic  optic-nerve  atrophy  occurs  most 
frcc|uently  in  subjects  who  have  inherited  a  ten- 
dency to  nervous  disorders.  It  is  often  a  pre- 
cursor of  spinal  cord  or  of  cerebral  disease;  and  as 
the  length  of  time  which  may  intervene  between  the 
development  of  optic  atrophy  and  central  changes  is 
often  considerable,  the  diagnosis  is  usually  diffi- 
cult and  uncertain.  The  disease  is  one  of  the 
most  obscure  that  we  have  to  deal  with,  and  the 
prognosis  is  unfavorable.  It  is  much  more  fre- 
quent in  men  than  in  women. 

(14)  Tumors  of  the  Eye  and  its  Surroundings. 
— Malignant  di-:rases,  as  ghoma  of  the  retina, 
sarcoma  of  the  choroid,  of  the  ciliary  body,  and  of 
the  iris,  and  epithelioma  or  lupus  of  the  conjunc- 
tiva, or  of  tlie  cornea,  may  produce  blindness 
through  destruction  of  the  globe  by  their  own 
growth;  yet  their  chief  importance  is  in  their 
danger  to  hfe.  Cysts  of  the  iris,  if  they  are  not 
removed,   may  cause   blindness  by  increase   in  size. 

Gummata   of    the    cihary    body   and    of  the  sclera 


may  also  produce  blindness  in  the  .same  way.  Other 
tumors  of  the  eye  rarely  cause  blindness.  Tumors 
arising  from  parts  adjacent  to  the  eye  may  pro- 
duce blindness,  directly  by  extension  of  the  di.sea.se 
to  the  globe,  or  indirectly  by  pressure  effects  upon 
the  globe  or  optic  nerve,  as  is  .seen  in  vascular  and  cys- 
tic tumors  of  the  orbit,  and  in  tumor  or  distention 
of  the  frontal,  ethmoidal,  nasal,  or  maxillary  sinu.ses. 

(15)  Unclassifiable. — The  percentage  here  given  may 
be  taken  as  a  fair  e.xamijle  of  the  proportion  of  tlie 
blind  which  present  such  complicated  conditions  as  to 
preclude  classification. 

(16)  Direct  Injury  of  the  Eyes. — The  more  important 
proportion  of  these  cases  occur  in  individuals  who.se 
labor  necessitates  exposure  of  the  eyes  to  flying  bits 
of  metal  or  stone,  as  machinists,  workers  in  stone, 
miners,  etc.,  and  in  those  who  have  to  deal  with  ex- 
plosives, as  in  blasting,  tlie  manufacture  of  explosive 
materials,  etc.  The  use  of  protective  glasses,  prefer- 
ably of  mica,  which  combines  perfect  transparency  with 
considerable  strength,  is  a  measure  that  would  afford 
much  protection  to  the  eyes,  though  it  has  been  but 
little  adopted  by  workmen  exposed  to  these  dangers. 

A  certain  number  of  cases  occur  from  unavoidable 
and  unforeseen  accidents,  and  of  these  it  is  unneces- 
sary to  treat. 

Injuries  of  the  eye  in  the  German  army  during  the 
Franco-German  war  (1870-71)  were  met  with  in  786 
cases — being  0.79  per  cent,  of  the  whole  number  of 
injuries  ,  and  7.8  per  cent,  of  head  injuries;  and  affec- 
tions of  vision  after  head  injuries  were  met  with  in  74 
cases — or  0.7  per  cent,  of  liead  injuries. 

(17)  Unsuccessful  Operations. — The  percentage  here 
furnished  certainly  appears  small,  when  it  is  considered 
that  many  eye  operations  are  attended  with  consider- 
able risk  to  the  eye,  even  in  the  hands  of  the  most  ac- 
complished operators.  Cataract  extraction — the  most 
important  operation  in  ocular  surgery,  and  at  the  same 
time  the  most  formidable — is  accountable  for  most 
cases  of  blindness  from  operative  measures.  As  it  is 
performed  late  in  life,  when  the  process  of  repair  is 
impaired  by  age  and  often  by  disease,  it  is  to  be  won- 
dered that  the  proportion  of  unfavorable  results  is  not 
larger. 

(18)  Injuries  of  the  head  produce  blindness  through 
lesions  of  the  optic  nerve,  at  or  about  the  optic  fora- 
men. It  is  known  that  blows  upon  the  head  may 
cause  fracture  of  the  bones  about  the  apex  of  the  orbit, 
or  at  the  optic  foramen;  and  bUndness  ensues  from 
injury  to  the  optic  nerve — immediately  if  the  injury 
be  severe,  and  more  slowly  if  dependent  upon  second- 
ary degenerative  changes  (atrophy).  Meningitis  fol- 
lowing injuries  of  the  head  may  cause  optic  neuritis 
or  atrophy  and  blindness.  And  injuries  of  the  angular 
gyrus  may  produce  bhndness. 

(19)  Traumatic  Sympathetic  Ophthalmia. —  This  is 
one  of  the  most  important  of  eye  diseases,  and,  because 
of  its  insidious  character  and  its  intractable  and  un- 
certain course,  merits  the  utmost  care  in  its  considera- 
tion at  the  hands  of  ophthalmologists,  and  general 
practitioners  as  well.  Resulting,  as  it  does,  from  pre- 
vious mechanical  injury  which  has  greatly  impaired 
or  entirely  destroyed  the  fellow  eye,  its  treatment  in- 
volves great  responsibility.  And  as  it  not  infrequently 
happens  that  the  sympathizing  eye  is  ultimately  left 
in  a  wor.se  condition  than  the  e.xciting  one,  advice 
shoidd  be  well  and  intelligently  considered.  The  dis- 
ease may  appear  within  a  few  weeks,  or  it  may  not 
develop  for  years;  and  while  its  prodromes  may  extend 
over  periods  varying  from  weeks  to  months,  it  some- 
times comes  on  unannounced,  and  quicldy  leads  to 
blindness.  Arising  at  times  from  wounds,  apparently 
trivial,  in  the  ciliary  region,  it  occasionally  fails  to 
appear  after  extensive  injury  to  this,  the  vulnerable 
zone.  Treatment  of  the  clisease  after  it  has  developed 
■s  of  course  important,  and  while  it  is  sometimes  un- 
satisfactory, it  is  usually  productive  of  great  good. 
The  measure  above  all  others  to  be  adopted  is  prophj'- 
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laxis;  and  this  includes  the  proper  care  of  the  pri- 
marily injured  eye,  as  well  at  the  time  of  the  injury  as 
later  on;  and  this  of  course  involves  the  question  of 
enucleation.  This  is  an  important  problem,  and  there 
are  many  points  to  be  carefully  considered  before  a 
conclusion  is  reached.  It  maj-  be  stated  as  a  cardinal 
point,  however,  that  an  eje  so  seriously  injured  in 
the  ciliary  region  as  to  preclude  the  possibility  of  re- 
tention of  sight  should  be  promptlj'  removed;  for 
such  an  eye  is  not  only  a  useless  organ,  but  is  a  source 
of  constant  menace  to  its  fellow. 

(20)  Diseases  of  the  Eye  from  Syphilis. — Sj'philis  is 
a  proHfic  source  of  eye  disease,  and  maj"^  cause  almost 
any  form  of  it.  The  inherited  form  of  sj'pliihs,  through 
defective  development  or  inflammation  of  the  several 

Earts  of  the  eye  during  intrauterine  life,  may  cause 
hndness.  And  abnormalities  in  the  osseous  develop- 
ment of  the  orbit  or  of  the  skull  may,  through  pressure 
upon  the  visual  tract,  cause  optic  neuritis  or  atrophy 
and  blindness.  Diffuse  (parenchymatous)  keratitis — 
a  disease  of  early  Ufe — is  also  occasionally  productive 
of  bhndness.  Either  the  inherited  or  the  acquired  form 
of  sj-philis  may  cause  bhndness  tlirough  keratoiritis. 
iritis,  iridocychtis,  iridochoroiditis,  choroiditis,  retino- 
choroiditis,  and  optic  neuritis  or  atrophy.  In  tertiary 
syphUis,  gummata — affecting  bj-  preference  the  sclera 
or  the  ciliary  body — may  produce  destruction  of  the 
eye.  And  the  periosteal  or  bony  lesions  of  tliis  stage 
may  cause,  through  participation  or  by  their  pressure 
effects,  disease  of  the  eye  or  of  its  conducting  appa- 
ratus, which  leads  to  bhndness.  An  early  recognition 
of  the  specific  taint,  and  prompt  and  energetic  meas- 
ures against  it,  constitute  the  sneet-anchor  of  success 
in  aU  diseases  dependent  thereon. 

(21)  Gonorrheal  Conjunctivitis. — This  is  a  most  ^^^u- 
lent  form  of  purulent  ophthalmia,  due  to  inoculation 
of  the  conjunctiva  with  the  discharge  from  a  specific 
iirethriti-^  or  vaginitis.  The  material  is  convej'ed  to 
the  eye  by  accident  or  by  carelessness,  through  un- 
washed hands  in  persons  with  gonorrhea,  or  in  those 
treating  it,  and  the  use  of  towels  or  of  linen  which 
have  become  contaminated.  Perfect  cleanliness  and 
care,  observed  b}'  gonorrheal  subjects  and  bj'  their 
attendants  and  associates,  would  expel  this  disease 
from  the  categorj^  of  eye  affections. 

(22)  Scrofulous  Diseases  of  the  Eye. — The  strumous 
condition  is  a  fruitful  source  of  eye  disease,  yet  the 
diseases  to  which  it  most  freciuently  gives  rise — oph- 
thalmia tarsi,  phlyctenular  troubles,  etc. — seldom 
cause  bhndness.  One  of  its  diseases,  however — cj'clo- 
keratitis — is  a  most  serious  disease,  and  often  pro- 
duces bhndness.  It  was  first  described  b}'  Dalrymple, 
and  is  sometimes  spoken  of  as  Dalrymple's  disease. 
It  is  fortunately  rare.  Lupus  is  usually  considered  a 
strumous  di.sease,  and  this  may  lead  to  destruction  of 
the  eye — whether  attacking  the  eye  primarilj-,  or  in- 
volving it  secondarih^  Tuberculosis  may  also  cause 
blindness,  through  choroiditis,  iritis,  and  keratitis. 

(23)  Iridochoroiditis  ivilh  Meningitis. — This  disease 
is  commonly  spoken  of  as  metastatic  choroiditis,  and 
is  caused  by  an  extension  of  inflammation  from  the 
head  to  the  eye  in  simple  meningitis,  or,  as  is  more 
frequently  seen  in  cerebrospinal  meningitis,  by  met- 
astasis. The  disease  usually  destroj's  the  eye,  and 
treatment  is  ordinarily  unavailing. 

(24  and  25)  Atrophy  of  the  Optic  NeT~t>e  {Cerebral  and 
Spinal). — It  is  often  difficult  and  sometimes  impossible 
to  locate  the  lesion  upon  which  optic-nerve  atrophy 
depends,  and  it  will  be  convenient  to  consider  these 
two  forms  together.  According  to  Galezowski,  who 
tabulated  106  cases  of  optic-nerve  atrophj',  about  50 
per  cent,  are  due  to  diseases  of  the  brain  and  spinal 
cord;  13  per  cent,  are  traumatic;  9  per  cent,  are  due  to 
alcoholism;  8  per  cent,  to  syphilis,  and  the  remaining 
causes  are  of  the  most  varied  kind.  And  according 
to  von  Graefe,  about  30  per  cent,  of  cases  of  primary 
atrophy  of  the  optic  nerve  are  due  to  spinal  di.sease. 

Cerebral  optic-nerve  atrophy  may  be  consecutive  to 
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optic  neuritis  (of  central  origin),  orit  may  follow  lesion 
of  the  chiasm,  of  the  cerebral  centers,  or  of  the  cortex 
about  the  angular  gyrus,  or  it  may  be  caused  through 
pressure  upon  the  nerve  by  an  exostosis,  tumor,  or 
aneurj'sm;  through  narrowing  of  the  optic  foramen  by 
hyperostosis  or  by  pressure  upon  the  chiasm  from  dis- 
tention of  the  third  ventricle.  Meningitis,  chronic  or 
acute,  may  also  cause  ptosis,  or  atrophy  without  rec- 
ognized neuritis,  etc.  Spinal  atrophy  occurs  with 
locomotor  ataxia,  of  wliich  it  may  be  the  earhest  symp- 
tom; or  it  may,  as  is  often  the  case,  come  as  a  late 
manifestation  of  the  disease. 

(26)  Atrophy  of  the  Optic  Nerve,  or  A'curitis  after 
Hematemesis. — Loss  of  blood  is  occasionallj'  followed  by 
affection  of  ^^sion,  which  may  be  temporary  or  perma- 
nent. It  is  with  the  latter  that  we  have  to  deal,  and 
this  usually  depends  upon  either  neuritis  or  atrophy. 
Clinical  experience  has  taught  that  hemorrhages  from 
the  gastrointestinal  tract  cause  disturbance  of  vision 
more  frequently  than  hemorrhages  from  other  locali- 
ties (thirty-five  per  cent.).  The  connection  between 
the  loss  of  blood  and  disea,se  of  the  optic  nerve 
has  so  far  received  no  satisfactory  solution.  Tlie 
same  connection  probably  exists  between  atrophy 
of  the  optic  nerve  after  bleeding  from  piles  (27),  and 
after  dysentery  (28). 

(29)  Atrophy  of  the  optic  nerve  after  vomiting  is 
rare,  and  the  connection  between  the  two  is  ob- 
scure. The  straining  and  consequent  congestion  may 
produce  retro-ocular  hemorrhage,  or  serous  effusion; 
or  it  may  be  due  to  the  connection  which  exists  be- 
tween the  stomach  and  the  corpora  quadrigemina. 

(30)  Optic-nerve  atrophy  after  facial  erysipelas 
is  usually  caused  by  an  extension  of  the  cellulitis 
to  the  tissue  of  the  orbit,  and  the  resulting  dam- 
age to  the  trunk  of  the  nerve. 

(31)  Atrophy  of  the  Optic  Nerve  vcith  Insanity.— 
Atrophy  sometimes  occurs  among  the  insane,  and 
most  frequently  in  subjects  of  general  paresis — though 
it  may  occur  in  dementia  and  in  other  forms  of  in- 
sanity. It  is  a  degenerative  change,  associated  with 
similar  lesions  in  the  central  nervous  system. 

(32)  Atrophy  with  Epilepsy. — It  does  not  appear 
that  idiopathic  epUepsj-  has  connection  with  any  form 
of  eye  disease.  It  is  only  in  such  cases  as  are  depend- 
ent upon  gross  intracranial  lesions  that  changes  are 
observed  in  the  disc,  and  the  atrophic  changes  here 
differ  in  no  way  from  those  seen  in  the  usual  forms  of 
brain  disease. 

(33)  Retinitis  nephritica  occurs  in  about  twenty- 
five  per  cent,  of  cases  of  chronic  Bright 's  disease. 
It  is  more  important  as  a  means  of  diagnosis  than 
as  a  cause  of  blindness,  for  not  infrequently  it  is  the 
first  symptom  which  leads  to  a  detection  of  disease  of 
the  kidney.  It  rarelj-  causes  blindness,  however,  in 
spite  of  the  marked  pathological  changes  that  are 
noticeable  in  the  retina,  and  often  in  the  optic  nerve. 

(34)  Diseases  of  the  Eye  with  Typhoid. — Loss  of 
sight  has  been  many  times  observed  during  convales- 
cence from  typhoid  fever,  and,  subsequentlj',  optic- 
nerve  atrophy  has  usuallj'  been  found.  In  some  of 
these  cases  cerebral  symptoms  have  been  observed, 
and  in  others  there  was  none.  Keratitis  is  sometimes 
seen,  and  blindness  may  be  one  of  its  consequences. 

(35)  Blindness  from  measles  may  be  due  to  optic 
neuritis,  or  it  may  result  from  neglected  diseases  of 
the  external  eye,  i.e.  conjunctivitis,  keratitis,  etc. 

(36)  Disease  of  the  Eye  from  Scarlatina. — The  fre- 
quency with  which  renal  disea.se  accompanies  scarlet 
fever  renders  affections  of  sight  not  very  rare  conse-  • 
quences  of  the  disease.  Yet  neuroretinitis  does  occur 
without  the  presence  of  renal  disorder.  Atrophy  of 
tlie  optic  nerve  may  also  be  the  result  of  scarlatina. 
In  mahgnant  cases  sloughing  of  the  cornea  has  been 
observed,  and  in  other  cases  keratitis  may  produce 
blindness. 

(37)  Disease  of  the  Eye  from  Variola. — Variola  may 
cause  neuroretinitis  or  atrophy  of   the   optic  nerve; 
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but  its  chief  danger  is  from  diseases  of  the  external 
eye,  ahnost  any  part  of  which  may  be  the  seat  of  the 
eruption.  The  most  dangerous  seat  is  the  cornea, 
where  ulceration  often  leads  to  blindness.  Iritis  lias 
also  been  observed.  Important  as  the  local  treat- 
ment of  these  disorders  may  be,  the  proph3-lactic 
measure  of  vaccination  should  supersede  them  all,  and 
thus  prevent  entire!}-  tlie  disease  upon  which  they 
depend. 


and  the  small  proportion  embraced  under  the  Idsl. 
Absolute  accuracy  in  this  arrangement  is.  of  course, 
not  claimed,  but  it  will  serve  the  purpose  of  illustrating 
the  large  amount  of  blindness  arising  from  avoidable 
cau.ses,  and  such  as  are  amenable  to  treatment. 

There  are  certain  irregular  for  nm  of  blindnexx  which 
will  be  treated  of  under  appropriate  headings  else- 
where and  it  will  be  necessary  to  refer  to  them  liere 
only  in   a  general  way.     The  free  exhibition  of  qui- 


Table  XII. 


Preventable  causes  of  blindness. 


Probably  preventable  blindness. 


Unpreven  table  blindness. 


Per  cent. 
Ophthalmia  neonatorum. ..  .  10.876 

Trachoma   and  blennorrhe:i  9.492 

Diphtheritic  conjunctivitis  ..356 

Choroiditis  myopica .949 

Detachment  of  retina 3.746 

Glaucoma S.OOO 

Sympathetic  ophthalmia 4.509 

Gonorrheal  ophthalmia 910 

Diseases  of  eye  from  smallpox 2.216 

Intoxication  amaurosis 039 


Per  cent. 

Diseases  of  the  cornea 4.034 

Direct  injuries  of  the  eye 2.017 

Unsuccessful  operations 1 .978 

Iridochoroiditis,  cyclitis,  iritis..  .  .     4.430 

Detachment  of  retina 1.000 

Glaucoma 978 

Unclassifiable 1.681 

Diseases  of  the  eye  from  .syphilis.        ,238 

Choroiditis,  chorioretinitis 369 

Idiopathic  optic-nerve  atrophy.. .      2.000 
Optic-nerve  atrophy,  cerebral...  .      2.000 

Optic-nerve  atrophy,  spinal 333 

Tj-phoid,  measles,  scarlatina,  etc.     1.165 


Per  cent. 

4.0.34 

2.017 

.356 

.      4.430 

.277 


22 .  22.3 


■  Diseases  of  the  cornea 

Direct  injuries  of  the  eye 

1  Tumors  of  eye  and  surroundings 

1  Iridochoroiditis,  cyclitis,  iritis.  . 

I  Injuries  to  the  bead 

(  Scrofulous  diseases .039 

1  Unclassifiable 1 .681 

Disease  of  the  eye  from  sj-philis ...  .  238 

Choroiditis,  chorioretinites 73S 

Idiopathic  optic-nerve  atrophy.. .  .  5.751 

j  Optic-nerve  atrophy,  cerebral 4.961 

Optic-nerve  atrophy,  spinal 2.000 

T>-phoid,  measles,  etc 1.165 

Iridochoroiditis  with  meningitis..  .  1.424 
Other  causes,  including  3.835  per 

cent,  of  congenital  blindness 5.412 

34.523 


38)  Disease  of  the  Eye  from  Heart  Trouble. — The 
most  frequent  cause  of  blindness  from  heart  disease 
(valvular)  is  the  so-called  embolism  of  the  central 
artery  of  the  retina.  Tliis  is  usually  monocular,  but 
sometimes  both  eyes  are  affected.  Thrombosis  of  the 
central  vein  of  the  retina  behind  the  eye,  in  associa- 
tion with  disease  of  the  heart,  may  also  produce 
blindness.  In  ulcerative  endocarditis  retinal  hemor- 
rhages often  occur,  and  sometimes  panophthalmitis  is 
observed. 

(39)  Diseases  of  the  Eye  from  Childbirth  or  Preg- 
nancy.— In  pregnancy  we  are  liable  to  have  al- 
buminuric retinitis,  and,  following  childbirth,  we  may 
Lave  metastatic  choroiditis,  or  retinal  hemorrhage; 
and  cases  of  atrophy  of  the  optic  nerve  are  sometimes 
dependent  upon  lactation. 

(40)  Intoxication  Amaurosis. — Under  this  head  are 
included  cases  of  blindness  resulting  from  the  abuse  of 
certain  noxious  agents,  chief  among  which  are  alcohol 
and  tobacco.  It  is  claimed  that  the  free  and  long- 
continued  use  of  either  of  these  substances  not  in- 
frequently leads  to  a  form  of  optic-nerve  atrophy 
possessed  of  certain  distinctive  peculiarities.  There 
seems  to  be  good  reason  for  attributing  such  to  alcohol, 
but  the  reasons  in  favor  of  tobacco  are  not  so  strong. 

(41)  Blindness  from  Diseases  of  the  Orbit. — Inflam- 
matory processes  in  the  orbit,  whether  in  the  cellular 
t'.ssue  or  in  the  periosteum  or  bone,  may  cause  either 
simple  atrophy  of  the  optic  nerve  or  neuritis  and  con- 
secutive atrophy.  Witli  much  swelling  of  the  orbital 
tissue  there  is  danger  that  the  nutritive  supply  of  the 
globe  may  be  cut  off  by  pressure,  and  that  tne  inflam- 
mation or  sloughing  which  results  may  produce  blind- 
ness. Tumors  of  the  orbit  may  act  as  inflammatory 
products,  or,  the  disease  extending  to  the  eye,  may 
directly  cause  destruction  of  this  organ. 

An  important  matter  in  the  consideration  of  the 
causes  of  blindness,  is  the  proportion  composed  of 
those  whose  origin  is  unavoidable,  and  the  course  of 
which  is  beyond  control.  If  arranged  under  the  head- 
ings of  Preventable,  Probably  Preventable,  and  Unpre- 
ventable  Blindness,  we  are  at  once  struck  with  the  large 
number  included  under  the /rsi  and  scco?!d  headings, 


nine  or  of  salicylic  acid  sometimes  causes  blind- 
ness, and  it  has  been  observed  in  rare  instances  to 
follow  the  use  of  silver,  of  viercury,  and  of  lead.  Pro- 
longed e.xposure  to  the  fumes  of  sulphide  of  carbon 
may  produce  amblyopia;  and  the  fumes  of  os7nic 
acid  maj'  bring  about  the  same  condition.  The 
circulation,  in  the  blood,  of  a  superabundance  of 
urea  is  apt  to  cause  transient  attacks  of  blindness. 
And  in  migraitie,  or  sick  headache,  attacks  of  blind- 
ness are  not  infrequent.  The  attacks  of  blindness 
in  the  foregoing  conditions  of  the  system  are  usually 
transient,  and  perfect  recovery  quickly  follows:  yet, 
if  they  are  often  repeated,  permanent  impairment 
of  sight  may  result,  which  in  some  instances  declares 
itself  as  a  low  grade  of  optic  neuritis  or  atrophy. 
Hysterical  amblyopia  is  a  recognized  condition.  It 
is  temporary  and  irregular,  and  is  usually  attended 
by  other  hysterical  symptoms.  Temporary  blind- 
ness may  occur  as  the  aura  of  an  epileptic  attack. 
Cases  of  irord-blindness  which  were  dependent  upon 
lesions  about  the  angular  gyrus  have  been  observed 
in  individuals  who  could  talk  and  even  write.  Night- 
blindness  or  nyctalopia  is  a  condition  of  torpor  of 
the  retina  which  usually  affects  those  who  have 
been  long  exposed  to  bright  hghts — as  saUors  or 
marching  soldiers,  in  the  tropics.  Insufficient  food, 
either  as  to  quantity'  or  quahtj',  seems  also  to 
be  a  factor  in  the  disease.  Day-blitidness,  or  hemera- 
lopia,  is  a  form  of  retinal  hyperesthesia  which 
is  also  usually  caused  by  long  exposure  to  glistening 
surfaces  brilliantly  Uluminated  bj'  the  sun.  Snoiv 
or  ice  blindness  is  a  variety  of  hemeralopia.  though 
there  are  usuaU}''  with  this  form  signs  of  conjunctival 
impUcation.  One-sided  blindness,  or  hemianopsia, 
which  may  exist  in  various  forms,  is  occasionally 
seen,  and  it  is  often  of  importance  in  locating  intra- 
cranial lesions.  Blindness  from  disuse — amblyopia 
ex  anopsia — is  claimed  by  many  to  result  from  the 
long-continued  disuse  of  an  eye.  Simulated  blindness 
can  usually  be  detected,  yet  it  is  often  done  with 
difiiculty.  Color-blindness — achromatopsia — may  ex- 
ist in  various  forms.  It  is  of  great  importance, 
and  receives  ample  consideration  elsewhere. 


Ill 
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Asylums  for  the  Blind. — It  may  be  of  interest 
to  state  that  the  first  institution  for  the  blind  was 
founded  in  Meniingen,  by  Weef  VI.,  in  117S:  the 
second  in  Paris,  by  St.  Louis,  in  1260;  the  first  for 
the  employment  of  adult  bhnd  was  opened  in  Edin- 
burgh, by  Dr.  Johnston,  in  1793.  There  were,  in 
1873,  148  institutions  for  the  bUnci  in  the  world;  and 
their  number  has   greatly  increased  since  that  date. 

The  number  of  the  bhnd  gainfully  employed  in  tliis 
country,  according  to  the  L".  S.  Census  Reports,  1900, 
was  12,  506,  distributed  as  follows: 

Per  cent. 

Agricultural  pursuits 42.2 

Professional  ser\"ice 11.2 

Domestic  and  personal  ser\ice 14.2 

Trade  and  transportation 13.4 

Manufacturing  and  mechanical  pursuits 19.0 

Prevention  of  Blindness. — Much  can  be  done 
toward  preventing  blindness  through  a  better  under- 
standing of  its  causes  by  the  laity,  while  the  profession 
should  not  only  be  ahve  to  these  points,  but  should  be 
able  quickly  to  recognize  diseases  of  the  eye,  and  ac- 
quanted  certainly  with  the  simpler  forms  of  treatment. 
The  most  prolific  source  of  blindness — ophthalmia 
neonatorum — can  be  stamped  out  by  the  observance 
of  the  simplest  procedure — Crede's  method — already 
referred  to.  So  important  is  this  disease  that  the 
legislatures  of  some  of  the  European  countries,  and 
of  some  States  in  our  Union,  have  enacted  laws  for 
the  guidance  of  those  concerned. 

The  act  of  New  York,  which  will  serve  as  an  illustra- 
tion, is  given  here: 

"An  Act  to  Prevent  Blindness. 

"Sect.  1.  Should  any  midwife  or  nurse  having 
charge  of  an  infant  in  this  State  notice  that  one  or 
both  e3"es  of  such  infant  are  inflamed  or  reddened 
at  any  time  within  two  weeks  after  its  birth,  it  shall 
be  the  duty  of  such  midwife  or  nurse,  so  having  charge 
of  such  infant,  to  report  the  fact  in  writing  within 
six  hours  to  the  health  oflBcer,  or  some  legally  quali- 
fied practitioner  of  medicine  of  the  city,  town,  or 
cUstrict  in  which  the  parents  of  the  infant  reside. 

"Sect.  2.  Any  failure  to  comply  with  the  provisions 
of  this  act  shall  be  punishable  by  a  tine  not  to  exceed 
one  hundred  dollars,  or  imprisonment  not  to  exceed 
six  months,  or  both. 

"Sect.  3.  This  act  shall  take  effect  on  the  first 
of  September,  1890." 

James  Lancelot  Minor. 

Blisters. — See  Counterirritation. 

Block  Island.— This  island  (lat.  41°  13'  X.,  long. 
71~  35'  W.),  situated  about  midway  between  Pt. 
Judith  on  the  Rhode  Island  coast  and  Montauk 
Point,  hes  about  fifteen  miles  off  the  coast,  and  is  far 
enough  out  to  sea  to  afford  a  purelj'  marine  chmate. 
In  tms  respect  it  is  comparable  with  Xantucket,  the 
Isles  of  Shoals  off  the  X"ew  Hampshire  coast,  and 
Monhegan  off  the  Maine  coast. 

The  island  is  a  small  one,  seven  or  eight  miles  long 
from  X'orth  to  South,  and  from  two  to  five  miles  wide. 
The  greater  part  of  the  island  is  considerably  elevated 
above  the  sea-level,  and  consists  of  an  undulating, 
uneven  surface  with  hills  and  valleys.  The  rocky 
bluffs  Ij'ing  upon  the  Southern  and  Southeastern 
shores  are  said  to  rise  some  200  feet  above  the  water, 
rendering  this  part  of  the  coast  exceedingly  pictu- 
resque and  bold  in  appearance. 

On  the  Eastern  shore  where  the  principal  hotels  are 
located  there  is  a  good  beach  for  batliing.  There 
are  also  excellent  facUities   for  boating  and  fishing. 

From  its  situation  out  at  sea,  with  the  wind  coming 
from  the  ocean,  from  whatever  direction  it  blows, 
one  experiences  the  same  conditions  of  chmate  as  at 
sea  on  shipboard  without  the  discomfort  of  sea-hfe 
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and  the  possibUity  of  sea-sickness.  Situated  at  this 
particular  locahty  in  the  Atlantic  Ocean,  the  air  is 
cool,  pure,  invigorating  and  at  the  same  time  soothing. 
The  humidity,  of  course,  is  high,  as  with  all  sea 
cUmates. 

Such  cUmatic  characteristics  are  favorable  for 
cases  of  neurasthenia  and  those  suffering  from  tem- 
porarj'  depressed  vitaUty  from  whatever  cause. 
Cachectic  conditions  and  children  with  bone  and 
glandular  tuberculosis  should  do  well  here;  also  cases 
of  malarial  poisoning.  Insomnia  may  or  may  not 
be  benefited  by  sea-air;  a  trial  only  can  determine. 

There  are  many  hotels  on  the  island  of  various 
degrees  of  excellence,  and  cottages  said  to  be  espe- 
cially adapted  for  invalids  and  convalescents. 

The  island  is  reached  from  Xew  York,  Providence, 
Xewport,  and  X'ew  London. 

There  is  a  station  of  the  L'.  S.  Weather  Bureau 
here,  and  the  following  climatic  data  are  from  the 
official  observations. 

Meteorological   D.ata     of     Block     Island  for    the     Four 

Months,    Jcxe,   Jclt,    .\ugcst.    September,  from  1S90 

TO    1S97,   IxcLusi\-E.     (Fahrexheit  Scalj:.) 


Mean  aver- 

Year. 

age  tempera- 
ture for  the 
4  months. 

mum  tem- 
perature. 

mum  tem- 
perature. 

Relative 
humidity. 

degrees 

degrees 

degrees 

per  cent. 

1890..    . 

65.2 

73.0 

60.0 

87.3 

1S91.... 

65.2 

81.0 

52.7 

89.0 

1S92..  .  . 

65.7 

81.0 

53.0 

86.4 

1893.. . . 

64.4 

79.7 

51.5 

85.0 

1894.. . . 

65.9 

80.5 

52.5 

85.5 

1895.. . . 

65.8 

81.5 

50.0 

86.6 

1896  . .  - 

65.5 

SO.O 

52.5 

86.5 

1897.... 

65.4 

79.9 

51.7 

85.7 

The  mean  average  temperature  of  the  summer 
proper  is  67°  F.;  of  autumn,  53°  F.;  winter,  32°  F.; 
spring,  43°  F.;  and  the  annual  mean  is  56°  F.  The 
mean  annual  rainfall  is  53  inches.  Sunshine  for 
summer,  63  per  cent.;  autumn,  43  per  cent.;  winter, 
51  per  cent.;  and  spring.  48  per  cent.;  annual  mean, 
53  per  cent.     {Medical  Record.   1897.) 

In  a  private  letter  received  from  a  gentleman  who 
has  passed  manj'  summers  on  the  island,  the  follow- 
ing is  extracted:  "There  is  more  or  less  fog  on 
the  island,  but  generally  not  enough  to  be  uncom- 
fortable: the  bathing  is  good  and  perfectly  safe. 
There  is  almost  always  a  breeze,  and,  of  course,  no 
land  breeze,  so  that  the  weather  is  cool  and  com- 
fortable and  no  one  need  fear  anj^  discomfort  from 
the  heat;  there  is  practically  absolute  freedom  from 
mosquitos."  Edward  O.  Otis. 


Blood. — -Although  frequently  referred  to  as  the 
nutritive  fluid  of  the  bodj-,  from  the  standpoint  of 
modern  histology  and  physiology,  blood  is  more 
properly  considered  as  a  tissue,  the  intercellular  sub- 
stance of  which  is  fluid.  Compared  with  other  body 
tissues,  it  is  more  unstable,  both  its  physical  and 
chemical  properties  being  affected  by  a  greater 
number  of  influences.  It  contains  a  greater  variety 
of  morphologically  and  functionaUy  dissimilar  con- 
stituents than  do  other  tissues,  and  because  of  the 
fluid  nature  of  its  intercellular  substance,  the  definite 
and  fixed  relationship  between  cells  and  matrix  is 
not  present  as  in  other  tissues.  It  is  kept  in  constant 
motion  by  the  muscular  action  of  the  heart,  and  is 
present  in  all  bodj-  structures,  but  does  not  normally 
receive  formed  elements  from  them.  It  does,  on  the 
other  hand,  by  means  of  diapedesis,  give  up  its  cells 
to  other  tissues. 
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Properties. —  Blood  is  composed  of  tlio  plasnid,  or 
liquor  sanguinis,  the  fluid  portion,  and  innunierablo 
microscopic  bodies,  the  corpuscles,  lield  in  suspension. 
The  latter  consist  of  two  distinct  varieties — the 
eriithrocytcs,  or  red  corpuscles,  and  the  tciicncytes,  or 
wiiite  corpuscles.  Besides  tliese,  and  classified  with 
them  as  corpuscular  elements,  are  the  tlirombocytcs, 
sometimes  called  platelets  or  plaques,  and  hcmoconia, 
or  blood-dust.  At  present  we  are  probably  not 
justified  in  calling  these  true  cell  elements,  but  should 
adhere  to  the  belief  that  they  are  simply  transforma- 
tion products  of  better  known  cells. 

Color. — In  thin  films,  blood  appears  by  transmitted 
light,  as  do  the  individual  red  corpuscles,  to  be  of  a 
gn'enish-j^'llow  or  straw  color.  To  the  naked  eyc\ 
even  in  thin  layers,  it  is  opaque.  The  red  color  which 
one  mentally  a.ssociates  with  blood,  is  not  due  to  tlie 
plasma,  but  is  an  optical  effect  produced  by  the 
superimposed  layers  of  hemoglobin-filled  red  cor- 
puscles. It  is  only  in  mass  that  blood  is  red.  Vari- 
ations in  color,  then,  are  dependent  upon  the  mass  of 
blood  under  observation,  upon  the  red  cell  content, 
upon  the  hemoglobin  index,  and  upon  the  relative 
amounts  of  ox_ygen  and  carbon  dioxide  contained. 
Of  these  factors,  the  last  is  probably  of  the  most 
importance.  The  blood  of  the  pulmonary  vein,  in 
that  it  contains  relativelj'  less  carbon  dio.xide  and 
more  oxygen  than  elsewhere,  is  of  a  briglit  red  color, 
while  that  of  the  pulmonary  arterj',  which  is  rich  in 
carbon  dioxide,  and  poor  in  ox\'gen  is  dichroic,  that 
is,  bluish-purple  by  reflected,  and  greenish  by  trans- 
mitted light.  The  administration  of  various  drugs 
and  toxic  ga.ses  provokes  marked  color  changes, 
either  by  altering  one  or  more  of  the  above  mentioned 
factors,  or  by  the  formation  of  distinctly  new  chemical 
substances  within  the  blood. 

Specific  Graviti/. — The  average  specific  gravity  of 
the  blood  at  birth  is  about  1.006.  A  gradual  decline 
then  ensues,  until  at  the  third  year  it  is  about  1.051. 
This  fall  is  followed  by  a  slow  rise  until  pubert}% 
when  it  is  about  1.0.59  in  the  male  (.seventeenth  year) 
and  about  1.056  in  the  female  (fourteenth  year). 
It  remains  clo.se  to  these  figures  throughout  middle 
life  in  males,  but  falls  slightly  in  females.  Specific 
gravity  is  chiefly  dependent  upon  the  hemoglobin, 
red  cell,  and  fluid  content  of  tlie  blood,  which  accounts 
for  the  differences  in  age  and  sex.  The  specific 
gravity  of  the  plasma  is  usually  between  1.026  antl 
1.0.i2,  that  of  the  red  corpuscles,  l.OSS  to  1.105, 
while  that  of  the  leucocytes  is  somewhat  lower,  as  is 
shown  by  the  fact  that  when  blood  clots  slowly,  as  it 
docs  normally  in  some  animals,  the  leucocytes  form 
the  upper,  and  the  erythrocytes  the  lower  part  of 
the  clot. 

Among  other  causes  of  variations  may  be  men- 
tioned— thirst,  starvation,  sleep,  exercise,  profu.se 
sweating,  vasomotor  contraction  of  vessels,  acute 
loss  of  water  through  the  intestines  and  kidneys,  all 
of  which  rai.se  the  specific  gravity,  and  drinking  of 
large  amounts  of  water,  loss  of  blood,  anemia,  chloro- 
sis, and  nephritis,  which  lower  it.  The  reasons  for 
these  changes  are  obvious. 

Hammerschlag's  method  of  determining  the  specific 
gravity  of  blood,  while  not  as  accurate  as  some  means 
which  have  been  devised,  has  the  advantage  of  re- 
quiring only  a  few  drops  of  the  blood  to  be  tested. 
It  consists  of  |)laring  small  drops  of  the  blood  in  a 
mixture  of  chloroform  (sp.  gr.  1.526)  and  benzol  (sp. 
gr.  0.889),  which  is  mixed  in  varying  proportions  to 
form  a  series  in  which  the  specific  gravities  are  known. 
The  specific  gravity  of  the  mixture  in  which  the  drop 
hangs  suspended,  is  the  specific  gravity  of  the  blood. 

The  specific  gravity  of  blood  is  in  itself  not  im- 
portant, except  that  it  gives  us  an  indication  of 
the  hemoglobin.  As  this  is  more  accurately  deter- 
mined by  the  hemoglobinometer,  the  determination  of 
specific  gravity  is  usually  omitted  from  routine  blood 
examinations. 
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The  following  table,  compiled  by  Hanimerschlag, 
shows  the  approximate  relation  between  specific 
gravity  and  hemoglobin  content: 

Specific  gravity.        Hemoglobin  content, 


1.033  to 
1.035  to 
1.038  to 
1.040  to 
1.045  to 
1.04S  to 
1.050  to 
1.053  to 
1.055  to 
1.057  to 


1.035 
1 .038 
1040 
1.045 
1.048 
1.050 
1.053 
1.055 
1 .057 
1.060 


per  cent. 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  55 
55  to  65 
65  to  70 
70  to  75 
75  to  80 
80  to  95 


Reaction. — The  chemical  reaction  of  blood  is  always 
alkaline,  because  of  the  presence  of  disodium  phos- 
phate and  sodium  carbonate.  A  portion  of  these  sub- 
stances is  combined  with  the  proteins  of  the  plasma, 
and  the  remainder  is  present  chiefiy  in  the  red  cor- 
puscles, in  the  form  of  diffusible  salts.  In  testing 
the  reaction  of  the  blood,  litmoid,  and  not  ordinary 
litmus  paper,  .should  be  used.  The  degree  of  alka- 
linity is  expressed  in  terms  of  the  number  of  milli- 
grams of  sodium  hydrate  to  be  neutralized  in  100  c.c. 
of  the  blood,  and  varies  between  ISO  and  216.     A 

-z  solution  of  tartaric  acid  is  usually  employed   for 

purposes  of  estimation,  1,000  c.c.  of  the  solution  being 
required  to  neutralize  5.30  milligrams  of  sodium  hy- 
drate. The  alkalinity  of  whole  blood  is  greater  than 
that  of  the  serum,  and  is  increased  by  an  increase  in 
the  number  of  red  corpuscles. 

The  alkalinity  is  decreased  by  active  muscular 
exercise,  because  of  the  development  of  lactic  acid  in 
the  muscular  tissue;  by  the  prolonged  use  of  soda;  by 
saturation  with  carbon  dioxide;  in  fevers  and  other 
infections,  anemias,  diabetes,  uremia,  scurvy,  and 
cancer.  It  is  less  during  digestion  than  when  fasting; 
less  in  women  and  children  than  in  men;  in  nursing 
women  it  is  less  than  in  pregnant  women;  and  it  is 
decreased  by  coagulation,  old  clots  being  frequently 
slightly  acid.  An  increased  alkalinity  is  said  to 
increase  the  immunity  of  the  tissues  against  bacterial 
invasion. 

Viscositii. — During  the  past  few  years,  considerable 
attention  has  been  paid  to  this  property  of  the  blood, 
for  it  seems  that  the  degree  of  viscosity  must  have 
some  effect  upon  the  circulation  as  a  whole.  It  is 
dependent  upon  tlie  number  of  red  corpuscles  present 
for  the  most  part,  and  to  a  le.sser  degree  upon  volume 
changes  in  the  corpuscles,  and  the  carbon  dioxide 
content.  It  is  greatest  in  polycythemia,  and  least 
in  the  severer  forms  of  anemia.  The  lessened  ten- 
dency of  the  red  cells  to  form  rouleaux  in  the  anemias 
is  an  evidence  of  decreased  viscosity. 

The  viscosity  of  the  blood  of  a  healthy  individual 
has  been  estimated  as  being  about  five  times  that  of 
distilled  water  at  37°  C. 

Quiintity. — The  quantity  of  blood  varies  somewhat 
in  different  animals  and  in  different  conditions  of 
the  body.  In  general,  however,  it  has  been  estimated 
at  about  one-thirteenth  to  one-twelfth  of  the  body 
weight  in  mice,  one-twenty-second  to  one-seventeenth 
in  guinea-pigs,  one-twenty-second  to  one-fifteenth 
in  rabbits,  one-eighteenth  to  one-eleventh  in  dogs, 
one-thirteenth  to  one-tenth  in  birds,  one-twentieth 
to  one-fifteenth  in  frogs,  one-ninteenth  to  one-four- 
teenth in  fish,  in  adult  humans  one-fourteenth  to 
one-thirteenth,  and  in  infants,  about  one-nineteenth. 
Thus,  an  individual  weighing  150  pounds  would  have 
4.85  to  4.93  kilograms  or  4.58  to  4.65  liters  of  blood. 
An  average  infant  at  birth  (seven  and  one-half 
pounds)  would  contain  about  179  grams,  or  in  the 
neighborhood  of  107  c.c.  Fat  individuals  have 
relatively  less  blood  than  lean  ones.  In  starving 
persons,  it  may  be  proportionately  greater  than  in  the 
well-fed,  for  the  reason  that  in  inanition  the  weiglit 
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of  the  body  decreases  more  quickly  than  the  weight 
of  the  blood. 

Numerous  methods  for  the  determination  of  the 
total  quantity  of  blood  in  the  body  have  been  de- 
scribed, but  the  one  which  has  given  the  most  constant 
results,  and  at  the  same  time  is  relatively  convenient, 
is  that  of  Haldane  and  Lorrain  Smith.  A  definite 
quantity  of  carbon  monoxide  gas  is  inhaled  by  the 
patient,  and  the  percentage  of  saturation  is  estimated 
by  comparing  the  color  of  the  blood  with  that  of  a 
sample  of  ox  blood  of  known  saturation.  From  this 
it  can  easily  be  determined  how  much  gas  would  be 
required  to  completely  saturate  it.  As  the  blood  is 
known  to  be  able  to  absorb  1S.5  per  cent,  of  its 
volume  in  gas,  the  total  volume  of  the  blood  may  thus 
be  readily  estimated. 

Distribution. — According  to  Ranke,  the  liver  and 
skeletal  muscles  each  contain  a  trifle  more  than  a 
fourth,  the  lungs,  heart,  and  great  vessels  together,  a 
little  less  than  a  fourth,  and  the  rest  of  the  body  about 
a  fifth  of  the  total  blood  of  the  body.  The  kidney 
and  spleen  each  contain  about  one-eighth  of  their 
weight  of  blood,  the  muscles  about  one-twentieth, 
and  the  liver  between  one-third  and  one-fourth  of  its 
weight. 

It  should  be  remembered,  however,  that  the  amount 
of  blood  contained  in  a  given  part  is  continually 
changing,  according  to  its  activity.  During  muscular 
exercise,  for  example,  the  intricate  vasomotor  mechan- 
ism brings  about  a  widening  of  the  small  arteries  in 
the  muscles,  and  a  corresponding  narrowing  of  vessels 
in  other  parts  of  the  body,  that  the  muscles  may  have 
an  increased  blood  supply  without  interfering  with 
the  actual  blood  pressure.  The  veins  of  the  omentum 
seem  to  play  a  verj^  important  part  in  this  reciprocal 
action,  being  markedly  constricted  during  processes 
which  call  for  a  large  supply  of  blood  in  other  por- 
tions of  the  body. 

Taste. — The  blood  possesses  a  saline  taste,  derived 
from  the  salts  dissolved  in  the  plasma.  Of  these, 
sodium  chloride  is  the  most  abundant. 

Odor. — Blood  has  a  peculiar  odor,  which  differs  in 
the  various  animal  species.  The  difference  is  said  to 
be  due  to  varj-ing  quantities  of  excretory  products 
and  to  the  different  amounts  of  the  volatile  fatty 
acids  which  are  combined  with  the  alkali  of  the  blood 
in  the  various  animals.  Bj'  adding  sulphuric  acid 
to  a  sample  of  fresh  blood,  these  acids  are  set  free 
from  their  combinations,  and  the  characteristic  odor 
becomes  more  distinct. 

Freezing-point.— Blood  freezes  at  about  —0.56°  C. 
The  freezing-point  increases  as  the  oxygen  content 
diminishes,  and  is  dependent  somewhat  upon  the 
concentration  of  the  salts.  In  other  words,  the  greater 
the  concentration  of  the  salts  of  blood,  the  lower  the 
freezing-point. 

Temperature. — The  temperature  of  the  blood  of 
the  higher  animals  is  practically  constant,  varying 
in  man  from  36.6°  to  37.8°  C.  (97.9°  to  100°  F.).  In 
the  dog  it  is  somewhat  higher,  averaging  37.9°  to 
39°,  in  the  mouse,  37°  to  38°,  and  in  fowl  40.9°  to 
44.1°.  In  the  lower  forms,  such  as  the  frog,  it  follows 
closely  the  temperature  of  its  environment,  but  never 
getting  far  above  it.  Thus  the  temperature  of  the 
blood  of  the  frog  may  be  5°  C.  in  January  and  30°  to 
40°  in  July. 

The  factors  determining  the  slight  variations  in 
blood  temperature  in  the  higher  animals  are  numerous, 
but  they  all  fall  naturally  under  one  of  two  headings 
— those  that  influence  the  rate  of  heat  production, 
and  those  influencing  the  rate  of  heat  loss.  Blood 
temperature  varies  in  different  parts  of  the  body,  and 
in  tne  arteries  and  veins.  The  general  rule,  not 
without  exceptions,  however,  is  that  of  the  super- 
ficial vessels,  the  veins  carry  the  coolest  blood,  wliile 
the  internal  veins  carry  wanner  blood  than  the 
corresponding  arteries.  The  warmest  blood  in  the 
body  is  found  in  the  portal  and  hepatic  veins,  where 


the  temperature  changes  in  direct  proportion  to  the 
activity  of  the  digestive  organs. 

Morphology. — The  erythrocytes,  or  red  blood  cor- 
puscles vary  in  manj-  respects  in  different  animal 
groups.  In  amphibians,  reptiles,  birds,  and  fish,  with 
the  exception  of  Cyclostomata,  they  are  biconvex 
ellipsoids  containing  nuclei.  The  erythrocytes  of  man 
and  all  mammalia  aside  from  the  Camelids  group,  are 
thin,  flattened,  biconcave,  circular  discs,  or,  according 
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Fig.  680. — .\,  Effect  of  Hj-pertonic  Salt  Solution  on  Red  Blood 
Corpuscles  of  Man;  B,  Effect  of  Acetic  Acid;  C,  Effect  of  Tanniji; 
D,  Effect  of  Boric  Acid. 

to  some  observers,  bell-shaped  or  spherical,  but  with- 
out nuclei.  In  the  Camelidie,  although  non-nucleated, 
they  are  ellipsoidal  in  shape. 

The  fact  that  the  red  corpuscles  of  the  fetus  in 
mammals  normally  contain  nuclei  and  that  these 
nuclei  disappear  at  about  the  time  of  birth,  has  given 
rise  to  much  discussion  among  histologists  as  to 
whether  or  not  the  adult  red  corpuscles  should  be 
termed  true  cells.  It  has  been  repeatedly  suggested 
that  the  nucleus  persists  in  a  finely  divided  state,  and 


Fig.  681. — Xormal  Blood:  Showing  Rouleaux  Formation  and 
Fibrin  Network.  (Da  Costa's  Clinical  Hematologj',  P.  Blakiston*a 
Son  &  Co.,  1905.) 

this  view  is  substantiated  by  the  fact  that  nuclcin 
can  be  demonstrated  in  considerable  quantities  in 
combination  with  the  hemoglobin.  If  they  are  true 
cells,  they  must  be  regarded  as  a  very  highly  special- 
ized varietj',  in  that  they  have  lost  one  of  the  most 
basal  functions  of  protoplasm,  namely,  that  of 
reproduction. 

As  regards  the  structure  of  the  erythrocytes,  the 
most  probable  view  is  that  they  are  composed  of  a 
spongy  and  elastic  structureless  framework,  or  stroma, 
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containing  from  tliiity-two  to  forty  per  cent,  of 
hemoglobin,  or  coloring  matter.  The  .stroma  appears 
to  Ix!  protein  in  natnre,  and  is  continuou.s  throughout 
the  mass  of  the  cell.  It  is,  however,  (len.sor  at  the 
surface  than  at  the  center,  constituting  a  physio- 
logical envelope  which  allows  the  passage  of  certain 
substances  into  or  out  of  the  corpuscle,  and  hinders 
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FlQ.  68:;.— Cells  from  Human  Blood.  X  600.  (After  F.  R. 
Bailey.)  1,  Red  blood  cell  seen  on  fiat;  2,  red  blood  cell  seen  on 
eiige;  3.  red  blood  cells  forming  rouleaux;  4,  4,  small  and  large 
lymphocytes;  5,  mononuclear  leucocytes;  6,  transitional  leucocyte; 
7,  polymorphonuclear  leucocyte;  8,  polynuclear  leucocyte,  contain- 
ing eotinophilic  q:rauulatiou ;  9,  mononuclear  leucocyte  containing 
basophile  granules. 

the  passage  of  others.  The  character  of  the  stroma 
is  doubtless  the  basis  of  the  extreme  flexibility  of  the 
red  corpuscles,  which  allows  them  to  accommodate 
themselves  to  the  .smallest  capillaries.  Combined 
with  changes  due  to  osmotic  pressure  this  flexibility 
often  produces  such  marked  changes  in  their  sliapc 
that  but  few  of  the  typical  biconcave  discs  can  be 
demonstrated  in  a  stained  specimen  of 
blood.  In  such  instances  we  cannot 
help  but  agree  with  those  observers 
who  say  that  the  red  corpuscles  of 
mammals  do,  occasionally  at  least, 
present  the  bell-shaped  or  spherical 
forms. 

In  the  biconcavity  of  mammalian  red 
corpuscles  we  see  a  repetition  of  the 
economic  principle  so  universal  in  higher 
animal  bodies,  namely,  the  exposure  of 
a  maximal  surface  for  diffusion  and 
absorption,  with  the  minimum  use  of 
material,  the  material  in  this  case  being 
the  hemoglobin.  It  has  been  estimatccl 
that  the  sum  of  the  surfaces  of  all  of  the 
red  corpuscles  in  the  body  of  a  man 
weighing  150  pounds  is  in  the  neighbor- 
hood of  2,900  square  meters,  or  about 
0.716  acre,  while  the  hemoglobin 
content  of  his  blood  is  only  about  OSO 
grams. 

The  red  corpuscles  constitute  between 
thirty-eight  and  forty-two  per  cent,  of 
the  total  weight  of  the  blood  in  human 
beings.  At  birth  their  number  in  one 
cubic  millimeter  of  blood  ranges  be- 
tween seven  and  eight  million.  During 
the  first  seven  or  eight  da5's  a  rapid 
decline  takes  place,  the  number  at  the 


man  of  150  pounds  would  have  in  his  4.6  liters  of 
blood  about  23,0(10,000,000,000  red  corpuscles.  The 
above  figures  are  the  average  at  the  sea  level,  but  it  is 
not  unusual  to  find  the  number  as  much  as  twenty  per 
cent,  higher  in  healthy  individuals. 

Removal  of  a  mannnal  to  a  high  altitude  is  always 
followed  in  a  short  time  by  an  increase  in  the  count 
of  the  red  corpuscles,  but  whether  this  increase  is 
real  or  only  proportional,  that  is,  whether  there  is  an 
actual  increased  proliferation  of  erythrocytes  or 
whether  they  become  more  concentrated  owing  to 
removal  of  water  from  the  plasma,  is  a  disputed  point. 
In  either  ca.se,  the  phenomenon  is  doubtless  a  provi- 
sion of  nature  to  compensate  for  the  rarity  of  the  oxy- 
gen, and  we  must  suppose  that  this  same  rarity  of 
o.xygen  operates  as  the  necessary  stimulus  to  set  the 
compensatory  process  in  motion. 

Outside  of  the  pathological  conditions  such  as 
severe  hemorrhage,  various  types  of  anentia,  surgical 
shock,  malaria,  etc.,  in  which  the  diminution  in 
number  may  be  extreme,  differences  have  also  been 
observed  in  human  beings  under  such  conditions  as 
the  following:  The  count  varies  in  individuals  with 
the  constitution,  nutrition,  and  manner  of  life;  it 
varies  with  the  time  of  day,  showing  a  distinct 
diminution  after  meals;  in  the  female  it  is  decrea.sed 
during  menstruation,  lactation  and  childbirth; 
drinking  large  quantities  of  water  lowers  it  tem- 
poraril}';  it  is  lower  in  the  aged  tlian  in  those  in 
middle  life;  fatigue  may  decrease  it  from  500,000  to 
1,000,000  per  cubic  millimeter.  On  the  otlicr  hand, 
the  count  is  increa.sed  by  thirst,  profuse  sweating, 
diarrhea,  over-activity  of  the  kidneys,  starvation, 
and  sleep. 

The  diameter  of  the  erythrocytes  in  man  is  subject 
to  wide  variations,  but  in  normal  blood  the  size  is 
very  uniform,  eighty  per  cent,  of  them  measuring 
7.5  to  8.5  microns.      \\  hen  extremely  large  they  are 
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Tir.,  68;'). — Red  Blood  Corpuscles  of  Different  Vertebrate  Animals.  OVelker'a 
models;  from  Boehm  and  von  Davidoff.)  X  1,000  diameters,  a,  From  Proteus 
(salamander);  b,  from  the  frog;  r,  from  a  lizard;  d,  from  a  sparrow;  e,  from  a  camel; 

end  of  this  time  being  between  five  and    /and  g,  from  the  human  being;  h,  from  niyoxus  glis  (dormouse);  i,  from  a  goat;  k, 

six  million.     From  that   time  until  the    from  the  musk-deer. 

fourteenth  year,  the  count  is  about  the 


same  in  both  sexes  and  bears  a  close  relation  to 
changes  in  the  specific  gravity.  From  the  beginning 
of  the  female  child's  menstrual  life,  however,  the  red 
corpuscles  number  about  ten  per  cent,  less  than  in 
males,  so  that  throughout  middle  life  the  red  count  is 
about  4,500,000  per  cubic  millimeter  in  females,  and 
about  5,000,000  in  males.     On  this  basis,  the  average 


termed  megalocytes,  when  small,  microcytes.  Their 
thickness  at  the  outer  denser  portion  is  about  one- 
fourth  of  the  diameter,  that  is,  1.9  to  2  microns  in  a 
corpuscle  8  microns  in  diameter.  The  following  is  a 
list  of  the  average  diameters,  and  the  number  per 
cubic  millimeter  of  the  erythrocytes  of  various 
animals: 
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Source  of  blood. 

Diameter.  Micra.       1    No.  per  c.  mm. 

ten  or  twelve  microns,  that  is,  about  half  again  as 
large  as  the  erythrocytes. 

The  number  of  the  leucoc>'tes,  like  most  facts  con- 

Man                    7.5-8.5 

Monkey 7.0 

Hare 7.16 

Guinea-pig .  -                     7 .  48 

Dog 7.2 

Cat 6.2 

Horse 5.58 

Spanish  Goat      .                                  4.25 
Musk  Deer                       .                     2.5 

5,000,000 
6,355,000 
6,410,000 
5,859,500 
6,650,000 
9,900,000 
7,403,.500 
19,000,000 

cerning  them,  varies  widely  under  different  conditions 
and  at  various  times.  In  general  it  may  be  said  to 
average  about  8,000  per  cubic  millimeter"  slightly  less 
in  females  and  more  in  males,  or  comparatively,  1 
to  575-625  of  the  red  cells.  A  slight  variation  from 
this  proportion  in  either  direction  has  no  special 
clinical  significance.  Wien,  however,  the  blood  of 
an  individual  is  found  to  contain  less  than  6,000 
leucocj-tes  per  cubic  millimeter,  tlie  condition  is  said 
to  be  that  of  leucopenia,  and  when  more  than  10,000, 

Length. 

Breadth. 

leucocytosis.  Neither  of  these  terms  is  to  be  con- 
sidered as  the  name  of  a  distinct  disease,  but  each 
should  be  regarded  as  a  symptom  of  some  ph3'sio- 
logical  or  pathological  bodily  process. 

A  phj'siological  leucocytosis  is  met  with  during 
digestion.  It  reaches  its  greatest  height  from  two 
to  three  hours  after  a  meal,  and  at  that  time  a  count 

Chaffinch 

11.9 

12.1 

14.7 

12.9 

21 .2 

15!75 

22.0 

22.3 

21.8 

29.3 

37.8 

13.4 

17.7 

O.S 

7.2 

6.5 

8.0 

12.45 

9.1 

13.0 

15.7 

15.9 

19.5 

23.8 

10.4 

10.1 

Chicken 

Dove 

Duck 

2,010,000 

Tortoise 

Lizard 

Snake 

Frog 

Toad 

Triton 

Salamander 

629,000 
1,292,000 
829,400 
393.200 
389,000 
103,000 
80,000 

of  the  white  cells  may  show  an  increase  of  twenty-five 
to  thirty  per  cent.  Although  the  increase  usually 
affects  all  of  the  white  cells  in  about  the  same  pro- 
portion in  adults,  it  is  not  infrequent  to  find  the 
percentage  of  polymorphonuclears  somewhat  raised. 
In  young  children  the  increase  is  more  especially 
one  in  the  number  of  Ivmphocvtes. 

Carp 

In  the  latter  part  of  pregnancy  and  during  the  puer- 
perium,    a   slight    leucocytosis    is   found,    the    poly- 

Leucocytes. — Physiologically  the  importance 
of  the  white  blood-corpuscles  is  so  manj'  sided 
that  they  form  the  most  interesting  chapter 
in  the  studj^  of  blood.  In  mammalian  blood, 
they  are  the  only  true  cellular  type  among  the 
blood  elements,  possessing  a  nucleus  and  all 
the  other  tj-pical  structures  of  a  true  cell. 
They  are  capable,  in  a  restricted  degree,  of  the 
same  movements  which  are  described  as  char- 
acteristic of  the  ameba.  Instead  of  being 
flattened  and  of  a  pale  straw  color,  as  are  the 
erythrocytes,  the.se  cells  are  more  or  less 
globular  in  shape,  and  perfectly  colorless, 
even  in  layers.     In  further  contradistinction 


/  ' 

Fig.  6S4. — Leucocytes  from  Normal  Human  Blood.  X  1,200 
diameters.  (From  Boehm  and  vou  Davidoff,  after  H.  F.  Mulier.) 
a,  Red  blood  disc;  6,  small  mononuclear  leucocyte;  c,  large  mono- 
nuclear leucocyte:  g,  leucocyte  with  a  nucleus  of  very  irregular 
5hax>e;  d,  e,  f,  leucocytes  representing  transitional  forms  between 
c  and  g. 

to  the  red  corpuscles,  their  small  number  is  fully  com- 
pensated by  their  exceptional  power  of  regeneration. 
In  size  the  leucocytes  range  between  three  or  four 
to  fourteen  microns  in  diameter.     A  fair  average  is 
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Fig.  6So. — Ehrlich's  Granules  in  Leucocytes.  X  1.200.  a,  acidophile 
granules,  relatively  large  and  regularly  arranged:  e,  neutrophile  granules; 
i?,  amphophile  granules,  not  numerous  and  irregtilarly  arranged:  r,  maat- 
zellen  with  granulations  of  unequal  size;  S,  basophile  granulations,  a,  5,  and 
c,  from  normal  biood:  r,  from  leukemic  blood  of  man:  ^,  from  the  blood  of 
the  guinea-pig.     {From  Boehm  and  von  Davidoff,  after  H.  F.  Mulier  ) 


morphonuclears  showing  the  greatest  increase.  By 
tlie  fourth  or  fifth  day,  however,  the  count  usually  re- 
turns to  normal  and  does  not  appear  to  be  influenced 
by  lactation. 

The  blood  of  the  new-born  may  show  from  15,000 
to  20,000  leucocytes  per  cubic  millimeter  for  the 
first  two  daj-s  of  extrauterine  life.  A  gradual  decline 
then  takes  place,  until  at  the  end  of  the  .second  week 
the  number  is  about  5,000  per  cubic  millimeter  less, 
at  which  point  it  remains  for  the  remainder  of  the 
first  year.  It  then  decreases  very  slowly  until  the 
average  count  of  adult  life  is  reached.  During  the 
first  ten  days  the  polymorphonuclears  show  the 
greatest  deviation  from  the  usual  percentage,  but 
beyond  that  time  a  relatively  high  lymphocyte  count 
is  the  important  factor.  Leucocytosis  of  the  new- 
born appears  to  be  closely  associated  with  plasmatic 
changes  and  active  digestive  processes. 

The  condition  known  as  terminal  leucocytosis  is 
observed  just  before  death,  especially  where  it  takes 
place  slowly,  and  a  moribund  state  has  lasted  for 
some  time.  It  is  probably  due  to  peripheral  stasis 
or  to  a  terminal  infection. 

Among  other  physiological  factors  which  may 
increase  the  number  of  leucocytes  temporarily  are 
massage,  cold  bathing,  e.xercise,  and  electricity. 
They  are  more  numerous  in  the  veins  than  in  the  corre- 
sponding arteries,  and  are  found  in  greatest  number 
in  the  veins  and  capillaries  of  the  spleen,  liver,  and 
glandular  tissues,  and  least  in  the  corresponding 
vessels  of  tilt,  skin,  muscles,  and  general  cellular 
tissues. 

Although  much  importance  has  long  been  attached 
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to  tlio  white  corpuscle  count  as  an  early  means  of 
diagnosing  many  of  the  acute  fevers,  inlhxmniatory. 
mahgnant,  and  toxic  conditions,  during  tlie  past  few 
years  we  have  learned  tliat  it  is  also  the  best  giude 
to  the  resistance  of  an  individual  toward  infection. 
Briefly  —  given  a  mild  infection  and  good  resistance,  a 
low  white  count  is  the  result;  given  a  severe  infection 
with  good  resistance,  a  high  count  ensues;  given  a 
severe  infection,  with  poor  resistance,  we  find  a  low 
white  count. 

Leucopenia  may  result  from  starvation,  senility, 
the  use  of  certain  drugs,  and  typhoid  fever,  pernicious 
and  splenic  anenua. 

It  must  be  borne  in  mind  that  the  leucocytes  are 
not  all  the  same  histologically  and  functionally. 
With  the  idea  of  systematizing  the  study  of  tho.se 
found  in  normal  blood,  Ehrlich  has  divided  them 
into  two  main  groups,  each  of  which  is  again  sub- 
divided, and  this  cla.ssification  is  now  very  generally 
followed.      His  grouping  is  as  follows: 

A.  Lymphocytes. — Containing  no  granules  in  the 
cell  substance,  and  although  capable  of  ameboid 
changes  of  form,  this  ability  is  not  characteristic  and 
probal)ly  is  not  sufficient  to  cause  locomotion. 

(1)  Small  Lymphocytes. — About  the  size  of  the 
erythrocytes;  "the  nucleus  is  large,  concentrically 
placed,  stains  homogeneously,  and  the  cytoplasm  is 
reduced  to  a  very  small  amount.  They  form  twenty 
to  twenty-five  per  cent,  of  the  white  corpuscles. 

(2)  Large  Lymphocytes. — Two  or  three  times  as 
large  as  the  small.  The  nucleus  is  placed  eccentri- 
cally; the  cytoplasm  is  non-granular,  but  is  relatively 
more  abundant  than  in  the  preceding  variety. 
These  forms  constitute  one  per  cent,  or  less  of  the 
white  corpuscles. 

B.  Leucocytes. — Containing  granules  of  different 
sorts  in  the  cytoplasm,  and  with  ameboid  movement 
as  a  characteristic  feature. 

(1)  Transition  Forms  (Mononuclear  Leucocytes). — 
Large  nucleus,  more  or  less  indented,  and  abundant, 
faintly  granulated  cytoplasm.  The  granules  stain 
with  neutral  dyes.  Their  name  implies  that  the.se 
leucocytes  represent  an  intermediate  stage  between 
the  large  lymphocytes  and  the  polynuclear  leucocytes, 
but  of  late  this  view  has  been  disputed  by  many 
observers.  This  form  constitutes  from  two  to  ten 
per  cent,  of  the  total  white  cells. 

(2)  Polynuclear  or  Polymorphonuclear  Leucocytes 
(Neutrophiles). — The  nucleus  is  segmented  into  lobes 
connected  by  slender  filaments.  The  cytoplasm  is 
granular  and  especially  ameboid.  The  granules  are 
usually  small  in  size  and  are  neutrophilic.  Typical 
cells  of  this  variety  form  sixty  to  seventy-five  per  cent, 
of  the  total  number  of  white  corpuscles. 

(3)  Eosinophilic  Leucocytes  (Eosinophiles). — 
Similar  to  tlie  preceding  variety,  except  that  the 
cytoplasm  has  numerous  coarse  granules  which  stain 
with  acid  dyes  such  as  eosin.  Eosinophiles  make  up 
from  one-half  to  four  per  cent,  of  the  white  cells. 

(4)  Mast  Cells  (Hasophiles). — Less  than  one  per 
cent,  of  the  total  white  corpuscles  are  of  this  type. 
They  have  a  trilobed  or  polymorphous  nucleus, 
but  differ  from  the  neutrophiles  and  eosinophiles  in 
that  the  granules  in  the  cytoplasm,  which  are  very 
fine,  stain  only  with  the  basic  dyes  such  as  thionin. 

The  Blood  'Platelets. — The  platelets,  thrombocytes, 
or  plaques  as  they  are  often  called,  are  colorless, 
round,  jagged,  or  irregular  protoplasmic  structures, 
variable  in  size,  ranging  from  one-half  to  five  microns 
in  diameter.  In  ordinary  sections  they  are  readily 
reduced  to  granular  d^>bris,  but  when  well  preserved 
and  stained  with  Wright's  stain,  it  appears  that  they 
have  dark  granular  centers  and  clear  peripheral 
zones.  This  peculiarity  caused  them  to  be  inter- 
preted formerly  as  small  nucleated  cells.  J.  H. 
Wright,  however,  who  has  given  us  the  most  useful 
information  on  the  subject,  shows  conclusively  that 
although  they  are  formed  elements,  they  cannot  be 


considered  true  cells.  He  terms  the  outer  clear  zone 
ectoplasm  and  the  inner  granular  portion  endoplasm. 
He  also  credits  fliem  with  ameboid  movement. 

Specially  characteristic  of  thesis  bodies  is  their 
tendency  to  clump  together  in  refractile  clusters 
from  which  strands  of  filjrin  radiate.  This  circum- 
stance greatly  facilitates  their  distinction  from  other 
formed  elements,  but  renders  their  enumeration  very 
<liliicult.  P^stimates  as  to  the  number  of  platelets 
in  one  cubic  millimeter  of  blood  range  between 
180,000  and  778,000,  no  diluting  fluid  suitable  for 
an  accurate  enumeration  having  been  prorluced. 

Their  number  appears  to  vary  in  direct  proportion 
to  the  clotting  power  of  the  blood.  It  is  increased, 
therefore,  in  such 

conditions   as  v^ 

chlorosis,  second-  TWF" 

ary   anemia    fol-  J^^ 

lowing    hemor-  w   i    i 

rhage,     pneumo-      \VAj>»gg^  jj  \\ 

nia,    and   in  cer-    "^PfSfe  '^^  '  ' 

tain  of  the  wast-         ;^Hp^\ 
ing  diseases.     In 
purpura    hemor- 
rhagica    and     in  v'^  '  'v       J    ^   \ 
hemophilia,  their       N^^^f       v  \  i   ^ 
number     is    ex-           i^P**"    ^^  V-^ 
tremely  small.            ^vr~        / 

Hemocoiiia. —  \/^'\*^  p    x"P 

Closely  allied  to  '       yj,         '     \ 

the  platelets  is  a  '"^^  - 

fourth        formed 
constituent    des- 
ignated  by  H.  F.  Fig.  686.— Blood  Plates,  showing  Chro- 
Mulleras  "  hemo-      matic  Centers  regarded  by  some  as  Nuclei; 
conia,"       **  blood       and      E.xhibiting      Ameboid     Movement, 
atoms"  or  "blood       (Schafer,   after   Kopsch.) 
dust."     It  exists 

in  the  plasma  as  minute,  colorless,  highly  refractile, 
spheroidal  or  hour-glass-shaped  bodies,  which  resem- 
ble cocci  or  fat  droplets.  So  far,  however,  all 
attempts  to  cultivate  these  particles  on  artificial 
media,  thus  stamping  them  as  living  organisms,  have 
failed,  as  have  those  experiments  intended  to  show 
that  they  are  fatty  in  nature.  They  show  a  very 
active  Brownian  or  molecular  movement,  and  con- 
trary to  the  behavior  of  the  platelets,  retain  their 
shape  for  a  very  long  time  under  observation  without 
.special  precautions.  Miiller  found  them  much  dimin- 
ished in  hunger  and  cachexias,  and  increased  in  a 
case  of  morbus  Addisonii. 

Chemical  Composition. — The  analysis  of  blood  as 
given  by  Hammarsten,  is  given  be.ow,  1,000  parts 
being  taken.  The  individual  constituents  will  be 
considered  in  discassing  the  chemistry  of  the  various 
morphological  components. 

Ttrie  Erythrocytes. — Halliburton  gives  the  following 
composition  for  1,000  parts  of  red  corpuscles  as  they 
exist  in  the  blood: 

Water 688. 0  parts 

Solids!  "■■fi^'ni'': ™3.88  parts 

I  Inorganic...       .  .  8. 1 J  parts 

and  for  100  parts  of  dried  corpuscles: 

Protein 5.0  to  12  parts 

Hemoglobin 86. 0  to  94  parts 

Lecithin 1.8  parts 

Cholesterin 0. 1   part 

A  part  of  the  protein  appears  to  be  almost  identical 
with  the  nucleoprotein  of  white  corpuscles,  which  is 
thought  to  be  the  zj-mogen  of  the  fibrin  ferment. 
Another  portion  is  doubtless  a  globulin.  The  mineral 
matter  consists  chiefly  of  the  chlorides  of  potassium 
and  sodium,  and  the  phosphates  of  calcium  and  mag- 
nesium. In  man  and  the  higher  apes  the  potassium 
salts  are  more  abundant  than  those  of  sodium,  but 
in  some  other  animals,  the  reverse  is  true.     Choles- 
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terin  and  lecithin  belong  to  the  group  of  fats,  the  latter 
one  being  specially  designated  a  "phosphorized  fat." 
Hemoglobin,  the  most  important  constituent  of  tlie 
erythroc3'tes,  is  an  extremely  complex  and  varialile 
histone-like  globulin,  globin,  united  with  about  four 
per  cent,  of  an  iron-containing  pigment  of  constant 
composition,  known  as  hematin.  Although  its  com- 
position varies  to  a  certain  extent  in  the  different 
species,  it  is  very  widely  distributed  throughout  the 
animal  kingdom,  being  present  in  the  red  corpuscles 
of  mammals,  birds,  reptiles,  amphibia,  fishes,  and  even 
many  of  the  invertebrates.  It  is  supposed  to  be  al- 
most identical  with  the  pigment  portion  of  chloropliyl 
or  plant-green,  by  means  of  which  the  plants  carry  on 
their  respiratory  functions.  Hemoglobin  makes  up 
from  eighty-five  to  ninety-six  per  cent,  of  the  organic 
constituents  of  the  erythrocytes,  about  thirty-two  [XT 
cent,  of  their  weight,  as  they  exist  in  the  blood,  and 
about  fourteen  per  cent,  of  the  blood's  entire  weight. 
Its  molecule  is  of  great  size,  the  empirical  formula,  in 
the  dog,  being  given  as  C;„H,.,^3X,5  .SaFeO^is,  making 
a  molecular  weight  of  16,566.96,  and  in  the  ox  C^j,- 
HiiosNoioSJTeOjo,,  with  a  molecular  weight  of 
16,531.67.  Bunge  asserts  that  so  large  a  molecule, 
with  its  consequent  relatively  great  momentum,  is 
better  able  to  transport  the  heavy  iron  atoms  than 
would  a  small  molecule.  Moreover,  it  may  be  this 
large  size  of  the  molecule  which  renders  hemoglobin 
so  indiflFusible,  and  which  prevents  its  exosmosis  from 
the  capillaries. 


Fig.  687. — Hemoglobin  Crystals,  a,  Blood  corpuscles  from  the 
general  venous  blood  of  man;  b,  crystals  from  the  splenic  vein  of 
man;  c,  crj'stals  from  the  heart  blood  of  a  cat;  d,  from  the  cerWcal 
veins  of  the  guinea-pig:  e,  from  the  blood  of  a  marmot;/,  from  the 
jugular  vein  of  a  squirrel,  (.\fter  Frey,  Histochemie  des  Menschen, 
1S74.) 

The  total  amount  of  the  hemoglobin  has  been  sug- 
gested in  connection  with  the  structure  of  the  erytliro- 
cytes.  Its  relative  amount  may  be  estimated  clinic- 
ally by  means  of  instruments  called  hemoglobino- 
meters  or  hemometers.  nearly  aU  of  which  require  but 
a  drop  or  two  of  blood.  The  method  is  usually  that 
of  color  comparison  with  pieces  of  colored  glass  or 
paper  whose  color  values  have  previously  been  deter- 
mined in  terms  of  hemoglobin,  or  of  comparison  with 
standard  solutions  of  known  hemoglobin  content. 
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The  condition  in  whicli  tlio  hemoglobin  exists  in  tlie 
corpuscles  is  not  entirely  understood.  Foralong  time 
it  was  thought  that  it  was  held  in  solution  by  the  water 
of  the  corpuscles,  but  considering  the  slight  degree  to 
which  hemoglobin  is  soluble,  and  the  relatively  small 
amount  of  water  contained  in  the  corpuscles,  this  idea 
has  long  since  been  discarded.  Furthermore,  even 
thin  layers  of  corpuscles  are  opaque,  which  would  not 
be  true,  were  the  pigment  in  simple  solution.  The 
transparency  of  hemoglobin  in  solution  is  well  shown 
in  the  so-called  "laky  blood,"  where  in  some  manner 
or  other,  the  relations  of  the  pigment  within  the  cor- 
puscle have  been  disturbed,  so  that  it  has  escaped  and 
become  dissolved  in  the  plasma.  The  proce.ss  by 
which  this  is  brought  about  is  known  as  hemolysis, 
and  may  be  induced  by  the  addition  of  water,  chloro- 
form, ether,  amj-1-alcohol,  bile  or  bile-salts,  fatty 
acids,  soaps,  saponin,  .sapotoxin,  snake  venom,  cer- 
tain foreign  sera,  and  considerable  quantities  of 
alkali.  The  same  result  may  be  brought  about  by 
such  physical  factors  as  alternate  freezing  and 
thawing,  heat,  and  faradic  electrical  shocks. 

Again,  it  may  be  demonstrated,  by  the  use  of 
crossed  Nicol  prisms,  that  hemoglobin  does  not  exist 
in  the  erythrocytes  as  minute  crystals,  showing  in 
the  form  of  doubly  refractive  points,  although  this 
appearance  may  be  noted  when  hemoglobin  crystals 
obtained  experimentally  are  observed.  The  highest 
powers  of  the  microscope  also  faQ  to  show  any 
crystaOine  structures  in  the  corpuscles. 

The  fact  that  lecithin  and  cholesterin  constitute 
about  thirty  per  cent,  of  the  drj-  weight  of  the 
corpuscular  stroma,  a  proportion  found  nowhere  else 
in  tbe  body,  except  in  the  mj-elin  of  the  nerve  sheaths, 
led  Hoppe-Seyler  to  advance  the  theory  that  the 
hemoglobin  existed  in  some  indefinite  combination 
with  these  substances.  It  is  now  generally  believed, 
however,  that  their  purpose  is  that  of  assisting  to 
maintain  the  characteristic  permeability  of  the  cor- 
puscles. The  assertion  of  Gamgee  to  the  effect  that 
the  hemoglobin  is  present  in  an  amorphous  form, 
probably  in  an  e.xtremely  unstable  compound  with 
some  as  yet  unknown  constituent,  is,  therefore,  now 
almost  universally  accepted.  He  has  shown  that 
hemoglobin  in  an  amorphous  form  may  be  obtained 
from  its  aqueous  solution  by  means  of  electricity. 

Hemoglobin  has  been  analyzed  by  a  number  of 
different  ob.servers,  and  in  numerous  animals,  but 
whUe  the  results  vary  somewhat  as  regards  the  pro- 
portions of  the  elements  present,  thej'  all  agree  that 
it  is  made  up  of  carbon,  hydrogen,  nitrogen,  oxygen, 
sulphur,  and  iron.  In  addition  to  these,  some  observ- 
ers state  that  hemoglobin,  especially  that  of  fishes, 
birds,  and  animals  with  nucleated  erythrocytes,  con- 
tain small  amounts  of  phosphorus,  probably  taken 
from  the  nuclein  of  the  corpuscles.  Following  are  the 
average  compositions  as  found  by  Jaquet  and  Preyer: 


Jaquet 


Preyer 


1       - 

Carbon 

53.91 

54.00 

Hydrogen 

6.62 

7.25 

Nitrogen.  . 

15.98 

16.25 

Oxygen 

22.62 

21.45 

Sulphur. . 

0.54 

0.63 

Iron. 

0.33 

0.42 

100.00 


Although  the  so-called  hemoglobin  crystals  obtained 
in  the  laboratory  are  usually  realh'  crystals  of  oxy- 
hemoglobin, the  pigment  itself  may  be  obtained  "in 
this  form,  but  with  varying  degrees  of  difficulty  in  dif- 
ferent animals.  The  hemoglobin  from  the  red  cells 
of  the  rat,  guinea-pig,  .squirrel,  cat,  dog,  and  horse 
crystallizes  readily  in  about  the  order  named,  whUe 


that  of  the  rabbit,  sheep,  ox,  frog,  ape,  and  man  is 
with  considerable  difficulty  reduced  to  crystalline 
form.  The  crystals  obtained  show  a  beautiful  red 
color,  and  contain  water  of  crystallization,  but  differ 
in  the  amount  of  the  latter,  in  shape,  and  in  their  sol- 
ubility, according  to  the  animal  species  from  which 
they  are  derived.  It  is  noteworthy  that  although  it 
is  a  crystalline  substance,  hemoglobin  acts  much  like 
colloidal  substances,  being  practically  non-dialyzable. 


Fig.  688. — Spectrum.  1,  Absorption  spectrum  of  a  solution  of 
oxyhemoglobin;  2,  absorption  spectrum  of  a  solution  of  hemo- 
globin, obtained  by  the  action  of  an  ammoniacal  ferro-tartrate 
solution  on  an  oxyhemoglobin  solution;  3,  absorption  spectrum  of 
a  faintly  alkaline  solution  of  methemoglobin ;  4,  absorption  spec- 
trum of  a  solution  of  hematin  in  either  containing  oxalic  acid; 
5,  absorption  spectrum  of  an  alkaline  solution  of  hematin;  6,  ab- 
oorption  spectrum  of  an  alkaline  solution  of  hemochromogen, 
obtained  by  the  action  of  an  ammoniacal  ferro-tartrate  solution 
on  an  alkaline  hematin  solution;  7,  absorption  spectrum  of  an  acid 
solution  of  urobilin;  8,  absorption  spectrum  of  an  alkaline  solution 
of  urobilin  after  the  addition  of  a  zinc  chloride  solution;  9,  absorp- 
tion spectrum  of  a  solution  of  lutein  (ethereal  extract  of  the  egg 
yolk).     (Eammaisten.) 

The  readiness  with  which  hemoglobin  from  different 
animals  dissolves,  varies  almost  inversel}'  from  the 
ease  with  which  it  crj'stallizes.  That  from  man  is 
relatively  soluble  in  water,  dUute  solutions  of  alcohol, 
of  acids,  of  albumin,  of  the  alkalies  and  their  car- 
bonates, and  in  sodium  or  ammonium  phosphate. 
It  is,  however,  insoluble  in  strong  alcohol,  ether, 
mineral  acids,  benzol,  chloroform,  carbon  disulphide, 
and  in  the  volatile  and  fatty  oils.  An  excess  of  these 
substances  will  also  precipitate  hemoglobin  from 
solution,  as  will  heat  and  salts  of  the  heavy  metals. 
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It  is  probably  due  to  some  difference  in  molecular 
structure  and  differences  in  the  amounts  of  water  of 
crystallization  contained  that  hemoglobin  crystals 
from  the  blood  of  various  animals  assume  different 
shapes.  From  the  guinea-pig  thej-  take  the  form  of 
four-sided  pyramids.  Those  from  the  blood  of  the 
squirrel  are  plates  of  hexagonal  shape,  while  crystal- 
lized hemoglobin  from  man  and  most  of  the  higher 
vertebrates  appears  as  rhombic  plates,  often  so 
elongated  as  to  simulate  needles.  HoweU  states 
that  the  pigment  of  horses'  blood,  which  usually 
crjstallizes  in  large  rhombic  prisms,  may  be  made  to 
give  hexagonal  crystals,  bj'  allowing  it  to  putrefy, 
and  that  their  form  may  still  further  be  altered  to 
rhombs  by  varj-ing  the  temperature  of  the  solutions. 

The  most  characteristic,  and  at  the  same  time  the 
most  interesting  feature  of  hemoglobin  from  a 
functional  standpoint  is  its  power  of  absorbing 
various  gases.  It  absorbs  oxj-gen  in  considerable 
quantities,  some  writers  claiming  that  one  gram  of 
coloring  matter  will  take  up  1.6  c.c  of  the  gas,  but 
gives  it  up  when  treated  with  deoxidizing  agents. 
Accordingl}',  we  distinguish  between  ordinary  or 
reduced  hemoglobin  and  oxyhemoglobin,  but  by 
means  of  oxidizing  and  reducing  agents  one  can 
readily  be  converted  into  the  other.  Solutions  of 
o.xyhemoglobin  show  the  bright  red  or  scarlet  color 
of  arterial  blood;  those  of  reduced  hemoglobin  are 
much  darker  and  of  a  purple  or  venous  tint.  Hemo- 
globin enters  into  combination  with  certain  other 
gases,  such  as  carbon  monoxide,  nitrogen  dioxide, 
and  hj-drocjanic  acid,  more  readDj'  than  with 
o.xj'gen,  and  the  well-known  poisonous  properties 
of  these  gases  are  due  largely  to  their  power  of  com- 
pletely satisfying  the  affinities  of  the  coloring  matter 
to  the  exclusion  of  oxygen. 

With  the  spectroscope,  hemoglobin  and  each  of 
its  modifications  gives  absorption  bands  peculiar  to 
itself.  By  the  use  of  this  method  in  conjunction 
with  other  tests,  much  may  be  learned  from  the  blood 
as  to  certain  pathological  conditions,  and  even  in 
verj'  old  stains  it  is  possible  to  recognize  the  presence 
of  blood.  In  order  to  obtain  the  best  results,  however, 
very  dilute  solutions  must  be  used.  The  widths, 
intensities,  and  locations  with  regard  to  the  Fraun- 
h.ifer  and  special  lines,  of  the  absorption  bands 
produced  by  solutions  of  hemoglobin  and  its  modi- 
fications, are  well  sho^\Ti  by  the  accompanj-ing 
spectral  table. 

Derivative  Compounds  of  Hemoglobin. — The  rela- 
tions between  hemoglobin,  oxyhemoglobin,  and 
some  of  the  derivative  compounds  may  be  illustrated 
thus: 


Hen^o^obin  {  «^«:,,_^„  |  t^^l^^:^ 


Oxyhemoglobin 


J"  Globin 
1,  Hematin 
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+  HCl-Hemin 

—  O     =  Hemochromogen 

—  Fe  =  Hematoporphj-rin 


Methemoglobin  is  much  the  same  as  oxj-hema- 
globin,  except  that  the  oxygen  is  combined  differently, 
forming  a  more  stable  compound.  It  is  found  in 
sanguineous  transudates,  cystic  fluids,  and  blood 
stains  which  have  been  expo.sed  to  the  air  for  some 
time,  giving  them  a  brownish  tint,  and  may  even  be 
formed  within  the  vessels  by  the  action  of  acetanilide, 
phenacetin,  potassium  clilorate,  nitrites,  etc.  Experi- 
mentaUy  it  may  be  produced  by  the  addition  of  such 
oxidizing  substances  as  potassium  permanganate  or 
ferrieyanide.  Its  crystals  assume  the  form  of 
needles.  Methemoglobin  cannot  be  dissociated  by  a 
vacuum,  but  will  give  up  its  o.xj'gen  by  treatment 
with  such  reducing  agents  as  ammonium  sulphide. 

Hematin  (C,,H,,N,FeO,)  is  also  found  in  old  ex- 
trava.sations  of  blood.  It  is  formed  by  hj'drolysis  of 
oxyhemoglobin  and  hemoglobin  bj'  acids  and  alkalies 
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in  the  presence  of  oxygen.  It  is  non-crystallizable. 
Is  of  a  dark  brown  color,  and  is  easily  soluble  in  alka- 
lies and  acidified  alcohol. 

Hemin  (CjjHjjO.N^FeCl)  is  the  hydrochloric  acid 
ester  of  hematin,  and  is  of  great  importance,  as  the 
obtaining  of  this  substance  in  crj'stalline  form 
(Teichmann's  crj-stals)  is  the  best  chemical  test  for 
blood  even  in  old  clots  or  stains.     This  is  accomplished 

by  mixing  a  bit  of 
the  drj'  blood  on  a 
glass  slide  with  a 
trace  of  sodium 
chloride  and  a 
drop  of  glacial 
acetic  acid,  and 
warming  gently, 
when  the  charac- 
teristic dark  brown 
rhombic  platesand 
prisms  will  appear 
upon  microscopic 
examination. 

Hematoporphyrin 
(C„H3,N,0J  is 
iron-free  hematin, 
and  may  be  pre- 
pared by  mixing 
blood  with  strong  sulphuric  acid.  It  is  possibly 
isomeric  with  hematoidin  and  bilirubin. 

Hemochromogen  (Cj.Hs^N.FeOs)  is  formed  when 
hemoglobin  is  decomposed  by  acids  or  alkalies  in 
the  absence  of  free  oxj-gen,  but  is  converted  to  hematin 
by  oxidation.     It  may  be  obtained  as  crystals. 

Hematoidin  (CjgHisN^Oj)  is  a  crystalline  product 
found  in  old  clots  and  extravasations,  formed,  doubt- 
less, from  the  hemoglobin.  It  is  said  to  be  isomeric 
with  the  bile  pigment  bilirubin  and  with  hematopor- 
phyrin, but  differs  from  the  latter  in  showing  no 
definite  absorption  bands  in  its  spectrum. 

Hematolin  is  the  name  given  to  an  iron-free  com- 
pound obtained  by  decomposing  hematin  La  the 
absence  of  air. 

Bile  and  Urinary  Pigments. — These  are  thought  to 
be  derived,  either  directly  or  indirectly,  from  the 
hematin  of  the  hemoglobin,  bj'  a  process  which  in- 
volves the  splitting  off  of 
the  iron  of  its  molecule. 
It  is  probable  that  much 
of  the  bile  pigment  is 
reabsorbed  in  the  intes- 
tine for  reelimination. 

The  Leucocytes.  —  No 
accurate  analyses  of  the 
leucocj'tes  have  been  re- 
ported. The  numerous 
published  statements  re- 
garding the  chemical  com- 
position of  pus  cells  are  doubtless  misleading,  inas- 
much as  the  latter  are  dead  protoplasm.  Wooldridge, 
however,  gives  an  analysis  of  lymphoid  tissue,  which 
Halliburton  considers  similar  to  the  composition  of 
the  leucocytes.     This  is  as  follows: 


Fig.  690. — Hematoidin  Co-stab. 
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Among    the    proteins    are    alkali-albumin,    para- 
globulin,  peptone,  and  a  mj-osin-like  albumin.     The 
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enzymes  .said  to  be  present  are  considered  in  tiie 
di.scussion  of  the  functions  of  the  leucocytes. 

The  Platelets. — According  to  Kos.seI  and  Lilienfeld, 
the.se  bodies  consist  of  a  chemical  combination  of  an 
albuminous  substance  with  nuclein.  By  treatment 
with  various  reagents,  such  as  artificial  gastric  juice, 
they  can  be  diflferentiated  into  a  homogeneous  and 
non-refractive  substance,  which  is  sub.sequently  dis- 
solved, and  an  insoluble,  highly  refractive,  granular 
portion,  which  gives  the  reactions  of  nucleins.  Phos- 
phorus can  readily  be  demonstrated  in  the  latter 
portion,  and  it  is  thought  that  this  nucleoprotein 
may  be  identical  with  the  substance  known  as  nucleo- 
histon.  Ehrlich  calls  attention  to  the  fact  that  the 
platelets  contain  glycogen,  and  that  they  are  strongly 
alkaline  in  reaction. 

Blood  plasma  is  a  colorless  liquid  obtained  by  re- 
moving the  corpuscles  without  the  assistance  of  co- 
agulation. It  normally  constitutes  from  fifty-two  to 
fifty-.seven  per  cent,  of  the  volume  of  the  blood,  the 
differences  being  due  to  factors  which  alter  the  num- 
ber of  corpuscles  present.  A  number  of  methods 
have  been  devi.sed  for  obtaining  it  free  from  the  cor- 
puscles, most  of  them  depending  upon  agents  which 
retard  coagulation.  This  can  be  accomplished:  By 
drawing  the  blood  into  a  vessel  containing  some  solu- 
ble oxalate  in  a  proportion  to  make  a  solution  of 
about  O.I  per  cent,  which  withdraws  the  calcium,  an 
ingredient  nece.s.sary  for  coagulation;  by  drawing  the 
blood  into  a  paraffined  receptacle,  by  which  the  blood 
is  kept  from  the  walls  of  the  vessel;  by  injecting  the 
animal,  prior  to  the  bleeding,  with  solutions  of 
pepsin,  trypsin,  .snake-venom,  leech-extract,  or 
peptone,  thereby  provoking  .some  reaction  whose 
products  prevent  coagulation;  by  the  addition  of 
sodium  fluoride;  by  adding  one  part  of  a  saturated 
solution  of  magnesium  sulphate,  or  the  .same  amount 
of  a  ten-per-cent.  .sodium  chloride  solution,  to  four 
parts  of  blood;  or  by  drawing  the  blood  into  an  ice- 
cold  vessel  and  placing  it  immediately  on  ice.  The 
corpuscles  slowly  settle  to  the  bottom  of  the  vessel, 
leaving  the  clear  zone  of  plasma  above.     The  cor- 

Euscles  may  be  separated  also  by  the  use  of  the 
ematocrit,  a  form  of  centrifuge. 
The  serum  is  a  viscid  liquid,  varying  in  color  from 
a  pale  yellow  or  straw-color  in  man,  to  a  deep  amber 
yellow,  as  obtained  from  the  hor.se.  It  is  the  portion 
of  the  blood  squeezed  out  by  the  contraction  of  the 
clot,  and  is  more  alkaline  than  the  plasma.  It  further 
differs  from  the  plasma  in  containing  an  abundance 
of  fibrin  ferment,  but  no  fibrinogen.  It  is  ordinarily 
clear,  but  after  a  meal  may  be  opalescent  because  of 
the  contained  fat.  The  yellow  coloring  matter  of 
serum  is  a  lipochrome,  a  member  of  the  lutein  group, 
and  is  soluble  in  alcohol.  In  the  serum  of  the  norse, 
other  pigments  are  found,  notably  bilirubin. 

Hammarsten  gives  as  the  average  composition  of 
the  plasma  of  the  horse,  the  following,  1,000  parts 
being  the  basis.  Similar  analy.ses  by  Hoppe-Seyler 
and  Simon  are  given  for  comparison: 


Simon. 

Hoppe- 
Seyler. 

Hammarsten. 
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Inorganic  Substances  in  Plasma. — Plasma  consists  of 
about  ninety  per  cent,  of  water,  the  inorganic  salts 
occurring  to  tne  extent  of  about  O.S  per  cent.  The 
principal  salt  is  sodium  chloride.     Sodium  carbonate 


is  probably  the  next  most  abundant,  and  it  is  to  this 
.valt  that  tlie  plasma  owes  its  alkalinity  and  its  power 
of  absorbing  carbon  dioxide.  In  addition  to  the.se 
small  amounts  of  the  following  salts  appear  to  be 
present:  potassium  chloride,  potassium  sulphate, 
calcium  phosphate,  sodium  phosphate,  magnesium 
phosphate,  and  probably  calcium  chloride. 

Proteins. — The  proteins  of  plasma  are:  one  or  more 
clo.sely  allied  albumins  eaUod  .serum-albumins;  two 
globulins,  namely,  serum  globulin  and  fibrinogen; 
one  or  more  nucleoproteins.  Blood  normally  con- 
tains neither  albumose  nor  peptones.  Although  difTer- 
ing  .somewhat  from  the  figures  given  by  other  ob.serv- 
ers,  a  table  by  Howell  showing  the  amounts  of 
several  proteins  in  grams  per  100  c.c.  of  plasma  is 
given  below: 


Total  protein.s. 
Serum-albumin 
Serum-globulin 
Fibrinogen 


Man.      Dog.     Sheep.     Horse.      Pig. 


7.26 
4.01 
2.83 
0.42 


6.03 
3.17 
2.23 
0.60 


7.29 
3.83 
3.00 
0.46 


8.04 
2.80 
4.79 
0.45 


8.05 
4.42 
2.98 
0.65 


The  albttmins  of  plasma  are  also  found  in  the  serum 
after  coagulation,  and  it  is  probably  for  this  reason 
that  they  are  called  serum-albumins.  Halliburton 
names  three  varieties,  basing  the  division  upon  their 
susceptibility  to  heat  coagulation:  (v-albumin,  coagu- 
lating at  72°  to  75°  C;  /3-albumin  at  77°  to  78°  C. ;  and 
^--albumin  at  S3°  to  S6°  C.  In  man  and  all  mammals 
and  birds  investigated,  except  the  horse,  ox,  and  .sheep, 
he  found  all  three  varieties;  in  the  latter  animals  the 
«-albumin  was  absent.  In  the  plasma  of  the  reptiles, 
amphibia,  and  fishes  examined,  on  the  other  hand, 
only  the  <v-albumin  was  found. 

The  globulins  of  plasma  consist  of  serum-globulin, 
sometimes  called  paraglobulin,  and  fibrinogen.  The 
former  coagulates  at  a  temperature  of  75°  C.  This 
degree  of  coagulation  is  almost  constant  for  the 
animals  examined.  Its  molecular  composition  has 
been  represented  (Schmiedeberg)  by  the  formula 
CiiyHisjNjoSOjj +  l/2HoO.  Hammarsten  gives  its 
percentage  composition  as:  C,  52.71;  H,  7.01  ;N,  15.85; 
S,  1.11;  O,  2.3,.32. 

The  fibrinogen  is  the  substance  which,  under  proper 
conditions,  gives  rise  to  an  insoluble  protein,  fibrin, 
whose  formation  is  the  neces.sary  feature  in  the  clot- 
ting of  blood.  It  coagulates  at  a  temperature  of 
56°  to  60°  C,  much  lower  than  does  globulin.  It  is 
further  distinguished  from  the  latter  in  being  com- 
pletely precipitated  by  saturation  with  sodium  chlor- 
ide, as  well  as  with  magnesium  sulphate,  whereas 
globulin  is  only  partially  thrown  down.  Schmiede- 
berg gives  it  a  molecular  formula  of  C,„,H,,,,jN3„S03,. 
Its  percentage  composition  is,  according  to  Hammar- 
.sten:  C,  52.93;  H,  0.90;  N,  16.66;  S,  1.25;  O,  22.26. 
Schmidt,  Pekelharing,  and  others  assert  that  instead 
of  being  a  simple  substance,  it  is  either  a  loose  com- 
bination or  a  mLxture  of  fibrin,  fibrin-globulin,  and 
probably  a  nucleoprotein. 

P'ibrinogen  is  used  up  in  the  process  of  coagulation, 
and  is  therefore  not  found  in  serum.  It  is,  however, 
alwaj's  present  in  blood  and  lymph,  although  in 
smaller  amounts  than  the  other  proteims,  and  usually 
in  pleural,  pericardial,  hydrocele,  and  ascitic  effusions. 
No  conclusive  reports  have  been  made  as  to  its  seat 
of  origin.  Experiments  by  Dastre,  Mathews,  Bizzo- 
zero  and  Doyen  show  that  by  successive  bleedings, 
defibrinations,  and  reinjcctions,  the  fibrinogen  may 
be  completely  removed  from  the  blood  of  cats  and 
dogs,  orily  to  be  redeveloped  to  the  normal  or  a  greater 
amount  in  a  day  or  two.  Becau.se  of  the  fact  that  it 
does  not  reappear  in  the  blood  after  removal  of  the 
liver  or  the  small  and  large  intestines,  and  that  the 
blood  of   the  mesenteric,   portal,  and  hepatic   veins 
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contains  a  relatively  high  percentage  of  fibrinogen, 
it  is  thought  bj'  some  to  arise  in  these  organs.  The 
pancreas,  spleen,  kidneys,  muscles,  and  reproductive 
organs  apparently  take  no  part  in  its  production. 
Because  of  the  presence  of  a  nucleoprotein  in  its 
make-up,  it  has  further  been  suggested  tnat  fibrinogen 
is  derived  from  blood  platelets  and  from  nuclei  of  dis- 
integrating leucocytes,  or  the  extruded  nuclei  of 
newly  formed  erythrocytes. 

Fibrin  is  a  protein,  insoluble  in  water,  alcohol,  and 
ether,  which  exists  not  as  such  in  the  blood,  but  forms 
during  the  process  of  coagulation.  The  blood-cor- 
puscles take  no  active  part  in  the  formation  of  the 
clot,  but  are  simply  entangled  in  its  meshes.  A  quick 
method  of  obtaining  fibrin  is  to  stir  or  whip  the  blood 
with  twigs  immediately  after  its  withdrawal.  Under 
these  conditions  it  does  not  entangle  the  corpuscles, 
but  adheres  to  the  twigs  as  a  white  stringy  mass  whose 
interlacing  threads  show  a  strong  tendency  to  retract. 
It  is  because  of  the  latter  fact  that  the  blood  clot 
concentrates  and  squeezes  the  serum  from  its  interior. 

Hammarsten  gives  the  percentage  elementarv  com- 
position of  fibrin  as:  C,  52.68;  H,  6.S3;  X, '16.91; 
S.  1.10;  O.  22.48.  It  is  slowly  soluble  in  five  to  ten 
per  cent,  solutions  of  sodium  cliloride,  sodium  sul- 
phate, potassium  nitrate,  magnesium  sulphate,  am- 
monium sulphate,  and  in  iodides  and  solutions  of  mikSl. 
Dilute  acids  and  0.1  per  cent,  solutions  of  sodium  or 
ammonium  hydrate  reduce  it  to  a  gelatinous  mass, 
which  is  soluble  after  a  few  days. 

For  a  detailed  discussion  of  the  probable  manner 
of  fibrin  formation,  the  reader  is  referred  to  the 
article  on  Coagulation.  The  relations  of  the  different 
parts  of  the  blood  to  each  other,  including  the  factors 
concerned  in  coagulation,  may.  for  present  purposes, 
best  be  represented  graphicallj'  as  follows: 
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Dead  blood. 

Regarding  the  nucleoprotein  of  the  plasma,  it  may 
be  said  that  its  presence  is  disputed  bj-  a  number  of 
reliable  obser\-ers.  By  those  who  hold  this  view,  it 
is  claimed  that  the  substance  described  as  nucleo- 
protein is  in  reality  a  combination  or  mixture  of 
protein  and  lecithin,  the  latter  being  brought  down 
by  the  protein  during  the  process  of  precipitation. 
They  further  state  that  the  phosphorus,  the  presence 
of  which  has  given  rise  to  the  belief  that  nucleo- 
protein does  exist  as  such  in  the  plasma,  is  usually 
removable  by  boiling  with  alcohol.  Others,  notably 
Freund  and  Joachim  among  the  more  recent  investi- 
gators, still  maintain,  however,  that  nucleoprotein  is 
contained  in  the  plasma.  It  is  supposed  to  be  a 
product  of  a  partial  disintegration  of  the  platelets, 
possibly  the  erythrocytes,  and  the  nuclei  of  leuco- 
cytes, which  takes  place  when  the  blood  is  shed. 
Nucleoprotein  is  thought  bj'  some  to  be   an  impor- 
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tant  factor  in  the  development  of  fibrin  and  is  not 
found  in  pathological  effusions  where  few  or  no 
cellular  elements  are  present.  Under  these  condi- 
tions, there  is  no  coagulation,  although  such  fluids 
usually  contain  fibrinogen. 

Xitrogenous  Extractives. — The  most  abvmdant  of 
these  is  urea,  occurring  to  the  extent  of  from  0.02  to 
0.05  per  cent.  It  is  said  (Drechsel)  to  be  produced  in 
the  muscles  and  liver  from  ammonium  carbonate,  a 
product  of  tissue  protein  catabolism,  and  is  most 
abundant  in  the  portal  and  hepatic  veins.  Uric  acid, 
creatin,  creatinin,  xanthin.  hj-poxanthin,  leucine, 
tjTosine,  glycuronic  and  other  amido-acids  occur  in 
smaller  amounts.  The  presence  of  lecithin  has  al- 
ready been  mentioned.  Jecorin  is  said  to  be  a  con- 
stant constituent  of  plasma.  It  will  reduce  FeMing's 
solution,  and  is  soluble  in  ether,  but  is  not  fermentable. 
It  is  more  plentiful  in  venous  than  in  arterial  blood. 


Fig.  691. — Hyperinosis  Showing  Marked  Increase  in  the  Density 
of  the  Fibrin  Xetwork.  (Da  Costa's  Hematology.  P.  Blaldaton's 
Son  <fc  Co.,  1905.) 

XonS itrogenous  Extractives. — These  consist  of  the 
carbohydrates — dextrose,  glycogen,  and  an  animal 
gum — and  fats,  soaps,  cholesterin,  a  lipochrome,  and 
lactic  acid. 

Dextrose  is  always  present  in  the  plasma,  even  in 
starving  animals.  In  man  it  is  found  normally  to 
the  extent  of  1.2  parts  per  1,000,  and  in  the  dog  from 
1.1  to  1.5  parts  per  1.000.  It  seems  to  be  present  in 
nearly  equal  amounts  in  all  parts  of  the  blood  except 
in  that  of  the  portal  vein,  where  it  is  markedly  in- 
creased during  the  digestion  of  carbohydrate  food. 
Differences  in  the  quantity  of  dextrose  in  the  plasma  in 
other  parts  of  the  body,  under  various  physiological 
conditions,  have  been  reported,  but  it  is  thought  that 
such  findings  were  the  result  of  experimental  errors. 
The  total  amount,  however,  is  increased  as  the  result 
of  hemorrhage,  due  perhaps  to  an  increase  of  lymph, 
which  contains  more  sugar  than  does  blood;  or  as  an 
effect  of  nervous  influences  which  stimulate  the 
production  of  sugar  from  the  liver  glycogen.  It  is 
also  increased  in  diabetes,  whether  this  be  a  result  of 
disease  or  of  puncture  of  the  floor  of  the  fourth 
ventricle.  Hyperglycemia,  that  is.  a  condition  in 
which  the  amount  of  sugar  in  the  blood  is  increased 
to  more  than  0.25  or  0.3  per  cent.,  is  promptly 
followed  by  glycosuria. 

A  very  slight  amount  of  glycogen  may  be  obtained 
from  the  plasma  of  fresh  blood.  It  is  undoubtedly 
derived  from  disintegrated  leucocytes,  which,  as  is 
well  known,  contain  it.  Kaufmann  has  pointed  out 
that  the  quantity  of  gh-cogen  is  increased  in  the  blood 
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upon  the  romoval  of  tlie  pancreas.  This  is  thought 
to  be  due  to  the  loss  of  the  glycolytic  ferment  of  tlie 
pancreas,  which  normally  assists  in  the  combustion  of 
glycogen. 

Freund  has  obtained  from  the  plasma  a  carbo- 
hydrate resembling  that  described  by  Landwehr 
under  the  name  of  animal  gum.  Its  formula  is 
given  as  (CjH,„0.,)n  and  it  is  converted  by  boiling 
with  dilute  mineral  acids  into  a  substance  whicli 
reduces  Fehling's  sohition,  but  is  not  fermentable 
nor  rotary  for  polarized  light. 

Fats. — These  consist  of  tristearin,  triolein,  and 
tripalmitin.  They  are  present  in  the  plasma  in  but 
small  and  variable  quantity  (from  0.2  to  1  per  cent.), 
being  most  abundant  after  a  meal  containing  much 
fat.  The  plasma  or  serum  may  then  have  a  milky 
appearance  on  account  of  the  admixture  with  fat- 
containing  chyle'.  A  small  amount  may  exist  in  the 
form  of  soap.  The  fatty  acids  also  appear  to  be 
partly  in  combination  with  cholesterin.  Hoppo- 
Seyler  states  that  the  cholesterin  in  blood  plasma 
amounts  to  about  0.0.5  gram  per  100  c.c.  of  blood. 

Lactic  acid  is  said  by  Gaglio  to  be  a  constant  con- 
stituent of  the  normal  plasma.  Other  observers 
have  confirmed  his  findings  and  have  also  demon- 
strated it  in  smaU  ciuantities  in  the  corpuscles. 
Sarcolactic  acid  is  known  to  be  a  product  of  muscle 
action,  and  is  in  combination  with  ammonia  and 
sodium  in  the  blood,  ammonium  lactate  being  the 
form  in  which  the  products  of  protein  catabolism 
are  carried  to  the  liver,  according  to  Schafer,  for 
ureagenesis.  Experimentally,  it  is  increased  by  the 
intravenous  injection  of  dextrose. 

The  ferments  and  ga.ses  of  the  plasma  will  be  con- 
sidered under  the  heading,  "Functions."  In  addition 
to  the  gases  mentioned,  however,  there  is  a  small 
amount  (1.8  to  2.5  per  cent.)  of  nitrogen  simply 
dissolved  in  the  plasma,  but  it  apparently  has  no 
respiratory  function. 

Origin  of  Blood-corpuscles. — The  blood-corpus- 
cles, like  the  body  itself,  fulfill  the  allotted  round  of 
life  and  then  die.  They  rise,  perform  their  functions 
for  a  time,  and  then  disappear.  But  although  the 
place  and  mode  of  their  origin,  the  seat  of  tlieir  de- 
struction and  decay,  and  the  length  of  their  life  have 
been  the  subject  of  active  research  and  stiU  more 
active  discussion  for  many  years,  much  still  remains 
unsettled.  The  problem  concerns  not  only  the  first 
blood  cells  in  the  embryo  and  their  life  history,  but 
also  the  origin  and  development  of  new  cells  during 
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Fig.  692. — Section  across  Yolk-^ac,  Showing  Blood-vessels  and 
Nucleated  Red  Blood  Corpuscles  Forming  in  Its  Mesoblastic  Layer. 
(Keith,  after  Selenka.) 

later  fetal  and  postnatal  life  of  the  individual.  It 
has  been  deemed  advisable,  therefore,  to  treat  sepa- 
rately the  two  modes  of  origin  of  both  the  red  and 
the  white  corpuscles,  taking  up  their  ultimate  fate  in 
a  distinct  section.  Because  of  the  wide  range  which 
such  a  discussion  would  necessarily  cover,  a  descrip- 
tion of  the  formation  of  the  plasma  has  been  omitted. 
Prenatal  Origin  of  Erythrocytes. — Most  hematolo- 
gists  and  histologists  now  agree  that  the  first  red  cor- 
puscles are  developed  in  the  area  vasculosa,  a  portion  of 
the  mesoblastic  tissue,  which  is  outside  the  embryo. 
A\  ithin  certain  of  the  cells,  hemoglobin  is  developed, 
giving  rise  to  patches  known  as  "blood  islands." 
Later,  outgrowths  from  the.se  form  the  blood-vessels  of 
the  embryo,  by  joining  similar  projections  within  the 


growing  body.  The  method  of  formation  of  both  the 
blood-vessels  and  corpuscles  is,  however,  a  disputed 
question. 

Reichert  and  Kiilliker  claimed  that  the  cells  of  the 
area  vasculo.sa  develop  into  cords  of  cells  which  form 
a  communicating  network,  and  that  the  peri])heral 
cells  of  the.se  cords  later  form  the  walls  of  the  future 
blood-vessels,  while  the  innermost  ones,  becoming  pig- 
mented by  hemoglobin,  remain  attached  to  tho.se 
outermo.st  in  niiiuite  groups.  At  the  same  time  a 
fluid,  which  is  to  be  the  future  plasma,  appears  among 
the  small  cell  mas.ses.  .\s  the  heart  develops  and 
begins  its  rhythmic  contractions  this  fluid  is  set  in 
motion,  gradually  detaching  the  individual  cells, 
which  become  the  first  red  corpuscles.  These  primi- 
tive corpuscles,  which  are  nucleated,  together  with 
the  still  attached  cells,  undergo  mitosis,  thereby  in- 
creasing the  number  in  the  circulating  blood.  The 
process  of  detachment  and  cell  division  have  been 
actually  observed  in  the  transparent  embryos  of 
certain  fishes. 

Schafer  and  others,  on  the  other  hand,  contend  that 
the  blood-vessels  are  formed  by  the  anastomosing 
processes  sent  out  by  certain  cells  of  the  vascular 
area.  They  claim  that  a  liquefaction  of  certain  por- 
tions of  the  cytoplasm  takes  place,  forming  the  future 
plasma.  Meanwhile  extensive  division  of  the  nucleus 
also  occurs,  the  resulting  nuclei  being  surrounded  by 
small  portions  of  the  remaining  cytoplasm.  As  the 
ves.sels  develop  and  the  heart  becomes  active,  these 
small  masses  of  protoplasm  become  pigmented  with 
hemoglobin  and  begin  circulating  as  red  corpuscles. 
The  primary  red  cells  thus  formed  are  capable  of 
ameboid  movement  and  of  cell  division,  resembling 
leucocytes  except  in  color  and  in  the  absence  of 
granulation. 

Howell  describes  two  tj'pes  of  nucleated  red  cor- 
puscles in  the  embryo,  one  a  large  oval  cell,  sometimes 
biconcave,  sometimes  biconvex,  the  other  a  circidar 
variety,  about  the  size  of  the  typical  adult  red  cor- 
puscle. He  designates  the  large  t^'pe  as  ancestral 
corpuscles,  and  claims  that  the  circular  variety  repre- 
sents a  modification  of  the  other  type,  which  so 
closely  resembles  those  seen  in  the  ancestors  of  the 
mammalia.  The.se  modified  cells  are  converted  into 
biconcave  discs  by  the  loss  of  their  nuclei  while 
circulating  in  the  blood. 

In  the  development  of  the  embryo  a  point  is  soon 
reached  when  the  formation  of  primitive  blood-vessels 
ceases,  the  future  vascular  system  being  produced  by 
the  growth  of  the  structures  already  formed.  As  red 
corpuscles  are  continually  disintegrating,  and  as  the 
growth  of  the  circulatory  system  necessitates  a  con- 
stant increase  in  the  volume  of  the  blood  and  a  corres- 
ponding increase  in  the  number  of  its  formed  elements, 
it  is  obvious  that  from  this  point  some  other  means 
of  their  production  must  exist.  Since  the  multipli- 
cation of  nucleated  red  corpuscles  takes  place  by 
mitotic  division,  the  activity  of  the  various  organs 
along  lines  of  hemopoiesis  has  been  rated  from  the 
relative  number  of  karyokinetic  figures  which  they 
contain. 

At  first  the  liver  seems  to  be  the  important  organ 
in  the  performance  of  this  function,  altliough  various 
observers  disagree  as  to  the  manner  in  which  it  takes 
place.  Howell  states  that  the  blood-forming  cells 
are  arranged  in  cords  Ij'ing  between  the  columns  of 
the  true  liver  cells,  and  that  the  peripheral  cells  of 
these  strings  undergo  structural  alterations,  becoming 
the  endothelial  lining  of  the  liver  capillaries,  while 
the  inner  cells  are  set  free  as  red  corpuscles.  Kulliker 
demonstrated,  to  his  own  satisfaction  at  least,  that  the 
nucleated  erythrocytes  arose  from  certain  white 
corpuscles  in  the  developing  ves,sels  of  the  liver,  that 
hemoglobin  was  formed  within  them,  and  that  they 
became  mature  red  corpuscles  b}'  the  loss  of  their 
nuclei.  Neumann  thinks  that  they  are  formed  by 
the  division  of  the  nuclei  together  with  portions  of 
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the  cytoplasm  within  certain  large  cells  of  tlie  em- 
bryonic liver. 

The  liver,  however,  later  takes  up  other  work,  and 
the  process  of  red  blood-corpuscle  production  there 
gradually  ceases.  The  next  organ  to  take  up  the 
hematopoietic  function  appears  to  be  the  spleen. 
Here  the  process,  in  nature  much  like  that  which 
takes  place  in  the  liver,  commences  at  about  the  fifth 
month   of  intrauterine  life  and  apparently  persists 


Fig.  693. — Part  of  the  Network  of  Developing  Blood-vessels  ia 
the  Vascular  Area  of  the  Guinea-pig.     (After  Schafer.) 

until  the  work  is  entirely  taken  over  by  the  red 
marrow  of  the  bones,  probably  at  about  the  time  of 
birth. 

Both  Schafer  and  Ranvier  ascribe  the  formation 
of  red  corpuscles  during  late  intrauterine  life  to  large 
connective-tissue  cells  called  angioblasts  or  vaso- 
formative cells.  The  process  consists  of  the  develop- 
ment of  hemoglobin  in  the  cell  cytoplasm  and  the 
subsequent  breaking  up  of  this  pigmented  substance 
into  minute  masses,  at  first  variable  in  size,  but 
later  nearly  uniformly  the  size  of  mature  red  cor- 
puscles. The  angioblastic  cells  anastomose  by  means 
of  their  processes,  which  later,  by  the  liquefaction  of 
some    of   the   remaining   cytoplasm,   become   hollow 


Fig.  694. — Section  of  the  Liver  of  a  Fetal  Cat,  2.7  Centimeters, 
Showing  the  Development  of  the  Liver  Vessels  and  the  Nucleated 
Red  Corpuscles.  To  the  right  of  the  figure  the  newly  formed 
vessel  contains  a  number  of  non-nucleated  red  corpuscles.  (.After 
HoweU.) 

tubes,  joining  the  already  formed  vascular  system  as 
new  ve.s.scls  and  thereby  allowing  the  contained 
fluid  and  corpuscles  to  enter  the  general  circulation. 
This  theory  ap[3arently  does  not  recognize  nucleated 
red  cells  as  being  the  i)recur.sors  of  all  mature  erythro- 
cytes inasmuch  as  the  cytoplasm  of  the  angioblast  is 
tfie  only  portion  of  the  cell  concerned  in  the  process, 
according  to  Schafer's  description. 
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It  is  of  interest  to  note  in  this  connection  that  the 
earliest  red  corpuscles  to  appear  in  the  human 
embrj'o  are  of  the  nucleated  type.  After  the  fourth 
week,  however,  non-nucleated  forms  begin  to  appear, 
and  by  the  third  month  the  nucleated  varieties  con- 
stitute only  one-si.xth  to  one-eighth  of  the  total 
numVjer  of  corpuscles.  The  diminution  after  this 
is  less  rapid,  but  it  is  only  at  about  tlie  time  of  birth 
that  they  disappear  from  the  blood  altogether. 

The  question  of  the  manner  in  which  the  nucleated 
red  corpuscles  become  converted  into  the  non- 
nucleated  variety,  typical  of  mammalian  blood,  is  a 
much  disputed  one.  Howell  and  others  claim  to 
have  observed  the  extrusion  of  the  nucleus  in  a  free 
condition,  and  this  theory  is  supported  by  the  fact 
that  free  nuclei  which  have  presumably  been  extruded 
from  corpuscles  are  frequently  seen  in  sections,  and 
that  cells  in  all  stages  of  nuclear  extrusion  may  be 
observed  in  specimens  procured  after  extensive  bleed- 
ing when  there  is  a  rapid  regeneration  of  the  blood  con- 
stituents. Malassez  thinks  that  the  original  nucleated 
cells  persist  throughout  life  and  that  tlie  non-nu- 
cleated discs  arise  by  the  setting  free  of  a  portion  of 
the  pigmented  cytoplasm  by  a  process  of  budding  and 
subsequent    constriction.     The     view    which    to-day 


Fig.  695. — The  Manner  in  Which  the  Nucleus  Escapes  from 
the  Nucleated  Red  Corpuscles,  according  to  Howell.  1 ,  2,  3,  4, 
represent  different  stages  of  extrusion  noticed  upon  the  living 
corpuscles;  a,  specimen  from  the  circulating  blood  of  an  adult 
cat,  bled  four  times;  6,  specimens  from  the  circulating  blood  of  a 
kitten  forty  days  old,  bled  twice;  c,  specimens  from  the  blood  of 
a  fetal  cat  nine  centimeters  long.  Others  from  the  marrow  of  an 
adult  cat,  two  of  the  figures  showing  the  granules  which  have  been 
interpreted  bv  some  as  a  sign  of  the  disintegration  of  the  nucleus. 
(After  HoweU.) 

claims  the  most  adherents,  however,  is  that  originally 
expres.sed  by  Kolliker  and  later  extended  somewhat 
by  Neumann.  According  to  this  view  the  nucleus 
becomes  small,  more  homogeneous,  and  later  notched 
or  indented,  while  the  cell  as  a  whole  gradually 
becomes  flattened.  As  a  later  stage,  the  nucleus 
undergoes  fragmentation,  and  the  particles  are 
slowly  absorbed  by  the  cytoplasm,  leaving  the  typical 
non-nucleated  red  blood  corpuscle.  From  a  chemical 
standpoint,  there  seems  to  be  reason  for  placing 
some  faith  in  this  theory,  inasmuch  as  nuclein  can  be 
demonstrated  in  considerable  quantities  in  adult 
erythrocytes. 

Postnatal  Origin  of  Erythrocytes. — As  has  been 
suggested  in  the  previous  section,  the  hemopoietic 
function  of  the  spleen  probablv  ceases  at.  or  shortly 
after,  birth  at  full  term,  and  tliere  is  much  evidence 
to  show  that  this  organ  does  not  again  play  a  part  in 
red  corpuscle  formation,  except  possibly  after 
severe  hemorrhage,  or  in  such  conditions  as  pernicious 
anemia,  where  there  is  an  abnormal  demand  for 
new  corpuscles.  Regarding  the  place  of  origin  after 
birth,  it  is  now  generalh'  admitted  that  the  red  bone 
marrow  is  the  seat  of  their  most  abundant  production. 
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Their  formation  in  this  location  doubfloss  commences 
during  the  last  few  weeks  of  intravitcrine  life,  over- 
lapping somewhat  the  diminishing  efforts  of  the  spleen 
in    this    direction.     Here    again,    however,    there    is 


Fig.  696. — From  the  Bone  Sfarrow  of  the  Dog.  X  1,200  times. 
(From  Boehm  and  von  Davidoff,  after  H.  F.  Muller.)  a,  Masfzelle; 
b,  lymphocyte:  c,  leucocyte  with  acidophile  granules:  (/.non-nucle- 
ated blood  corpuscle;  e,  nucleated  red  corpuscle  in  the  act  of 
di\iding:  /,  nucleated  red  corpuscle. 


Many  other  theories  are  still  maintained  as  to  the 
origin  of  the  nucleated  erythrocytes  of  the  marrow, 
among  which  may  be  mentioned  that  of  Osier.  He 
contends  that  they  arise  from  still  another  type  of 
hyaline  cell  of  the  bone  marrow.  Bizzozero,  Schafor, 
and  others  hold  that  tliey  are  the  result  of  mitotic 
division  of  similar  emliryonic  cells  which  are  brought 
from  the  liver  and  spleen  when  the  red  marrow  begins 
to  develop.  Obrastzow  believes  that  the  red  blood 
discs  are  formed  from  the  nuclei  of  hyaline  cells  of  the 
red  marrow,  without,  however,  passing  through  the 
nucleated  stage.  Lowit  supposes  that  the  parent  cells 
ari,se  in  the  lymphatic  glands  and  spleen  and  are  later 
carried  to  the  red  marrow  to  be  transformed  into 
nucleated  erythrocytes.  Some  ob.servers  state  that 
the  seat  of  red-corpuscle  formation  is  in  the  line  of 
ossification  between  growing  bone  and  its  hyaline 
cartilage,  and  even  Hayem's  theory,  that  they  arise 
from  the  blood  platelets,  still  has  a  few  adherents. 

As  can  be  seen  from  the  preceding  discussion,  the 
study  of  tlie  postnatal  origin  of  the  erythrocytes  is 
still  open  to  extensive  research.  We  know,  however, 
that  tlie  red  blood  cells  of  the  marrow  are  nucleated, 
are  of  variable  size,  and  are  capable  of  active  ameboid 
movement.  They  undergo  regeneration  for  the  pur- 
pose of  supplying  substitutes  for  their  worn-out  prede- 
cessors, and  to  replenish  the  blood  after  hemorrhage, 
and  in  di.seases  involving  corpuscle  destruction,  by 
karyokinesis.  It  is  further  probable  that  in  cases  of 
grave  emergency,  the  red  marrow,  which  is  normally 
confined  to  the  "flat  bones  and  the  ends  of  the  mature 
long  ones,  extends  to  the  shafts  of  the  latter,  and  that 
even  the  spleen  may  resume  its  former  hemopoietic 
function. 

Fate  of  the  Erythrocytes. — Just  when  and  how  the 


much  diversity  of  opinion  as  to  the  manner  in  which 
they  arise. 

Three  tj-pes  of  cell  have  been  described  bj'  various 
observers  as  being  the  foreriuiners  of  the  nucleated 
red  corpuscles  of  the  bone  marrow.  The  first  is  a 
leucocytic  cell,  resembUng  greatly  an  immature  ery- 
throcyte, save  that  it  contains  no  hemoglobin,  but 
differing  from  ordinary  blood  leucocytes  in  having 
no  phagocytic  or  ameboid  properties,  and  in  beinL 
more  homogeneous  in  appearance.  The  second  i- 
the  ordinary  marrow  cell,  somewhat  larger  than  tin 
above  and  containing  a  prominent  vesicular  oval 
nucleus  with  one  or  two  nucleoli.  The  cytoplasm 
of  these  cells  may  be  filled  with  coarse  granules,  the 
nucleus  may  be  elongated,  horseshoe-shaped,  or  even 
coiled  upon  itself.  The  so-called  giant  cells,  the 
third  type,  are  considerably  larger  than  the  other 
two,  and  contain  a  single  nucleus  which  may  also  be 
elongated,  or  coiled  so  as  to  simulate  the  appear- 
ance of  multiple  nuclei  on  section. 

Neumann  holds  that  the  nucleated  red  cells  of  the 
bone  marrow  arise  from  the  unpigmented,  or  first 
type  of  cell  described  above.  Neumann  and  Lowit, 
incidentaUy,  limit  the  use  of  the  term  erythroblast  to 
this  cell.  Foa  and  Salvioli  state  that  the  giant  cell 
described  b}'  Bizzozero  as  having  a  budding  nucleus 
made  up  of  numerous  segments  connected  by  a  thin 
filament,  is  the  immediate  predecessor  of  the  nucle- 
ated red  corpuscle.  These  hematoblasts,  as  they  are 
termed,  develop  into  nucleated  red  cells  bj-  breaking 
up  into  numerous  smaller  cells,  each  containing  a 
segment  of  the  convoluted  nucleus  and  the  subse- 
quent development  of  hemoglobin.  Malassez  ex- 
presses the  view  that  they  are  derived  from  the 
ordinary  marrow  cell  by  passing  through  several 
stages  in  which  the  cells  ultimately  decrease  in  size, 
develop  hemoglobin  and  become  granulated.  Howell 
entertains  much  the  same  idea,  except  that  he  de- 
scribes a  series  of  stages  through  whicn  they  pass  by 
karyokinesis  before  the  mature  nucleated  red  cell  is 
evolved. 


-   b 


:.-.-  d 


Fig.  697. — Section  of  Red  Bone-marrow  from  Rabbit's  Femur,  a. 
Erythrocytes:  b,  myeloplax:  c,  fat  space;  d,  erythroblasts:  c,  myelo- 
cytes; /,  reticulum;  g,  leucocytes,      (.\fter  Bailey  and  Miller.) 

erj-throcytes  are  broken  up  is  not  definitely  known. 
Considering  the  fact,  however,  that  hemoglobin  is  the 
mother  substance  from  which  the  bOe  and  a  portion 
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of  the  urinary  pigments  are  formed,  and  that  these 
pigments  are  being  continually  excreted,  it  is  not 
probable  that  any  particular  corpuscle  lives  for  a  great 
while  in  the  circulation.  Howell  places  the  limit  of 
life  of  a  given  red  cell  at  ten  days,  basing  his  conclu- 
sions mathematically  upon  the  amount  of  hemoglobin 
necessary  to  form  the  quantity  of  bile  obtained  daily 
from  biliary  fi.stulae,  as  compared  with  the  estimated 
hemoglobin  content  of  the  blood. 

Because  of  the  histological  fact  that  red  corpuscles 
in  various  stages  of  disintegration  can  sometimes  be 
demonstrated  in  .specimens  of  spleen-tissue  and  lymph 
glands,  within  certain  large  cells  called  macrophages, 
it  has  been  suggested  that  the  destructive  process 
takes  place  in  these  organs.  The  spleen  tissue  also 
contains   a    certain   amount   of   iron.     Against    this 
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Fig.  698. — .4  Section  Through  the  Red  Bone-marrow  of  Man  X  6S0.  a,/, 
Normoblasts:  6,  reticulum;  c,  mitosis  in  a  giant  cell;  d,  giant  cell;  c,  A,  myelo- 
cytes; g,  mitosis;  t,  space  containing  iat  cells.  (Boehm  u.  von  Da^ido£F,  Lehr- 
buch  der  Histologic,  Wiesbaden,  1903.) 

idea,  however,  is  the  objection  that  the  small  number 
of  erythrocyte-containing  leucocytes  in  the  spleen  is 
not  at  all  consistent  with  the  number  that  should 
be  in  evidence  were  the  destruction  taking  place 
there  to  any  great  extent.  Furthermore,  removal  of 
the  spleen  does  not  appear  to  have  any  effect  upon 
the  rate  of  red  corpuscle  dissolution.  We  have 
come  to  believe,  therefore,  that  the  phenomenon  of 
ingestion  by  the  macrophages  occurs  only  when  the 
red  cells  are  in  a  state  of  rest  whUe  the  ameboid 
movements  of  the  leucocytes  continue,  that  is,  after 
death.  It  is  more  probable  that  no  particular  organ 
or  tissue  is  endowed  with  the  corpuscle  destroying 
function,  but  that  they  may  disintegrate  in  any  part 
of  the  circulation.  The  liberated  hemoglobin  appears 
to  be  carried  to  the  liver,  whose  cells,  by  means  of 
an  internal  .secretion,  remove  the  iron,  thereby  con- 
.serving  it  for  future  body  use,  and  excrete  the  pig- 
ment portion  as  the  coloring  matter  of  the  bile,  and 
in  part  at  least,  of  the  urine. 

Prenatal  Origin  of  Leucocytes. — The  leucocytes 
begin  to  appear  in  the  blood  of  the  embryo  at,  or 
shortly  before  the  fifth  month,  at  which  time  the 
development  of  the  red  corpuscles  is  well  under  way. 
It  is  not  probalile,  therefore,  that  they  are  formed  in 
the  organs  from  which  the  first  erythrocytes  arise. 
In  fact,  most  authors  agree  that  the  white  corpuscles 
are  developed  in  tissues  entirely  outside  the  blood- 
vessels, reaching  the  circulation  by  virtue  of  their 
ameboid    movement    and    by    the    lymph    stream. 
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The  first  white  corpuscles  observed  conform  roughly 
to  the  two  general  types  seen  after  birth,  the  first 
uninuclear  and  non-granular,  and  the  second  multi- 
nuclear  and    faintly  granular. 

Ziegler  states  that  the  first  leucocytes  arise  from 
cells  which  have  become  detached  from  the  mesoderm. 
He  regards  the  lymphatic  glands  as  the  source  of  the 
white  corpuscles  during  later  intrauterine,  and  through- 
out extrauterine  life,  claiming  that  these  organs  are 
portions  of  embrj'onic  mesodermio  tissue  set  aside  to 
carry  on  the  production.  According  to  his  observa- 
tions, the  small  Ij'mphocyte  is  the  earliest  to  appear, 
the  other  varieties  representing  advanced  stages  in 
the  development  of  this  cell.  Schafer  similarly 
regards  the  leucocytes  as  cells  separated  from  the 
mesoderm. 

In  late  intrauterine  life,  the  liver 
appears  to  play  a  part  in  leucocyte 
production.  This  function,  how- 
ever, is  not  assumed  by  the  liver 
until  after  its  erj-throcyte  formation 
has  ceased,  according  to  Lowit,  and 
acts  only  as  a  temporary  reinforce- 
ment to  the  slowly  developing  l)'m- 
phatic  g.ands.  Although  tlie  spleen 
may  be  a  factor  in  leucocyte  forma- 
tion, especially  in  connection  with 
the  lymphocytes,  as  the  fetus  nears 
fuU  term  the  lymphatic  glands  and 
red  bone  marrow  appear  to  be  capa- 

7<^\___  ^li.u-'--:.   l     ;     ble  of  supplying  the  demand  for  new 

""    ""^  "  '■    ~   "  ''    cells.      The     process     of     leucocyte 

formation    in    the    lymph   glands  is 
probably  one  of  mitotic  division  of 
some  of  the  cells  of  these  structures. 
It  has  also  been  suggested  that  white 
corpuscles  are  formed  in  late  intra- 
uterine life  in   the  intestinal  epithe- 
lium or  in  the  tissues  underlying  it. 
Postnatal   Origin    of    Leucocytes. — 
The  extensive  researches  of  Ehrlich, 
KurlofT,  and  others  show  quite   con- 
clusively    that     throughout     extra- 
uterine   life,    the    chief    sources    of 
leucocyte    production    are   the  lym- 
phatic tissues  and  the  red  marrow  of 
bone.       Experimental     splenectomy 
has   demonstrated    that    in  man,   at 
least,  the  lo.ss  of  this  organ,  which  was  formerly  con- 
sidered of  great  importance,  especially  in  h-mphocyte 
formation,  is  inore   than    offset   bj'  a  compensatory 
hypertrophy   of  the  Ij'mphatic  glands,  and  that  the 
spleen    is    relatively    unimportant    in    that    respect. 
Lowit    describes    the    leucocj'tes    as    arising    from 
leucoblastio  cells  in  lymphoid  tissue,  the  spleen,  and 
bone  marrow,  arriving  in  the  blood  as  the  small  or 
young  variety  of  lymphocyte,  incapable  of  ameboid 
movement,     and     having     a     prominent     vesicular 
nucleus,  surrounded  by  a  small  rim  of  non-granular 
cytoplasm.     He   holds   that   the   differences   in   size, 
shape  of  nucleus,  and  appearance  of  cytoplasm  ob- 
served in  the  several  varieties  result  from  a   change 
which  rapidly  occurs  in  the  venous  blood  before  it 
reaches   the   arterial   side   of   the    circulation.     This 
view  has   been   disputed   by  Flemming,   Bannworth, 
and  others,  who  claim  that  multiplication  of  leuco- 
cytes takes  place  by  a  true  mitotic  division.     Instead 
of     regarding     the     polymorphonuclear     and    multi- 
nuclear  tyi)es  as  cells  undergoing  cell  division,  they 
consider  these  varieties  cells  w'ho.se  nuclei  are  under- 
going fragmentation  previous  to  the  disintegration  of 
the  cell. 

Ehrlich's  views,  based  upon  extensive  observations 
during  various  di.sea.sed  conditions,  are  to  the  effect 
that  tnc  two  general  types  of  leucocytes,  the  granular 
and  non-granular,  are  derived  respectively  from  the 
bone  marrow  and  the  lymphatic  glands.  He  main- 
tains that  these  two  sources  of  origin  are  entirely  in- 
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dependent  of  each  other,  and  that  each  confines  itself 
to  tlie  production  of  its  particular  type  of  ceU.  He 
admits  the  possibility  of  lymphocytes  normally  arising 
from  the  bone  marrow  in  small  numbers,  but  contends 
that  this  phenomenon  is  due  to  the  presence  of  lym- 
phatic tissue  in  the  marrow. 

Among  the  granular  cells,  Ehrlich  distinguishes  two 
general  varieties.  The  first  are  those  containing 
special"  granules,  in  other  words,  granules  which 
constitute  a  characteristic  for  certain  animal' species. 
Man  and  monkey,  for  example,  have  neutropliilic 
granulation.  The  other  variety  of  cells  contains 
granules  which  are  found  in  the  whole  vertebrate 
series  from  frog  to  man,  and  which  are  not  character- 
istic of  any  one  species  of  animal.  These  are  the 
eosinophUes,  and  the  basophiles.  The  mature  cells 
which  are  found  in  the  blood  normally,  ncutrophiles, 
eosinophiles,  and  basophiles,  arise  from  their  parent 
cells  by  a  process  of  ripening. 

Fate  of  the  Leucocytes. — Owing  to  the  fact  that  the 
leucocj'tes  contain  no  substance  such  as  the  hemo- 
globin of  the  erj-throcytes,  bj'  which  their  process  of 
destruction  may  be  traced,  the  ultimate  fate  of  these 
bodies  constitutes  a  still  unsettled  problem.  The  work 
of  Miss  Claypole  and  of  Berry  tends  to  show  that  the 
spleen  is  largely  concerned  in  the  breaking  up  of  the 
white  corpuscles,  but  the  studies  of  Ehrlich  and  Ponfick 
prove  that  this  organ  merely  takes  up  the  products 
of  their  dissolution.  It  is  probable,  therefore,  that 
no  particular  organ  is  directly  concerned  in  white 
corpuscle  disintegration,  but  that  they  may  undergo 
dissolution  in  any  part  of  the  circulation.  Howell 
asserts  that  their  destruction  in  the  blood  stream  is  a 
necessary  factor  for  the  maintenance  of  the  normal 
protein  content  of  the  plasma. 

The  Origin  of  the  Platelets  and  Hemoconia. — Al- 
though it  is  now  almost  universally  agreed  that  the 
blood  platelets  are  true  formed  elements,  and  not 
simply  concretions  or  precipitates  from  the  plasma, 
as  was  at  one  time  suggested,  there  is  still  much 
diversity  of  opinion  as  to  their  origin.  Pouchet's  claim 
that  they  are  extruded  from  the  white  corpuscles  as 
polar  bodies  has  been  refuted,  as  have  the  assertions 
of  Gibson  and  others  to  the  effect  that  some  of  them, 
at  least,  arise  from  the  extruded  nuclei  of  the  imma- 
ture erythrocytes.  Howell  supports  the  view  that  the 
platelets  represent  the  final  products  of  tlie  destruc- 
tion of  the  multinudear  leucocytes.  In  this  connec- 
tion he  calls  attention  to  the  similarity  in  size,  shape, 
and  staining  reaction  between  the  fragmented  nuclei 
of  the  multinucleated  leucocj'tes  and  the  platelets. 

The  relatively  recent  work  of  J.  H.  Wright  and 
Dewia  presents  much  reasonable,  if  not  conclusive, 
evidence  as  to  the  origin  of  the  platelets.  These 
observers  hold  that  they  are  derived  from  the  .so-called 
magacaryoey  tes  or  giant-cells  of  the  bone  marrow  and 
spleen.  Most  of  these  giant-cells  are  spherical  in 
form  but  the  property  of  active  ameboid  movement 
which  they  possess,  causes  many  of  them  to  assume 
extremely  distorted  shapes,  through  the  sending  out 
of  their  cytoplasm  in  the  form  of  irregular  pseudo- 
podia.  It  is  a  well-known  fact  that  the  giant-cells 
lose  their  cytoplasm,  and  Wright  claims  that  this  phe- 
nomenon is  brought  about  by  the  detachment  of  the 
pseudopodia  in  the  blood.  The  fact  that  the  platelets 
them.selves  are  possessed  of  ameboid  powers  upholds 
this  view,  and  until  further  light  is  thrown  upon  the 
subject,  Wright's  theory  seems  to  be  the  most  tenable. 

Regarding  the  source  of  the  hemoconia,  at  the 
present  time  we  have  no  evidence  which  would  justify 
a  contradiction  of  Mi  ller's  original  claim  as  to  their 
origin.  It  is  generally  believed,  therefore,  that  the 
blood-dust  represents  the  debris  of  disintegrated  cor- 
puscles. In  particular,  the  cytoplasmic  granules  of 
the  leucocytes,  especially  those  of  the  eosinophiles,  are 
worthy  of  consideration.  For  the  conclusive  solution 
of  this  problem  much  depends  upon  the  discovery  of 
their  true  chemical  composition. 


Functions. — To  give  a  full  and  accurate  account 
of  the  physiology  of  the  blood  would  be  to  enumerate 
and  describe  practicallj'  all  bodily  processes.  In 
other  words,  the  normal  fmictioning  of  all  organs  and 
tissues  is  dependent  upon  the  blood.  I'lven  th(! 
nervous  system,  which  we  have  come  to  regard  as 
being  composed  of  the  most  highly  specialized  of  all 
tissues,  requires  for  the  carrying  on  of  its  work  an 
abundant  supply  of  this  fluid.  It  seems  advisable, 
therefore,  in  a  work  of  this  sort,  to  speak  only  of  the 
chief  functions  of  the  several  constituents  of  the  blood, 
leaving  the  reader  to  apply  the.se  same  principles  to 
various  structures  as  occasion  demands. 

The  Erythrocytes. — The  red  corpuscles,  if  indeed 
they  are  cells,  are  a  very  highly  specialized  variety 
whose  sole  function  appears  to  be  that  of  carrying 
oxygen  to  the  tissues  from  the  lungs,  and  carbon 
dioxide  away  from  the  tissues,  which  function  they 
perform  by  virtue  of  the  contained  hemoglobin. 
This  important  constituent  of  their  make-up  forms  a 
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Fig.  699.— a,  Leucocytes  Sending  Forth  Processes  which  Pene- 
trate the  Wall  of  the  Vessel.  B,  Leucocytes  partly  through  vessel 
wall,  showing  constriction  in  center.  C,  Leucocytes  after  pene- 
trating wall  regain  former  shape.  D,  -Appearance  of  vessel  and 
surrounding  tissue  after  diapedesis  has  gone  on  for  some  time. 
(.\fter  Craig.) 

very  loose  chemical  combination  with  one  gas  in- 
dependently of  its  bonds  with  the  other,  the  two 
probably  uniting  with  different  constituents  of  the 
hemoglobin.  Both  combinations  are,  according  to 
Bohr,  capable  of  dissociating  under  suitable  con- 
ditions of  pressure.  At  any  rate,  oxygen  and  carbon 
dioxide  are  undoubtedly  carried  by  the  corpuscles 
simultaneously,  and  there  is  much  evidence  to  show 
that  the  further  along  the  process  is  continued,  that 
is,  the  more  carbon  dioxide  the  hemoglobin  removes 
from  the  ti.ssues,  the  more  readily  it  delivers  oxygen. 
This  statement  is  of  course  limited  by  the  capacity  of 
hemoglobin  to  take  up  both  oxygen  and  carbon 
dioxide.  Setschenow  found  in  the  erythrocytes 
nearly  ten  per  cent,  of  carbon  dioxide,  and  about 
five  times  as  much  oxj'gen,  which  figures  give  one  a 
good  idea  of  the  relative  amounts  carried. 
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Loewj-  suggests  that  a  small  percentage  of  the 
carbon  dioxide  in  the  red  corpuscles  is  carried  in- 
dependently of  the  hemoglobin,  in  chemical  com- 
bination with  the  alkali. 

The  Leucocytes. — Perhaps  the  most  interesting 
property  of  white  blood  corpuscles  as  a  class  is  their 
abUity  to  make,  under  certain  conditions,  ameboid 
movements — a  characteristic  which  is  responsible 
for  the  name  so  often  applied  to  them  of  "wandering 
cells."     This  power  is  not   marked   in  some  of  the 


Fig.  700. — A,  Small  Vein  of  Mesenterj'-  Showing  the  arrangement  of  the 
granules  during  and  after  penetration  of  wall  by  the  leucocyte.  B,  Small 
vein  in  mesentery.  Leucocjtes  sending  off  a  process  clear  of  granules  (a 
and  6).     (After  Craig.) 


types,  being  very  much  restricted  in  the  lymphocj-tes, 
but  it  is  bj'  virtue  of  this  variety  of  movement  that 
the  polymorphonuclears  especially  are  able  to  perform 
some  of  the  functions  accredited  them.  For  instance, 
some  of  them  are  made  to  migrate  through  the  walls 
of  blood  capUlaries,  probably  between  the  endothelial 
plates.  The  process  of  migration,  known  as  diapede- 
sis,  takes  place  normally,  but  is  greatly  hastened 
under  certain  conditions  of  disease. 

It  has  been  discovered  that  for  a  maximum  degree 
of  activitj'  of  the  leucocvtes  a  temperature  of  from 

39°  C.  to  42°  C. 
Stood  Cap{2lar-if. 
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Fig.  701. — Diaoxammatic  Representa- 
tion of  the  Manner  in  which  a  Leucocyte 
Traverses  the  Wall  of  a  Capillary  Blood- 
vessel. (.\fter  Craig.)  a.  Leucocyte  before 
penetrating :  6,  leucocj-te  sending  off  process 
and  granules  beginning  to  withdraw  to 
farther  end  of  cell;  c,  leucocj-te  partly 
through  wall,  granules  at  upper  end  of  cell; 
if,  granules  passing  through  the  wall;  e, 
granules  arranged  in  the  portion  of  the 
leucocj^e  farthest  from  vessel ;  /,  leucocyte, 
after  penetration,  resuming  its  original 
condition;  ff,  leucocyte  swept  from  wall, 
showing  retention  of  the  clear  penetrating 
process. 


is  required . 
Movements  are 
very  slight,  if 
present  at  all, 
below  25°  C,  and 
the  ceUs  are  very 
quickly  killed 
above  54°  C. 
These  observa- 
tions coincide 
adniirablj-  with 
our  knowledge 
that  the  leuco- 
cj-tes  show  the 
greatest  activity 
in  febrile  condi- 
tions of  moderate 
intensity  in  the 
human  bodj-. 

Ameboid  move- 
ment is  accom- 
plished    by    the 


sending  out  of  a  small  portion  of  the  cytoplasm  in  the 
form  of  a  pseudopod.  Ki.hne  has  shown  that  such  an 
outpu.shing  represents  a  decrease  of  the  surface  ten- 
sion at  the  point  where  it  projects,  and  that  this 
decrease  is  caused  by  the  absorption  of  oxygen  at  that 
spot,  which  lowers  the  cohesion  of  the  molecules. 
If  the  object  of  the  cell  be  that  of  progression,  the 
whole  body  of  protoplasm  gradually  flows  into  the 
pseudopod,  the  cell  being  of  approximately  the  same 
shape  as  before,  but  further  on  its  way  bv  the  length 
of  tne  pseudopod.  When,  on  the  otHer  liand,  a  for- 
eign body  Ls  to  be  engulfed,  the  pseudopod  or  pseudo- 
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podia,  after  having  surrounded  the  particle,  may  be 
retracted.  The  surface  tension  theory  accounts  for 
the  latter  phenomenon  bj-  the  supposition  that  oxy- 
gen is  given  off  at  that  point,  thus  increasing  and  re- 
sloring  the  surface  tension  to  its  original  vigor.  It 
does  not  explain,  however,  why  oxj-gen  happens  to  be 
given  off  or  absorbed  at  these  particular  points.  Some 
vague  chemical  attraction  is  probablj'  the  instigating 
factor. 

The  power  of  certain  of  the  leucocytes  to  ingest, 
by  means  of  their  protoplasmic  processes, 
pathogenic  bacteria  and  other  foreign  cells  or 
organisms,  is  the  basis  of  one  of  tneir  most 
useful  functions,  namelj-,  that  of  ■phagocytosis. 
As  has  been  suggested,  this  ability  is  invested 
chiefly  in  the  polymorphonuclears  and  they 
are  termed  "phagocytes"  or  "devouring 
cells."  Metchnikoff  believed  resistance  to 
bacterial  action  to  be  dependent  upon  the 
activity  of  the  wandering  cells,  in  mechan- 
ically taking  up,  killing,  and  digesting  bac- 
teria, ^^"right,  however,  discovered  that  the 
phagocytic  power  of  the  leucocytes  depends 
upon  the  presence  of  certain  serum  elements, 
designated  as  "opsonins"  which  sensitize  or 
in  some  way  prepare  the  bacteria  for  attack 
by  the  leucocytes.  He  foimd  that  it  was  pos- 
sible to  measure  comparatively  the  amount 
of  opsonins  contained  in  the  blood  serum  of 
an  individual  hy  determining  the  phagocytic 
power  of  leucocytes  toward  a  given  bacterium 
in  the  presence  of  the  test  serum  and  normal 
.serum.  A  comparison  of  the  phagocytic  indices  thus 
obtained  gives  the  opsonic  index,  which,  associated 
with  contributory  clinical  signs,  to-day  serves  as  one 
of  our  most  useful  laboratory'  diagnostic  tests.  As  a 
further  step  along  these  lines,  Wright  found  that  he 
could  modify  the  opsonic  index  of  an  individual  almost 
at  will  by  the  use  of  vaccines. 

Since  the  study  of  the  internal  secretions  has 
reached  the  point  where  it  is  believed  that  all  active 
cells  of  the  bodj-  produce  these  substances,  it  has  also 
been  suggested  that  the  leucocytes  still  further,  and 
independently  of 
their  phagocytic 
powers,  protect  the 
individual  from 
bacteria  by  the 
elaboration  of  bac- 
teriolysins. 

Beyond  their 
function  of  protec- 
tion La  local  infec- 
tions, when  they 
emigrate  to  the 
point  of  attack  in 
large  numbers,  the 
leucocytes  may 
also,  at  times,  assist 
in  the  repair  of  in- 
jured  tissues. 
Covering  the  nec- 
rotic part,  and  sepa- 
rating it  from  the 
adjacent  healthy 
tissue     appears     a 


Fig. 


r02. — Showing  a  Vessel  in 
Which  the  Current  has  Come  nearly  to 
a  Standstill.  The  leucocytes  are  ar- 
ranged in  rows  along  its  wall.  (After 
Craig.) 

layer  of  lymph  which  is  largelj'  composed  of  white 
corpuscles.  When  this  sequestrated  portion  is  not 
thrown  off,  the  fluid  contained  is  absorbed,  the  leuco- 
cytes, as  well  as  the  dead  tissue,  maj-  become  organ- 
ized and  as.^ist  in  the  development  of  cicatricial  tissue. 
Howell  credits  the  leucocytes  with  helping  to  main- 
tain the  normal  protein  content  of  the  blood.  The 
blood  proteins  are  of  a  peculiar  nature  chemically  and 
are  probably  not  formed  directly  from  the  products 
of  digestion.  The  leucocytes  may  assist  in  this 
process  in  one  or  both  of  two  ways.  First,  by  under- 
going disintegration  in  the  blood  stream,  thus  con- 
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ributing  tlieir  own  proteins,  and  second,  by  elaborat- 
ng  within  themselves  substances  which  maintain 
he  normal  composition  of  the  plasma.  A  suggestive 
malogy  to  the  zymogen  granules  in  glandular  cells 
s  offered  by  the  formation  of  granules  in  the  cyto- 
)lasm  of  the  leucocytes. 

Observations  on  the  relation  between  the  number 
if  leucocytes  in  the  blood  and  the  elimination  of 
iric  acid,  led  Horbaczewski  to  advance  the  supposition 
hat  the  purin  bodies  from  the  nuclei  of  disintegrated 
eucoeytes  were  the  chief  source  of  uric  acid  pro- 
luction.  In  conditions  where  there  is  an  extremely 
arge  number  of  leucocytes,  whether  a  specific  disease, 
ir  a  leucocytosis  produced  by  the  ingestion  of  drugs, 
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Fig.  703. — Figures  of  a  Leucocyte  Undergoing  Di\'ision 
(Amphibia),     (.\fter  Claypole.) 

'he  rate  of  destruction  of  leucocytes  is  proportionately 
Ivigh,  and  the  uric  acid  elimination  correspondingly 
increased. 

Another  function  of  the  leucocytes  appears  to  be 
that  of  assisting  in  the  absorption  of  the  products  of 
fat  and  protein  digestion  in  the  intestine.  It  is  now 
generally  admitted  that  the  epithelial  cells  of  the 
gut  waU  are  the  important  factor  in  this  process,  but 
the  leucocytosis  of  digestion  would  suggest  that  the 
white  corpuscles  also  play  a  part.  They  may  act 
either  by  exerting  a  chemical  attraction  for  the 
digestive  products  or  by  increasing  the  selective  power 
of  certain  of  the  intestinal  cells  by  means  of  their 
internal  secretions.  These  theories  apply  more  par- 
ticularly to  the  leucocytes  found  in  the  lymphoid  tis- 
sue of  the  gut  than  to  the  actively  circulating  cells. 

The  fats  and  peptones  once  within  the  circulating 
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blood,  however,  it  seems  to  be  a  well-established  fact 
that  the  leucocytes  assist  in  conveying  them  to  the 
tissue  cells.  To  a  certain  extent  this  is  brought 
about  directly  by  diapedesis,  but  for  the  most  part 
the  nutrient  substances  are  given  up  to  the  plasma  for 
terminal  distribution  by  osmosis  and  filtration.  The 
fact  that  the  leucocytes  have  been  found  by  Set- 
schenow  to  contain  2.5  to  3  per  cent,  by  volume  of 
carbon  dioxide  would  indicate  that  these  cells  also 
assist  in  conveying  this  gas  from  the  tissues  to  the 
lungs,  probably  in  loose  chemical  combination  with 
the  alkali  present.  Leucocytes  or  their  products  are 
an  undoubted  factor  in  the  coagulation  of  blood. 

Platelets  and  Hemoconia.- — In  view  of  our  limited 
knowledge  of  these  bodies,  little  of  a  definite  nature 
can  be  said  in  this  section.  The  original  view  of 
Hayem,  who  believed  the  platelets  to  be  the  pre- 
cursors of  the  red  corpuscles,  is,  according  to  the 
judgment  of  most  hematologists,  untenable.  Nearly 
all  modern  writers  do,  however,  recognize  the  close 
connection  of  the  thrombocytes  with  coagulation,  and 
Burker  and  Ducceschi  have  shown  that  this  process 
is  dependent  upon  their  destruction  or  solution.  The 
hemoconia,  on  the  other  hand,  ajiparcntly  have  no 
relation  to  fibrin  formation,  and  their  function,  if 
any,  still  remains  in  doubt. 

The  Fluid  Portion. — The  functions  of  the  serum  and 
plasma  are  described  together,  for,  with  the  excep- 
tion of  the  fibrin-forming  svibstanccs  found  in  the 
latter,  which  have  to  do  with  coagulation,  a  function 
treated  in  a  separate  article,  they  are  identical. 

A  function  of  the  fluid  part  of  the  blood  which  is 
of  vital  importance  to  the  organism  is  its  relation  to 
the  eciualization  of  body  heat.  Various  influences, 
such  as  friction  caused  by  gross  and  molecular  move- 
ment, muscular,  glandular,  and  nervous  chemism, 
combustion  of  ingested  food,  condensation  of  air  in 
the  lungs,  liquefaction  of  gases,  and  the  solidification 
of  liquids  are  constantly  at  work  producing  heat 
within  the  body.  Because  of  its  intimate  contact 
with  all  body  tissues,  and  the  readiness  with  which 
it  absorbs  heat,  most  of  the  heat  so  produced,  is  given 
up  to  the  circulating  blood.  Any  of  the  above  factors 
may  have  a  tendency  toward  increasing  the  tempera- 
ture in  one  part  of  the  body  more  than  in  others,  and 
it  is  by  means  of  this  vigorously  circulating  fluid  that 
the  less  active  regions  are  made  of  a  temperature 
approaclilng  the  average  of  the  individual. 

We  have  seen  that  in  the  higher  animals  the 
average  body  temperature  departs  but  little  from  a 
certain  fixed  point.  In  view  of  the  fact  that  the 
rate  of  heat  production  varies  markedly  from  time  to 
time,  according  to  the  activity  of  the  body  and  the 
food  taken,  it  is  obvious  that  there  is  some  method  of 
controlling  the  rate  of  heat  loss.  Strictly  speaking, 
the  excess  is  lost  by  radiation  and  conduction,  dermal 
and  respiratory  evaporation,  and  by  means  of  the 
feces,  urine,  and  expired  air.  Furthermore,  we  must 
give  all  due  credit  to  the  intricate  nervous  mechanism 
of  the  va.somotor  system,  for  it  is  by  this  means  that 
the  blood  reaches  the  regions  from  which  heat  is  lost, 
in  quantities  varying  with  the  thermolytic  needs  of 
the  organism. 

It  is  through  the  blood,  however,  and  the  fluid  por- 
tion in  particular,  that  all  of  these  methods  are  made 
possible,  being  distributed  into  complex  networks  of 
minute  capillaries  in  the  skin  and  the  mucosa  of  the 
lungs  and  intestines.  The  total  area  of  exposure  of 
the  blood,  as  represented  by  the  sum  of  the  surface 
areas  of  these  capillaries,  Ls  immense,  and  affords 
ample  opportunity  for  the  fulfilment  of  that  law  of 
phj'sics  governing  the  equalization  of  unequal  tem- 
peratures. In  this  instance,  the  air  and  environmen- 
tal objects  are  ordinarily  the  substances  of  lower  tem- 
perature. Hyperpyrexia  is  brought  about  by  an 
inability  of  the  vasomotor  nerves  to  compensate  for 
the  heat  furnished  by  increased  metabolism,  rather 
than  by  any  fault  of  the  blood  itself. 
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While  it  is  true  to  a  great  extent  that  the  nervous 
system  is  the  coordinator  of  the  animal  body,  we  are 
turning  our  attention  more  and  more  each  day  to 
anothq^  method  which  makes  use  of  chemical  sub- 
stances. Comparative  physiologj-  shows  that  as  the 
scale  of  animal  life  descends,  tnis  method  becomes 
more  prominent,  the  activitj-  and  development  of 
the  nervous  system  diminishing  in  inverse  propor- 
tion, untQ  in  some  of  the  lower  forms  the  chemical 
method  is  the  only  means  of  unification.  The  dif- 
ference between  the  two  methods  is  essentiaUj'  one  of 
time,  the  nervous  system  being  the  more  rapid  by 
far.  These  substances  have  been  given  the  names 
"hormones"  and  "colyones"  according  to  whether 
their  functions  are  those  of  stimulation  or  inhibition, 
but  they  are  all  included  under  the  heading  of  "  inter- 
nal secretions." 

The  blood  serum  would  seem,  in  the  light  of  this 
knowledge  to  conform  to  the  definition  of  a  coordi- 
nator, in  that  it  is  the  broad  highway  for  the  con- 
ducting of  the  internal  secretions  from  their  places 
of  origin  to  the  structures  in  which  a  specific  suscepti- 
bility to  their  action  has  been  developed.  It  is  not 
intended  to  deprecate  the  importance  of  the  nervous 
system  to  the  body,  but  it  has  been  shown  beyond 
doubt  that  it  interacts  with,  and  is  supplemented  bj- 
the  internal  secretions  through  the  blood  serum,  and 
that  the  presence  of  phj-siological  quantities  of  these 
substances  in  the  blood  is  a  necessary  factor  for  the 
normal  functioning  of  many  structures,  chief  among 
which  are  those  of  the  nervous  system  itself. 

Referring  again  to  the  protective  powers  of  the 
blood,  it  has  been  discovered  that  the  serum  is  the 
most  important  factor  in  this  respect.  Nuttall, 
Buchner,  and  others  demonstrated  that  blood  serum 
exhibited  definite  bactericidal  properties;  that  these 
properties  were  more  marked  in  serum  free  from  cor- 
puscles than  in  whole  blood;  that  the  germicidal 
qualities  were  destroyed  bj-  a  half  hour's  exposure  to 
55°  C.  Buchner  found  that  the  germicidal  bodies 
were  albuminous  and  that  they  were  active  only  in 
weak  solutions  of  certain  salts  normally  found  in 
blood  serum.  He  called  these  bodies  "alexins." 
They  are  apparently  produced  in  the  tissue  cells,  are 
found  in  greatest  absolute  amount  in  serum,  but  in 
relatively  greater  amounts  in  the  blood-making 
organs.  They  do  not  have  specific  germicidal  proper- 
ties, but  tend  to  prevent  infection  by  any  bacterium. 
They  are  believed  to  be  responsible  for  the  condition 
of  racial  immunity.  Inherited  immunity  against 
specific  bacteria  is  supposed  to  arise  from  the  inherit- 
ance of  ability  to  produce  a  specific  alexin,  in  addition 
to  those  normally  found  in  the  serum.  Thus  the  dog, 
goat,  and  others  seem  to  be  immune  to  tuberculosis. 

Closely  allied  to  the  above,  but  by  a  more  complex 
process,  is  the  presence  in  the  serum  under  certain 
conditions,  of  antitoxins,  so  called  because  of  the 
power  which  they  possess  of  neutralizing  the  toxins 
of  the  specific  infecting  bacterium.  This  power 
seems  to  rest  in  the  globulins  of  the  serum,  and  is 
frequentlj'  present  in  such  degree  that  the  serum  may 
be  used  as  a  therapeutic  agent  in  neutralizing  toxins 
of  the  same  variety  in  another  individual.  Anti- 
toxins are  of  greatest  importance  in  connection  with 
diseases  in  which  diffusible  poisons  are  elaborated  by 
the  infecting  bacterium,  but  they  do  not  necessarily 
possess  germicidal  properties,  nor  are  they  permanent. 
It  is  believed  that  infection  with  the  specific  bac- 
terium stimulates  the  tissue  cells  to  secrete  these  sub- 
stances into  the  blood,  where  they  unite,  as  does  an 
acid  with  a  base,  with  the  bacterial  poisons  to  form  a 
chemically  inert  body. 

Bacteriolysins  are  permanent  protective  bodies 
developed  and  poured  into  the  blood  serum  for  the 
purpose  of  safeguarding  the  individual  from  subse- 
quent attacks  by  the  specific  bacterium.  They  are 
believed  to  be  responsible  for  the  condition  known  as 
acquired    immunity,    which    is   found   after   certain 


diseases  such  as  typhoid  and  Asiatic  cholera.  Upon 
a  later  infection,  the  bacteria  lose  their  motility, 
become  swollen,  and  soon  disintegrate  into  fine 
granules  which  are  taken  up  by  the  wandering  cells. 

.\s  a  further  protective  function,  the  animal 
organism  has  the  power  of  secreting  into  the  blood 
serum,  when  foreign  cells  or  proteins  are  injected 
into  it,  antibodies  which  dissolve,  precipitate,  or 
otherwise  render  the  harmful  substances  inert. 
These  antibodies  are  called  "cytolysins,"  "hemoly- 
sins," or  "precipitins,"  according  to  the  substances 
against  which  they  are  specific.  Thus,  if  cow's  milk 
be  injected  under  the  skin  of  a  rabbit,  there  will  be 
produced  within  the  animal's  blood,  a  precipitin 
capable  of  precipitating  the  casein  of  cow's  milk, 
although  it  may  have  no  action  upon  the  milk  of 
other  animals.  In  the  same  way,  the  injection  of 
spermatozoa  causes  the  production  of  a  cytolysin 
which  destroys  this  particular  form  of  cell,  and  the 
same  fact  holds  good  for  epithelial  cells.  Speaking 
generally,  within  the  serum  of  any  animal  hemo- 
lysins may  be  formed  that  wiU  destroy  the  blood 
corpuscles  of  an  animal  of  another  species.  But 
great  differences  are  noted  in  this  respect,  the  serum 
of  the  horse,  for  instance,  showing  little  hemolytic 
action  upon  the  red  corpuscles  of  the  rabbit  when 
compared  with  the  effect  of  the  serum  of  a  cat  or 
dog.  The  results  of  transfusion  of  blood  are,  however, 
so  uncertain  because  of  the  danger  of  hemolysis  alone, 
aside  from  the  liability  of  intravascular  clotting,  that 
this  operation  has  largely  been  discarded.  'These 
wonderful  protective  adaptations  of  the  body  are 
primarily  probably  chemical  reactions  dependent 
upon  the  properties  of  the  living  cells,  but  the  natures 
of  the  involved  processes  are  not  well  understood,  and 
tlie  phenomena  are  designated  provisionally  as 
biological  reactions. 

In  addition  to  the  thrombin,  blood  serum  is  said 
to  contain  ferments  which  are  capable  of  converting 
starch  and  glycogen  into  maltose:  a  cleavage  enzyme 
converting  maltose  into  dextrose;  a  glycolytic  fer- 
ment necessarj-  for  the  combustion  of  sugar,  and  a 
fat-splitting  ferment.  The  extent  to  which  these 
functions  are  performed  in  the  blood,  however,  is 
uncertain. 

Of  the  twenty-two  per  cent,  by  volume  of  oxygen 
present  in  arterial  blood,  9.26  per  cent,  by  volume, 
or,  roughly,  two-fifths  of  the  total,  is  carried  to  the 
tissues  in  simple  solution  in  the  plasma,  according  to 
Pfluger,  the  remainder,  as  we  have  seen,  being  con- 
veyed almost  entirely  by  the  red  plastids.  Regarding 
the  method  of  transmission  of  the  carbon  dioxide, 
however,  the  reverse  is  true.  The  results  of  chemical 
analj-ses  by  various  observers  show  that  fully  two- 
thirds  of  the  total  carbon  dioxide  is  carried  in  the 
fluid  portion  of  the  blood.  Although  it  is  a  fact  that 
the  plasma,  because  of  its  chemical  nature,  cannot 
hold  as  much  of  any  gas  in  simple  solution  as  can 
water,  it  is  nevertheless  true  that  plasma  carries 
much  more  carbon  dioxide  than  oxygen  in  this 
manner.  Setschenow  claims  that  fully  one-tenth 
of  the  total  carbon  dioxide  of  the  serum  is  in  simple 
solution.  The  remainder  appears  to  be  in  two  kinds 
of  union  with  the  components  of  the  plasma — namely, 
in  loose  and  in  firm  chemical  combination,  the  desig- 
nations being  made  because  of  the  removability  of 
the  former  portion  by  means  of  a  vacuum.  Accord- 
ing to  Heidenhain  and  others,  a  small  proportion  is 
combined  with  the  sodium  acid  phosphate  of  the  plas- 
ma. Another  small  percentage  in  undoubtedly  neld 
m  combination  with  the  serum  globulin.  But  by  far 
the  greatest  amount  of  carbon  dioxide  is  joined  with 
tliose  salts  to  which  the  alkalinity  of  the  blood  is  due, 
that  is,  with  sodium  phosphate  and  sodium  carbonate. 

The  processes  by  which  the  two  ga.^es  enter  and 
leave  the  blood  are  those  of  gaseous  osmosis  and 
diffusion,  the  "animal  membrane"  involved  in  the 
former  consisting  of  the  walls  of  the  capillaries  plus  ' 
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the  layors  of  intervening  fluid,  both  within  and  with- 
out. Much  the  same  principles  apply  to  the  passage 
back  and  forth  of  nutrient  and  waste  substances  other 
tliau  oxygen  and  carbon  dioxide.  Filtration,  how- 
ever, appears  to  be  an  additional  physical  factor  in 
tliis  process.  Reference  to  the  section  on  "Chem- 
istry'* will  show  to  a  great  extent  tlie  forms  in  which 
tiiese  anabolic  and  catabolic  substances  are  present 
in  the  plasma. 

Gkneral  Vaiuations  in  the  Blood. — As  a  resume 
of  tlie  general  diff'erences  existing  between  arterial 
and  venous  blood,  the  following  table  is  appended: 


Arterial  Blood.  | 

Color. — Bright  red,  monochroic;  , 
oxyhemoglobin.  I 

Specific  Graviti/. — Less.  i 

Number    of    Corpuscle.'i. — Rela- 
tively less;  blood  more  diluted. 
Temperature. — SHghtly    warmer 
in  general. 

Coagulation. — More  coagulable. 

Fibrinogen. — More. 

General      Composition. — More 

uniform. 
Gas. — More  O,  less  CO2. 

Water. — More. 


Urea  and  Extractives. — 

Gbicose. — More. 

Fat. — Less. 

Fibrin. — More. 

Serum  Albumin. — Less. 

Salts. — Jlote. 


Less. 


Venou-s  Blood, 

Purple,  dichroic:  reduced  hemo- 
globin. 

More. 

Relatively  more ;  blood  more 
concentrated. 

Slightly  cooler,  but  exceptions; 
warmest  blood  in  the  body 
found  in  the  hepatic  vein. 

Less  coagulable. 

Less,  except  in  mesenteric  ^'ein, 

Numerous  local  variations. 

More  CO2;  less  O,  except  in  the 
puhnonary  veins. 

Less ;  transudation  of  water 
through  the  capillaries  causes 
venous  blood  to  be  more  con- 
centrated. 

More;  except  renal  vein 

Less. 

More. 

Less. 

More. 

Less. 


Local  Variations  of  Blood. — Certain  organs  cause 
the  blood  which  passes  through  them  to  undergo  more 
or  less  of  a  modification  in  respect  to  its  general  prop- 
erties and  composition. 

The  Blood  of  the  Capillaries. — Virchow  has  noted 
that  the  blood  from  the  capillaries  does  not  coagulate 
after  death  even  when  exposed  to  the  air.  which  ap- 
parently indicates  some  modification  of  tlie  fibrin  or 
fibrin  ferment. 

The  Blood  of  the  Mesenteric  Vein. — More  fibrinogen 
is  found  in  this  vein  than  in  arterial  blood. 

The  Blood  of  the  Portal  and  Henatic  Veins. — Dros- 
doff  has  observed  in  dogs  fed  witii  meat,  bread,  and 
milk  that  the  portal  vein  contains  fewer  corpuscles 
and  more  plasma  than  that  of  the  hepatic.  There 
is  also  more  fatty  material  present  in  the  portal,  which 
may  apparently  be  stored  up  in  the  liver.  During 
digestion  the  portal  vein  contains  more  sugar  than 
the  hepatic,  but  later  the  reverse  is  the  case,  although 
it  is  not  likely  that  the  portal  vein  is  at  any  time 
entirely  destitute  of  it. 

The  Blood  of  the  Splenic  Vein. — The  evidence  is  con- 
flicting here.  Some  have  claimed  that  a  larger  num- 
ber of  corpuscles  are  present  in  this  blood,  while  others 
hold  that  they  are  fewer  and  are  destroyed  in  the 
spleen  as  well  as  in  the  liver. 

The  Blood  of  the  Renal  Vessels, — The  differences  are 
best  shown  in  the  following  table: 


Renal  artery. 

Renal  vein. 

Water 

Solids 

790 
210 

778 
222 

Albuminoids 

1.000 
Less. 
More. 
More. 
More. 
More. 
More. 

1.000 
More. 

Urea 

Less. 

Uric  acid  and  creatin 

Oxygen 

Carbon  dioxide 

Less. 
Less. 
Less. 

Very  briefly,  there  is  loss  of  water,  salts,  urea, 
CO,,  and  extractive  materials. 

the  Blood  of  tlie  Glands. — The  blood  which  leaves  a 
resting  gland  is  darl<  and  possesses  the  ordinary  char- 
acters of  venous  blood;  that  leaving  an  active  gland  is 
brighter  (Bernard)  and  contains  less  COj  than  com- 
mon venous  blood,  because  a  certain  amount  of  the 
COj  is  given  off  in  the  fluid  secreted  by  the  glands, 
especially  the  salivary. 

The  Blood  of  the  Placenta. — This  appears  to  contain 
more  corpuscles  and  less  water  than  the  venous  blood 
of  the  arms,  for  example.  More  urea  is  also  present, 
but  further  investigation  is  necessary. 

Menstrual  Blood. — Menstrual  blood  seems  to  be 
deficient  in  the  fibrin-forming  elements.  The  blood 
does  not  coagulate  or  only  slightly  under  normal  con- 
ditions. As  this  is  a  capillary  hemorrhage  and  such 
blood  does  not  coagulate  readily,  we  have  a  reasonable 
explanation  for  this  insufficient  coagulation  phenome- 
non. Furthermore,  the  blood  becomes  mixed  with 
the  vaginal  mucus  and  has  a  tendency  toward  acidity. 

The  Blood  in  Hibernating  Animals. — Vierordt  has 
shown  that  the  blood  in  such  animals  may  show  a 
diminution  in  the  red  corpuscles  from  a  total  of  seven 
million  to  two  million  per  cubic  millimeter;  the  changes 
in  the  blood  with  respect  to  the  hemoglobin  being  very 
feeble,  and  but  a  slight  difference  existing  in  general 
between  the  arterial  and  venous  blood. 
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Blood,  Circulation  of  the. — CoMPARATm:  and 
Historical  Introduction. — All  nietazoa  above  the 
Forifera  or  sponges  possess  an  internal  medium  to 
provide  for  the  nutritive  and  respiratory  needs  of 
those  portions  of  the  organism  which  b.v  their  position 
are  excluded  from  direct  relations  with  the  external 
environment.  This  internal  medium  is  the  blood. 
In  some  Ccelenterates  it  consists  simply  of  water 
charged  with  a  certain  amount  of  organic  particles 
and  occupying  the  gastrovascular  cavity.  In  higher 
invertebrates  the  blood  acquires  more  distinctive 
properties.  Soluble  proteins  are  added  conferring 
coagulability;  corptjscular  elements  appear;  and  res- 
piratory pigments  of  some  diversity,  such  as  hemo- 
globin, hemocyanin,  or  chlorocruorin  may  be  present, 
belonging  as  a  rule  to  the  plasma  rather  than  to  the 
corpuscles.  Invertebrate  blood,  however,  never  ex- 
hibits the  constant  chemical  composition  and  inde- 
pendence of  the  conditions  of  the  external  medium 
which  characterizes  the  blood  of  vertebrates.  More- 
over, it  is  never  fully  confined  to  a  closed  sj'stem  of 
definite  vessels.  The  conditions  in  re.spect  to  the 
latter  point  show  extreme  variations.  In  many  of 
the  lower  forms  there  are  no  proper  vessels  at  all  and 
the  blood  occupies  irregular  lacunar  spaces  of  the 
perivisceral  cavity.  Highly  differentiated  types,  like 
Cephalopods  and  Arthropods,  on  tlie  contrary,  possess 
a  well-developed  vascular  system  comprising  a  heart, 
arteries,  and  veins.  There  is,  however,  a  more  or 
less  complete  al)sence  of  the  capillary  connection  at 
the  periphery  so  that  in  some  part  or  parts  of  the  body, 
the  arteries  discharge  their  contents  into  the  tissue 
spaces,  obliterating  the  distinction  between  blood  and 
lymph  and  leading  to  the  use  of  such  terms  as  hydro- 
lymph  and  hemolymph  for  the  blood  of  these  animals. 

The  term  "Circulation"  in  comparative  physiology 
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is  used  in  the  broad  sense  to  describe  the  motion  of 
the  blood.  Sometimes  this  consists  merely  of  an 
irregular  sluggish  ebb  and  flow  through  tissue  spaces 
and  peri^-isceral  cavity  resulting  from  bodily  move- 
ments.   At   the    other   extreme   it   is    a    perpetual 


Tig.  704. — Heart,    Blood-vessels,  and  Gills  of  the  Lobster.     C 
sinus,  with  Ps^  several  pairs  of  ostia;  A.ab,  abdominal  aorta;  Ac, 
Ag,  sternal  artery. 

movement  in  one  direction  through  a  closed  vascular 
system  constituting  a  true  cLrculation  in  the  et>Tno- 
logical  sense.  The  more  perfect  development  of  the 
circulatory  system  in  the  higher  animals  is  correlated 
irith  their  more  intense  metabolic  activity,  and  at  the 
same  time  acquires  important 
general  functions  in  connec- 
tion -nith  the  regulation  of 
body  temperature  and  the 
functional  coordination  of 
various  organs  through  chem- 
ical means,  a  physiological 
mechanism  •srhose  impor- 
tance has  only  recently  re- 
ceived adequate  recognition. 
The  diagrams  of  the  circula- 
torv  svstems  of  the  lobster 
(Fig.  704),  the  fish  (Fig.  705), 
the  frog  (Fig.  706),  and  the 
mammal  (Fig.  707)  illustrate 
some  of  these  essential  differ- 
ences found  in  the  animal 
series  in  respect  to  the  organs 
of  circulation.  In  the  cray- 
fish the  heart  is  situated  dor- 
sally,  surrounded  by  a  so- 
called  pericardium,  which  is 
in  reality  a  blood  sinus.  Six 
slit-like  apertures  provided 
■with  valves  admit  the  blood 
during  the  diastole,  and  pre- 
vent its  egress,  except  by  the 
arteries,  during  the  systole. 
The  arteries  ramify  minutely 
but  the  blood  eventually  es- 
capes into  lacuna  and  the 
perivisceral  cavity  from 
which  it  gradually  finds  its 
way  to  the  gUls  and  thence 
back  to  the  heart.  The 
"arterial"  character  and 
dorsal  position  of  the  heart 
and  the  lack  of  continuity 
between  arteries  and  veins 
are  typical  for  invertebrates. 
Note  the  contrast  in  the  cir- 
culation of  the  fish  which 
represents  the  fundamental 
vertebrate  type.  Here  the 
heart  is  ventral  in  position,  essentially  tubular  in  form, 
and  consists  of  four  consecutive  chambers,  a  sinus 
venosus,  an  auricle,  a  ventricle,  and  a  bulbus  arte- 
riosus. The  blood  is  pumped  into  a  ventral  aorta 
which  passes  forward  to  supply  the  gills.     The  effer- 
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Fig.  705. — Diagram  of  the 
Circulatory  Organs  of  an 
Osseous  Fish.  V,  Ventricle: 
Ba,  aortic  bulb,  wth  the 
arterial  arches  which  carrj* 
the  venou3  blood  to  the  gills: 
Ao,  dorsal  aorta,  into  which 
open  the  vessels  from  the 
gills  or  branchial  veins,  Ab; 
-V,  kidney:  D,  alimentary 
canal;  Lk,  portal  circulation. 


ent  branchial  vessels  unite  to  form  a  dorsal  aorta 
from  which  all  the  systemic  vessels  arise.  The  arter- 
ies are  connected  with  the  veins  by  complete  capil- 
lary networks  and  the  blood  returns  to  the  sinus 
venosus  in  a  venous  condition.  The  vertebrate  heart 
is  primarily  a  "venous  heart." 

In  air-breathing  vertebrates  modifi- 
cations of  this  fundamental  tj-pe  are 
determined  by  the  development  of 
the  lungs.  The  blood-supply  of  the 
swimming  bladder  of  the  fish  is  an 
insignificant  part  of  the  systemic  cir- 
culation. When  this  organ  develops 
into  a  lung,  its  veins  establish  an  in- 
dependent connection  with  the  heart, 
and  a  partition  divides  the  auricle  into 
a  right  and  left  half.  The  ventricle 
at  first  remains  single  as  in  the  frog 
but  complete  intermingling  of  the 
arterial  and  venous  bloods  is  pre- 
vented by  the  muscular  trabeculae  in 
the  ventricle  and  the  spiral  valve  in  the 
bulbus  arteriosus.  The  ventricular  sep- 
tum develops  gradually  in  the  reptilia, 
becoming  complete  in  crocodiles  as  it  is  also  in  birds 
and  mammals.  In  spite  of  the  complete  di^^sion  of 
the  heart  in  crocodiles,  the  mixture  of  venous  and 
arterial  bloods  is  not  wholly  avoided  because  of  a, 
communication — the  foramen  of  Panizzse — between 
the  right  aorta  which  arises  from  the  left  ventricle  and 
carries  arterial  blood,  and  the  left  aorta  with  its 
venous  blood. 

_  In  birds  and  mammals  only  one  aortic  arch  per- 
sists and  the  separation  of  the  two  bloods  becomes 
complete.  The  blood  now  flows  through  the  vascular 
system  in  one  constant  direction.  To  make  a  com- 
plete circulation  it 
traverses  at  least 
two  sets  of  capil- 
laries, the  systemic 
and  the  respira- 
tory, as  in  fishes; 
but  unlike  the  lat- 
ter, it  also  passes 
twice  through  the 
heart.  The  simple 
venous  heart  of 
the  fish  is  replaced 
by  a  double  organ 
wit  h  a  right  venous 
side  which  trans- 
fers the  blood  from 
the  systemic  veins 
to  the  pulmonary 
artery;  and  a  left 
arterial  side,  which 
returns  it  again 
from  the  pulmo- 
nary veins  to  the 
aorta.  A  third  set 
of  capillaries  may 
be  interpolated  in 
the  course  of  a 
single  circuit.  The 
blood  which  is  dis- 
tributed to  the  ab- 
dominal ^Tscera  is 
collected  by  the  portal  vein  and  must  pass  through  the 
capillaries  of  the  liver  before  returning  to  the  heart. 
The  terms  greater  or  "systemic"  circulation,  lesser 
or  "pulmonary"  circulation  and  "portal"  circulation 
are  commonly  used  to  designate  the  several  subdivi- 
sions of  the  complete  path  taken  by  the  blood. 

The  fact  of  the  circulation  of  the  blood  in  man 
was  first  established  by  William  Har\-ey  in  1016 
and  his  great  discovery,  aside  from  the  paramount 
significance  of  the  fact,  marks  an  epoch  in  the  history 
of  medicine  in  that  it  was  the  first  example  of  a 


Fig.  706. — Circulatorj'  Organs  of  the 
Frog.  P,  Left  lung — right  lung  is  re- 
moved: Ap,  pulmonary-  arterj"  T*p,  pul- 
monary vein:  Vc,  vena  cava  inferior:  Ao, 
dorsal  aorta:  X,  kidney:  D,  alimentary 
canal:  Lk,  portal  circulation. 
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physiological  discovery  proved  by  exact  experimental 
methods.  Until  the  middle  of  the  fifteenth  century 
the  Galenic  teachings  were  accepted  without  question. 
The  main  features  of  his  physiology  so  far  as  the 
heart  and  circulation  are  concerned  may  be  brielly 
stated  as  follows:  The  food  absorbed  from  the 
alimentary  canal  is  carried  by  the  portal  vein  to 
the  liver  and  there  converted  into  blood  with  certain 
nutritive  properties  summed  up  in  the  term  "Natural 
Spirits."  But  this  crude  blood  is  unfitted  for  the 
higher  purposes  of  the  blood  in  the  body.  Carried 
from  the  liver  to  the  right  side  of  the  heart,  some 

of  it  passes  through  hy- 
pothetical pores  of  the 
septum  into  the  left 
ventricle.  Into  this 
same  ventricle  the  heart 
in  diastole  draws  air 
from  the  lungs  by  way 
of  the  pulmonary  vein 
and  by  the  help  of  its 
innate  heat  elaborates 
"Vital  Spirits"  which 
fit  the  blood  for  its 
higher  duties.  From 
the  right  side  of  the 
heart  the  crude  blood 
flows  and  ebbs  to  all 
parts  of  the  body  along 
the  veins  to  serve  the 
lower  stages  of  nutri- 
tion. From  the  left  side 
there  is  a  corresponding 
flow,  followed  by  an  ebb, 
through  the  arteries  of 
a  purer  blood  endued 
with  "Vital  Spirits," 
giving  to  the  tissues 
power  to  exercise  their 
vital  functions.  Finally 
the  arterial  blood,  which 
reaches  the  brain,  there 
generates  the  "Animal 
Spirits,"  which  pure  and 
unmixed  with  blood,  are 
carried  along  the  nerves 
to  bring  about  move- 
ments and  to  carry  on 
the  higher  functions  of 
the  body. 

Harvey  liad  his  fore- 
runners in  the  anatom- 
ists of  the  latter  half  of 
the  sixteenth  century, 
who  undermined  the  au- 
thority of  Cialen  by  their 
demonstration  of  the 
impermeability    of    the 


Flo.  707. — Diagram  of  the  Cir- 
culation in  an  Animal  with  a 
Completely  Separated  Right  and 
Left  Ventricle  and  a  Double  Cir- 
culation. (After  Huxley.)  Adt 
Right  auricle  receiving  the  supe- 
rior and  inferior  vense  cavfe,  Vcs 
and  I'ci;  Dth,  thoracic  duct,  the 
main  trunk  of  the  lymphatic  sys- 
tem: Ad,  right  auricle;  Vd,  right 
ventricle:  Ap,  pulmonary  artery; 
P,  lung:  Vp,  pulmonary  vein:  As^ 
left  auricle:  Vs,  left  ventricle;  Ao, 
aorta:  D,  intestine:  L,  liver;  Vp, 
portal  vein;  Lv,  hepatic  vein. 


interventricular  septum 
(Vesalius,  15.55),  by  discovering  the  structure  of  the 
valves  in  the  veins  (Fabricius,  1574),  and  by  significant 
observations  in  connection  with  venesection.  A 
correct  account  of  the  passage  of  the  blood  from  the 
right  ventricle  to  the  left  auricle  through  the  pul- 
monary circuit  is  found  in  the  writings  of  Servetus 
(1553)  and  Colombo  (1559).  Indeed  it  is  admitted 
that  Ciesalpinus  (1571  and  159.3)  anticipated  correct 
views  in  regard  to  the  systemic  circulation  which 
were  later  established  on  a  sound  basis  by  the  scien- 
tific experiments  of  Harvey.  These  earlier  state- 
ments represent  vague  and  indistinct  glimpses  of 
the  truth  based  on  anatomical  data  whose  significance 
was  not  fully  apj^reciated  and  whose  interpretation 
was  not  pushed  to  a  logical  conclusion.  Harvey 
began  his  work  with  patient  and  prolonged  observa- 
tions on  the  living  heart  until  he  was  able  to  analyze 
and  describe  its  complex  mechanism;  he  emphasized 
the    fact    that    the    systole    qonstituted    the    active  I 


phase;  that  the  heart  cavities  were  filled  from  the 
veins  in  diastole  and  emptied  themselves  into  the 
arteries  during  systole.  He  also  studied  the  blood  flow 
in  the  vessels,'  laying  especial  emphasis  on  certain 
quantitative  considerations  and  so  proved  by  irre- 
sistible arguments  that  the  blood  must  move  in  a 
circle.  His  argument  throughout  is  a  physical 
n  echanical  argument;  the  question  as  to  immaterial 
principles,  such  as  heat  or  spirit,  being  added  to 
the  blood  he  leaves  entirely  aside.  Once  having 
established  the  true  nature  of  the  circulation,  many 
previously  observed  facts  and  phenomena  for  the 
fir.st  time  received  a  reasonable  explanation.  The 
contrary  effects  of  ligatures  on  the  vascularity  of  a 
limb,  according  to  their  tension,  the  escape  of  practi- 
cally the  whole  blood  by  the  opening  of  a  single  vein, 
the  purpose  of  the  valves  in  the  veins,  the  details 
of  the  structure  of  the  heart,  and  various  phenomena 
of  the  body  at  large  both  in  health  and  disease 
found  a  rational  interpretation  in  the  light  of  the 
new  conception.  The  old  doctrine  of  the  "Spirits" 
really  received  its  deathblow,  though  the  names 
survived  in  the  literature  for  a  long  time  afterward, 
and  the  way  was  opened  for  the  development  of 
true  conceptions  of  the  nutrition  of  the  body. 

Mechanics  of  the  Circulation. 

The  closed  system  of  channels  through  which  the 
blood  circulates  includes  the  heart,  arteries,  capil- 
laries, and  veins.  The  first  of  these  is  essentially  a 
muscular  force  pump  whose  rhythmical  strokes  at 
the  rate  of  about  seventy-two  per  minute  drive  the 
blood  through  the  vessels  in  a  constant  direction 
with  a  considerable  velocity.  Before  taking  up 
the  action  of  the  central  pump,  it  will  be  convenient 
to  note  the  general  features  of  this  blood  current. 

Its  study  is  essentially  a  physical  problem  in  hydro- 
dynamics whose  complete  theoretical  treatment 
is  rendered  practically  impossible  by  the  complex 
arrangement  and  mode  of  branching  of  the  vessels, 
by  the  constant  change  in  the  physical  properties 
of  their  walls  along  their  length,  and  by  the  continual 
interaction  of  their  physiological  activities.  An 
account  of  the  mechanics  of  the  flow  in  the  vessels 
must  be  based  mainly  on  experimental  data,  and  the 
fundamental  laws  of  hydrodynamics  based  on  the 
flow  of  liquids  in  simple  models  are  introduced 
merely  to  assist  in  the  interpretation  of  these  data. 


Fig.  70S. —  Diagram  Illustrating  the  Flow  of  Liquids  in  a 
Horizontal  Rigid  Tube  of  Uniform  Caliber,  when  Connected  with 
a  Reservoir.     (From  Rollett.) 

The  Flow  op  Liquids  in  Rigid  and  El.\.stic  Tubes. 
— Torricelli's  theorem  states  that  when  water  escapes 
from  an  aperture  in  the  side  of  a  reservoir  filled  to  a 
constant  level,  the  velocity  of  outflow  theoretically 
is  given  by  the  formula  v  =  \/'2gH  in  which  g  equals 
the  acceleration  of  falling  bodies  produced  by  gravity 
and  H  equals  the  height  of  the  column  of  liquid  above 
the  aperture.  The  actual  velocity  is  obtained  by 
dividing  the  amount  which  flows  out  in  a  unit  of  time 
by  the  cross-section  of  the  aperture,  and  experiment 
shows  that  this  is  less  than  the  theoretical  value.     A 
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part  of  the  energy  of  position  represented  by  the  col- 
umn of  liquid  H  is  lost  at  the  aperture  through  the 
mutual  interference  of  the  particles  of  crater  as  they 
approach  the  opening  from  different  directions,  the 
result  of  which  is  the  so-called  "contractio  venae" 
near  the  beginning  of  the  jet.  If  the  lost  fraction  of 
the  total  energy  be  represented  by  a  column  of  liquid 
equal  to  h„  and  the  energj-  spent  in  giving  velocity  by 
h,  then  the  total  height  H  =  h„-rh.  Now  suppose  a 
horizontal  rigid  tube  of  some  length  attached  to  the 
aperture  in  the  reservoir  (see  Fig.  70S).  The  velocity 
of  outflow  from  the  end  of  the  tube  can  again  be 
calculated  from  the  volume  of  outflow  and  the  cross- 
section  of  the  tube;  then_by  substituting  this  value  of 
r  in  the  formula  v  =  \/2gH  it  will  be  found  that  h,  the 
portion  of  the  total  energy  of  position  H  that  is  avail- 
able for  velocity,  is  less  than  in  the  case  of  the  free 
aperture.  A  second  portion  of  H  has  been  consumed 
in  overcoming  the  resistance  in  the  tube.  Call  this 
part  h,.  then  H  =  hc+h+hi. 

When  liquids  wet  the  sides  of  the  tube  through 
which  they  flow,  the  layer  of  particles  next  the  wall 
of  the  tube  may  be  considered  practically  at  rest  on 
account  of  adhesion.  The  layer  next  within  moves 
along  slowly,  the  next  a  little  faster,  etc..  the  velocity 
increasing  with  each  successive  layer  to  the  axis  of 
the  tube,  where  it  reaches  a  maximum.  By  the  ve- 
locity of  the  whole  stream  as  calculated  for  the  tube 
above  is  meant  the  mean  or  average  velocity  of  aU 
the  layers,  and  it  has  been  shown  that  when  the  bore 
of  the  tube  falls  within  certain  limits  so  that  the  move- 
ment of  each  particle  of  liquid  is  parallel  to  the  axis, 
this  mean  velocity  equals  one-half  the  axial  or  maxi- 
mal velocity. 

The  resistance  to  the  flow  of  liquids  in  tubes  thus 
appears  as  a  case  of  internal  friction,  as  if  the  whole 
column  of  liquid  were  made  up  of  a  series  of  concentric 
cylinders,  each  mo\'ing  a  little  faster  than  the  next 
larger,  and  the  outermost  one  completely  at  rest 
against  the  sides  of  the  tube.  This  internal  friction 
constitutes  a  resistance  which  retards  the  flow  and 
puts  the  liquid  under  tension  felt  as  lateral  pressure 
against  the  walls.  Gages  arranged  along  the  tube 
{hi,  hz,  hi,  hi,  Fig.  708)  to  indicate  this  pressure  show 
that  at  each  point  it  is  proportional  to  the  amount  of 
resistance  beyond  and  that  it  becomes  zero  at  the  free 
outlet.  In  tubes  of  uniform  caliber  the  lateral  pres- 
sure drops  uniformly;  but  where  narrower  and  wider 
sections  alternate,  the  fall  is  irregular  for  obvious 
reasons.  Liquids  being  incompressible,  the  amoimt  of 
fluid  passing  each  cross-section  anywhere  along  the 
tube  in  a  second  must  be  the  same;  the  rate  of  flow, 
therefore,  at  each  point  wiU  be  inversely  proportional 
to  the  width  of  the  tube.  The  more  rapid  flow  and 
consequent  increase  of  internal  friction  in  the  narrow 
portions  make  hea\'ier  draughts  on  the  store  of  avail- 
able energy,  and  the  lateral  pressure  falls  more  quickly 
here  than  in  the  wider  portion. 

In  a  system  of  tubes  like  the  blood-vessels,  in  which 
the  main  channel  subdi\"ides  dichotomously  into 
numerous  smaller  branches  whose  total  sectional  area 
far  exceeds  that  of  the  original  trunk  and  in  which 
these  branches  are  gathered  again  into  a  single  large 
trunk  the  velocity  is  determined  by  the  same  law  of 
inverse  proportion  to  the  width  of  the  bed,  and  is 
therefore  slowest  in  the  smaller  tubes  where  the  total 
area  is  greatest.  On  account  of  the  slowness  of  the 
current,  the  pressure  should  fall  slowly  in  this  region; 
but  the  increase  of  surface  in  the  numerous  narrow 
channels  operates  the  other  way.  so  that  the  actual 
rate  of  fall  in  the  pressure  will  depend  on  the  relative 
magnitudes  of  these  two  opposing  factors. 

As  regards  the  nature  of  the  tubes,  the  same  laws 
apply  with  equal  force,  whether  the  walls  are  rigid  or 
elastic,  proNided  only  the  flow  is  continuous  and  uni- 
form. When  instead  of  the  steady  continuous  pre.s- 
sure  of  a  column  of  liquid,  an  intermittent  force  is 
used  to  drive  the  liquid  into  the  tube,  the  character 
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of  the  wall  makes  its  influence  felt.  The  capacity  of 
a  rigid  tube  being  invariable,  the  inflow  and  outflow 
must  be  synchronous  and  equal  in  amount;  an  inter- 
mittent charge  necessarily  implies  an  intermittent 
discharge.  An  elastic  tube  when  short  and  wide 
behaves  in  the  same  way;  but  if  from  increase  of 
length  or  constriction  at  the  outlet  resistance  arises, 
the  outflow  no  longer  corresponds  in  time  to  the  in- 
flow. The  injected  liquid  is  partly  retained  by  the 
tube,  whose  walls  yield  to  the  distending  force  of  the 
lateral  pressure,  and  is  discharged  only  in  the  succeed- 
ing interval  by  their  elastic  recoil. 

If  the  intermittent  influx  is  rhj-thmically  repeated 
at  sufficiently  short  internals,  each  new  charge 
arri\-ing  before  the  previous  one  has  been  displaced, 
the  outflow  becomes  continuous.  By  properly  ad- 
justing the  resistance  in  the  tube  to  the  force,  rate, 
and  stroke  of  the  pump,  an  elastic  tube  can  be  made 
to  convert  a  rh}-thmical  intermittent-  current  into  a 
continuous  even  stream. 

The  Blood  Flow  d.-  the  Vessels. — 1.  General 
Account  of  the  Vascular  System. — The  arteries  and 
veins  physiologically  are  merely  conducting  channels 
to  and  from  the  capillaries,  which  alone  are  fitted 
by  the  structure  of  their  walls  to  bring  the  blood 
into  nutritive  relation  with  the  tissues  and  enable 
it  to  fulfill  the  function  of  an  internal  medium.  The 
arteries  possess  stout  walls  which  are  both  elastic 
and  contractile.  Their  elasticity  is  slight  but  perfect, 
jnelding  readily  to  a  distending  force,  but  returning 
to  their  original  size  as  soon  as  the  distending  force 
is    removed     (Fig.     709).      At     zero     pressure    the 
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Fig.  709. — Curves  of  Diatensibility  of  an  Artery  (thick  line) 
and  of  a  Vein  (thin  line)  The  6gure3  at  the  left  side  of  the  dia- 
gram represent  the  capacity  of  a  section  of  the  vessel  when  distended 
under  a  certain  pressure,  expressed  by  the  figures  on  the  base  line 
in  Eaillimetere  of  mercury.     (Starling.) 

artery  does  not  completely  collapse.  With  rising 
pressure  the  distention  is  small  at  first,  becomes 
more  rapid  between  the  limits  corresponding  to 
physiological  variations  of  blood  pressure,  and  then 
with  each  additional  rise  of  pressure  shows  a  gradually 
diminishing  increment.  The  result  is  that  the 
distention  of  the  arteries  under  the  influence  of  a 
rising  blood  pressure  soon  approaches  the  point 
where  any  further  increase  of  size  requires  a  dis- 
proportionately great  rise  of  pressure.  The  cohesion 
of  the  vessel  walls  is  also  considerable  and  capable 
of  withstanding  many  times  the  strain  normally 
put  upon  them  in  the  body.  The  carotid  of  sheep, 
for  example,  is  ruptured  only  when  fourteen  times 
the  usual  pressure  it  is  called  upon  to  bear  is  put 
upon  it,  and  the  human  carotid  resists  a  pressure 
of  eight  atmospheres.  The  relative  proportion  of 
muscular  and  elastic  tissue  varies  in  different  arteries, 
the  elastic  tissue  predominating  in  the  large  arteries 
near  the  heart,  while  the  smaller  ones  near  the 
peripherj-  are  eminently  muscular  and  contractile. 
It  appears  from  the  data  available  up  to  this  time 
that  for  a  given  rise  of  pressure  the  distensibility 
of  the  arteries   increases   with  their   distance   from 
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the  lieart.  By  their  elasticity  the  arteries  convert 
the  interniitte'iit  discharges  of  tlic  heart  into  a  con- 
tinuous and  steady  flow  in  the  capillaries  and  by 
their  contractility"  they  regulate  the  distribution 
of  the  blood  according  to  the  needs  of  the  several 
organs.  As  they  leave  the  heart  the  arteries  con- 
tinually break  lip  into  smaller  branches  vintil  they 
terminate  in  the  capillaries.  At  each  jioint  of 
bifurcation  the  resulting  branches  individually  are 
smaller  than  the  parent  vessel,  but  taken  together 
their  area  is  greater.  Hence  the  sectional  area  of 
the  arterial  l)ed  increases  steadily  toward  the  capil- 
laries, the  total  cross-section  of  which  is  several 
hundred  times  that  of  the  aorta  (Fig.  710). 


diam.  =2 

veloc.  =0:22  m. 

pres.  "7  to  0  nun. 


diam.  =1 
\rIoc.  =0,  44  ni, 
pru.s.—  180  mm. 


diam. =800;  veloc.  =0.001  m.;  pres.  =60  mm. 

Flo.  710. — Schema  of  the   Major  Circulation.     A,  .\rterial 
cone;  I',  venous  cone;  C,  capillary  expanse. 

The  capillaries  with  their  delicate  endothelial 
walls  are  elastic,  and  yield  readily  to  changes  of 
internal  pressure.  This  alone  would  account  for 
the  observed  variation  in  the  size  of  their  lumen 
within  the  wide  limits  of  5  to  20/ii;  but  in  addition 
they  are  believed  to  possess  the  power  of  active 
contractility. 

The  veins  have  thin  walls  in  which  white  fibrous 
tissue  predominates,  but  in  which  some  elastic  and 
muscular  elements  also  occur.  Their  curve  of 
extensibility  shows  that  their  capacity,  which  is 
nothing  at  zero  pressure  increases  rapidly  at  first 
on  raising  the  pressure,  but  quickly  reaches  the  limit 
of  extensibility.  Their  cohesion  is  even  greater 
than  that  of  the  arteries.  Given  a  vein  and  an  artery 
of  the  same  thickness,  a  greater  force  is  required 
to  rupture  the  former  than  tlie  latter.  The  elasticity 
and  contractility  of  the  veins  serve  mainly  to  adapt 
the  capacity  of  the  whole  vascidar  system  to  varia- 
tions in  the  quantity  of  blood,  and  thus  to  regulate 
the  filling  of  tlie  heart  in  diastole.  The  cross-section 
of  the  bed  again  diminishes  in  the  veins  in  passing 
from  the  capillaries  to  the  heart;  but  since  the  vense 
cavoe  together  have  nearly  twice  the  area  of  the 
aorta,  the  total  capacity  of  the  veins  far  exceeds 
that  of  the  arteries.  The  veins,  in  fact,  can  easilv 
hold  the  total  blood  of  the  body,  as  is  practically 
the  case  after  death  when  the  arteries  are  emjtty, 
and  in  the  paradoxical  experiment  of  bleeding  an 
animal  to  death  into  its  own  veins. 

2.  The  Blood  Pressure. — Familiar  experiences  of 
daily  life  have  long  since  made  some  of  the  differences 
between  the  character  of  the  current  in  the  arteries 
and  in  the  veins  a  matter  of  common  knowledge. 
The  arteries  present  to  the  finger  a  sense  of  resistance 
which  increases  rhythmically  at  each  heart  beat 
and  expands  their  walls,  producing  the  so-called 
"pulse."  When  an  artery  is  severed,  the  blood 
spurts  from  its  central  end  with  considerable  force, 
the  jet  being  continuous  but  not  equable.  Finally 
when  an  artery  is  ligated,  it  swells  on  the  proximal 
side  while  on  the  distal  side  the  pulse  disappears 
and  its  walls  collapse.  Compare  with  all  this  the 
behavior  of  the  veins;  they  are  soft  and  easily  com- 


pressed; there  is  no  pulse;  the  blood  issues  in  a  gentle 
continuous  stream  from  the  distal  cut  end,  and  a 
ligature  distends  them  on  the  perii^heral  side.  These 
facts  demonstrate  a  difference  not  only  in  the  direc- 
tion of  the  current  in  the  two  kinds  of  vessels  but 
also  in  the  tension  or  interna!  pressure. 
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Fig.  711,  A, — Tracing  of  the  Blood  Pressure  from  a  Rabbit 
Taken  by  the  Mercury  Manometer.  B.P.,  Curve  of  blood  pres- 
sure. The  horizontal  line  at  the  base  shows  the  position  of  the 
zero  pressure.  Time  tracing  in  seconds.  B. — Normal  blood-pres- 
sure record  taken  from  the  rabbit  with  a  Hiirthle  manometer  The 
horizontal  line  again  shows  the  position  of  the  zero  pressure.  Time 
in  seconds. 

Stephan  Hales  first  measured  the  pressure  in  the 
arteries  of  living  animals  (1773).  His  method  was 
to  connect  the  central  end  of  an  artery  with  a  vertical 
tube  and  to  read  off  the  height  to  which  the  blood 
rose.  Owing  to  the  error  from  loss  of  blood  and  to 
inconvenience  from  frequent  clotting  in  the  tube, 
the  original  method  is  not  suited  for  prolonged  and 
accurate  observations.  The  mercury  manometer 
was  substituted  by  Poiseuille  (1S2S)  to  meet  these 
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difficulties,  and  this  instrument,  with  a  float  and 
writing  stvle  added,  marks  the  beginning  of  the  use 
of  the  graphic  method  in  physiology.  The  mercury 
manometer  satisfies  the  requirements  in  all  cases 
involving    questions    of    mean    blood    pressure    and 


Fig. 


A  and  B,  Hiirthle  Spring  Manometer. 


remains  in  general  use  for  this  purpose.  On  account 
of  its  great  inertia,  however,  it  cannot  record  with 
accuracv  sudden  and  extensive  variations  like  those 
produced  by  the  systole  and  diastole  of  the  heart. 
Various  forms  of  spring  manometers  have  been  de- 
vised to  regLster  these  changes  of  pressure,  some  of 
them  having  developed  the  capacity  of  responding 
accurately  to  a  change  of  10,000  millimeters  of  mercury 
per  second  (Fig.  712). 

These  methods  are  rarely  applicable  to  man  as 
they  require  vivisection.  Special  devices  had  to 
be  invented  to  obtain  records  of  the  blood  pressure 
in  human  beings,  since  the  practical  importance  of 
even    approximate    data    regarding    blood-pressure 


momanometer  (Fig.  713).  It  measures  only 
the  systolic  arterial  pressure.  The  measurement 
of  the  diastolic  pressure  is  based  on  a  principle 
suggested  by  Marey  and  first  applied  by  Mosso. 
The  method  consists  in  finding  the  external  pre-ssure 
under  which  an  artery  shows  maxunal 
pulsations;  this  pressure  is  equal  to  the 
diastolic  pressure. 

The  Erlanger  apparatus  (Fig.  714) 
combines  the  von  Basch  and  Marey 
principles  in  a  practical  form  for  both 
systolic  and  diastolic  blood-pressure 
determinations.  Convenient  forms  of 
apparatus  apph'ing  this  principle  have 
also  been  devised  by  Hill,  Mosso  (Fig. 
71.5)  and  others. 

Direct  measurement  by  one  or  an- 
other of  the  methods  enumerated 
above  shows  that  the  mean  blood  pres- 
sure throughout  the  arteries  is  high, 
being  greatest  in  the  aorta,  and  falling 
steadUy  but  slowly  toward  the  capil- 
laries. "  For  example,  aortic  pressure  in 
the  dog,  130  to  180  mm.  Hg.;  rab- 
bit, 100  to  130  mm.;  horse,  150  to 
200  mm. 

In  man  the  aortic  pressure  cannot  be 

determined  directly ;  but  in  view  of  the 

comparatively    small     differences    among    mammals 

of    all    sizes,    it    is    usually    assumed    to    be    about 

150    mm.    Hg.,    an    estimate     consistent    with    re- 


FlG.  713. — Sphygmomanometer  of  Riva-Rocci.     (Sahli.) 

variations  in  health  and  disease  has  been  recognized. 
The  principles  on  which  these  clinical  methods  are 
based  were  suggested  by  von  Basch  (1887)  and 
Marev,  and  a  number  of  instruments,  known  in  general 
as  sphvgmomanoineters,  have  been  devised  for  their 
practical  application.  It  must  be  remembered  that 
the  blood  pressure  in  the  arteries  oscillates  between 
a  maximum  or  "sy.stolic"  and  a  minimum  or  "dias- 
tolic" pressure  in  "each  cardiac  cycle.  The  principle 
of  von  Basch  consi-sts  in  determining  the  amount 
of  pressure  required  to  obliterate  the  lumen  of  the 
arterv  and  so  extinguish  the  pulse  beyond  the  region 
of  compression.  The  best-known  instrument  based 
on  this  simple  principle  is   the   Riva-Rocci  sphyg- 
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Fic.  714.— The  ErKinger  .Apparatus.     (Johns  Hopkins  Hospital 
Reports,  Vol.  xii.,  1904.) 

stilts  obtained  on  peripheral  arteries  by  various 
observers.  Thus  .\lbert  found  the  pressure  in  the 
tibial  arterv  of  a  bov,  100-100;  von  Basch,  in  the 
radial  of  man,   135-165;  Faivre,  in  the  brachial  of 
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man,  110-120;  Hill,  in  the  brachial  of  man,  100-120; 
and  Mosso,  in  the  digital  artery  of  man,  100. 

The  pressure  in  the  arteries  shows,  moreover, 
rhythmical  oscillations  synchronous  with  the  systole 
of  the  heart.  The  mercury  manometer  does  not 
register  these  rapid  changes  with  any  accuracy  on 
account  of  its  great  inertia.  Their  relative  extent 
as  compared  with  the  mean  blood  pressure  was 
recognized  only  after  the  introduction  of  spring 
manometers.  Thus  in  the  aorta  of  a  rabbit  Hurthle 
foimd  the  difference  between  diastolic  and  svstolic 


Sphygmomaaumeter  of  Mosso. 


pressure  to  equal  40  to  50  mm.  Hg.,  i.e.  about  one- 
third  the  total  mean  pressure.  This  difference 
between  the  sj-stolic  and  the  diastolic  pressures  is 
known  as  the  "pulse  pressure."  It  is  greatest  in 
the  large  arteries,  becomes  less  in  the  smaller  arteries 
at  a  distance  from  the  heart,  and  disappears  alto- 
gether in  the  capUIaries  and  veins  under  normal 
conditions. 

Second,  the  mean  pressure  is  low  in  the  veins 
throughout,  but  higher  in  the  small  veins,  gradually 
becoming  less  toward  the  heart;  in  the  external  jugu- 
lar and  similar  vessels  close  to  the  heart  it  may  even 
fall  below  zero. 

Thus,  in  the  sheep  the  following  figures  have  been 
obtained:  Pressure  in  the  external  facial  vein,  3  mm. 
Hg.;  pressure  in  the  brachial,  4mm.  Hg.;  branches  of 
brachial,  9  mm.  Hg.;  crural  vein,  11.4  mm.  Hg. 

The  pressure  in  the  capillaries  hiust  be  determined 
by  indirect  methods.  Valuable  indications  of  changes 
of  pressure  within  them  are  gained  from  simultaneous 
records  of  the  pressures  in  the  corresponding  artery 
and  vein.  To  obtain  a  measure  of  the  absolute  capil- 
lary pressure  von  Kries  applied  pressure  to  the  skin 
or  mucous  surface  and  determined  the  weight  neces- 
sary to  produce  a  visible  change  of  color  (blanching), 
which  was  taken  to  mean  collapse  of  the  capillaries. 
The  result,  which  he  places  at  33  mm.  Hg.  for  the 
rabbit's  gum,  is  regarded  as  a  rough  approximation, 
but  it  is  sufficient  to  indicate  that  the  capillary  pres- 
sure is  intermediate  between  that  of  the  arteries  and 
of  the  veins  respectively. 

There  is  consequently  a  continuous  though  irregular 
decline  of  pressure  from  the  aorta  to  the  right  auricle. 
The  fall  is  slow  and  gradual  in  the  arteries  and  veins, 
but  between  the  small  arteries  and  small  veins,  i.e.  in 
the  region  of  the  arterioles,  capillaries,  and  venules,  it 
is  marked  and  sudden.  The  curve  of  pressure  would, 
therefore,  have  some  such  form  as  that  represented  in 
Fig.  716. 

The  circulation  in  the  peripheral  region,  where  the 
greatest  changes  obviously  take  place,  can  be  directly 
observed  in  transparent  organs  with  a  microscope. 
The  blood  is  there  seen  to  pass  in  a  continuous  stream 
from  the  small  arteries  through  the  capillaries,  to  the 
veins.     The  velocity  is  greater  in  the  arteries  than  in 


the  veins,  and  greater  in  both  than  in  the  capillaries. 
Faint  pulsations  synchronous  with  the  heart's  beat 
are  also  visible  in  the  arteries,  but  these  disappear  in 
the  capillaries  and  veins.  In  the  small  capillaries  the 
corpuscles  are  pressed  through  in  single  file  and  occupy 
the  whole  bore,  but  in  larger  capillaries,  and  especially 
in  the  small  arteries  and  veins  which  permit  the 
passage  of  more  than  one  corpuscle  abreast,  the  red 
corpuscles  run  in  the  middle  of  the  channel,  forming 
a  red  core,  while  a  colorless  layer  of  transparent  plasma 
is  left  between  it  and  the  sides  of  the  vessel.  These 
are  known  respectively  as  the  "axial  current"  and 
the  "inert  layer,"  "peripheral  zone,"  or  " Poiseuille's 
space."  In  the  plasmatic  layer  white  corpuscles  are 
frequently  seen  clinging  to  the  sides  of  the  vessel, 
sometimes  rolling  slowly  along,  and  in  general  having 
an  irregular  motion  with  frequent  temporary  stops. 
In  all  cases  the  blood  as  it  passes  through  the  capillary 
stretches  and  expands  the  walls,  and  the  flow  is  sub- 
ject to  many  variations.  Rarely  are  the  capillaries 
equally  distended  throughout  a  given  field,  and  fre- 
quently the  corpuscles  will  appear  to  remain  stationary 
in  one  or  more  of  them  for  a  brief  period  and  then  to 
move  on  again.  The  whole  picture  manifestly  shows 
that  the  passage  through  the  capillaries  is  attended 
with  considerable  difficulty.  The  resistance  to  the 
flow  of  the  blood  caused  by  friction  is  small  in  the 
large  arteries;  it  increases  gradually  as  they  divide, 
but  receives  its  chief  and  most  important  addition  in 
the  minute  arteries  and  capfllaries,  especially  in  the 
former,  on  account  of  the  flow  being  more  rapid  in 
them.  This  constitutes  what  is  so  frequently  referred 
to  as  the  "peripheral  resistance"  and  is  one  of  the 
most  important  physical  factors  in  explaining  the 
circulation. 

The  high  pressure  and  pulsatile  flow  in  the  arteries, 
the  steady  stream  through  the  capillaries,  and  the  low 
pressure  and  uniform  flow  in  the  veins  can  all  be  ex- 
plained on  purely  physical  principles.  In  the  systole 
of  the  ventricle  (1),  driving  a  certain  quantity  of 
blood  into  the  aorta  at  regular  intervals  and  with  a 
certain  force;  the  long  stretch  of  elastic  branching 
arteries  (2),  and  the  peripheral  resistance  (3)  are  pro- 
vided all  the  conditions  which  were  shown  above  to  be 
necessary  for  the  conversion  of  an  intermittent  into 
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Fig.  716. — Schematic  Representation  of  the  Variations  of 
Pressure,  Velocity,  and  Sectional  .\rea  of  the  Different  Parts  of  the 
Circulatory  System.      (Modified  from  Gad.) 

a  continuous  current,  while  the  veins  aflford  a  free 
and  easy  passage  for  the  blood  back  to  the  heart 
when  the  greater  part  of  the  energy  imparted  by 
it  to  the  blood  has  been  expended  in  passing  the 
peripheral  resistance.  The  circulation  in  the  vessels 
at  any  moment  represents  a  state  of  dynamic  equi- 
librium which  is  subject  to  constant  variations.  The 
energy  of  the  heart's  action  may  be  altered  by 
variations  in  the  rate,  volume,  and  force  of  its  strokes. 
Again,  the  peripheral  resistance   may   vary   in   con- 
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sequence  of  changes  in  the  caliber  of  the  vessels. 
Constriction  on  their  part  over  any  considerable 
area  will  raise,  widespread  dilatation  wUl  lower, 
general  arterial  pressure.  Changes  in  both  heart 
and  arteries  are  constantly  taking  place,  and  in- 
deed are  necessary  and  essential.  A  fixed  and  rigid 
condition  of  the  circulatory  apparatus,  devoid 
of  adjustments  within  wide  limits  to  adapt  the  blood 
flow  to  the  varying  needs  of  the  several  organs,  would 
be  worse  than  useless;  it  would  be  positively  harmful. 
The  mechanisms  bj'  which  these  changes  are  effected 
will  be  considered  below.  A  third  factor  which  may 
exert  some  influence  on  the  blood  pressure  is  the  quan- 
tity of  blood  contained  in  the  vessels.  The  amount 
normalh'  present  would  be  able  with  the  heart  at 
rest  to  produce  a  uniform  mean  pressure  of  only  5  to 
10  mm.  Hg.  throughout  the  vascular  system  in  dogs. 
But  during  life  the  heart  maintains  a  continuous 
circulation  by  accumulating  the  blood  in  the  arteries 
under  a  positive  pressure,  thanks  to  the  peripheral 
resistance  and  elasticity  of  their  walls,  while  the  veins 
are  emptied  to  a  corresponding  extent  and  the  pres- 
sure within  them  reduced  below  the  mean.  Experi- 
mental investigation  of  the  effect  of  increasing  or 
diminishing  the  ciuantity  of  the  circulating  medium 
has  shown  that  variations  in  both  directions  and 
within  considerable  limits  have  a  surprisingly  little 
effect  on  the  arterial  pressure,  compensating  mechan- 
isms being  provided  for  quickly  restoring  it  to,  and 
preserving  it  at,  the  normal  level.  These  mechanisms 
are  manifold  and  complex  as  shown  in  the  following 
illustrations.  In  case  of  copious  intravenous  in- 
jections, say  of  defibrinated  blood  or  normal  saline 
solution,  producing  a  state  of  hydremic  plethora,  the 

increased  volume 
of  blood  is  first  pro- 
\'ided  for  by  relax- 
ation and  dilatation 
of  the  vessels.  The 
veins  especially  ex- 
pand to  accommo- 
date ths  increasing 
mass  and  in  extreme 
cases  their  overdis- 
tention  may  be 
plainly  seen  and 
the  liver  becomes 
hard  to  the  touch. 
By  this  relaxation 
of  the  vessels  and 
because  of  the  less 
efficient  ventricular 
systoles  due  to 
overdistention  of 
the  heart,  the  arte- 
rial blood  pressure 
tends  to  remain  at 
or  near  the  normal. 
The  capillary  pres- 
sure on  the  contrary 
is  raised  and  this 
brings  into  play 
other  mechanisms 
by  which  perma- 
nent relief  is  se- 
cured. Transuda- 
tion into  the  tissues 
removes  a  part  of  the  injected  fluid  from  the  vessels, 
while  the  secretory  activity  of  the  kidneys  and  intes- 
tinal mucosa  is  enormously  heightened  and  thus  dis- 
poses of  another  portion.  The  character  of  the  injec- 
tion naturally  exercises  a  decided  influence  on  the 
relative  share  of  these  several  mechanisms  in  the  total 
result.  In  the  case  of  hemorrhage  the  reverse  series  of 
changes  are  noted.  There  is  a  more  complete  empty- 
ing of  the  heart  at  each  systole,  a  general  contraction 
of  the  vessels,  a  restricted  secretion  from  the  kidneys, 
salivary  and  other  glands,  and  a  rapid  absorption  of 
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Fig.  717. — Volkmann's  Hemodro- 
mometer.  I,  Blood  flows  from  artery 
to  arteo"  11,  blood  must  pass  through 
the  glass  tube  oi  B;  c,  c,  cauuulse  for  the 
divided  artery. 


lymph  into  the  vascular  system.  In  conclusion,  two 
general  facts  in  regard  to  the  blood  pressure  deserve 
special  mention:  First,  its  remarkable  constancy 
under  ordinary  circumstances  in  spite  of  many  modi- 
fying influences;  second,  the  important  and  extensive 
variations,  seemingly  out  of  all  proportion  to  the 
exciting  causes,  occasionally  produced  by  trifling  and 
insignificant  stimuli. 

3.  Velocity  of  the  Blood  Current. — In  considering  the 
rate  of  flow  in  the  vessels  it  is  important  to  distin- 
guish between  the  average  veloc- 
ity  for  a  given  period  of  time  and  ^ 

the    actual   velocity   which   con-  j 

stantly  oscillates  above  and  be- 
low this  mean  with  every  phase 
of  the  heart's  beat  and  with 
every  variation  of  the  peripheral 
resistance.  Volkmann  first  mea- 
sured the  mean  velocity  in  the 
arteries  in  1846  with  his  hemo- 
dromometer  (Fig.  717). 

The  principle  of  the  method  is 
simpl.v  to  determine  the  volume 
of  blood  flowing  through  an  artery 
in  a  given  period  and  dividing  by 
its  cross-section.  The  quotient 
represents  the  length  of  a  cylin- 
drical column  of  blood  with  a 
base  equal  to  that  cross-section, 
and  therefore  measures  the  aver- 
age velocity  in  that  time.  Lud- 
wig  afterward  devised  a  more  con- 
venient instrument,  the  stromuhr 
or  rheometer  (Fig.  718)  by  means 
of  which  numerous  data  have 
been  collected.  The  results  are 
not  entirely  exact,  on  account  of 
inherent  imperfections  in  the 
method,  but  they  may  be  re- 
garded as  approximately  true. 
Even  in  the  course  of  a  single  ex- 
periment the  mean  velocity  in 
the  carotid  or  other  large  artery 
is  found  to  vary  considerably  for 
reasons  which  will  be  stated  pres- 
ently. Disregarding  these  varia- 
tions for  the  moment,  the  rate 
of  flow  in  the  carotid  of  the  dog 
or  horse,  and  probably  also  of 
man,  may  be  placed  at  from  300 
to  500  millimeters  per  second. 
The  rate  diminishes  in  the  smaller 
arteries  the  further  one  goes  out 
from  the  heart,  and  becomes 
slowest  in  the  capillaries.  As 
measured  in  the  web  of  a  frog's 
foot  under  the  microscope,  it  is  about  0.5  milli- 
meters per  second.  There  are  reasons  for  suppos- 
ing it  somewhat  greater  in  the  capillaries  of  mam- 
malia, where  it  has  been  estimated  at  about  0.8 
millimeters  per  second.  On  leaving  the  capillaries 
the  flow  is  quite  slow  in  the  venous  radicles  emerging 
from  them,  bxit  it  increases  as  these  join  into  larger 
trunks,  until  finally  it  attains  a  velocity  approxi- 
mately equal  to  one-half  that  with  which  it  started  in 
the  aorta.  These  changes  in  the  mean  velocity  along 
the  .system  are  determined  according  to  one  of  the 
simple  laws  of  hydrodynamics  stated  in  the  preceding 
section.  A  continuous  circulation  in  a  closed  sj'stern 
implies  that  an  equal  quantity  of  fluid  passes  each 
cross-section  in  a  given  time.  Now  the  quantity 
which  passes  may  be  expressed  as  the  product  of  the 
velocitv  bv  the  cross-section,  thus  Q  =  Vy.A.  And 
similarly  Q'  =  V'xA',  etc.  But  Q,  Q',  etc.,  being 
equal  to  one  another  V  XA^^V  y.A',  hence  V  :  V  :  : 
^4'  :  .4,  or  the  velocity  varies  inversely  as  the  cross- 
section  along  the  system. 

It  was  stated  above  that  the  arterial  tree  widens 


Fig.  718. — Ludwig 
and  Dogiel's  Rheo- 
meter. A',  Y,  Axis  of 
rotation;  A,  B,  glass 
bulbs;  h,  k,  cannulfe 
inserted  in  the  divided 
artery,  c,  e,  rotates  on 
g,  /:  c,  d,  tubes. 
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out  steadily  from  the  aorta  to  the  capillaries  (see  Fig. 
710).  Comparison  of  the  respective  velocities  at 
the.se  two  ])oints  now  shows  that  the  amount  of  this 
iiicrea.sc  must  be  something  like  500  times.  For 
a  graphic  representation  of  the  relative  velocities 
throughotit  the  vascular  system  and  their  relation 
to  the  sectional  area,  see  Fig.  716  above.  This 
dependence  of  the  velocity  on  the  width  of  the  bed 
applies  of  course  only  to  the  general  rate  of  the  whole 
system,  and  many  local  and  transient  variations, 
constantly  occur.  Since  the  real  cause  of  the  flow 
from  one  point  to  another  is  tlie  difference  of  pressure 
between  those  points,  the  actual  velocity  at  each 
moment  must  dejiend  on  the  amount  of  this  difference 
of  pressure  and  the  resistance  against  which  it  is 
working.  A  change  in  either  of  these  factors  will 
necessarily  affect  the  local  velocity.  An  illustration 
of  this  is  found  in  the  following  observations  on  the 
rate  of  flow  in  the  carotid  of  the  dog  by  Dogiel: 


w 

eight  in 

kilograms. 

Period  of 
observation, 
in  seconds. 

Rate  of  flow- 
in  millimeters, 
varied. 

23  3 

SO 

127 

63 

45 

From  733  to  349 

12.1 

From  520  to  243 

3.2.                                

3.6.. 

From  458  to  411 
From  339  to  204 

The  slowing  of  the  current  observed  in  each  case  is 
not  referable  to  incipient  coagulation  or  other  experi- 
mental error,  at  least  not  to  any  great  extent;  on  the 
contrary,  it  is  due  to  changes  in  the  condition  of  the 
peripheral  area  supplied  by  the  carotid  artery.  Blood 
pressure  remaining  the  same,  the  rate  of  flow  becomes 
essentially  a  function  of  the  peripheral  resistance. 
The  temporary  interference  with  the  circulation  dur- 
ing the  adjustment  of  the  instrument  destro3's  the 
tone  of  the  vessels  beyond,  and  lowers  the  resistance, 
so  that  the  observed  rate  is  at  first  too  high.  With 
circulation  reestablished  the  normal  caliber  is  re- 
gained, the  resistance  increases,  and  a  corresponding 
retardation  is  observed. 


Fig.  719, — II,  Dromograph.  A,B,  Tube  inserted  in  the  artery; 
C,  lateral  tube  connected  with  a  manometer:  b,  index  moving  in  a 
rubber  membrance,  a;  G,  handle.  Ill,  Cur\-e  obtained  by  dromo- 
graph. 

It  will  be  noticed  that  this  quickening  influence 
of  a  local  dilatation  is  in  no  sense  a  contradiction 
to  the  general  principle  that  the  rate  of  flow  is  in- 
versely proportional  to  the  width  of  the  bed.  The 
local  change  is  not  extensive  enough  to  affect  the 
total  cross-section  of  that  level  appreciably,  but  by 
reducing  the  resistance  along  one  of  numerous 
alternative  paths  increases  the  flow  in  that  direction 
at   the  expense   of   the   others.     In  such   cases   the 


flow  of  blood  through  the  widened  artery  or  arteries 
is  for  the  time  being  increased  in  rapidity,  not  only 
in  spite  of,  liut  actmilly  in  consequence  of  the  artery 
being  widened.  The  influence  of  changes  in  the 
blood  pressure  on  the  velocity  is  shown  in  the  effect 
produced  on  the  latter  by  each  beat  of  the  heart. 
When  the  velocity  of  the  flow  is  recorded  by  means 
of  an  instrument  which  will  register  its  finer  varia- 
tions, say  with  the  hcmodromograph  of  Chauveau 
and  Lortet  (Fig.  719)  at  the  same  time  that  a 
pressure  curve  is  taken  with  a  spring  manometer, 
the  result  shown  in  (Fig.  720)  yriH  be  obtained. 


Fig.  720, — Curves  of  Velocity  (H  and  Pressure  (P)  from  the 
Carotid  of  the  Horse.  (.According  to  Lortet.)  The  lines  1,  2,  3,  4 
mark  corresponding  points  in  the  two  curves.  The  ventricular 
systole  begins  at  1 ;  the  diastole  begins  somewhere  between  3  and  4. 

The  record  shows  a  marked  acceleration  during 
cardiac  systole,  the  rate  in  the  carotid  of  the  horse 
rising  to  520  millimeters  per  second  as  compared 
with  150  millimeters  during  diastole;  and,  indeed, 
the  diff'erence  may  be  even  greater  than  this  after  a 
general  vasodilatation  such  as  that  following  section 
of  the  spinal  cord,  when  the  diastolic  rate  falls  ex- 
tremely low. 

The  variations  in  the  rate  of  flow  in  the  arteries 
can  be  measured  in  man  by  an  indirect  method. 
When  the  volume  of  the  arm  is  recorded  by  means 
of  a  plethysmograph  (Fig.  721),  the  changes  which 
are  observed  are  due  to  variations  in  the  size  of  the 
arteries  and  indicate  corresponding  variations  in  the 
rate  at  which  the  blood  enters  them,  the  outflow 
from  the  veins  being  uniform.  From  the  volume 
curve  (see  Fig.  722)  Fick  constructed  the  curve  of 
velocity,  and  found  that  it  resembles  closely  the 
curve  of  Lortet  obtained  by  the  direct  method  on 
the  horse. 

4.  The  Circulation  in  the  Vei7is. — This  is  influenced 
by  a  number  of  accessory  factors,  whose  combined 
effect  renders  it  somewhat  irregular  perhaps,  but 
which  on  the  whole  promotes  and  quickens  it.  ,\mong 
these  secondary  helps  to  the  circulation  the  following 
are  usually  included,  although  the  fact  must  not 
be  lost  sight  of  that  the  real  cause  of  the  venous  flow 
is  the  ventricular  stroke,  enough  of  whose  energy 
remains,  after  driving  the  blood  past  the  peripheral 
resistance,  to  carry  it  along  the  veins  back  to  the 
heart. 

(a)  Aspiration  of  the  Thorax. — It  has  been  stated 
above  that  the  pressure  in  the  great  veins  near  the 
heart  sinks  below  zero  or  atmospheric  pressure. 
This  is  due  to  their  position  in  the  thorax  where  a 
permanent  negative  pressure  prevails.  With  each 
inspiratory  movement  this  negative  pressure  is  in- 
creased while  abdominal  pressure  is  raised.  The 
blood  in  the  large  veins  of  the  neck,  upper  extremi- 
ties, and  abdomen  is  forced  or  sucked  into  the  thoracic 
veins  and  right  auricle  by  these  altered  pressure 
relations.  In  expiration,  the  reverse  changes  in 
pressure  occur,  but  the  valves  in  the  jugular,  sub- 
clavian, and  other  veins  prevent  a  reflux  and  so  the 
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net  result  of  the  respiratory  movements  is  to  pro- 
mote the  circulation  in  the  veins. 

(b)  Contraction  of  the  Skeletal  Muscles. — Many 
of  the  veins  possess  valves  which  open  freely  toward 
the  heart  but  effectually  block  the  passage  of  the 
blood  in  the  opposite  direction.  External  pressure 
on  such  veins  forces  their  contents  along  toward  the 
heart  while  they  fill  again  from  the  peripheral  end 
when  the  pressure  is  removed.  Something  of  this 
sort  occurs  in  all  bodily  movements  in  which  the 
muscles  by  their  alternate  contraction  and  relaxation 
pro'V'ide  the  intermittent  compression.  The  pump- 
ing action  of  the  muscular  movements  is  an  important 
factor  in  maintaining  the  circulation  in  the  lower 
extremities  where  the  hydrostatic  pressure  opposes 
the  return  of  the  venous  bood.  It  also  plays  an 
important  role  in  the  stomach  and  intestines  during 
digestion  periods  by  its  effect  on  the  circulation  in 
both  veins  and  lacteals.  Similarly  the  musculature 
of  the  spleen  is  supposed  to  aid  the  circulation 
through  that  organ  by  its  rh.ythmical  contraction. 
It  has  been  suggested  that  the  pulsation  of  the 
arteries  may  exercise  a  feeble  mechanical  effect  by 
their  rhythmical  shocks  against  the  closely  applied 
vence  comites. 

(c)  Posture. — Mere  changes  in  the  position  of  the 
limbs  and  body  may  affect  the  pressure  in  the  veins 
by  altering  the  tension  of  their  walls  (Braune) .  Thus 
in  walking,  the  femoral  vein  where  it  passes  under 
Poupart's  ligament  collapses  when  the  leg  is  rotated 
backward  and  outward,  but  fills  again  when  the  leg 
returns  to  its  first  position,  the  whole  movement 
making  a  kind  of  suction  and  pressure  apparatus. 

(d)  Gra\-ity. — In  the  upright  position  of  the 
body,  the  difference  of  hydrostatic  pressure  in  the 
vessels  of  the  head  and  feet  amounts  to  1.75  meters 
of  water  or   129  millimeters   of  mercury.     Gra\'ity 


Fig 


21. — Plethysmograph.      (.\ccording  to  Mosso.) 


evidently  opposes  an  upward  current  and  assists  a 
downward  one,  so  that  the  effect  on  the  arteries 
and  veins  to  any  part  is  equal  but  opposite  in  direc- 
tion. This  influence  modifies  the  distribution  rather 
than  the  rate  of  flow  of  the  blood,  as  may  be  seen 
on  comparing  the  pale  anemic  condition  of  the  hand 
rai.sed  above  the  head  with  its  congested  appearance 
when   hanging  at  the  side.     The  hydrostatic  effect 


under  normal  conditions  is  compensated  by  con- 
traction of  the  arterioles  and  of  the  abdominal  walls, 
thus  preventing  the  stagnation  of  the  blood  in  depend- 
ant parts  and  in  the  great  splanchnic  area.  In  the 
case  of  rabbits  which  have  lax  abdominal  walls, 
it  is  possiljle  to  kill  the  animal  by  simply  holding 
it  vertically  for  some  time.  In  man  the  compensating 
nervous   reflexes   may    be   lost   or   weakened,   as   in 
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Fig.  722. — Plethysmographic  Curve  (Upper  Continuoua  Line) 
Pulse  Curve  (Lower  Continuou3  Line),  and  the  Velocity  Curve 
(Interrupted  Line)  in  Man.  (According  to  Ficlc.)  To  be  read 
from  left  to  right. 

general  anesthesia  or  after  prolonged  confinement 
to  bed  by  accident  or  disease.  In  such  cases  an 
erect  posture  becomes  dangerous  O'n-ing  to  the 
gravitation  of  the  blood  to  the  abdominal  organs 
and  lower  extremities  with  the  result  of  lowering 
general  arterial  pressure.  A  recumbent  position 
under  such  conditions  favors  the  maintenance  of 
the  normal  circulation.  While  the  hydrostatic 
effect  does  not  aid  the  circulation  of  the  blood,  it 
does  affect  considerably  the  pressure  in  the  vessels. 
This  effect  on  pressure  must  be  taken  into  account 
in  all  blood-pressure  determinations  in  clinical 
observations  upon  man  and  for  purposes  of  com- 
parison these  should  always  be  standardized  by 
reducing  them  to  the  so-called  heart-level.  Certain 
observations  on  the  pressure  in  the  veins  and  capil- 
laries of  the  foot  should  be  mentioned  in  this  con- 
nection. The  result  showed  that  the  pressure  in 
these  vessels  was  but  little  higher  than  in  the  veins 
and  capillaries  of  the  hand.  The  effect  of  gravity 
is  evidently  neutralized  by  the  compensating  mech- 
anisms and  the  return  of  the  blood  from  the  veins 
of  the  lower  extremities  must  be  ascribed  largely  to 
the  effect  of  muscular  contractions  which  by  \'irtue  of 
the  valves  of  the  veins  force  their  contents  upward 
past  Poupart's  ligament  into  the  abdomen.  This 
accounts  for  the  familiar  discomfort  from  standing 
still  for  any  length  of  time  and  emphasizes 
the  importance  of  exercise  for  the  maintenance 
of  a  good  venous  circulation. 

5.  The  Time  of  a  Complete  Circulalton. — 
This  was  first  determined  by  Hering  (1829) 
by  injecting  potassium  ferrocyanide  into  the 
central  end  of  the  jugular  vein  and  observing 
the  time  of  its  first  appearance  in  the  bood 
issuing  from  the  peripheral  end  of  the  same 
vessel.  To  reach  the  latter  point  a  complete 
circuit  had  to  be  made,  and  the  time  thus  de- 
termined was  found  to  be  31.5  .seconds  in  the 
horse,  16.7  seconds  in  the  dog,  7.79  seconds  in 
the  rabbit.  The  time  is  not  much  affected 
by  the  length  of  the  course  in  the  same  animal, 
because  the  difference  between  the  longest  and 
shortest  path  would  be  made  up  mostly  of  the 
larger  trunks,  where  the  rate  of  flow  is  most  rapid. 
Dividing  the  time  in  seconds  given  above  by  the 
length  of  the  cardiac  cycle  for  the  corresponding 
animal,  it  appears  tliat  the  circulation  time  covers 
from  twenty-six  to  twenty-eight  heart  beats.     This 


140 


REFERENCE    HANDBOOK    OF   THE    MEDICAL   SCIENCES 


Blood,  Circulation  of 


same  rule  applied  to  man  would  give  as  the  circu- 
lation time : 

27X_^  =  22.5  seconds. 

These  measurements  possess  only  a  relative  value, 
because  the  method  does  not  take  into  accoxint  the 
errors  arising  from  tlie  diffusion  of  tlie  salt  during  the 
time  of  its  transit  and  from  the  fact  that  the  first  ap- 
pearance of  the  salt  is  really  determined  by  the  maxi- 
mal or  axial  velocity  of  the  current.  The  mean  time 
should  therefore  he  taken  as  at  least  tw-ice  as  great  as 
the  observed  time.  A  simple  method  based  on 
measurements  of  the  electrical  conductivity  of  the 
blood  was  introduced  by  Stewart  for  the  determi- 
nation of  the  circulation  time  of  individual  organs. 
His  results  on  a  large  dog,  weighing  about  twelve  or 
thirteen  kilograms,  were  as  follows:  Pulmonary  circu- 
lation, 9  seconds;  renal,  13  seconds;  spleen,  llseconds; 
stomach  and  intestines,  about  9  or  10  seconds.  He 
estimated  the  time  of  the  lesser  circulation  in  man  at 
12  to  15  seconds  and  of  a  complete  circulation  at 
approximatelv  60  to  75  seconds.  As  the  entire 
blood  passes  through  either  ventricle  in  the  time  of  a 
complete  circulation  the  output  of  the  heart  at  each 
systole,  the  so-called  "pulse-volume"  of  the  heart, 
may  be  deduced  from  these  estimates.  According  to 
Hering's  figures  it  amounts  to  approximately  100  c.c. 
of  blood,  -while  Stewart's  result  places  it  nearer  to 
50  c.c. 

6.  The  Pulse. — The  pulsatile  character  of  the  circu- 
lation in  the  arteries  has  been  referred  to  in  more  than 


Fig.  723. — Sphygmogram  taken  from  the  Radial  Arterj'  with 
a  Marey  Sphygmograph.  (.\ccording  to  LaDgendorff.)  Read 
from  left  to  right. 

one  connection.  With  each  systole  of  the  ventricle  a 
temporary  increase  of  pressure  and  velocity  above 
the  mean  results  from  the  sudden  accession  of  the 
extra  volume  of  blood  to  that  already  present  in  this 
part  of  the  system.  The  pressure  oscillations  are 
readily  felt  in  superficial  arteries,  and  the  resulting 
expansion  has  long  been  known  technically  as  the 
"pulse."  It  can  be  graphically  recorded  as  Vierordt 
first  showed  (1855)  and  Marey  soon  afterward  (1800) 
de%'ised  his  well-know-n  sphygmograph  in  order  to 
obtain  an  accurate  reproduction  of  the  movement  in 
all  its  phases.  When  recorded  on  a  traveling  surface, 
the  curve  or  sphygmogram  like  that  represented  in 
Fig.  723  is  obtained.  The  rise  of  the  curve  is  quite 
sudden,  while  the  downstroke  is  more  gradual  and 
interrupted  by  one  or  more  secondary  waves.  The 
phenomenon  of  the  pulse  is  entirely  explained  by  the 
interaction  of  a  number  of  physical  factors,  resulting 
as  it  does  from  the  sudden  injection  of  the  contents 
of  the  ventricle  into  the  elastic  arteries,  -which  are 
already  full  and  whose  outlet  is  partially  blocked  by 
the  peripheral  resistance.  The  actual  height  and  form 
of  a  given  pulse-cur\'e  depend  much  on  the  adjustment 
of  the  instrument;  but  if  a  series  of  curves  are  taken 
from  different  arteries  under  the  same  conditions,  it 
is  found  that  their  character  undergoes  definite 
changes  according  to  the  distance  of  the  corresponding 
arteries  from  the  heart.  The  carotid  cur\-e,  for  ex- 
ample, rises  higher  and  more  suddenly  than  the  radial 
curve;  this  in  turn  is  higher  and  steeper  than  the 
tibial  pulse  curve.  That  is  to  say,  the  distention  of 
the  arteries  diminishes  both  in  rapidity  and  extent 
toward  the  capillaries.  The  rapid  development  and 
great  amplitude  of  the  pulse  near  the  heart  is  the 


immediate  result  of  the  suddenness  -ivith  which  the 
ventricle  is  emptied.  The  additional  quantity  of 
blood  thus  thrown  into  the  arteries  starts  a  wave  of 
positive  pressure  down  the  arterial  tree,  but  on  account 
of  the  resistance  ahead  it  first  expands  the  aorta  and 
its  largest  branches.  The  distant  arteries,  therefore, 
do  not  feel  the  direct  force  of  the  systole,  as  -would  be 
the  case  in  a  system  of  rigid  tubes;  when  the  wave 
reaches  them  it  has  been  damped  by  a  longer  or 
shorter  stretch  of  elastic  arterial  wall.  The  recoil  of 
this  wall  is  less  sudden  than  the  contraction  of  the 
heart,  and  so  the  expansion  of  the  successive  segments 
becomes  more  gradual.  The  loss  in  amplitude  is 
also  readily  explained  by  the  elasticity  of  the  arteries 
and  the  increase  in  the  width  of  the  stream  bed.  As 
the  wave  of  positive  pressure  spreads  over  the  arterial 
tree  each  section  in  turn  expands  to  store  a  portion  of 
the  blood  thro-nii  out  by  the  ventricle.  By  the  time 
the  smallest  arteries  are  reached,  the  addition  to  their 
contents  is  both  absolutely  and  relatively  smaller. 
Under  certain  circumstances  the  pulse  may  pass 
through  the  capillaries  into  the  veins  beyond.  The 
increased  vascularity  of  organs  during  periods  of 
heightened  functional  activity  is  secured  by  wide  di- 
latation of  their  small  arteries.  The  peripheral  re- 
sistance, so  essential  in  bringing  the  elasticity  of  the 
arteries  into  play,  is  thereby  locally  diminished  and 
the  dilated  vessels  cease  to  do  their  share  toward  de- 
stroying the  remnant  of  the  pulse  -n-hich  comes  down 
to  them  from  the  larger  arteries.  The  blood  flows 
more  readily  through  the  widened  channels,  and  may 
issue  from  "the  corresponding  veins  in  a  rapid  pul- 
sating stream.  This  systolic  venous  pulse  appearing 
under  special  conditions  in  the  small  peripheral  veins, 
must  lie  distinguished  from  the  pulsations  observed 
in  the  large  veins  near  the  heart.  The  latter  are  pro- 
duced bv  pressure  variations  developed  in  the  auri- 
cles and'transmitted  back-n-ard  along  the  great  veins, 
and  have  recently  attracted  considerable  attention  on 
the  part  of  clinicians.  This  so-called  venous  pulse 
gives  a  tracing  which  is  somewhat  varied  and  com- 
plicated, but  usually  shows  three  positive  waves 
commonly  designated  as  the  a,  c,  and  j-  waves  (Fig. 

"24). 

The  a  wave  is  presystolic  m  time  and  is  caused  by 
auricular  svstole;  it  is  separated  by  a  brief  negative 
wave  from "c,  the  first  systolic  wave,  which  occurs  in 
the  beginning  of  the  ventricular  system  and  is  as- 
cribed to  the  sudden  closure  and  protrusion  of  the 
tricuspid  valve.  During  the  period  of  discharge,  -when 
the  ba,se  of  the  ventricle  descends  toward  the  apex, 
the  pressure  falls  again,  to  be  followed  by  the  second 
systolic  or  v  wave  due  to  the  gradual  filling  of  the 


Fir,;  724. — Simultaneous  Tracings  of  the  Carotid  Pulse  and  of 
the  Jugular  Pulse;  showing  exact  synchronism  of  the  carotid  pulse 
■with  the  carotid  wave  (c)  of  the  jugular  pulse.  (Mackenzie,  The 
Study  of  the  Pulse,  1902.) 

auricle  and  eventually  to  the  return  of  the  ba.se  of 
the  ventricle  to  its  diastolic  position.  This  wave  may 
show  secondary  undulations.  Finall.v  there  appears 
a  third  negative  wave  as  the  tricuspid  valve  opens 
and  the  blood  rushes  from  the  auricle  into  the  ventri- 
cle, the  so-called  postsystolic  vacuum  of  Chauveau 
and  Marey.  Simultaneous  records  of  the  pulse  in  the 
arteries  and  veins  throw  light  on  the  pressure  changes 
in  the  heart,  on  the  condition  of  the  heart  valves,  and 
I  on  the  rhytlun  of  auricles  and  ventricles  and  therefore 
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possess  great  clinical  value.  For  details  regarding  the 
special  features  of  piilse  cur\-es,  including  the  number 
and  character  of  the  secondarj-  elevations  in  the 
arterial  sphygmogram  and  the  variations  observed  in 
health  and  disease,  in  both  arterial  and  venous  trac- 
ings the  reader  is  referred  to  the  special  article  on  the 
pulse  (see  Cardiography  and  Spkygmography). 

The  rat«  of  transmission  of  the  pulse  wave,  which 
must  not  be  confounded  with  the  onward  movement 
of  the  blood  itself,  is  found  by  taking  simultaneous 
records  of  the  pulse  from  arteries  unequally  distant 
from  the  heart.  If  the  distance  of  the  two  points 
from  the  heart  is  known,  the  rate  of  propagation  is 
easUy  calculated,  and  it  has  been  found  to  varj-  nor- 
mally between  five  and  ten  meters  per  second.  The 
rate  depends  mainly  on  the  degree  of  rigidity  of  the 
arteries,  the  wave  traveling  slowly  when  the  mean 
blood  pressure  is  low  and  in  the  soft  distensible  arteries 
of  children,  while  its  velocitj'  is  increased  by  high 
arterial  pressure  and  the  hardening  of  the  arteries  in 
old  age.  In  any  case  the  pulse  wave  moves  manj" 
times  faster  than  the  blood  itself,  being,  as  we  have 
seen,  merely  a  wave  of  pressure  which  is  started  in 
the  aorta  and  which  travels  over  the  blood  exactly  as 
a  water  wave  passes  over  the  surface  of  a  stream  in- 
dependently of  the  rate  and  direction  of  the  latter's 
own  current.  The  ordinary  pulse  cur\"e  does  not  re- 
turn to  the  base  line  from  which  it  started  untU  the 
rise  due  to  the  nest  wave  begins,  indicating  that  the 
wave  requires  the  entire  time  of  a  cardiac  cycle  to  pass 
a  given  point.     With  a  heart  beating  at  the  rate  of 

seventy-two  per  minute,  this  would  equal  _.-,  second, 

and  taking  the  velocity  of  the  wave  at  six  meters  per 
second,  we  would  have  as  the  length  of  the  wave 

6  X.^  =  5  meters.     This  Is  several  times  greater  than 

the  distance  of  the  farthest  capillaries  from  the  heart, 
showing  that  the  beginning  of  the  pulse  wave  is  lost 
at  the  periphery  some  time  before  the  end  of  it  leaves 
the  aorta. 

7.  The  Pulmonary  Circulation  and  its  Relation  to  the 
Systemic. — The  maintenance  of  the  circulation  as  a 
whole  implies  that  the  average  output  of  the  two 
ventricles  of  the  heart  is  the  same.  Considering  the 
relatively  small  capacity  of  the  pulmonary  circuit, 
which  normally  contains  only  one-twelfth  of  the  total 
blood  (Hegel  and  Sprehl),  possibly  one-fifth  according 
to  Stewart's  measurements  of  the  pulmonary  circula- 
tion time,  the  time  spent  in  this  part  of  the  vascular 
system  must  be  shorter  than  that  taken  for  the  major 
circuit  (Stewart).  The  pressiire  in  the  pulmonary  ar- 
teries has  been  measured  upon  various  animals  by 
numerous  observers  with  very  discordant  results;  in 
general  it  seems  to  range  between  one-eighth  and  one- 
fifth  of  the  aortic  pressure,  being  given  at  20  to  25  mm. 
Hg.  for  the  dog.  This  indicates  a  low  resistance  in 
the  piilmonary  capillaries,  and  the  great  distensibUity 
and  slight  tone  of  the  pulmonary  vessels  are  perhaps 
the  most  striking  features  of  the  lesser  circulation. 
The  pressure  in  the  pulmonary  circuit  shows  less  fre- 
quent and  less  extensive  variations  than  those  ob- 
served on  the  systemic  side,  and  the  changes  which 
do  occur  seem  to  be  determined  mainly  by  mechanical 
factors.  Among  these  the  var>-ing  conditions  in  the 
systemic  arteries  and  veins  and  the  state  of  distention 
of  the  lungs  may  be  mentioned.  The  influence  of  the 
respiratory  movements  on  the  piilmonary  circulation 
is  a  complex  one  and  depends  on  several  factors.  The 
expansion  of  the  lungs  in  a  normal  inspiration  has  been 
shown  to  dilate  the  pulmonary  vessels.  This  dimin- 
ishes the  resistance  and  tends  to  lower  the  pressure  in 
the  pulmonary  artery.  At  the  same  time  the  output 
of  the  right  ventricle  is  augmented  by  the  increased 
aspiratorj'  action  of  the  thorax,  which  we  have  seen 
hastens  the  return  of  the  blood  to  the  right  auricle  and 
so  increases  its  diastolic  distention.     This  factor  would 


tend  to  raise  pulmonary  pressure,  and  actual  measure- 
ment alone  can  determine  which  of  the  opposing  ten- 
dencies will  have  the  upper  hand.  In  certain  cases,  at 
least,  it  has  been  shown  that  the  dilatation  more  than 
compensated  for  the  increased  output  of  the  heart  and 
the  pressure  in  inspiration  fell  (Talma).  In  natural 
expiration  the  conditions  are  reversed  and  the  pres- 
sure again  rises.  The  course  of  events  is  entirely  dif- 
ferent during  artificial  respiration,  when  the  lungs  are 
inflated  under  positive  pressure  with  the  thorax  open. 

The  great  range  of  adaptability,  as  regards  its 
capacity,  shown  by  the  pulmonary  circuit  deser\-es 
special  mention.  In  dogs  about  three-fourths  of  this 
vascular  area  was  occluded  without  producing  any 
effect  on  aortic  blood  pressure  (Lichtheim).  Since  the 
systemic  venous  pressure  in  this  experiment  also  re- 
mained normal,  the  amount  of  blood  passing  through 
the  lungs  was  e\"idently  not  reduced  by  this  extensive 
narrowing  of  the  path.  The  pressure  in  the  remaining 
pulmonary  artery  was,  however,  raised  by  the  opera- 
tion, and  it  is  supposed  that  this  rise  of  pressure  dis- 
tended the  open  channels  sufficiently  to  explain  the 
undiminished  flow  through  the  lungs.  It  is  doubtful 
whether  this  observation,  made  under  abnormal  con- 
ditions, can  be  applied  generally;  at  least  in  rabbits 
with  pleural  cavities  intact  clamping  of  one  pulmonary 
artery  caused  a  decided  drop  in  the  systemic  blood 
pressure.  It  is  merely  given  to  illustrate  the  possi- 
bilities of  capacity  changes  in  the  lung  vessels.  They 
can  easily  be  distended  so  as  to  retain  enough  blood 
to  lower  the  carotid  pressure  to  zero,  as  shown  In 
experunents  on  differential  respiration. 

By  their  extensive  adaptability  the  pulmonary 
vessels  protect  the  right  ventricle  against  excessive 
back  pressure  and  at  the  same  time  regulate  the  dias- 
tolic filling  and  so  the  work  of  the  left  ventricle,  some- 
what as  the  "venous  cistern  "  composed  of  the  large 
thoracic  and  abdominal  veins,  regulates  the  work  of 
the  right  ventricle.  The  pulmonary  circulation  is 
affected  not  only  by  the  condition  of  the  systemic 
circuit  at  its  venous  end,  but  also  by  that  on  the 
arterial  side.  An  excessive  transfusion  or  a  powerful 
general  constriction  may  so  increase  the  work  of  the 
left  ventricle  that  it  fails  to  empty  itself  completely 
at  each  systole.  A  stagnation  extending  from  the  left 
ventricle  to  the  left  auricle  and  thence  to  the  pul- 
monary veins  results,  and  the  pressure  in  the  lesser 
circuit  is  raised.  The  threatened  danger  from  this 
source  to  the  right  ventricle  with  its  thin  walls  is 
averted  by  the  power  of  expansion  which  has  been 
dwelt  upon  so  fully,  so  that  the  lungs  may  be  said  to 
play  the  same  role  in  regrilating  the  blood  flow  to 
the  left  ventricle  as  that  ascribed  to  the  liver  for  the 
right  ventricle  (Tigerstedt). 

8.  Respiratory  Changes  of  Blood  Pressure  in  th* 
Systemic  Arteries. — The  pulmonary  circulation  reacts 
upon  the  systemic  pressure  by  modifying  the  inflow 
to  the  left  auricle.  It  has  been  stated  that  the  pul- 
monary vessels  are  expanded  during  inspiration  and 
constricted  during  expiration.  WhUe  the  distention 
is  in  the  act  of  developing,  the  blood  flow  is  momen- 
tarily retarded  and  the  left  heart  receives  a  smaller 
charge;  but  once  the  maximal  dilatation  has  been 
reached,  the  resulting  diminution  of  the  resistance 
will  augment  the  flow  and  the  left  heart  receives  a 
more  abundant  supply.  On  the  contrary,  expiration 
primarily  increases  tlie  flow  by  narrowing  the  caUber 
of  the  dilated  vessels  and  forcing  on  their  contents, 
and  secondarily  diminishes  it  by  increasing  the 
resistance.  The  effect  of  these  changes  in  the  lungs  f 
on  the  pressure  in  the  aorta  depends  largely  on  the 
rate  and  depth  of  the  respiratory-  movements.  When 
these  are  ven."  shallow,  no  effect  whatever  is  obser\"ed 
in  the  systemic  arteries.  MTien  they  are  both  quick 
and  strong,  only  the  primary  effects  appear,  and  the 
aortic  pressure  falls  in  inspiration  and  rises  in  expira- 
tion. The  typical  result  is  seen  only  in  ordinary 
breathing  when  the  rate  is  slow  enough  to  permit 
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both  the  primary  and  secondary  changes  to  produce 
their  proper  effect  (see  F'ig.  725).  In  this  case  the 
pressure  first  falls  during  iiisi)iration  to  a  minimum 
(primary  effect)  and  then  rises  again  (secondary 
effect);  in  the  succeeding  expiration  the  rise  continues 
for  a  short  time  to  the  maximum  (primary  effect)  and 
then  the  pressure  falls  again  (secondary  effect). 
The  main  effect  of  inspiration,  therefore,  is  to  rai.se 
the  pressure  and  the  main  effect  of  expiration  to 
lower  it.  The  curve  frequently  shows  also  changes 
in  the  rate  of  the  heart  which  beats  slower  during 
expiration  and  faster  in  inspiration.  These  heart- 
rate   changes   are    brought   about    through    nervous 


Fia.    725. — Carotid    Blood-pressure    Tracing  of  Dog.       Vagi  uot 
divided.     J,  Inspiration;  E,  expiration.     (Stirling.) 

influences  that  mu.st  be  considered  later,  and  it  need 
only  be  stated  in  this  connection  that  they  are  not 
of  sufficient  moment  to  affect  the  general  course  of 
the  phenomena  here  described. 

The  Mechanics  op  the  Heart. — The  circulation 
of  the  blood  throxigh  the  vessels  is  maintained  by 
the  energy  of  the  beating  heart.  Before  considering 
the  causation  and  regulation  of  the  beat,  it  will  be 
convenient  to  take  up  a  mmiber  of  mechanical 
problems  which  the  heart  presents  when  regarded  as 
a  valvular  pump  in  action. 

1.  External  Phenomena  of  the  Beat. — (a)  When  the 
living  heart  is  observed  directly  either  in  a  mammal 
or,  better  still,  in  a  cold-blooded  animal  like  the  frog 
or  terrapin,  each  beat  is  seen  to  begin  with  a  con- 
traction of  the  great  veins  in  the  neighborhood  of  the 
heart.  The  contraction  proceeds  as  a  peristaltic 
wave  whose  progress  can  be  readily  followed  in  the 
cold-blooded  heart  as  it  spreads  over  the  auricles  and 
then  over  the  ventricles.  In  the  mammal  the  wave- 
like character  of  the  beat  is  difficult  to  recognize  on 
account  of  the  great  rapidity  of  the  movement. 
Here  the  auricles  appear  to  contract  suddenly  oyer 
their  whole  extent,  the  auricular  appendages  being 
drawn  inward  and  the  rest  of  the  wall  pressing  toward 
the  auriculoventricular  orifices,  without,  however, 
completely  obliterating  their  cavities.  As  soon  as 
the  contraction  of  the  auricles  is  completed  the  ventri- 
cles immediately  follow  with  theirs.  The  contraction 
of  each  section  of  the  heart  is  spoken  of  as  its  systole, 
and  the  succeeding  relaxation  as  the  diastole.  A 
complete  beat  or  "cardiac  cycle"  comprises  an  au- 
ricular and  a  ventricular  systole  and  a  heart  pause, 
during  which  all  parts  of  the  heart  are  at  rest.  The 
systole  and  diastole  of  the  two  auricles  are  perfectly 
synchronous  in  a  normal  heart  as  are  also  those  of  the 
two  ventricles,  the  synchronism  resulting  from  the 
peculiar  arrangements  of  the  muscle  fibers  in  their 
walls.  In  the  auricles  these  con.sist  of  a  superficial 
set  common  to  both  sides  and  of  deeper  fibers  proper 
to  each.  The  superficial  fibers  run  transversely,  being 
best  developed  on  the  anterior  surface,  and  some  of 
them  turn  in  at  the  auricular  septum.  Of  the  deep 
fibers,  some  pass  over  the  auricle  in  the  form  of  an  open 
loop  to  be  attached  at  both  extremities  to  the  auriculo- 
ventricular ring;  these  are  called  "looped"  fibers. 
Others,  known  as  "annular"  fibers,  encircle  the 
auricular  appendages  and  surround  the  openings  of 
the  vena;  caviB  and  pulmonary  veins.  The  complex 
nature  of  the  arrangement  of  the  fibers  in  the  ventricles 
appears  from  the  fact  that  a  vertical  section  of  their 
walls  taken  at  almost  any  point  shows  the  fibers  on 


the  outer  surface  crossing  the  direction  of  those  on 
the  inner,  while  between  these  every  intermediate 
direction  may  be  represented.  The  left  ventricle 
possesses  a  much  more  powerful  nnisculature  than 
the  right  ventricle,  but,  as  in  the  case  of  the  auricles, 
a  large  number  of  fibers  are  common  to  both;  in  fact, 


Fia.  726. — Cross-section  of  a  Completely  Contracted  Human 
Heart,  at  the  Level  of  the  Lower  and  Middle  Third.  (According 
to  Krehl.) 

the  outer  wall  of  the  right  ventricle  is  so  largely  made 
up  of  fibers  coming  from  the  left  that  the  former 
appears  in  sections  of  the  heart  like  a  cleft  or  pocket 
in  the  wall  of  the  latter  (see  Fig.  726).  Schemat- 
ically, the  fibers  may  be  described  as  falling  into  a 
number  of  more  or  less  well-defined  groups  according 
to  the  general  direction  of  their  course.  The  super- 
ficial oblique  fibers  constitute  the  first  of  these  groups. 


Fig.  727, — Intermediate  Layer  of  Circular  Fibers  of  the  Left 
Ventricle.  The  outer  and  inner  fibers  have  been  removed,  and  the 
outlines  of  the  entire  heart  schematically  indicated.  (According 
to  Krchl.) 

They  take  their  origin  in  the  fibrous  rings  at  the  base 
of  heart  and  have  a  general  trend  obliquely  down- 
ward and  to  the  left.  The)^  form  a  thin,  superficial 
stratum  on  the  wall  of  the  right  ventricle,  but  on 
the  left  side  they  increase  greatly  in  number,  and  on 
reaching  the  apex  many  of  them  turn  in  to  form  the 
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■whorl,  whence  they  ascend  on  the  inner  surface  to 
terminate  in  the  papillary  muscles  and  chordae 
tendineae  or  to  pass  all  the  way  up  to  the  auriculo- 
ventricular  ring.  Mall  divides  these  superficial 
fibers  into  two  groups,  the  superficial  bulbospiral  and 
the  superficial  sinospiral  fibers.  Between  the  inner 
and  outer  layers  thus  formed,  fibers  with  a  more 
transverse  or  circular  direction  are  met  (Fig.  727). 
Some  of  these,  the  deep  bulbospiral  fibers,  encircle 
the  left  ventricle  and  these  are  strongly  developed. 
Others  arising  from  the  posterior  side  of  the  left  os- 
tium venosum  pass  transversely  to  enter  the  interior 
of  the  right  ventricle  and  then  turn  upward  toward  the 
base.  At  the  base  of  the  heart  some  of  the  fibers  of 
the  bulbospiral  system  encircle  the  root  of  the  aorta 
and  the  left  ostium,  while  on  the-right  side  the  sino- 
spiral system  forms  circular  loops  round  the  conus 
arteriosus.  A  recent  contribution  of  great  importance 
in  the  physiologj'  of  the  heart  is  the  discovery  that 
tendinous  tissue  does  not  completely  separate  the 
musculature  of  the  auricles  and  ventricles  of  mam- 
malian hearts.     A  band  of  modified  cardiac  muscle, 


Fig.  728. — The  Right  .\uricle  and  Ventricle  of  a  Calf's  Heart 
Exposed  to  Show  the  Course  and  Connections  of  the  Auriculoven- 
tricular  Bundle.  (Keith  and  Flack,  The  Lancet,  .\ugust  11, 1906.) 
1 ,  central  cartilage  exposed  by  dissection;  2,  the  main  bundle;  3,  au- 
ricular fibers  from  which  the  main  bundle  arises;  4,  right  septal 
division;  5,  moderator  band ;  6,  septal  cusp  of  the  tricuspid:  the 
upper  part  of  this  cusp  and  the  adjacent  part  of  the  infundibular 
cusp  have  been  removed:  7,  posterior  group  of  the  musculi  papil- 
lares;  8,  orifice  of  the  coronary  sinus;  9,  so-called  "tutjercle  of 
Lower"  above  the  orifice  of  the  inferior  vena  cava  (10);  11,  orifice 
of  the  superior  vena  cava;  12,  septal  wall  of  the  right  auricle;  \Z. 
appendix  of  the  right  auricle;  14.  septal  wall  of  the  infundlbulum; 
1.5,  beginning  of  the  pulmonar>-  artery;  16,  apex  of  the  right  ven- 
tricle. 

known  as  the  auriculoventricular  bundle,  beginning 
near  the  posterior  margin  of  the  base  of  the  inter- 
auricular  septum,  has  been  traced  along  the  top  of 
the  interventricular  septum  until  near  the  root  of 
the  aorta  it  divides  into  two  main  branches.  One 
of  these  enters  the  right  ventricle,  the  other  the  left, 
to  pass  down  the  septal  wall,  beneath  the  endo- 
cardium, until  they  break  up  into  a  system  of  strands 
over  their  inner  surfaces.  In  the  human  heart  the 
bundle  is  onl^'  about  eighteen  millimeters  long  and 
two  millimeters  T\-ide,  but  it  tindoubtedly  affords  a 
muscular  bridge  by  which  the  excitation  wave  is 
carried  from  the  right  auricle  to  the  ventricles  (Fig. 
728). 

The  anatomical  basis  for  the  observed  synchronism 
of  the  two  sides  of  the  heart  is  thus  provided  for  in 
the  large  number  of  fibers  which  pass  across  and 
are  conxmon  to  the  chambers  of  the  same  name. 
The  progressive  character  of  the  contraction,  not 
easily  recognized  by  direct  observation,  can  be 
demonstrated  by  means  of  the  accompanying  electrical 
phenomena  which  are  similar  in  the  case  of  the  heart 
to  those  observed  in.  skeletal  muscle.     An  electrical 
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change  or  current  of  action  accompanies  each  heart 
beat;  in  the  frog's  heart  the  variation  shown  by  the 
capillary  electrometer  is  diphasic  (Fig.  729).  For 
the  human  heart  the  later  work  seems  to  show  a 
triphasic  current:  first,  base  negative  to  apex,  then 
apex  negative  to  base,  and  then  again  base  negative 
to  apex.  The  accompanying  cur\e  has  been  con- 
structed to  represent  these  electrical  variations  (Fig. 
730).  From  them  it  is  inferred  that  the  contraction 
begins  at  the  base  of  the  heart  and  advances  toward 
the  apex;  that  for  a  time  (the  interval  S  to  T  in  the 
curve)  the  entire  ventricle   is  uniformly  contracted; 


Fig.  729, — Simultaneou.'*  Photograra  of  a  Single  Beat  (Black 
Line)  and  of  the  Accompanj-ing  Electrical  Change,  indicated  by 
the  level  of  the  black  area,  which  showB  the  varying  level  of  mercury 
in  a  capillary  electrometer.  I.  First  phase,  base  negative  to  apex; 
II,  second  phase,  apes  negative  to  base.     (Waller.) 

finally,  that  the  contraction  ends  by  disappearing 
first  at  the  apex.  It  evidently  follows  the  recurrent 
path  of  the  superficial  oblique  fibers  beginning  and 
ending  at  the  auriculoventricular  groove.  Another 
deduction  drawn  from  the  electrical  phenomena  of  the 
heart  is  that  its  contraction  is  comparable  to  a  simple 
muscle  twitch  and  is  not  to  be  regarded  as  a  sum- 
mated  or  tetanic  contraction. 

(6)  Changes  in  the  Form  and  Position  of  the  Heart. 
— In  diastole  the  heart  can  hardly  be  said  to  possess 
a  definite  shape  of  its  own,  although  it  is  frequently 
described  as  a  hemispheroid  with  a  rounded  apex  and 
somewhat  flattened  anterior  and  posterior  surfaces. 


Fig.  730. — Diagrammatic  Curve  of  the  .\etion  Currents  of 
the  Human  Heart.  (Einthoven.)  R,  Beginning  of  ventricular 
contraction:  S,  apex  negative  to  base:  T,  third  phase,  base  negative 
to  apex.  The  small  diphasic  variations  represented  by  P  and  Q 
are  caused  by  the  auricular  systole. 

On  account  of  its  soft,  flabby  condition  its  shape 
changes  according  to  the  position  of  the  body  under 
the  influence  of  its  own  weight.  Xot  so  in  systole; 
the  heart  then  becomes  hard  and  rigid  and  its  shape 
approaches  that  of  a  regular  cone  with  a  circular 
base.  The  changes  in  the  three  diameters  during 
this  transition  must  depend  on  its  previous  form  in 
diastole.  Under  normal  conditions  in  which  the 
heart  is  supported  by  the  lungs  as  by  an  elastic 
cushion,  there  is  probably  no  extensive  flattening  in 
any  one  plane.  In  this  case  entrance  into  systole 
would  involve  a  shortening  in  all  directions  while  the 
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ape:x  became  sharper  or  more  pointed.  When  the 
heart  is  examined  in  the  ordinary  way  in  animals 
with  open  thorax,  it  Tinquestionably  flattens  out 
during  diastole,  the  transverse  diameter  elongates  at 
the  expense  of  the  anteroposterior,  and  the  base 
takes  the  form  of  an  ellipse.  In  this  case  when 
the  elliptical  base  passes  into  the  circvilar  systolic 
form,  the  transverse  and  the  longitudinal  axes 
shorten,  while  the  anterojiosterior  diameter  increases 
in  length.  On  account  of  the  oblique  spiral  direction 
of  many  of  the  fibers,  the  apex  is  also  seen  to  rotate 
somewhat  to  the  left  and  forward,  and  the  longi- 
tudinal axis  approaches  the  vertical  to  the  plane  of 
the  base.  As  regards  the  displacement  of  the  heart 
as  a  whole,  it  is  interesting  to  note  that  the  apex  is 
the  stationary  point,  while  the  base  is  drawn  toward 
it  in  proportion  to  the  decrease  in  the  longitudinal 
axis.  The  suspension  of  the  heart  from  the  large 
arteries  should  a  priori  make  the  base  the  relatively 
fixed  point;  its  movement  toward  the  apparently 
free  apex  is  explained  by  the  recoil  of  the  blood  as  it 
is  driven  forcibly  througli  the  arterial  ostia  and  by 
the  elongation  of  the  great  vessels  under  the  increased 
systolic  pressure. 

The  effect  of  the  contraction  upon  the  cavities  of 
the  ventricles  consists  in  their  more  or  less  extensive 
obliteration.  Examination  of  maxunally  contracted 
hearts  after  death  shows,  however,  that  this  is  not 
complete.  On  the  left  side  the  short  tubular  chamber 
of  the  relaxed  organ  is  reduced  in  systole  to  a  mere 
stellate  slit  at  the  level  of  the  papillar.y  muscles,  while 
above  their  summits  this  slit  widens  to  an  appreciable 
space  of  an  irregular  conical  form  (Fig.  726).  In 
the  right  ventricle  also,  when  the  crescentic  cavity  is 
reduced  to  a  mere  slit  by  the  approximation  of  the 
outer  wall  to  the  septum,  an  appreciable  opening  is 
left  in  the  upper  part  below  the  tricuspid  valves,  and 
more  especially  in  the  region  of  the  conus  arteriosus. 
Recent  measurements  of  the  volume  changes  of  the 
ventricles  by  means  of  Henderson's  cardiometer  would 
indicate  a  less  complete  emptying  of  their  cavities  than 
is  generally  assiuned,  and  that  the  amount  of  blood 
remaining  behind  varies  with  the  rate  of  beat  and 
other  conditions. 

(c)  The  Apex  Beat. — At  each  systole  of  the  ventri- 
cles a  shock  or  impulse  may  be  felt  in  the  fourth  or 
fifth  intercostal  space  about  an  inch  below  and  a  little 


Flo.  731. — Cardiogram  Taken  with  Marey'a  Cardiograph. 
A,  Auricular  systole:  V,  ventricular  systole;  D,  diastole.  The 
arrow  shows  the  direction  in  which  the  tracing  is  to  be  read. 

to  the  median  side  of  the  left  nipple.  This  is  where 
the  apex  lies  against  the  chest  wall  uncovered  by  the 
lungs,  and  hence  the  name  "apex  beat"  or  "cardiac 
impulse"  for  this  familar  phenomenon.  In  diastole 
the  flaccid  wall  of  the  heart  yields  to  the  more  rigid 
thorax  and  the  apex  is  not  perceptible  to  the  toucli. 
The  sudden  hardening  of  the  ventricles  as  they  con- 
tract upon  their  contents  enables  them  to  exert  pres- 
sure against  the  chest  wall  so  that  now  the  apex  can 
be  felt  distinctly,  its  contact  with  the  thorax  being 
made  even  closer  by  the  forward  rotation  already  re- 
ferred to.     The  elevation  of  the  chest  thereby  pro- 
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duced  can  be  recorded  graphically  and  the  tracings 
ol)tained  are  known  as  cardiograms  (Fig.  731).  The 
cardiogram  gives  valuable  information  as  to  the  pres- 
sure and  volume  changes  of  the  heart;  its  analysis  will 
be  attempted  in  coimection  with  records  of  the  heart's 
action  taken  by  other  methods.  Special  interest  at- 
taches to  these  curves  from  the  fact  that  they  repre- 
sent the  only  direct  record  of  the  heart  beat  tliat  can 
be  obtained  from  man. 

(d)  The  Heart  Sounds. — Another  physical  sign  by 
which  the  heart's  action  can  be  studied  are  the 
sounds  which  it  emits.  Normally,  two  sounds  differ- 
ing in  pitch  and  duration,  are  audible  in  each  cardiac 
cycle;  the  first  a  comparatively  long,  dull,  booming 
sound,  the  second  a  short,  sharp,  sudden  one.  The 
interval  between  the  first  sound  and  the  second  is  very 
short,  but  between  the  second  and  the  succeeding  first 
sound  there  is  a  distinct  pause.  The  first  sound  is 
coincident  with  the  systole  of  the  ventricles,  more 
particularly  with  the  closure  of  the  auriculoventricular 
valves,  and  it  is  generally  regarded  as  a  mixed  or 
combination  tone  in  regard  to  its  origin.  It  can  be 
heard  distinctly  in  a  contracting  empty  heart  (Ludwig 
and  Dogiel),  so  that  it  is  partly  at  least  a  muscle  tone. 
At  the  same  time,  it  is  probable  that  in  the  normally 
beating  heart  the  sudden  closure  and  tension  of  the 
auriculoventricular  valves  throw  them  and  the  blood 
into  vibration,  and  it  is  possible  that  simOar  vibra- 
tions arise  at  the  opening  of  the  semilunar  valves 
(Tigerstedt).  The  sounds  resulting  from  these  vibra- 
tions by  fusmg  with  the  principle  element,  the  muscle 
sound,  have  some  share  in  the  total  effect  and  thus 
help  in  determining  its  final  character.  The  second 
sound  which  marks  the  end  of  systole  is  purely  val- 
vular in  origin,  being  produced  by  the  closure  of  the 
semilunar  valves.  A  sound  exactly  similar  in  quality 
can  be  obtained  from  the  excised  aorta  by  producing 
sudden  tension  of  its  valves.  Considering  the  mode 
of  production  of  the  heart  sounds,  it  is  evident  that 
each  side  of  the  heart  must  have  a  first  and  second 
sound  of  its  own,  making  a  total  of  four  sounds.  The 
fact  that  only  two  are  ordinarily  heard  (the  two  first 
sounds  fusing  together  and  similarly  the  two  second 
sounds)  proves  again  the  perfect  synchronism  of  the 
two  ventricles.  A  third  heart  sound  may  be  heard  in 
certain  individuals  according  to  a  number  of  observers, 
and  its  existence  has  been  demonstrated  objectively 
by  Einthoven  by  means  of  the  microphone  and  string 
galvanometer.  It  occurs  early  in  diastole,  soon  after 
the  second  sound  and  is  heard  most  distinctly  over 
the  apex.  It  is  most  probably  produced  by  the  vibra- 
tion of  the  auriculoventricular  valves  set  up  by  the 
sudden  inrush  of  blood  from  the  auricles  at  the 
moment  of  the  "postsystolic  vacuum."  Pathological 
alterations  affecting  the  structure  of  the  valves  or  of 
the  cardiac  muscle  may  dissociate  the  elements  of  the 
mixed  sounds,  modifying  their  usual  character  and 
quality  and  even  giving  rise  to  new  ones.  These  ab- 
normal sounds  are  known  as  cardiac  murmurs,  and 
from  a  study  of  their  rliythm,  their  position  of  maxi- 
mal intensity,  and  the  direction  in  which  they  are 
propagated  information  of  great  diagnostic  value  is 
obtained. 

Internal  Events  of  the  Beat. — (a)  During  diastole, 
when  the  whole  heart  is  at  rest  and  its  chambers  re- 
laxed, the  semilunar  valves  are  closed  by  the  high 
pressure  in  the  arteries.  The  blood,  returning  in  the 
veins  with  a  fair  velocity  and  under  low  pressure, 
meets  with  no  resistance  and  enters  freely  into  the 
auricles,  and  thence  passes  onward  into  the  ventricles. 
The  auriculoventricular  valves  at  this  time  are  open 
to  the  blood  stream,  but  their  cusps  are  more  or  less 
approximated  by  the  eddies  which  ret\irn  along  the 
walls  of  the  ventricles  and  carry  the  blood  between 
them  and  the  valve  flaps.  Presently  the  systole  be- 
gins at  the  sinoauricular  node  and  spreads  quickly 
over  the  auricles.  Without  completely  emptying 
themselves,  they  drive  part  of  their  contents  into  the 
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ventricles  where  the  pressure  is  lower  than  in  the  veins, 
and  thus  complete  the  filling  of  those  chambers.  The 
same  reflux  currents  which  previously  floated  up  the 
cusps  continue  for  an  instant  after  the  flow  into  the 
ventricles  has  ceased,  and  thus  the  edges  of  the  valves 
are  brought  into  apposition  even  before  the  ventric- 
ular systole  begins.  Their  perfect  closure  is  facili- 
tated by  the  anatomical  arrangement  of  the  papillary 
muscles  and  chordje  tendineoe  (see  Figs.  732  and 
733).     Each    auriculoventricular    valve    may  be  re- 


FlG.  732. — Human  Tricuspid  Valve — Ventricular  Surface 
Spread  Out  Flat.  A,  inferior;  B,  anterior:  C,  septal  segment; 
D  D'  D" ,  lesser  segments:  -V,  anterior  papillary  muscle:  O  O', 
papillary  muscles  attached  directly  to  ventricular  septum:  P, 
papillar>'  muscle  attached  to  columnre  carneffi:  R  R'  r,  portion  of 
right  ventricular  wall,  showing  bundles  of  fibers  continuous  with 
chordie  tendineae;  X  X',  line  of  insertion  of  segments  into  auriculo- 
ventricular ring. 

garded  as  a  membranous  tube  attached  to  the  auriculo- 
ventricular ring  by  one  end  along  its  whole  circum- 
ference while  the  other  end! is  deeply  incised  so  as  to 
form  a  number  of  separate  flaps.  These  are  attached 
to  the  inner  surface  of  the  ventricle  and  papillary 
muscles  by  tendinous  chords  arising  not  only  from 
their  free  edges  but  also  from  their  under  surfaces. 
Each  flap,  moreover,  sends  its  chordae  to  more  than 
one  papillary  muscle,  and  each  of  these  in  turn  is 
attached  to  more  than  one  valve  flap.  As  the  systole 
of  the  ventricles  begins  and  the  pressure  on  their  con- 


FlG.  7.33. — Human  Mitral  Valve — Ventricular  Surface  Spread 
Out  Flat.  A,  Largest  cusp  close  to  aortic  valve,  aortic  segment: 
B,  next  largest  cusp,  parietal  segment:  C  C,  lesser  cusps:  M, 
anterior  papillary  muscle;  P  P\  posterior  papillary  muscles:  T  T' 
method  of  branching  of  chordae  tendinese:  X  X',  line  of  insertion 
of  cusps  into  aiu"iculoventricular  ring. 

tents  increases  there  is  no  regurgitation  into  the  auri- 
cles. The  pressure  secures  more  firmly  the  apposition 
of  the  thin  free  edges  of  the  valves,  and  as  the  latter 
are  put  under  sudden  tension  the  first  .soiind  is  heard. 
The  chordie  tendines  prevent  the  eversion  or  exten- 
sive bulging  of  the  valves  into  the  auricles,  while  the 
papillar.v  muscles,  contracting  along  with  the  rest  of 
the  heart  muscles,  serve  to  take  in  any  slack  in  the 
chorda;  which  might  result  from  the  approximation 
of  the  base  and  apex,  and  so  keep  them  taut.  An 
accessory  factor  in  the  closure  and  support  of  the 
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valves  which  deserves  mention  is  found  in  the  reduc- 
tion in  the  size  of  the  base  of  the  heart  during  systole 
with  its  consequent  narrowmg  of  the  auriculoventricu- 
lar apertures.  The  pressure  continues  to  rise  in  the 
ventricles  until  it  exceeds  that  in  the  arteries,  when 
the  semilunar  valves  open  and  the  discharge  begins. 
The  pressure  on  the  arterial  side  of  these  valves  being 
always  considerable,  their  opening  mtist  not  be  thought 
of  as  a  sudden  bursting  open  with  the  separate  folds 
thrown  against  the  wall  of  the  artery,  but  rather  as  a 
gentle  yielding  as  the  pressure  on  the  ventricular  side 
gains  the  upper  hand.  The  free  edges  of  the  vah-ular 
folds  are  considerably  removed  from  the  walls  of  the 
sinuses  of  Valsalva,  and  this  taken  in  connection  with 
the  thick  projecting  muscular  cushions  at  the  arterial 
apertures,  reduces  the  opening  through  which  the 
blood  is  discharged  to  a  somewhat  narrow  slit.  Ed- 
dies and  whirls  are  formed  in  the  wider  space  bej-ond, 
constantly  tending  to  bring  the  valves  together,  and 
the  moment  the  outflow  from  the  ventricle  ceases 
they  close  with  such  rapidity  that  no  regurgita- 
tion occurs  and  the  second  sound  is  produced.  The 
ventricle  once  more  relaxes,  the  auriculoventricular 
valves  open  under  pressure  from  the  auricular  side, 
producing  the  third  .sound,  and  the  cardiac  cycle  is 
finished. 

(6)  Intracardiac  Pressures. — A  record  of  the  pres- 
sure changes  in  the  several  heart  cavities  during  the 
course  of  a  complete  cardiac  cycle  gives  the  truest 
account  of  the  force-  and  suction-pump  action  of  the 
organ,  and  valuable  hints  for  the  determination  of 
the  time  relations  of  the  successive  events  which  go 
to  make  such  a  cycle.  Several  methods  have  been 
devised  to  obtain  the  record,  and  while  the  curves 
differ  considerably  in  some  respects,  certain  general 
conclusions  have  been  obtained  from  them.  In  the 
first  place,  the  upper  and  lower  limits  of  the  pressure 
reached  in  the  course  of  an  observation  extending  over 
a  series  of  beats  can  be  accurately  measured  by  means 
of  a  mercury  manometer  with  valves  attached  so  as 
to  convert  it  into  a  maximum  or  minimum  man- 
ometer (Goltz  and  Gaule).  This  method  shows  that 
the  maxinnim  pressure  in  the  ventricles  is  distinctly 
greater  than  the  mean  pressure  in  the  corresponding 
arteries,  that  of  the  left  ventricle  being  about  five 
times  as  great  as  that  of  the  right.  In  an  actual  experi- 
ment DeJaeger  found  the  maximum  pressure  in  the  left 
ventricle  of  the  dog  200  mm.  Hg.,  and  in  another  case 
Fick  found  it  160  mm.  Hg.  The  pressure  in  the  auri- 
cles is  considerably  lower,  the  maximum  as  measured 
on  the  right  side  being  usually  given  at  20  mm.  Hg. 
The  minimum  pressures  in  the  cavities  of  the  heart 
may  fall  below  that  of  the  atmosphere.  Thus,  in  the 
left  ventricle  of  the  dog,  it  varied  from  —52  to  —20 
mm.  Hg.,  in  the  right  ventricle  it  was  —17  mm.  Hg. 
and  in  the  right  auricle  —12  to  —7  mm.  Hg.  Such 
values,  however,  are  obtained  only  when  the  chest  is 
closed,  and  the  negative  pressure  of  the  thorax  is 
partl.v  responsible  for  these  low  pressures. 

When  the  heart  was  exposed,  and  the  pericardium 
opened  the  lowest  pressure  in  the  left  ventricle  was 
—  7  to  —25  mm.  Hg.,  and  in  the  right  —  1  to  —2  mm. 
Hg.,  according  to  Goltz  and  Gaule.  This  observation 
has  been  confirmed  and  denied  repeatedly,  but  the 
balance  of  evidence  seems  to  favor  the  view  that  the 
diastolic  expansion  of  the  heart  walls  may  in  itself  pro- 
duce a  certain  amount  of  suction  depending  largely 
on  the  force  and  suddenness  of  the  foregoing  systole. 
Various  suggestions  have  been  made  to  account  for 
it.  Starling  refers  it  to  a  dilatation  of  the  base  of 
the  heart  by  the  high  pressure  in  the  roots  of  the 
aorta  and  pulmonary  artery.  During  systole  the 
base  of  the  heart,  including  the  orifices  of  the  great 
arteries,  is  constricted.  The  dilatation  accompanying 
the  relaxation  increases  the  capacity  of  the  ventricles 
and  so  creates  a  negative  pressure.  A  more  efficient 
cause  is  probably  found  in  the  peculiar  conditions 
surroundiiig  the  coronary  circulation.     The  filling  of 
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the  blood-vessels  in  the  walls  of  the  heart  should 
open  up  its  cavities  much  in  the  same  way  that  a 
double-walled  bag  is  distended  by  filling  in  the  space 
between  the  two  layers.  Briicke's  theory  of  the 
"Selbststeuerung  des  Herzens"  was,  in  fact,  based 
on  this  sort  of  mechanism.  It  assumed  that  the 
semilunar  valves  were  thrown  back  during  systole 
far  enough  to  prevent  the  entrance  of  blood  into  the 
coronary  arteries,  whose  distention  at  that  time 
would  oppose  the  systole;  but  when  at  the  oiLset  of 
diastole,  the  coronaries  are  opened  and  the  blood 
enters  under  strong  pressure  from  the  aorta,  the 
diastolic  expansion  would  be  materially  assisted. 
This  theory  has  since  been  shown  to  be  a  curious 
mixture  of  truth  and  error.  Martin  and  Sedgwick 
demonstrated  that  the  pulse  in  the  coronaries  was 


Fig.  734. — Showing  Cur\-es  of  Pressure   (A)  and  Velocity  (B)  in 
the  Coronary  Artery  of  the  Horse.  (Chauveau  and  Rebatel.) 

synchronous  with  that  in  other  systemic  arteries; 
therefore  Briicke  was  wrong  so  far  as  the  mechanism 
by  which  the  systolic  dilatation  of  the  coronary 
vessels  is  prevented  is  concerned.  The  semilunar 
valves  do  not  close  the  orifices  of  these  arteries. 
Measurements  of  the  velocity  of  the  blood  flow  in  the 
coronary  arteries  by  Chauveau  and  Rebatel  have 
shown,  on  the  other  hand,  that  he  was  right  as  to  the 
facts.  Their  curves  (see  Fig.  734)  show  that  the 
tension  and  rate  of  flow  both  increase  in  the  coronary 
artery  at  the  beginning  of  systole  (o);  i.e.  blood 
streams  into  it  at  this  time.  Then  a  second  rise  of 
pressure  is  obser\-ed  during  which,  however,  the 
velocity  curve  drops  below  the  abscissa  (b).  This  is 
the  moment  when  the  contraction  of  the  ventricle 
becomes  powerful  enough  to  compress  the  intramural 
vessels  and  squeeze  out  their  contents;  hence  the 
rise  of  pressure  and  the  reversed  current  in  the  main 
vessel.  Lastly,  a  new  acceleration  of  the  rat«,  not 
accompanied  by  a  rise  of  pressure  appears  (c);  the 
diastole  has  begun,  the  vessels  are  once  more  free, 
and  the  flow  of  blood  through  them  is  reestablished. 
Porter  added  new  testimony  on  this  point  in  the  form 
of  obser\"ations  on  the  outflow  from  the  coronary 
veins  during  different  phases  of  the  heart's  action. 
.\mong  other  results  he  found  that  the  volume  of 
blood  passing  through  the  coronary  vessels  is  in- 
creased by  an  increase  in  either  the  force  or  the 
frequency  of  the  heart  beat,  the  increase  of  volume 
being  accomplished  largely  through  the  periodical 
emptying  of  the  intramural  vessels  by  the  systolic 
squeeze  of  the  fibers  around  them.  Some  other 
points  of  interest  concerning  the  coronary  circulation 
may  be  briefly  mentioned  in  this  connection.  The 
branches  of  the  main  coronary  arteries  are  functionally 
of  a  terminal  character,  as  the  anastomoses  which 
exist  are  insufficient  to  provide  collateral  circulation. 
Therefore  ligature  of  the  individual  branches  results 
in  infarction  and  necrosis  of  circum.scribed  areas 
corresponding  to  the  distribution  of  those  branches. 
The  effect  of  such  a  ligature  on  the  action  of  the 
heart  as  a  whole  seems  to  depend  entirely  on  the  ex- 
tent of  the  area  involved,  arrest  of  the  heart  follow- 
ing ligature  of  the  ramus  circumflexus  in  80  per  cent, 
of  the  cases;  of  the  R.  descendens  in  .50  per  cent., 
of  the  R.  septi  in  0  per  cent.,  and  of  the  A.  coro- 
naria  dextra  in  IS  per  cent.     The  ventricles  in  these 


cases  of  arresi,  went  into  fibrillar  contraction  (delirium 
cordis)  a  condition  of  incoordinated  contraction, 
which  may  be  induced  also  by  injuries  to  certain 
parts  of  the  heart  and  by  strong  electrical  stimulation. 
As  the  ligation  of  the  arteries  supplying  different 
areas  produced  fibrillation,  the  result  is  opposed  to 
the  idea  of  a  definite  coordinating  center  as  proposed 
by  Kronecker  and  Schmey  on  the  basis  of  their 
needle-puncture  experiments.  Finally  the  relation 
between  the  volume  of  the  coronary  circulation  and 
the  rhythmical  contractility  of  the  heart  muscle  has 
been  investigated  by  means  of  an  artificial  circulation, 
the  applicability  of  which  to  the  hearts  of  warm- 
blooded animals  was  demonstrated  by  Martin.  The 
work  shows  that  a  surprisingly  small  flow  suffices  to 
maintain  a  rhythmical  beat,  the  ordinary  volume 
used  in  the  experiments  of  McGrath  and  Kennedy 
upon  vigorous  cat  hearts  ranging  from  3.5  to  13. .5  c.c. 
per  minute.  Variations  in  the  amount  of  blood  fed 
to  the  heart  influenced  the  force  of  the  beats,  while 
the  rate  was  but  little  affected. 

To  return  to  the  subject  of  intracardiac  pressures, 
the  oscillations  between  the  limits  given  above  must 
recur  in  the  course  of  every  cycle  and  the  rate  at 
which  the  pressure  changes  is  very  great.  It  has  been 
estimated  that  the  pressure  within  the  left  ventricle 
rises  at  the  rate  of  more  than  2,000  mm.  Hg.  per 
second.  To  obtain  an  exact  record  of  such  a  change 
calls  for  an  instrument  with  a  quick  response  and  low 
inertia;  but  the  records  obtained  with  the  most  im- 
proved spring  manometers  of  recent  years  agree  so 
nearU'  with  the  older  curves  of  Chauveau  and  Marey 
in  all  essential  points  that  we  may  assume  for  the 
present  the  correctness  of  their  curves  (Fig.  735). 

The  auricular  cur^-e  shows  a  quick  sudden  rLse  of 
pressure  which  reaches  its  maximum  in  about  0.1 
second,  and  returns  again  immediately  so  as  to  form 
a  single  rounded  peak.  The  steep  rise  of  the  two 
lower  curves  (Fig.  735)  shows  that  the  ventricular 
systole  follows  immediately  upon  that  of  the  auricles 
and  that  the  pressure  goes  up  with  great  rapidity. 
Then  there  follows  a  portion  of  the  curves  which  goes 
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Fig.  735. — Endocardic  Pressure  Curves  from  the  Horse.  Or.  D, 
Right  auricle;  Vent.  D,  right  ventricle;  Vent.  G,  left  ventricle. 
(Chauveau  and  Marey.) 

by  the  name  of  the  "ventricular  plateau"  becaiise  it 
extends  in  a  direction  more  or  less  parallel  to  the 
abscissa,  sometimes  rising,  sometimes  falling  a  little, 
according  to  the  niethod  used.  It  represents  graphic- 
ally the  maintenance  of  contraction  of  the  ventricles, 
their  systole  lasting  about  0.4  second.  The  lever 
finally  sinks  back  abruptly  to  the  base  line  and  beyond, 
as  shown  in  the  descending  limb  of  the  curve.  Intra- 
ventricular pressure  curves  always  present  secondary 
elevations  distributed  over  the  main  curve.  They  are 
not  constant  as  to  number  or  form,  seemingly  chang- 
ing with  the  kind  of  instrument  used,  and  some  of 
them   are   unquestionably   artefacts.     Others   corre- 
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spond  to  definite  processes  going  on  inside  the  heart, 
as,  for  example,  the  small  wave  which  is  nearly  always 
seen  preceding  the  large  rise  due  to  the  ventricular 
systole.  Its  position  shows  that  it  is  synchronous 
with  the  systole  of  the  auricle,  the  effect  of  which  on 
the  pressure  in  the  ventricle  is  thus  recorded.  There 
is  no  indication  on  the  record  either  of  the  closure  of 
the  auriculoventricular  valves  or  of  the  opening  of 
the  semilunar  valves.  An  appreciable  time  must 
elapse  after  the  beginning  of  the  systole  before  the 
pressure  mounts  high  enough  to  force  open  the  semi- 
lunar valves  against  the  arterial  pressure;  but  this 
being  a  gradual  process,  as  we  have  already  stated, 
an  effect  in  the  form  of  a  break  or  notch  upon  the  cune 
would  hardly  be  expected.  By  taking  simultaneous 
records  of  the  pressure  in  the  left  ventricle  and  in 
the  aorta  it  has  been  shown  that  the  pressure  in  the 
latter  begins  to  rise  about  0.1  second  later  than  in 
the  ventricle.  The  point  on  the  curve  which  corre- 
sponds to  the  time  of  opening  of  the  valves  must  be 
situated,  therefore,  near  the  top  of  the  ascending  limb 
and  is  not  marked  in  any  way.  The  same  indirect 
method  must  be  relied  on  to  determine,  upon  the 
curve,  the  position  corresponding  to  the  closure  of 
the  semilunar  valves.  They  will  close,  of  course,  the 
instant  the  pressure  within  the  ventricle  falls  below 
that  in  the  arterj-,  and  upon  the  curve  must  be  repre- 
sented high  up  on  the  descending  limb  not  far  from 
the  beginning  of  the  steep  descent  from  the  plateau. 
The  curve  again  shows  no  record  of  this  event.  The 
duration  of  the  component  elements  of  a  complete 
cardiac  cycle  is  found  most  accurately  from  such 
records  as  have  just  been  described.  For  the  human 
heart,  however,  it  must  be  estimated  from  observa- 
tions on  the  heart  sounds  and  from  cardiographic  and 
sphygmographic  curves.  Lea'i'ing  out  of  account  the 
slight  differences  in  the  figures  as  given  by  various 
observers,  the  duration  of  the  phases  of  the  human 
heart,  beating  at  the  rate  of  70  per  minute,  may  be 
stated  as  follows: 


Ventricular  sjrstcle.  . 
Ventxicular  diastole. 


Auricular  sjrstole-  - 
Auricular  diastole. 


0  379  second 
0.4 S3  second 


0 .  S62  second 
0 . 1  second 
0 .  762  second 


0.S62  second 

The  heart  pause  in  this  case  equals  0.3S3  second. 
The  power  of  rapid  recuperation  of  the  musculature 
of  the  heart  is  impressively  shown  by  these  figures. 
Another  point  of  fundamental  importance  should  be 
noted  in  this  connection.  It  vnR  be  shown  later  that 
the  rate  of  the  heart  varies  within  wide  limits  at  differ- 
ent times  and  under  different  conditions;  but  through- 
out these  extensive  variations  the  duration  of  the 
ventricular  systole  remains  remarkably  uniform.  In 
man,  for  example,  it  has  been  found  that  the  ventric- 
ular systole  varied  only  between  0..3S2  second  and 
0.190  second  when  the  pulse  rate  ranged  from  32  to 
124  per  minute.  The  variations  in  the  rate  of  the 
heart  are  essentially  dependent  on  changes  in  the 
duration  of  the  pause,  while  the  systole  is  but  slightly 
affected.  Even  the  pressure  in  the  arteries  has  been 
shown  to  have  no  appreciable  influence  on  the  dura- 
tion of  the  systole,  the  heart  apparently  possessing  in 
a  high  degree  the  power  of  adapting  its  work  to  the 
varying  demands  made  upon  it  without  loss  of  time, 
(c)  The  Work  Done  by  the  Heart. — In  considering 
the  work  of  the  heart  it  is  treated  practically  as  a 
force  pump  which  discharges  a  certain  volume  of 
liquid  with  a  known  velocity  against  a  given  resist- 
ance. The  auricles  from  this  standpoint  become  un- 
essential attachments  to  the  apparatus,  although 
physiologically  they  may  be  important  enough. 
They  not  only  pro\-ide  reser^'oirs  for  the  recep- 
tion of  the  blood  during  the  relatively  long  ventricu- 
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lar  systole,  therebj-  avoiding  stagnation  or  damming 
back  in  the  veins,  but  as  we  shall  see  later,  thev 
constitute  a  regulating  mechanism  for  the  work  of 
the  ventricles  by  determining  both  the  rate  of  their 
beat  and  the  extent  of  their  charge. 

The  suction  of  the  ventricles  already  explained  is 
here  also  disregarded.  This  suction,  together  with 
that  of  the  thorax  as  a  whole,  is  favorable  to  the  circu- 
lation in  that  it  assists  the  return  of  the  blood  in  the 
veins.  It  may  be  neglected  at  present  as  it  is  quite 
insignificant  in  comparison  with  the  other  factor  con- 
cerned, and  the  blood  would  return  to  the  heart  with- 
out its  aid  under  the  influence  of  the  impulse  given  to 
it  by  the  heart  at  the  arterial  end. 

The  work  done  by  the  heart  is  expended  in  two 
ways:  (1)  The  contents  of  the  ventricles  must  be 
discharged  against  a  resistance  measTired  by  the 
mean  pressure  in  the  aorta  and  pulmonary  arteries. 
Taking  the  left  side  alone  for  the  present,  work  will 
be  done  at  each  beat  equal  to  PxR,  P  being  the 
"pulse  volume"  or  the  amount  discharged  in  a  single 
systole  and  if  the  mean  blood  pressure  in  the  aorta. 
(2)  Work  is  done  in  conferring  upon  the  blood  dis- 
charged a  certain  velocity.  Now  the  kinetic  energy 
represented  by  a  mass  in  motion  is  expressed  by  the 
formula  jwr-,  which  if  m  equals  the  weight  of  a  body 

under  the  influence  of  gravitv,  m^v  be  written  —^ 

Applied  to  the  heart,  p  in  this  formula  represents 
again  the  pulse  volume,  r  the  velocity  in  the  aorta, 
and  g  the  accelerating  force  of  gravity,  i.e.  9.S  meters 
(thirtv-t  wo  feet) .     The  total  work  of  the  left  ventricle, 

Pv- 
therefore,   equals  Pi? -|-^   and    can    be    calculated 

when  we  know  the  pulse  volume  of  the  heart,  the 
mean  aortic  pressure,  and  the  rate  of  flow  in  the 
aorta.  The  two  latter  have  been  determined  with  a 
fair  degree  of  approximation  and  may  be  taken  at 
150  mm.  Hg.  for  the  pressure  and  500  millimeters  per 
second  for  the  velocity.  Neither  of  these  figures  is 
perfectly  exact,  but  the  error  introduced  by  inac- 
curacies in  them  has  little  effect  on  the  result  as 
compared  with  that  due  to  our  ignorance  of  the 
pulse  volume.  An  exact  determination  of  the  latter 
would  furnish  the  key  to  many  problems  in  the 
mechanics  of  the  circulation,  and  frequent  attempts 
have  been  made  to  get  at  it.  The  estimates  given 
for  the  human  heart  van.-  all  the  way  from  45  to 
188  grams;  for  the  present  100  grams  may  be  taken 
as  a  fair  average,  although  the  true  result  will  probably 
be  found  somewhat  less  than  this.  Substituting  the 
given  values  in  the  formula  and  making  the  correction 
for  the  specific  gra'vity  of  mercury  (13.6),  we  obtain 
as  the  work  of  the  left  ventricle : 

«-  =  (100  X0.150X  13.6) -F^^ll^g^  . 

or  ir  =  204  +  1.28  gram-meters. 
Tlie  calculation  for  the  right  ventricle  is  made  in  the 
same  way,  the  pulse  volume  of  the  two  sides  of  the 
heart  being  assumed  to  be  equal  and  the  mean 
pressure  in  the  pulmonary  arteries  being  taken  at 
two-fifth  that  in  the  aorta.  The  work  of  the  right 
ventricle  is  therefore  equal  practically  to  two-fifths  of 
205.28,  or  82.11  gram-meters.  Multiplying  the 
work  of  both  sides  (287.39  gram-meters)  by  the 
number  of  beats  per  minute  (70)  and  by  the  number 
of  minutes  in  twenty-fo.ir  hours  (1.440),  the  work  of 
the  heart  done  in  one  day  is  found  equal  to  28,969 
kilogram-meters  as  a  conservative  estimate.  This 
represents  a  considerable  percentage  of  the  total 
energy  production  in  the  body,  when  it  is  remembered 
that  the  mechanical  work  done  by  a  man  in  eight 
hoxirs  is  estimated  at  about  125.000  kilogram-meters 
and  that  the  work  of  the  muscles  of  repiration  in 
twenty-four  hours  amounts  only  to  11,700  kilogram- 
meters. 

(d)  The  Rate  of  the  Heart. — It  is  a  matter  of  some 


i; 


KEFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Blood,  Circulation  of 


prai'ticiil  importance  to  the  physician  to  know  the 
normal  rate  of  beat  of  the  heart,  and  on  this  account 
numerous  statistics  liave  been  compiled  with  a  view 
of  determining  the  relative  influence  of  the  various 
conditions  which  affect  it.  Ordinarily  the  pulse  rate 
presents  more  or  less  regular  and  extensive  variations 
in  the  course  of  a  day  which  are  sometimes  desig- 
nated "diurnal."  They  are  hardly  the  expression  of 
an  inherent  rhythmicity,  since  they  almost  disappear 
when  the  subject  rests  cjuietly  in  bed  and  abstains 
from  food  and  drink,  but  rather  the  result  of  the 
complex  and  ever-changing  activities  which  make  up 
the  daily  routine. 

Among  tlie  physiological  factors  which  affect  the 
heart  rate  in  any  given  individual  are  temperature 
and  exercise.  Ex]5eriments  upon  the  isolated  mam- 
malian heart  have  shown  that  the  rate  varies  directly 
with  the  temperature  up  to  about  41°  C.  Beyond 
this  optinuHU  ])oint,  a  further  rise  of  temperature 
becomes  harmfid  and  quickly  the  lethal  point  is 
reached  (4.5°  C).  In  fevers  the  acceleration  of  the 
heart  usually  amoimts  to  eight  or  ten  beats  for  every 
degree  of  rise  in  temperature.  In  typhoid,  however, 
the  change  is  less,  in  scarlet  fever  greater,  indicating 
the  implication  of  other  factors.  These  temperature 
effects  are  direct  on  the  cardiac  muscle  and  may  be 
contrasted  with  the  indirect  reflex  changes  produced 
by  external  temperature  variations  which  act  through 
the  sensory  nerves  of  the  skin.  The  familiar  effect 
upon  the  piilse  rate  of  muscular  exercise  is  both 
sudden  and  marked,  and  it  may  almost  be  stated  as  a 
law  that  the  increase  in  the  rate  is  proportional  to  the 
duration  and  intensity  of  the  work  done.  On  this 
account  the  pulse  is  slow  during  sleep,  when  the 
minimum  is  usually  reached,  and  the  increase  in  rate 
on  sitting  up  or  standing  over  that  of  the  recumbent 
position  is  probably  the  result  of  the  muscular  effort 
involved  in  maintaining  these  upright  positions.  The 
effect  of  exercise  may  be  quite  transient  or  it  may 
persist  for  a  considerable  time  depending  upon  the 
duration  of  the  work  done.  Thus  a  walk  of  a  mile 
or  two  at  a  moderate  gait  will  keep  the  pidse  rate 
quickened  for  thirty  or  even  sixty  minutes  thereafter, 
and  this  long-lasting  after-effect  must  be  taken  into 
account  whenever  observations  on  the  normal  rate 
are  to  be  made.  Extensive  data  in  which  accidental 
variations  from  the  preceding  causes  were  guarded 
against  have  been  tabulated  in  order  to  determine  the 
influence  of  sex,  age,  and  size  upon  the  rate  of  the 
heart.  The  conclusion  so  far  reached  may  be 
briefly  summarized  as  follows: 

Age. — The  average  pulse  rate  is  highest  the  first 
year  after  birth,  being  given  as  134  per  minute  in  one 
series  of  observations;  it  sinks  steadily  up  to  the 
twenty-first  year  when  a  rate  of  seventy-two  is 
reached;  it  remains  at  this  level  to  about  the 
sixty-fifth  year,  after  which  it  begins  to  go  up  again 
slightl)',  rising  perhaps  to  seventy-nine  or  eighty  per 
minute  at  the  eightieth  year. 

Size. — The  differences  just  noted  depend  in  large 
measure  on  differences  in  size,  although  age  in  itself 
apart  from  size  has  some  influence.  Taking  the 
average  of  a  great  number  of  cases  there  is  no 
doubt  that  tall  individuals  have  a  slower  heart 
than  smaller  ones  of  the  same  age,  the  difference 
being  as  much  as  twenty-three  beats  per  minute  in 
the  first  year  but  sinking  into  insignificance  later  on 
in  life. 

Sex. — Comparing  males  and  females  of  the  same 
age,  the  pulse  rate  is  found  to  be  more  rapid  in  the 
latter  at  all  ages  from  the  second  year  on.  Women 
on  the  average  are  a  little  smaller  than  men,  so  that 
a  correction  for  size  should  be  introduced.  Even 
when  this  has  been  done  the  general  statement  re- 
mains true,  although  the  differences  then  are  smaller 
than  they  ordinarily  appear.  The  following  tables, 
abridged  from  those  given  by  Volkmann,  furnish  the 
basis  of  the  foregoing  generalizations: 


Table  I. 


.\gc. 

Heart  rate. 

Number 

of  ob- 

Maximum. 

Minimum. 

Average. 

servations. 

0-  1 

160 

101 

134 

59 

5-  6 

128 

70 

98 

56 

10-11 

106 

511 

87 

73 

15-16 

112 

60 

83 

77 

2U-21 

99 

59 

71 

67 

30- ,3.") 

104 

58 

70 

125 

40-45 

104 

50 

72 

105 

50-55 

94 

52 

72 

42 

B0-G5 

100 

54 

73 

60 

70-75 

104 

54 

75 

44 

SO-h 

98 

G3 

79 

31 

Table  II.* 


Age. 

Mean  pulae  rate. 

Male.          Female. 

2-  7 .                      

97 

98 

8-14.... 
14-21... 

21-28 

28-35 

35-42 

42-49 ... 

84 
70 
73 
70 
68 
70 
67 

94 
82 
86 
78 
78 
77 

49-56 

76 

•  The  average  rates  in  this  table  were  obtained  by  Guy  from 
twonty-five  observations,  ia  each  case  taken  at  midday  upon  fasting 
individuals  who  were  at  rest  in  a  sitting  position. 


Table  III. 


Height  in  millimeters. 

Mean  pulse  rate. 

Male 

Female. 

.525. 

l.W 
110 
101 
97 
91 
88 
87 
85 
75 

144 

875 

975...                                

1,075 

1,175 

1,275 

1,375 

107 
106 
98 
94 
95 
87 
84 
77 

1,475 

1,.575 

From  a  teleological  point  of  view  the  correlation 
between  the  pulse  rate  and  the  conditions  enumerated 
above  is  easily  \uiderstood.  It  provides  an  arrange- 
ment for  adapting  the  circulation  to  the  intensity  of 
general  metabolism  through  the  rate  of  the  heart. 
The  smaller  the  size  of  the  body,  the  greater  will  be 
the  ratio  of  the  surface  to  the  mass  and  hence  the  more 
rapid  the  heat  dissipation;  hence  to  keep  up  body 
temperature  heat  production  must  be  raised  in  the 
same  proportion,  i.e.  greater  metabolic  activity  is  re- 
quired which  in  turn  demands  a  more  active  circula- 
tion and  a  faster  heart.  _In  the  same  way  the  chemical 
activity  of  the  muscles  is  heightened  by  exercise  and 
again  the  circulation  is  accelerated.  The  exact  mech- 
anism by  which  the  quickened  pulse  is  obtained  is 
difficult  to  determine,  being  in  most  cases  of  a  com- 
plex character.  The  effect  is  sometimes  a  direct  one 
on  the  heart  itself  effected  through  the  altered  physical 
and  chemical  conditions  of  the  blood;  at  other  "times 
it  is  mainly  produced  indirectly  through  the  nervous 
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system  by  way  of  the  extrinsic  nerves  of  the  heart; 
usually  it  is  the  combined  result  of  various  interacting 
factors. 

The  Regulatiox  axd  Adaptation  of  the  Vascul-u? 
Mechanism. 

A  rigid  circulatory  system  ■working  with  the  regu- 
larity of  a  dead  model  and  supplying  each  organ  with 
the  same  steady  stream  of  blood,  irrespective  of  its 
needs,  would  by  its  very  regularity  work  its  own  de- 
struction. In  a  living  organism  there  must  be  a 
continual  adjustment  in  the  blood  supply  to  each 
part  wth  every  change  in  external  or  internal  condi- 
tions. The  regulating  mechanism,  as  we  actuaUy  find 
it,  comprises  two  parts;  one  connected  with  the  heart, 
•which  being  central  produces  general  effects  only;  the 
other  with  the  peripheral  blood-vessels,  through  which 
both  local  and  general  effects  can  bo  brought  about. 
As  usual,  the  coordination  and  regulation  of  the  blood 
vascular  system  are  obtained  through  the  mediation 
of  the  nervous  system,  the  relation  of  which  to  the 
heart  and  blood-vessels  must  now  be  described. 

The  IxxERVATiox  of  the  He.art. — It  is  customarj"  to 
speak  of  the  nerve  supply  of  the  heart  as  consisting 
of  an  extrinsic  and  an  intrinsic  mechanism.  The  ex- 
trinsic nerves  include  efferent  fibers,  which  are  sup- 
plied by  the  vagi  and  the  cardiac  rami  of  the  sympa- 
thetic chain,  and  which  approach  the  heart  at  its 
venous  end;  and  afferent  fibers,  which  pass  from  the 
heart  at  its  arterial  end  and  are  characterized  by  their 
larger  size  and  the  presence  of  the  mediiUary  sheath. 
In  the  mammal  the  extrinsic  nerves  terminate  in 
plexuses  around  the  arch  of  the  aorta,  and  from  these 
the  intrinsic  nerve  supply  is  derived.  Branches  pro- 
ceed to  the  junction  of  the  great  veins  with  the  heart 
to  be  distributed  to  the  various  parts  of  the  organ. 
Ganglia  are  abundant  on  the  superior  vena  cava  and 
are  foimd  also  on  the  pulmonary  veins,  in  the  walls 
of  the  auricles,  in  the  auriculoventricular  groove,  and 
for  an  undetermined  distance  don-n  the  ventricular 
walls.  Both  nerves  and  ganglia  lie  for  the  most  part 
superficially  under  the  pericardium,  and  as  they  are 
traced  along  the  heart  from  the  point  of  entrance  it 
may  be  said  in  general  that  the  proportion  of  medul- 
lated  to  non-medullated  fibers  goes  on  decreasing,  and 
that  the  number  of  ganglion  cells  likewise  diminishes, 
disappearing  entirely  at  or  near  the  apex.  The 
ganglia  are  often  classified  as  sinus  ganglia  and  au- 
riculoventricular ganglia.  This  separation  into  groups 
is  obscure  in  mammals,  but  in  the  frog's  heart  comes 
out  distinctly,  the  sinus  ganglion  located  at  the 
junction  of  sinus  venosus  and  auricles  being  known  as 
the  ganglion  of  Remak,  the  auriculoventricular  ones 
as  the  ganglia  of  Bidder.  In  the  frog  the  vagnis  and 
sympathetic  fibers  reach  the  heart  in  a  common 
trunk,  one  on  each  side,  passing  along  the  superior 
cavse  to  the  ganglion  of  Remak.  From  this,  in  addi- 
tion to  scattered  fibers,  two  main  cords,  the  anterior 
and  posterior  septal  nerves,  proceed  to  the  ganglia 
of  Bidder.  From  the  latter  small  twigs  penetrate 
the  substance  of  the  ventricle,  scattered  nerve  cells 
occurring  for  some  little  distance  along  their  path; 
but  the  lower  part  of  the  ventricle,  perhaps  the  lower 
two-thirds,  is  said  to  be  quite  free  from  them. 

1.  The  Development  of  the  Normal  Beat. — In  order 
to  appreciate  the  part  played  by  the  nervous  appa- 
ratus of  the  heart,  it  will  be  necessary  to  consider  the 
mode  of  development  of  its  normal  beat,  of  which  the 
automaticity,  the  rhythmicity,  and  the  regular  se- 
quence of  the  several  chambers  constitute  the  most 
striking  features. 

(a)  Automaticity. — It  has  long  been  known  that 
the  heart  of  a  cold-blooded  animal  will  continue  to 
beat  for  hours  and  even  days  after  it  has  been  removed 
from  the  body.  There  was  every  reason  to  think  that 
the  mechanism  by  which  the  beat  is  developed  is  the 
same  in  all  the  vertebrates,  and  much  of  the  physiol- 


ogy of  the  heart  as  worked  out  on  the  frog  was  applied 
to  the  mammal.  More  recently  H.  Xewall  Martin 
•succeeded  in  keeping  alive  the  isolated  heart  of  the 
latter  also  by  supplying  it  with  a  suitable  artificial 
circulation,  and  the  question  of  its  automaticity  was 
definitely  settled.  The  nerves  reaching  the  heart 
from  without  were  evidently  not  essential  to  the 
beat,  for  which  all  the  conditions  were  contained 
within  the  organ  itself.  The  heart  is  an  automatic 
organ  whose  activity  depends  on  some  internal  stimu- 
lus, and  the  question  as  to  the  nature  of  this  stimulus 
and  its  point  of  attack  immediately  arises.  Two 
answers  have  been  given  and  are  still  current  in 
physiology  under  the  names  of  the  "neurogenic" 
and  "myogenic"  theories  of  the  genesLs  of  the  heart- 
beat. The  neurogenic  theory  assumes  that  the  ex- 
citation arises  within  the  nerve  cells  at  the  venous 
end  of  the  heart  which  act  as  an  automatic  motor 
center.  Through  a  definite  anatomical  mechanism 
the  impulses  are  distributed  over  nerve  fibers  and 
lower  lying  subordinate  ganglia,  thus  accounting  for 
the  spontaneous  origin  of  the  beat,  its  orderly  sequence 
and  its  coordination.  The  neurogenic  theory  is  based 
on  the  following  considerations:  Muscular  tissue  in 
general,  and  especially  the  more  highly  differentiated 
types  of  it,  depends  upon  its  motor-nerve  impulses  to 
set  it  into  action,  whereas  nerve  cells  constitute  the 
automatic  tissue  of  the  body  par  excellence.  Assum- 
ing similarity  of  function  or  properties  in  all  nerve 
cells,  those  within  the  heart  included,  an  easy  expla- 
nation of  the  automatic  beat  of  this  organ  woiild  be 
f\irnished  by  the  rhythmical  motor  impulses  sent  to 
the  cardiac  muscle  by  its  intrinsic  ganglion  cells. 
Those  who  adopt  this  view  urge  in  its  support  the 
interesting  correlation  between  the  number  of  ganglion 
cells  distributed  to  each  segment  of  the  heart  and  the 
degree  of  spontaneity  and  rhythmicity  which  that  part 
possesses.  Thus  upon  the  frog's  heart,  in  which  the 
normal  beat  begins  in  the  large  veins  leading  to  the 
heart  and  sweeps  over  the  sinus  venosus,  auricles, 
ventricle,  and  bulbus  arteriosus  in  regular  sequence, 
the  following  observations  can  be  easily  verified. 
When  the  heart  in  dying  ceases  to  beat  the  several 
segments  come  to  rest  in  turn,  beginning  at  the 
arterial  end.  The  ventricle  fails  first,  then  the  auri- 
cles fail,  and  lastly  the  sinus  venosus  fails.  Further, 
on  testing  the  irritability  of  the  quiescent  heart  from 
time  to  time  by  means  of  gentle  mechanical  stimula- 
tion, its  eventual  disappearance  is  found  to  follow  the 
same  order  as  the  failure  of  the  natural  beat.  Lastly, 
if  by  means  of  a  series  of  transverse  sections,  carried 
through  the  heart  at  different  levels,  the  ventricular 
apex  alone,  or  the  entire  ventricle  or  the  ventricle 
with  some  auricular  tLssue,  be  in  turn  separated  from 
the  venous  end  of  the  heart,  it  will  be  found  that  the 
sinus  venosus  possesses  the  greatest  potentiality  to 
beat,  that  the  power  of  generating  rhythmical  spon- 
taneous beats  diminishes  in  the  isolated  piece  as  the 
plane  of  section  approaches  the  apex,  and  that  the 
apex  itself  wUl  not  beat  spontaneously  at  all.  The 
several  segments  of  the  frog's  heart  form,  as  regards 
their  irritability  and  spontaneity,  a  descending  series 
— sinus  venosus,  auricles,  entire  ventricle,  lower  third 
of  ventricle — very  similar  to  the  series  they  form  when 
arranged  with  reference  to  the  number  of  contained 
nerve  cells.  The  iiLference  that  the  rhythmical  beat 
is  the  result  of  the  activity  of  these  nerve  cells  is 
natural  and  though  based  upon  observations  upon  the 
frog's  heart,  it  has  been  extended  to  the  vertebrates 
generally.  Experiments  on  the  heart  of  the  horse- 
shoe crab  have  shown  that  in  this  animal  the  beat 
depends  on  the  integrity  of  its  intrinsic  nerve  cells. 
.\s  the  muscular  tissue  of  this  heart  differs  in  its  funda- 
mental properties  from  that  of  the  vertebrate  heart, 
the  result  cannot  be  applied  to  the  latter.  While  the 
neurogenic  theory  in  its  latest  form  satisfies  the  logical 
requirements  in  explaining  most  of  the  known  facts 
regarding  the  beat  of  the  heart,  no  positive  proof  for 
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it  can  he  given,  and  ])hysiologists  very  generally  have 
favored  the  alternative  view. 

The  myogenic  theory  denies  the  immediate  phy- 
siological connection  between  the  ganglion  cells  and 
the  development  of  the  beat,  and  at  present  finds  in 
them  merely  nutritive  and  distributing  centers  for  the 
intrinsic  nerve  fibers,  putting  them  on  a  level  with  the 
cells  of  the  sympathetic  ganglia  rather  than  with  those 
of  the  central  nervous  system.  The  origin  and  nature 
of  the  beat  are  referreci  entirely  to  the  peculiar  prop- 
erties of  cardiac  muscle,  and  much  evidence  has  ac- 
cumulated in  support  of  this  view.  It  is  known  in 
the  first  place  that  hearts  or  strips  of  heart  muscle 
entirely  free  from  nerve  cells  may,  under  proper  condi- 
tions, pulsate  rhythmically  in  a  normal  jnanner.  Not 
to  speak  of  the  invertebrate  heart,  it  is  a  familiar 
fact  that  the  heart  begins  to  beat  in  the  fetu.s  long 
before  any  ner\-e  cells  appear  in  its  vicinity,  while  a 
common  laboratory  experiment  consists  of  suspending 
under  slight  tension  a  strip  of  the  terrapin's  ventricle 
and  recording  for  hours  its  rhythmical  contractions. 
In  the  second  place  cardiac  muscle  does  possess 
peculiar  properties  not  found  in  other  forms  of  mus- 
cular tissue,  properties  which  seem  to  afford  an  ade- 
quate explanation  of  the  rhythmicity  of  the  heart, 
while  its  automaticity  and  normal  sequence  are  at 
least  as  easily  explained  on  the  myogenic  as  on  the 
neurogenic  theory.  As  to  the  causation  of  the  beat 
on  the  myogenic  theory,  the  suggestion  has  been  made 
that  the  internal  stim\ilus  consists  merely  in  the  spon- 
taneous dissociation  of  the  contractile  substance. 
Heart  muscle  is  admitted  to  be  less  highly  differenti- 
ated, histologically,  than  skeletal  muscle,  and  may 
plausibly  be  assumed  to  have  preserved  in  a  greater 
degree  the  primitive  and  fundamental  attributes  of 
imdifTerentiated  protoplasm.  Its  spontaneity  would 
be  an  exhibition  of  the  same  property  which  is 
inherent  in  the  ameba  as  well  as  La  the  ganglion  cell 
and  calls  for  no  special  explanation.  The  inner  stimu- 
lus has  also  been  sought  in  the  products  of  its  own 
metabolism,  but  no  satisfactory  evidence  in  support 
of  this  view  has  been  obtained.  The  prevailing  tend- 
ency of  recent  years  has  been  to  regard  the  blood  or 
lymph  as  the  most  probable  source  of  this  stimulus. 
This  idea  arose  in  connection  with  the  work  on  the 
nutrition  of  heart  muscle.  It  was  long  assumed  that 
eerum  albumin  is  a  necessary  constituent  of  artificial 
nutritive  media  for  the  isolated  heart,  the  protein  being 
added  to  the  mixture  directly  or  else  supplied  acci- 
dently  by  the  residue  of  blood  and  lymph  adhering 
to  the  meshes  of  the  heart  wall.  For  this  reason,  it 
was  maintained,  isolated  hearts  could  be  kept  beating 
on  a  physiological  saline  solution  for  a  comparatively 
short  time  only.  It  was  found,  however,  that  a  heart 
which  had  been  completely  run  down  on  0.6  per  cent. 
NaCl  solution  would  beat  again  for  a  time  if  a  small 
amount  of  XaiCOj  was  added,  and  when  it  had  come 
to  rest  on  this  mixture,  could  be  revived  a  second 
time  by  the  addition  of  soluble  calcium  salts,  giving  a 
long  series  of  strong  and  regular  contractions.  These 
remarkable  observations  were  the  begimiing  of  a 
prolonged  study  of  the  action  of  the  inorganic  salts 
upon  the  heart,  which  is  still  in  progress.  One 
result  of  this  work  has  been  to  direct  attention  to  the 
high  degree  of  tonicity  possessed  by  heart  muscle. 
In  normal  diastole  the  heart  does  not  relax  completely; 
its  stops  in  a  condition  of  permanent  partial  contrac- 
tion, which  constitutes  its  tone.  This  is  obvious  on 
comparing  the  normal  diastole  of  a  heart  with  the 
extreme  relaxation  cf  complete  vagus  inhibition  or  of 
death.  The  tone  or  tonicity  of  the  heart,  measured 
by  the  extent  of  its  diastolic  relaxation,  was  found  to 
vary  with  the  reaction  of  the  mediiun  and  with  the 
kind  and  amount  of  inorganic  salts  present.  Weak 
acids  diminish,  alkalies  increase  the  tone,  and  a  similar 
antagonism  holds  good  between  potassium  and  cal- 
cium salts.  The  tone  of  the  heart  is,  therefore,  in- 
timatelj-  dependent  on  the  nutritive  exchanges  going 


on  within  its  substance,  and  its  diminution  or  loss 
may  be  an  important  factor  in  cases  of  dilatation  of 
the  heart.  The  sul)ject  of  tonicity  of  the  heart  thus 
becomes  a  matter  of  [jractical  importance  from  the 
standpoint  of  clinical  medicine.  Another  result  was 
the  discovery  of  tlie  special  relation  of  the  inorganic 
salts,  particularly  of  potassium  and  calcium  salts,  to 
the  causation  of  the  heart  beat.  Calci\im  not  only 
diminishes  relaxation  and  increases  the  tone,  but  it 
promotes  contraction  so  that  excess  of  this  element 
brings  the  heart  to  a  standstill  in  powerful  systole 
(calcium  rigor).  Potassium  produces  the  opposite 
effect,  promoting  relaxation  and,  when  present  in 
excess,  causing  the  heart  to  come  to  rest  in  extreme 
relaxation  (potassium  inhibition).  A  normal  rhyth- 
mical beat  can  Ije  maintained  only  by  preserving  a 
proper  ratio  within  comparatively  narrow  limits  of 
these  two  classes  of  salts.  From  these  and  similar 
observations  the  conclusion  has  been  reached  that  the 
beat  of  the  heart  normally  is  the  residt  of  the  inter- 
action of  the  inorganic  constituents  of  the  blood  with 
the  heart  muscle,  the  former  providing  the  adequate 
stimulus,  the  latter  the  irritable  agent  whose  complex 
living  molecule  responds  to  the  stimulus  with  an 
explosive  decomposition  and  furnishes  the  energy  of 
the  contraction. 

(6)  Rhythmicity. — On  the  assumption  made  in 
the  foregoing  paragraph  the  stimulus  to  the  heart  is 
constant  while  the  response  is  intermittent  and  rhyth- 
mical. This  kind  of  relation  between  a  continuous 
stimulus  and  an  intermittent  reaction  is  not  peculiar 
to  the  heart,  although  it  is  perhaps  most  conveniently 
demonstrated  upon  strips  of  ventricular  muscle. 
When  these  are  suspended  under  a  certain  tension, 
the  mechanical  stretching  of  the  fibers  acting  as  a 
constant  stimulus  causes  them  to  give  a  series  of 
rhythmical  contractions.  The  reason  for  this  is 
found  in  the  peculiar  alterations  in  irritability  which 
accompany  the  beat  of  the  heart.  When  the  con- 
traction of  the  whole  heart  or  of  an  isolated  strip  of 
heart  muscle  is  recorded  by  means  of  a  lever,  the 
curve  of  contraction,  after  a  relatively  long  latent 
period  rises  slowly  to  a  maximum  and  as  slowly 
declines  again.  The  entire  duration  of  it  varies  in 
different  animals;  but  the  curve  shows  an  unmis- 
takable resemblance  to  the  simple  contraction  curve 
of  skeletal  muscle.  The  electrical  changes  in  the  heart 
accompanying  its  beat  corroborate  the  view  that  the 
beat  corresponds  to  a  single  twitch,  and  the  dictum 
that  "the  heart  knows  no  tetanus"  has  long  been 
current  in  physiology.  Recently  Walther  showed 
that  under  certain  abnormal  conditions  a  limited 
amount  of  fusion  and  sununation  of  contractions,  and 
hence  incomplete  tetanus,  could  be  obtained  in  the 
case  of  the  frog's  heart;  but  normally  this  is  not  known 
to  occur.  The  reason  why  heart  nuiscle  never  gives 
tetanic  contractions  but  responds  rhythmically  to 
rapidly  repeated  or  constant  stimuli  is  found  in  the 
so-called  "refractory  period"  (Kronecker,  1874; 
jMarey,  1876),  which  prevents  fusion  of  contractions, 
and  in  the  "law  of  maximal  contraction"  (Bowditch, 
1871)  which  prevents  summation. 

When  one  stmiulates  a  skeletal  muscle  with  a  strong 
stimulus,  a  large  contraction  follows;  when  a  weak 
stimulus  is  applied,  the  contraction  is  small;  within 
limits  the  contraction  is  proportional  to  the  stimulus. 
Not  so  with  the  heart.  The  beat  is  always  the  best 
which  the  ventricle  can  accomplish  at  the  time 
being,  be  the  stimulus  weak  or  strong,  provided  only 
it  is  efficient  to  provoke  a  response  at  all.  With  the 
heart  it  is  "all  or  nothing."  Moreover,  the  effect  of 
a  stimidus  applied  to  the  ventricle,  when  it  is  beating 
rhythmically  either  spontaneously  or  as  the  result  of 
rhythmical  stiiuulation,  will  depend  upon  the  exact 
phase  of  the  cycle  of  the  beat  at  which  it  is  thrown  in. 
If  it  is  thrown  in  just  as  a  relaxation  is  taking  place, 
a  beat  follows  prematurely  before  the  next  beat  would 
naturally  follow,  this  premature  beat  being  obviously 
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produced  by  the  stimulus.  But  if  it  be  thrown  in 
while  a  contraction  is  in  progress  no  premature  beat 
follows;  the  ventricle  makes  no  response  to  the  stimu- 
lus at  all.  This  period  during  which  the  ventricle  is 
insensible  to  stimuli,  is  called  the  '"refractory" 
period.  The  result  is  that  when  a  succession  of 
stimuli  repeated  at  a  given  rate  are  sent  into  the 
ventricle,  the  number  of  beats  does  not  correspond  to 
the  number  of  stimuli;  some  of  the  stimuli  falling 
into  refractory  periods  are  ineffective  and  produce  no 
beat.  Hence  the  impossibility  of  producing  tetanus 
of  the  heart  by  means  of  rapidly  repeated  stimuli,  the 
usual  effect  of  which  is  to  throw  the  heart  into 
the  condition  of  incoordinated  contraction  known  as 
fibrillary  contraction  or  heart  delirium.  When  a 
premature  extracontraction  of  the  ventricles  of  an 
entire  heart,  which  is  beating  regularly,  is  induced  by 
sending  an  intercurrent  stimulus  in  during  the 
diastole,  this  contraction  will  be  larger,  the  later  the 
stimulus  is  thrown  in.  After  this  contraction  a 
longer  pause  than  usual  follows,  the  "compensatory" 
pause  and  so  the  regular  sequence  between  the  auricles 
and  ventricles  is  reestablished  (Fig.  736). 


Fig.  736. — Direct  Stimulation  of  the  Isol.ited  Heart  of  the 
Cat.  (.According  to  Langendorff.)  To  be  read  from  left  to  right; 
systole  is  represented  by  the  down-stroke.  The  stimulus  thrown 
in  at  a.  beginning  of  systole,  remains  ineffectiv-e;  stimulation  at 
b,  middle  of  di.a3tole,  causes  an  extracontraction.  The  compensa- 
tory pause  and  the  increased  contraction  following  it  are  also 
shown. 

Sequence  of  the  Beat. — The  beat  of  the  heart 
normally  begins  at  the  venous  end  and  sweeps  over 
the  organ  to  finish  at  the  arterial  end.  The  myogenic 
theory  must  provide  a  plausible  explanation  for  the 
origin  of  the  beat  at  one  point  and  its  propagation  in 
one  direction  over  the  heart.  In  cold-blooded  animals 
as  weU  as  in  mammals  (Kent)  there  is  direct  muscular 
continuity  between  the  several  segments  of  the  heart, 
so  that  anatomically  there  is  no  difficulty  in  assuming 
the  propagation  of  the  contraction  ivave  from  muscle 
fiber  to  muscle  fiber  through  the  entire  length  of  the 
organ.  Measurements  of  the  rate  at  which  the  con- 
traction wave  advances  have  been  made;  but  the 
results  hardly  afford  conclusive  e\'idence  in  favor  of 
muscular  conductivity.  The  probability  of  muscular 
conduction  of  the  excitation  wave  through  the  heart 
is  shown,  however,  in  a  number  of  significant  obser- 
vations. The  auricle  may  be  slit  by  a  series  of  inter- 
digitating  cuts  and  a  contraction  wave  starting  from 
the  sinus  will  travel  around  the  ends  of  the  several 
sections  until,  arriving  at  the  ventricle,  will  cause 
contraction  of  that  chamber.  Propagation  over 
nerve  trunks  in  this  case  is  evidently  excluded.  The 
reversed  sequence  observed  in  mechanical  stimulation 
of  the  ventricle  in  a  quiescent  heart  also  supports 
the  theory  of  muscular  conduction.  No  conceivable 
arrangement  of  a  definite  nervous  mechanism  con- 
structed in  accordance  -with  the  neurone  doctrine 
seems  capable  of  explaining  this  fact.  It  remains 
only  to  inquire  why  the  beat  begins  at  the  venous 
end.  It  was  shown  above,  in  connection  -mih  the 
neurogenic  theory,  that  the  potentiality  of  beating 
was  greater  in  the  sinus  of  the  frog's  heart  than  in  the 
other  parts.     The  Isolated  ventricle,  when  it  beats  at 
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all,  does  so  with  a  slower  rhythm  than  the  sinus. 
Similarly  it  can  be  shown  on  the  terrapin's  heart 
that  interference  with  the  muscular  substance  of 
the  auricle,  when  carried  to  a  certain  extent,  prevents 
the  beat  of  the  auricle  from  passing  over  to  the 
ventricle  so  that  the  sequence  is  broken  after  the 
auricle  beat.  If,  for  instance,  the  auricle  be  cut 
through  untU  only  a  narrow  bridge  of  muscle  is 
left  connecting  the  sinus  end  with  the  ventricular 
end  of  the  heart,  or  if  the  auricle  be  compressed 
with  a  clamp,  a  point  may  be  reached  in  which 
every  second  or  every  third  beat  only  of  the  sinus 
is  followed  by  a  beat  of  the  ventricle.  Then  if  the 
bridge  be  still  further  narrowed  or  the  clamp  tight- 
ened, the  ventricle  stops  altogether,  or  it  may  after  a, 
while  set  up  an  independent  rhythm  of  its  own, 
slower  than  that  of  the  sinus.  Experiments  upon 
isolated  strips  taken  from  the  sinus,  auricle,  and 
ventricle  of  the  turtle's  heart  respectively  show  that 
the  concentration  of  salts  in  the  blood  is  adjusted 
to  the  irritabOity  of  the  venous  end.  Sinus  strips 
begin  to  beat  at  once  in  solutions  of  that  degree  of 
concentration;  ventricular  strips  remain  quiescent 
until  the  concentration  is  altered  to  suit  their  peculiar 
state  of  irritability.  The  normal  sequence,  there- 
fore, is  merely  the  result  of  the  fact  that  the  normal 
stLmulus  of  the  heart  is  attuned,  so  to  speak,  to  the 
physiological  properties  of  the  venous  end;  the  beat 
once  inaugurated  travels  along  from  fiber  to  fiber 
until  the  cycle  is  completed.  And  so  the  auricle, 
as  has  been  stated  before,  becomes  the  pacemaker 
of  the  entire  heart  and  an  important  regulator  of  its 
work.  The  pause  observed  between  the  contractions 
of  the  auricles  and  ventricles  is  the  result  of  the 
retardation  of  the  excitation  wave  in  its  propagatioa 
through  the  slender  and  peculiar  auriculoventricular 
bundle;  the  condition  is  similar  to  that  produced 
artificially  by  restricting  the  conducting  muscular 
tissue  by  appropriate  sections  or  by  the  clamp  as 
described  above.  The  interference  with  the  con- 
duction process  is  therefore  spoken  of  as  a  ''block." 
Cases  of  complete  or  partial  heart  block  have  been 
observed  in  man  in  the  condition  known  a.s  the 
Stokes-Adams  syndrome.  By  comparing  the  arterial 
and  venous  pulse  rates  it  is  possible  to  determine 
whether  the  block  is  partial  or  complete.  In  the 
former  case  a  definite  ratio  between  the  two  is 
observed,  the  ventricle  beating  after  every  second 
or  third  auricular  systole;  but  where  the  block  is 
complete  the  rhythm  of  the  ventricles  is  slow  and 
entirely  independent  of  that  of  the  auricles.  The 
pathological  findings  in  a  number  of  thase  cases 
show  a  lesion  involving  the  auriculoventricular 
bundle.  Evidently  each  chamber  has  a  rhythm 
of  its  own  but  the  rhythm  of  the  auricles  being  more 
rapid  than  that  of  the  ventricles  will  determine  the 
rhythm  of  the  whole  heart  so  long  as  the  physio- 
logical connection  between  the  two  remains  intact. 

2.  The  Extrinsic  Nerves  of  the  Heart. — While  the 
heart  contains  within  itself  all  the  conditions  neces- 
sary to  the  development  of  a  regular  rhythmical 
beat,  its  acti%-ity  is  constantly  controlled  and  modi- 
fied by  impulses  coming  to  it  through  the  extrinsic 
cardiac  nerves.  It  has  already  been  stated  that 
these  nerves  are  derived  from  two  sources,  one  set  of 
fibers  arising  from  the  medulla  and  passing  through 
the  vagus  nerves,  the  other  set  arising  from  the 
upper  thoracic  portion  of  the  spinal  cord  and  reaching 
the  heart  by  way  of  the  sympathetic  chain.  The 
general  course  of  both  sets  of  fibers  is  sufficiently 
set  forth  in  the  diagram  of  the  cardiac  nerves  of 
the  dog  (Fig.  737). 

(n)  The  Inhibitory  Nerves  of  the  Heart. — The 
Weber  brothers  discovered  in  1845  that  stimulation 
of  the  peripheral  stump  of  the  divided  vagus  nerve 
with  the  faradic  current  caused  either  a  slowing  or 
complete  cessation  of  the  heart  beat  according  to 
the   intensity   of   the   stimulus;   that   the   vagus  in 
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other  words  contains  inhiliitory  fibers  for  the  heart. 
Section  of  l)oth  nerves  they  fonnd  to  he  followed  by 
an  acceleration  of  the  pulse,  the  effect  being  more 
pronounced  in  animals  of  slow  pulse.  The  inhibitory 
action  of  the  vagus  on  the  heart  is  conveniently 
demonstrated  upon  a  blood-pressure  record,  in 
which  the  altered  heart  rhythm  as  well  as  its  influence 
on  the  height  of  arterial  pressure  in  immediately 
apparent    (Fig.    738).     The    slowing    of    the    beat 

is,  however,  not  the 
only  effect  of  vagus 
stimulation  on  the 
heart.  The  force  and 
extent  of  the  individ- 
ual beats  are  also 
diminished,  and  the 
effects  upon  the  rate 
and  force  are  to  a 
certain  extent  inde- 
pendent of  one  an- 
other, so  that  in  a 
given  case  the  rate 
may  remain  entirely 
unchanged  while  the 
contractions  go  on 
diminishing  in  extent 
and  force  until  com- 
plete arrest  results. 
The  contrary  effect 
of  a  slowing  in  rate 
without  simultaneous 
diminution  in  size  is 
not  known  to  occur. 
Finall.v  stimulation  of 
the  vagus  produces  a 
partial  or  complete 
loss  of  tone,  thus 
allowing  more  com- 
plete relaxation  and 
giving  rise  to  the 
characteristic  over- 
distended  and  en- 
gorged appearance  of 
the  completely  inhib- 
ited heart.  The  in- 
hibition from  vagus 
stimulation  tells 
much  more  on  the 
auricles  than  on  the 
ventricles,  the  extent 
of  the  auricular  con- 
traction being  espe- 
cially affected.  The 
aiiricles  may  be 
brought  to  a  com- 
the  lower  the  plete  standstill  while 
the  ventricles  con- 
tinue to  beat,  the 
latter  then  exhibiting  that  independent  rhythm 
spoken  of  above.  In  a  somewhat  similar  manner  the 
stimulation  of  the  vagi,  by  affecting  the  rhj-thm  of 
the  auricles  more  than  that  of  the  ventricles  may 
lead  to  a  lack  of  coordination  between  the  two,  the 
specially  slowed  auricles  beating  at  one  rate,  the 
ventricles  at  another.  The  question  as  to  whether 
the  vagus  acts  directly  on  the  ventricles,  as  it  does 
on  the  auricles,  or  whether  the  effect  on  them  is  of 
a  secondary  nature  caused  by  the  changes  in  the 
auricle  must  for  the  present  be  left  undecided. 

(6)  Accelerator  Nerves. — Diametrically  opposite 
changes  are  set  up  in  the  heart  on  stimulating  the 
peripheral  end  of  one  of  the  accelerator  nerves. 
These  nerves  are  characterized  by  their  lesser  irrita- 
bility, a  longer  latent  period  of  stimulation  and  a 
more  lasting  after-effect  when  compared  with  the 
pneimidgastrics.  With  a  suitable  stimulus  an  accel- 
eration of  the  heart  amounting  to  from  five  to  one 
hundred   per   cent,   may   be  obtained   according   to 


Fio.  737. — Diagrammatic  Repre- 
sentatioQ  of  the  Cardiac  Inhibitory 
and  Augmentor  Fibers  in  the  Dog 
The  upper  portion  of  the  figure  repre- 
sents the  inhibitory, 
augmentor  fibers. 


the  initial  rate  at  which  the  heart  is  beating.  A.s 
in  the  case  of  the  inhibitory  fibers,  the  effect  is  of  a 
dual  nature,  the  increase  in  rate  being  generally 
accompanied  by  an  increase  in  the  size  and  force 
of  both  auricular  and  ventricular  contractions. 
Either  effect  may.  moreover,  apjjear  alone,  so  that 
the  name  "augmentor"  has  come  to  be  used  side 
by  side  with  that  of  "accelerator"  for  these  nerves. 
In  fact,  the  suggestion  has  been  offered  that  the 
heart  really  receives  four  distinct  varieties  of  nerve 
fibers  throtigh  its  extrinsic  nerves  instead  of  two, 
corresponding  to  the  several  results  obtained  by 
artificial  stimulation,  namely,  accelerating,  retarding, 
augmenting,  and  depressing  fibers.  It  is  interest- 
ing to  note  the  effect  of  simultaneous  stimulation 
of  both  inhibitory  and  accelerator  nerves.  It  was 
long  believed  that  even  feeble  stimulation  of  the 
vagi  was  able  to  overcome  comparatively  strong 
stimulation  of  the  accelerators,  so  that  when  both 


Fig.  7.3S. — Blood-pressure  Tracing  (Rabbit).  Vagus  stimu- 
lated at  /.  Stimulus  stronger  in  B  than  in  .-1  (Hiirthle's  spring 
manometer). 

nerves  were  stimulated  together  the  inhibitory 
effect  predominated  so  long  as  the  stimulus  lasted. 
Upon  the  cessation  of  the  latter,  however,  the  char- 
acteristic accelerator  after-effect  showed  itself  in  a 
secondary  ciuickening  of  the  heart,  indicating  that 
the  effect  of  the  stimulus  on  the  accelerator  nerves 
was  only  temporarily  superseded.  Later  experiments 
have  shown  that  these  two  sets  of  nerves  are  true 
antagonists,  and  that  the  effect  of  simultaneous 
stimulation  is  determined  entirely  by  the  relative 
strength  of  the  stimuli  applied  to  them.  Hunt 
concludes  that  in  all  cases  the  result  is  approximately 
the  algebraic  sum  of  the  results  of  stimulating  them 
separately.  The  mechanism  through  which  these 
nerves  produce  their  characteristic  effects  upon 
the  heart,  and  the  nature  of  the  ultmiate  changes 
underlying  the  inhibition  and  acceleration,  are  also 
points  of  fundamental  theoretical  importance.  As 
to  the  first  part,  it  has  been  supposed  that  some  of 
the  intrinsic  ganglia  of  the  heart  constitute  peripheral 
nervous  mechanisms  which  mediate  between  the 
extrinsic  nerves  and  the  heart  muscle.  Reasons 
have  already  been  given  for  denying  to  these  ganglia 
any  share  in  the  maintenance  of  the  normal  beat, 
and  hence  the  suggestion  that  they  may  act  as  local 
inhibitory  and  local  augmentor  centers.  The  evi- 
dence adduced  in  support  of  this  view  is  based  on 
the  action  of  certain  heart  drugs,  such  as  nicotine, 
atropine,    and    muscarine,    and    on    the   interesting 
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classical  experiments  known  as  the  "ligatures  of 
Stannius."  Since  neither  of  these  series  of  experi- 
ments is  thoroughl.v  understood  and  both  admit  of 
various  equally  plausible  explanations,  they  have 
furnished  no  crucial  test  or  definitive  solution  of 
the  problem.  In  fact  it  may  be  said  that  no  clear 
evidence  has  been  obtamed  to  show  that  the  nerve 
cells  within  the  heart  in  any  essential  manner  modify 
the  physiological  impulses  falling  into  them  and  so 
affect  their  \iltimate  results.  The  action  of  both 
inhibitory  and  accelerator  fibers  must  be  direct 
upon  the  muscular  tissue  itself  and  this  leads  to  the 
second  part  of  the  question  as  to  the  Tiltimate  nature 
of  these  effects.  It  has  been  suggested  by  Gaskell 
that  the  sympathetic  fibers  by  their  augmentor  and 
accelerator  impulses  increase  functional  activity  by 
exciting  catabolic  changes,  and  that  the  inhibitory 
effect  of  the  vagus  fibers  is  the  result  of  anabolic 
changes  set  up  by  the  impulses  they  transmit. 
According  to  this  theory  the  natural  effect  of  inhibi- 
tion should  be  increased  power  and  efficiency;  that 
of  acceleration,  lessened  efficiency,  fatigue,  or  exhaus- 
tion. Experiment  shows  that  this  is  exactly  what 
occurs.  The  activity  of  a  weak  heart  has  frequently 
been  heightened  by  vagus  stimulation,  while  a  fairly 
vigorous  heart,  especially  a  bloodless  one,  may 
by  repeated  stimulation  of  the  accelerator  fibers 
be  reduced  to  a  feeble  condition.  In  support  of 
the  view  that  the  changes  set  up  in  the  heart  by 
vagus  stimulation  are  of  a  constructive  anabolic 
kind  must  be  mentioned  the  positive  variation  of 
the  demarcation  current  which  accompanies  such 
stimulation.  If  the  ordinary  conception  that  the  neg- 
ative variation  accompanying  functional  activity  in 
various  tissues  is  an  indication  of  increased  catabo- 
lism  be  accepted,  it  is  fair  to  infer  from  a  positive 
variation  that  changes  of  an  opposite  character 
are  going  on.  But  the  clearest  proof  of  the  trophic 
nutritive  influence  of  the  vagus  on  the  heart  is 
obtained  from  the  study  of  the  pathological  changes 
aijpearing  in  that  organ  as  a  result  of  unilateral 
vagotomy  in  animals.  All  other  organs  remain 
normal  while  the  heart  alone  presents  an  area  of 
atrophic  degeneration  varying  in  position  according 
to  which  nerve  was  cut  (Fantino). 

A  more  specific  theory  has  been  proposed  recently 
by  Howell  to  explain  the  inhibitory  action  of  the 
pneumogastrics  on  the  heart.  Cardiac  muscle  is 
known  to  contain  a  large  percentage  of  potassium 
salts  in  combination;  during  vagus  stimulation  Howell 
finds  that  potassium  in  diffusible  form  is  given  off 
from  the  auricular  musculature.  His  theory  assimies 
that  the  vagus  impulses  initiate  the  dissociation  or 
decomposition  which  sets  free  the  potassium  and  by 
the  resulting  increased  concentration  of  potassium 
ions  slow  or  stop  the  heart.  As  to  the  normal  mode 
of  functioning  of  these  two  sets  of  antagonistic  nerves, 
it  is  to  be  noted  in  the  first  place  that  both  are  in  a 
state  of  tonic  activity;  section  of  both  vagi  causes  a 
marked  acceleration,  while  subsequent  destruction  of 
the  accelerators  distinctly  slows  the  rate  again.  The 
origin  of  this  continuous  activity  is  at  the  centers, 
and  a  change  in  the  rate  of  the  heart  in  either  direc- 
tion may  evidently  be  brought  about  in  two  ways, 
by  increasing  or  diminishing  the  activity  of  either  of 
these  centers.  Nature  seems  to  provide  here  an  ex- 
cess of  regulating  mechanism  with  superfluous  extrav- 
agance, but  the  general  occurrence  of  this  double 
mechanism  throughout  the  series  of  vertebrate  ani- 
mals, and  even  among  certain  invertebrates,  indi- 
cates that  some  useful  end  must  be  gained  by  this 
arrangement;  possibly  greater  promptness  and  accu- 
racy of  response  to  regulating  influences  controlling 
this  important  central  organ.  In  other  parts  of  the 
body,  where  smooth  and  prompt  reactions  are  re- 
quired, similar  balanced  mechanisms  are  found,  as  for 
example,  in  the  iris  with  its  constrictor  and  dilator 
muscles,  and  in  the  flexor  and  extensor  muscles  of  the 
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joints  with  their  reciprocal  innervation.  The  in- 
hibitory and  accelerator  nerves  are  subject  to  stimula- 
tion along  their  course  to  the  heart  only  under  very 
exceptional  circumstances,  as  by  a  tumor  or  an  aneu- 
rysm pressing  upon  the  nerve  trunks.  The  impulses 
which  regulate  the  activity  of  the  heart  are  normally 
discharged  from  the  centers  which  lie  in  the  medulla 
obloiiKata.  While  there  is  no  satisfactory  evidence 
to  indicate  the  existence  of  automatic  activity  in 
these  centers,  various  conditions  are  known  to  modify 
their  activity,  and  practically  every  afferent  nerve  of 
the  body  comes  into  reflex  relation  with  them.  The 
medullary  centers  of  the  cardiac  nerves  are  well 
known  to  be  influenced  by  the  higher  brain  centers. 
Variovis  psychical  states,  such  as  pleasure,  pain,  hope 
and  fear,  may  quicken  or  slow  the  heart  and  occasion- 
ally individuals  are  able  by  voluntary  effort  markedly 
to  accelerate  the  pulse.  The  state  of  the  blood- 
pressure  also  modifies  the  activity  of  these  centers. 
An  isolated  heart  does  not  react  by  change  of  rate  to 
variations  of  either  arterial  or  venous  pressures  within 
physiological  limits;  but  in  the  body  with  its  nerve 
connections  intact  it  may  almost  be  put  in  the  form 
of  a  law,  that  "the  rate  of  the  beat  is  in  inverse  ratio 
to  the  arterial  pressure";  a  rise  of  pressure  being 
accompanied  by  a  diminution  and  a  fall  of  pressure 
by  an  increase  of  the  rate.  When  the  vagi  are  divided,  ^ 
this  relation  is  no  longer  observed,  hence  it  is  inferred 
that  increased  pressure  causes  a  slowing  of  the  beat, 
when  the  vagi  are  intact,  because  the  inhibitory  center 
is  stimulated  by  the  high  pressure,  either  directly  by 
the  pressure  obtaining  in  the  blood-vessels  of  the 
medulla,  or  in  some  indirect  manner,  and  the  heart  in 
consequence  is  more  or  less  inhibited.  The  afferent 
impulses,  which  reflexh'  modify  the  activity  of  the 
medullary  center,  arise  everywhere  in  the  body,  in- 
cluding the  heart  itself,  and  only  a  few  special  cases 
need  l^e  referred  to  here.  The  heart  is  supplied  with 
centripetal  nerves  which  normally  mediate  certain 
unconscious  reflexes  and  under  pathological  conditions 
may  produce  painful  sensations.  Wooldridge  de- 
scribed fibers  on  the  anterior  and  posterior  surfaces 
of  the  ventricle,  stimulation  of  whose  central  end  gave 
either  reflex  acceleration  or  inhibition.  The  depressor 
nerve  of  Cyon,  which  will  be  referred  to  in  more 
detail  later,  also  takes  its  origin  in  the  heart  and 
reflexly  inhibits  it  when  the  central  end  is  stimulated, 
the  vagi  being  intact.  Reflex  inhibition  results  also 
from  the  stimulation  of  the  following  nerves:  the 
central  end  of  either  vagus,  the  other  being  intact; 
the  superior  laryngeal  nerve;  the  splanchnic,  and  the 
trigeminal.  Reflex  acceleration  is  obtained  by  forci- 
ble inflation  of  the  lungs,  and  in  man  whenever 
intrapulmonary  pressure  is  increased,  as  in  loud 
talking,  singing,  etc.  Sensory  nerves  in  general  give 
either  inhibition  or  acceleration,  the  result  apparently 
depending  in  part  at  least  on  the  intensity  of  the 
stimulus;  feeble  stimulation  giving  acceleration, 
strong  stimulation  inhibition.  In  the  normal  and 
pathological  changes  of  the  heart  rate  of  reflex  origin, 
it  is  rarely  possible  to  interpret  the  result  in  terms  of 
the  mechanism  involved.  Slowing  and  quickening 
of  the  beat  may  be  produced  through  either  center, 
since  both  are  in  tonic  activity.  The  older  physiolo- 
gists attributed  the  main  share  of  the  reflex  regulation 
of  the  heart  to  the  cardioinhibitorj'  center,  but  with 
accimiulating  experimental  evidence,  the  equal  sig- 
nificance of  the  accelerator  mechanism  is  receiving 
fuller  recognition. 

Vasomotor  NEm-ES. — From  what  has  been  said 
about  the  influence  of  gravity  and  the  respiratory 
movements  on  the  blood  flow  in  the  veins,  it  is  clear 
that  these  mechanical  factors  influence  the  distribu- 
tion of  the  blood  in  the  body  more  especially  that  in 
the  veins.  Aside  from  such  changes,  however,  the 
vascularity  of  the  various  organs  undergoes  incessant 
fluctuations,  which  are  evidently  correlated  in  part 
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witli  cliaiiges  in  their  fuiirtioiial  activity  and  in  part 
related  to  tlie  heat  regulation  of  the  body.  Tliese 
changes  in  blood  supply  are  not  the  passive  effects  of 
mechanical  factors  like  those  j\ist  mentioned,  bvit  are 
brought  aljout  by  local  changes  in  the  walls  of  the 
vessels  themselves,  especially  those 
of  the  small  arteries,  by  which  their 
caliber  is  increased  or  diminished; 
and  these  changes  throughout  the 
body  are  so  coordinated  that  in 
general  it  may  be  said  that  the 
blood  flon-  to  each  organ  is  con- 
stantly adapted  to  the  existing  state 
of  its  physiological  activity.  By 
holding  the  ear  of  a  rabbit  up  before 
the  light  or  watching  the  web  of  a 
frog's  foot  under  the  microscope, 
such  changes  in  the  caliber  of  the 
arteries  may  be  readily  seen.  It 
will  be  noticed  that  these  vessels 
frequently  expand  and  contract 
without  any  apparent  cause,  rarely 
remaining  at  rest  for  any  great 
length  of  time.  The  size  of  the 
vessels  thus  oscillates  about  a  mean 
state  of  moderate  contraction,  which 
is  permanent  though  variable  and 
which  is  spoken  of  as  their  tone  or 
tonicity.  The  arteries  owe  this 
tone  to  the  peculiar  properties  of 
the  non-striated  involuntary  niTis- 
cle  tissue  which  enters  so  largely 
into  the  structure  of  their  walls, 
forming  as  it  does  practicall.y  the 
whole  thickness  of  the  middle  coat 
in  the  smaller  arteries,  where  the 
changes  in  question  are  most 
marked.  Histological  examination 
shows,  moreover,  that  these  muscle 
fibers  are  richly  supplied  with  nerves 
by  which  their  activitj-  is  regulated 
and  controlled,  and  to  which  there- 
fore the  name  of  vasomotor  nerves 
has  been  given.  The  study  of  the 
vasomotor  nerves  becomes  of  para- 
mount importance  in  view  of  the 
intimate  relations  they  bear  to  the 
activitv  of  everv  organ  and  tissue 
of  the"  body.  The  fact  that  the 
apparently  spontaneous  irregularly 
rhythmical  changes  in  caliber  of  the 
arteries  are  under  the  control  of 
special  vasomotor  nerves  was  dis- 
covered by  CI.  Bernard  in  18.51 
when  he  divided  the  cervical  sym- 
pathetic nerve  in  the  rabbit.  He 
observed  as  the  result  of  this  oper- 
ation that  the  vessels  of  the  ear  on 
the  same  side  visibly  expanded, 
small  arteries  and  veins  standing 
out  distinctly'  which  before  could 
not  be  recognized.  The  tempera- 
ture of  the  ear  rose,  and  from  a 
divided  vein  blood  of  a  bright  hue 
flowed  in  a  rapid  stream.  The 
spontaneous  changes  of  caliber  had 
disappeared.  On  stimulating  the 
head  end  of  the  divided  ner\-e,  the 
arteries  again  contracted,  the  ven- 
ous outflow  diminished,  and  the  temperature  of  the 
ear  feU.  Nerves  which  thus  bring  about  contraction 
of  the  vessels  when  stimulated  are  called  "vasocon- 
strictor" nerves,  and  the  experiment  cited  above 
shows  that  the  vasoconstrictors  distributed  to  the 
rabbit's  ear  are  in  tonic  activity  so  long  as  their 
normal  connection  with  the  central  nervous  system 
remains  intact. 

Since  the  time  of  Bernard's  classical  experiment  the 


730.— D  i  a- 
grain  Illustrating  the 
Paths  of  Vasocon- 
strictor Fibers  along 
the  Cer\-ical  Symp.i- 
thetic  and  (Part  of) 
the  Abdominal 
Splanchnic.  .4  u  r  , , 
Artery  of  ear;  G.C.s., 
superior  cervical  gan- 
glion; Abd.Spl.,  up- 
per roots  of  and  part 
of  the  abdominal 
splanchnic  nerve; 
r..l/.C.,  vasomotor 
center  in  spinal  bulb; 
CSy.,  cervical  sym- 
pathetic; G.C.,  lower 
cervical  ganglion; 
An. v.,  annulus  of 
Vieussen3;G..S(.,  stel- 
late ganglion;  G.  Th.*, 
G.Th.K  G.Th.^, 
G.Th.-',  G.Th.'. 
thoracic  ganglia; 
D.I.  D.II.  D.r,  tho- 
racic spinal  nerves. 
The  paths  of  the  con- 
strictor fibers  are 
shown  by  the  arrows. 
The  dotted  line  along 
the  middle  of  the 
spinal  cord,  Sp.C,  is 
to  indicate  the  pas- 
sage of  constrictor 
impulses  down  the 
cord  from  the  vaso- 
motor center  in  the 
spinal  bulb. 


distribution  of  nerves  of  similar  function  to  nearly 
every  vascular  area  of  the  body  has  been  demonstrated 
and  their  aiuitomical  course  traced  out.  In  general 
their  path  is  much  the  same  for  all  the  mammals,  and 
may  be  briefly  described  as  follows  (Ffg.  739). 
Leaving  the  spinal  cord  in  the  anterior  roots  of  the 
nerves  belonging  to  the  middle  region,  say  from  the 
second  thoracic  to  the  fourth  hmibar  nerve,  they  pass 
by  the  visceral  branches  to  the  corresponding  thoracic 
and  abdominal  sympathetic  ganglia.  Those  destined 
for  the  head  and  neck  emerge  chiefly  in  the  second  and 
third  thoracic  nerves,  turn  upward  in  the  sympathetic 
chain  to  pass  by  way  of  the  annulus  of  Vieussens, 
lower  cervical  ganglion,  and  cervical  sympathetic 
nerve  to  the  superior  cervical  ganglion.  The  axones  of 
the  spinal  efferent  neurones  terminate  here  about  the 
cells  of  the  ganglion  and  the  path  of  conduction  is 
continued  over  s>-mpathetic  neurones  whose  axones 
extend  to  the  blood-vessels  by  way  of  numerous 
branches  arising  from  the  ganglion.  For  superficial 
organs  the  connection  in  general  leads  through  S3-mpa- 
thetic  branches  to  the  cranial  nerves;  for  deep  struc- 
tures, the  sympathetic  nerves  running  in  the  coats  of 
the  corresponding  arteries  furnLsh  the  anatomical  path. 
The  vasoconstrictor  fibers  for  the  abdominal  viscera 
passing  through  the  sympathetic  main  chain  -n-ithout 
interruption,  enter  the  splanchnic  nerves  and  arborize 
about  cells  in  the  prevertebral  ganglia  of  the  great 
nerve  plexuses  of  the  body  cavity.  The  fibers  which 
are  intended  for  the  extremities  and  trunk,  after  a 
longer  or  shorter  course  along  the  sympathetic  chain 
within  whose  ganglia  cell  connection  is  made,  return 
in  the  gray  rami  coranninicantes  to  the  spinal  nerves, 
and  so  reach  the  brachial  plexus,  the  sciatic  plexus, 
or  other  spinal  nerve,  as  the  case  may  be  to  pass  out 
to  their  appropriate  areas  of  distribution.  The  vaso- 
constrictor nerves  as  they  leave  the  cord  are  of  the  fine 
meduUated  variety;  they  connect  in  ever}-  case  with 
a  sympathetic  cell,  situated  either  in  a  vertebral  or  a 
prevertebral  ganglion,  as  shown  by  Langley's  nicotine 
reaction,  and  are  designated  therefore  as  "pregan- 
glionic" fibers  to  distinguish  them  from  the  axones  of 
the  sympathetic  neurones.  The  latter  as  non-medul- 
lated  fibers  complete  the  path  to  the  blood-vessel  and 
constitute  the  "postganglionic"  fibers.  There  seems 
to  be  no  exception  to  this  general  plan  of  arrangement 
and  distribution  of  the  vasoconstrictor  nerves.  The 
vagi  have  been  investigated  with  reference  to  the 
possibility  of  a  vasomotor  function  especially  in 
connection  with  the  coronary  arteries.  But  the 
evidence  in  this  case  is  conflicting  and  incon- 
clusive. The  apparent  exception  presented  by  the 
auricularis  magnus,  a  branch  of  the  third  cervical 
nerve  has  been  shown  to  conform  to  the  rule.  The 
vasoconstrictor  fibers  supplied  by  this  nerve  to  the 
blood-vessels  of  the  ear  in  the  rabbit  do  not  emerge 
from  the  cord  in  the  roots  of  the  third  cervical  nerve 
but  in  the  general  outflow  from  the  thoracic  region. 
They  reach  the  third  cervical  through  gray  rami 
communicantes  from  the  first  thoracic  ganglion  which 
makes  similar  connections  with  a  number  of  cervical 
nerves. 

Another  tj-pe  of  vasomotor  nerve  is  represented  in 
the  fibers  supplied  by  the  lingual  nerve  to  the  sub- 
maxillary gland  and  adjacent  structures  (Fig.  740). 
When  these  fibers  are  divided  no  vascular  eff'ect  is 
observed;  but  on  stimulating  their  peripheral  ends 
the  vessels  of  the  gland  are  seen  to  dilate  and  swell 
and  the  blood  gushes  from  the  efferent  veins  with  a 
distinct  pulse  and  a  bright  arterial  color.  This  class 
of  fibers  designated  "vasodilator"  nerves,  is  not  in 
tonic  activity  like  the  vasoconstrictors  and  their 
influence  can  be  exerted  in  one  direction  only,  viz.,  to 
dDate  the  blood-v-essels.  The  vasodilators  have  also 
been  shown  to  be  widely  distributed  and  possibly 
occur  wherever  the  vasoconstrictors  are  found.  The 
demonstration  of  the  vasodilator  fibers  when  they 
occur  alone  as  in  the  lingual  nerve  or  in  the  nervi 
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erigentes  is  not  difficult,  but  when  they  are  combined 
in  the  same  nerve  trunk  with  vasoconstrictor  fibers 
as  is  usually  the  case,  special  devices  must  be  used  to 
show  their  presence.  Simultaneous  stimulation  of 
both  kinds  of  fibers  generally  produces  vasoconstriction 
although  marked  cUlatatiou  may  appear  as  the  after- 
effect. 

The  vasodilators  differ  from  the  constrictors  phy- 
siologically in  several  ways.     When  stimulated,  the 
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the  greater  part  of  their  course,  losing  it  only  near  their 
final  termination  in  the  tissue  whose  blood-vessels  they 
supply.  The  sympathetic  cells  with  which  they  con- 
nect and  which  supply  the  postganglionic  fibers  in 
these  special  groups,  lie  in  the  small  peripheral  or 
terminal  ganglia.  It  may  be  mentioned  also  as  a 
curious  anomaly  that  some  of  the  vasodilator  fibers 
leave  the  spinal  cord  in  a  number  of  the  posterior 
roots.  First  discovered  in  the  lumbar  region  (Strieker, 
Morat),  they  have  recently  been  shown  to 
occur  in  the  posterior  roots  of  the  fourth, 
fifth,  sixth,  and  seventh  lumbar  and  first  sacral 
nerves  for  the  posterior  extremity,  and  also  in 
the  roots  of  the  cervical  and  brachial  plexiises, 
especially  the  seventh  cervical  and  first  thor- 
acic, for  the  anterior  extremity. 

Venomoior  Nerves. — The  statements  made 
thus  far  concerning  vasomotor  nerves  apply 
entirely  to  the  arterial  portion  of  the  vascular 
system.  Now  the  veins  are  also  provided 
with  muscular  fibers  and  contain  plexuses  of 
nerve  fibers  in  their  walls.  It  has,  moreover, 
been  known  for  a  long  time  that  they  con- 
tract in  response  to  various  stimuli,  and  that 
in  certain  cases,  as  in  the  wing  of  the  bat, 
rhythmical  contractions  occur.  Physiological 
experiment  has  shown  more  recently  that  the 
veins  possess  true  vasomotor  nerves.  In  1892 
Mall  demonstrated  the  vasoconstrictor  fibers 
to  the  portal  vein  in  the  splanchnic  nerve  and 
showed  that  through  their  stimulation  as  much 
as  twenty-seven  per  cent,  of  the  total  blood 
could  be  displaced  from  the  splanchnic  area 
and  driven  forward  to  the  right  side  of  the 
heart.  Since  that  time,  similar  fibers  have 
been  traced  for  the  veins  of  the  hind  limb  and 


Fig.  740. — Diagrammatic  Representation  of  the  Submaxillary  Gland  of  the 
Dog  with  Ita  Nerve  and  Blood-Vesscls.  sm.gld..  The  submaxillary  gland,  into 
the  duct  (.sm.d.)  of  which  a  cannula  has  been  tied.  The  sublingual  gland 
and  duct  are  not  shown.  7i.(..  n.l',  the  lingual  branch  of  the  fifth  nerve,  the 
part  n.l.  is  going  to  the  tongue;  cit.i.,  ch.t',  ch.l",  the  chorda  tympani.  The 
part  ch.t"  is  proceeding  from  the  facial  nerve;  at  ch.t'  it  becomes  conjoined 
with  the  lingual  <!.(' and  afterward  diverging  passes  as  cA.(.  to  the  gland  along  their  general  course  and  arrangement  foimd 
the  duct.  The  continuation  of  the  nerve  in  company  with  the  lingual  n.l.  is  ^o  correspond  to  that  of  the  arterial  vaso- 
not  shown.     sm.tfL,  the  submaxillary  ganglion  with  its  several  roots;  a.car.,  --  .....  ,      ..  . 

the  cartoid  artery,  two  small    branches  of  which,  a.sm.a.  and  r.sm.p.,  pass 
to  the  anterior  and  posterior  parts  of  the  gland;  v.s.m.,  the  anterior  and  poste- 
rior veins  from  the  gland,  falling  into  v.j.,  the  jugular  vein;  v.sym.,  the  con- 
joined vagus  and  sympathetic   trunks;  gl.cer.s.,  the  upper  cervical  ganglion,  ,  .   ,     ,,  ,  i     i-         j 
two   branches    of    which,   forming  a  plexus  (a.f.)  over  the  facial  artery,  are     cording  to   which  the  receptaculum  chyll  and 
distributed  (n.sym.m.)  along  the  two  glandular  arteries  to  the  anterior  and     thoracic  duct  both  receive    dilator    and    COn- 


motor  fibers  to  that  limb.  In  this  connection 
it  may  be  interesting  to  refer  to  the  observa- 
tions "of  Bert  and  Laffont  in  1882  and  the 
more   recent   work   of   Camas   and   Gley,  ac- 


posterior  portions  of  the  gland. 

latent  period  seems  somewhat  longer,  the  effect  reaches 
a  maximvmt  ntore  slowly  and  it  persists  much  longer. 
Their  irritability  is  also  of  a  different  kind,  disappear- 
ing more  slowly" after  section  of  the  nerve  or  on  cooling 
and  making  them  more  sensitive  to  weak,  slowly  re- 
peated stimuli  (Fig.  741).  These  differences  furnish 
the  means  of  tracing  these  nerves  even  in  the  mixed 
trunks  and  of  determining  their  anatomical  paths. 
Many  of  them  follow  the  same  anatomical  course  as 
the  vasoconstrictors.  These  include  the  vasodilators 
to  the  trunk  and  extremities,  to  the  \'isceral  structures 
in  the  bodv  cavity  and  to  certain  regions  of  the  face 
and  buccal"  cavity.  All  of  these  issue  from  the  cord 
in  the  anterior  roots  of  the  lower  cervical,  thoracic, 
and  upper  lumbar  spinal  nerves  and  pass  in  their 
course  outward  through  the  sympathetic  system  in 
essentially  the  same  way  as  the  constrictor  fibers. 
There  are  special  groups,  however,  which  run  a 
different  course.  There  is  a  cranial  outflow  in  the 
facial  and  glossopharyngeal  nerves  for  the  blood- 
vessels of  the  salivary  glands,  tongue,  tonsils,  soft 
palate,  pharynx,  and  adjacent  structures  and  possibly 
in  the  vagus  for  the  coronary  arteries.  A  special 
group  of  vasodilators  also  arises  from  the  sacral  region 
of  the  cord  in  the  anterior  roots  of  thefirst,  second,  and 
third  sacral  spinal  nerves.  These  are  distributed 
through  the  nervi  erigentes  and  hyi^ogastric  plexus 
to  the  vessels  of  the  external  genital  organs.  In  these 
instances  the  vasodilator  fibers,  as  they  leave  the 
central  nervous  system,  are  like  the  vasoconstrictors, 
fine,  medullated  nerves;  but  they  do  not  pass  throtigh 
the  sympathetic  chain  and  retain  their  medulla  for 
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strictor   fibers   throtigh   the  thoracic   sympa- 
thetic chain  and  splanchnic  nerves.     It  seems 
plausible  to  conjecture  that  the  distribution  of  these 
two  kinds  of  fibers  may  be  general  to  all  parts  of  the 
vascular  system. 

As   to   the   mechanism   through   which   the   vaso- 
motor  nerves   influence   the   caliber   of   the   vessels, 


Fig.  741. — Plethysmograms  (Hind  Limb  of  Cat).  To  be 
read  from  right  to  left.  On  the  left  hand  is  shown  the  effect  of 
slow  stimulation  of  the  sciatic  (1  per  second);  on  the  right  hand 
the  effect  of  rapid  stimulation  (64  per  second). 

little  can  be  said.  The  constrictor  fibers  represent 
the  motor  fibers,  whose  impulses  increase  the  tone 
or  degree  of  contraction  of  the  involuntary  muscle 
tissue  in  the  coats  of  the  vessels,  while  the  removal 
of  constrictor  influences  previously  exerted  is  followed 
by  a  passive  dilatation  under  the  influence  of  the 
blood    pressure    from    within.     The    dilator    nerves 
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are  \isually  compared  to  the  inhibitory  fibers  of  the 
heart  and  the  dilatation  which  tliey  produce  is  con- 
sidered a  passive  one.  It  has  been  maintained, 
however,  that  they  cause  an  active  dilatation  of 
the  vessels  which  is  independent  of  the  pressure 
within,  and  in  support  of  this  view  there  are  on 
record  some  interesting  observations  on  the  frog's 
tongiie  by  Frey  (1S76),  which  have  been  recently 
repeated  and  perfected  by  Siawcillo.  According 
to  these  observers  an  active  expansion  of  the  smallest 
arteries  and  capillaries  made  sufficient  suction  to 
start  a  current  in  the  vessels  aft«r  the  blood  had 
come  to  absolute  rest  under  a  uniform  zero  pressure. 
Vasomolor  Centers. — The  vasodilator  nerves,  char- 
acterized by  the  absence  of  tone,  are  apparently 
called  into  play  only  occasionally  as  parts  of  a  reflex 
mechanism.  The  centers  from  which  they  arise 
lie  widely  separated  in  different  regions  of  the  central 
nervous  system.  Thus  the  reflex  center  for  the 
fibers  descending  in  the  chorda  tiiinpani  lies  in  the 
medulla  oblongata,  while  the  center  of  origin  of  the 
fibers  in  the  nervi  erigentes  is  placed  in  the  lower 
part  of  the  cord;  and  in  general  the  center  for  each 
group  may  be  said  to  lie 
in  the  central  nervous 
system,  not  far  from  the 
superficial  origin  of  the 
nerves  in  which  the  vaso- 
dilator fibers  run.  The 
vasoconstrictor  nerves 
are  on  the  contrary  u  nder 
the  control  of  a  general 
center  situated  in  the 
medulla,  occupying  a  re- 
gion which  extends  from 
a  point  four  to  five  milli- 
meters above  the  point 
of  the  calamus  scripto- 
rius  to  within  one  to  two 
millimeters  of  the  cor- 
pora quadrigemina. 
This  center  is  in  con- 
tinued tonic  activity,  so 
that  section  of  the  cord 
below  the  medulla  re- 
sults in  a  general  loss  of 
tone  throughout  the  vas- 
cular system  and  a  great 
fall  of  blood  pressure. 
The  existence  of  a  pre- 
siding     center      confers 

upon  the  constrictor  mechanism  the  power  of  produc- 
ing general  effects,  and  its  utility  is  further  increased 
by  reason  of  its  tonic  activity,  since  the  same  fibers 
may  by  an  increase  in  the  impulses  passing  along 
them  be  the  means  of  constriction  and  by  the  removal 
or  diminution  of  the  tonic  influence  be  the  means 
of  dilatation.  When  an  animal  whose  cord  has  been 
divided  in  the  thoracic  region  is  kept  in  good  con- 
dition, the  arteries  of  the  hind  limbs  and  hinder  part 
of  the  body  which  became  dilated  at  the  time  of  the 
section  after  a  whQe  reestablish  a  normal  or  nearly 
normal  tone.  This  and  the  fact  that  they  undergo 
reflex  changes  of  caliber  indicate  that  there  are 
other  centers  for  the  vasoconstrictor  ner\-es  scattered 
along  the  spinal  cord.  These  centers  seem  to  be 
less  irritable  than  the  medullary  center  under  whose 
control  they  normally  stand,  but  their  great  power 
of  endurance  would  indicate  that  they  may  play 
an  important  role  in  maintaining  a  normal  vascular 
tone.  Finally,  experiment  has  shown  that  the 
vessels  may  slowly  recover  their  tone  after  extirpation 
of  the  entire  spinal  cord.  They  are  at  first  com- 
pletely paralyzed  and  maximally  distended;  gradu- 
ally, however,  their  tone  returns  and  they  begin 
to  react  to  local  applications  of  heat  or  cold  much 
as  they  do  under  normal  conditions.  It  follows 
that  the  vessel  walls  themselves  possess  the  power 


of  exhibiting  independent  tonic  contractility,  or 
else  this  recovery  indicates  the  existence  of  vaso- 
motor centers  of  a  third  order  in  the  peripheral 
ganglia  distributed  along  the  course  of  the  nerve 
trunks.  Such  a  tone  of  peripheral  origin  would 
explain  the  additional  dilatation  observed  on  stimu- 
lating vasodilator  nerves  to  parts  whose  vasocon- 
strictor nerves  had  previously  been  divided.  From 
what  has  been  said  it  follows  that  the  simplest 
efferent  path  along  which  the  vasomotor  impulses 
can  pass  may  be  considered  as  buUt  up  of  two  neu- 
rones, one  with  its  cell  body  in  the  central  nervous 
system  and  the  other  in  a  sympathetic  ganglion. 
Since,  however,  the  spinal  vasomotor  centers  are 
xinder  the  control  of  the  chief  center  in  the  medulla, 
the  axis-cylinder  processes  of  the  cells  of  the  bulbar 
center  must  come  into  relation  with  the  spinal  vaso- 
motor cells,  and  so  the  complete  efferent  path  comes 
to  include  three  nerve  units. 

Vasomolor  Reflexes. — The  activity  of  the  centers 
in  the  medulla  and  cord  from  which  the  vasocon- 
strictor and  vasodilator  fibers  take  their  origin  is 
determined  in  large  measure  by  the  impulses  falling 


Fig.  742. — Blood-pressure  during  Electrical  Stimulation  of  the  Depressor  Nerve.    To  be  read  from 
right  to  left.     The  time  of  stimulation  is  indicated  by  the  vertical  lines  (' — ■  =  10  seconds). 

into  them  along  various  afferent  nerve  channels 
giving  rise  to  reflex  vasomotion.  The  possible 
afferent  paths  include  practically  every  centripetal 
nerve  in  the  body,  those  distributed  to  the  vessel 
walls  not  excepted;  whUe  the  response  may  vary 
from  a  slight  local  effect  in  the  region  whence  the 
afferent  impulse  started  to  a  change  involving  an 
extensive  vascular  area  sufficient  to  produce  varia- 
tions in  the  general  blood  pressure.  The  local 
reflexes,  such  as  the  congestion  of  the  skin  on  the 
application  of  warmth,  are  conunonly  dilatations, 
although  constrictions  also  occasionally  result.  Of 
the  general  reflexes  those  occurring  in  the  great 
splanchnic  area  are  perhaps  the  most  frequent, 
sensory  stimulation  causing  constriction  there  with 
special  ease.  Stimulation  of  sensory  nerves  may, 
however,  cause  reflex  dilatation  in  the  splanchnic 
region,  while  in  the  vessels  of  the  skeletal  muscles 
this  is  the  rule.  In  them  the  reaction  affects  first 
the  muscles  which  stand  in  a  more  or  less  intimate 
functional  relation  with  the  stimulated  nerve,  but  it 
may  become  general  and  so  become  an  efficient 
means  of  bringing  on  a  general  fall  of  blood  pressure. 
It  is  apparent  that  the  effect  on  the  blood  pressure 
of  stimulating  a  sensory  nerve  will  depend  on  the 
relative  extent  of  the  antagonistic  changes,  both 
of  which  are  usually  present,  and  the  question  as  to 
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the  conditions  whicli  determine  the  preponderance 
of  vasodilatation  in  one  case  and  of  vasoconstriction 
in  another  is  cue  of  unusual  interest.  We  know 
at  present  but  one  nerve,  the  so-called  depressor 
nerve  of  Cyon,  whose  stimulation  regularly  brings 
on  a  fall  of  blood  pressure  (Fig.  742).  This  is  the 
sensory  nerve  of  the  heart  which  has  already  been 
referred  to  as  causing  reflex  inhibition  of  the  heart. 
The  effect  on  blood  pressure  is  not  dependent  on 
this  heart  action,  as  it  stUl  occurs  after  section  of 
both  vagi,  but  is  due  to  an  extensive  vasodilatation 
in  which  the  splanchnic  area  has  a  prominent  share, 
although  the  vessels  of  other  parts  of  the  body  also 
participate.  The  dilatation  appears  to  be  due  to  an 
inhibition  or  depression  of  the  tonic  activity  of  the 
vasoconstrictor  center,  since  the  effect  is  diminished 
or  abolished  by  agencies  which  reduce  or  destroy 
the  irritability  of  this  center,  and  hence  the  name  of 
"depressor"  for  this  nerve.  Since  sensory  nerves 
in  general  produce  both  kinds  of  effect,  "pressor" 
and  "depressor"  the  question  arose  as  to  whether 
they  contain  two  distinct  varieties  of  nerve  fibers 
or  whether  the  different  results  depend  only  on  the 
condition  of  the  centers  and  the  character  of  the 
stimuli  used.  That  both  of  these  factors  may 
influence  the  result  can  be  easily  shown.  A  sensory 
nerve  like  the  sci.atic,  whose  stimulation  regularly 
produces  vasoconstriction  and  rise  of  blood  pressure 
in  an  animal  under  curare  (Fig.  743)  wUl  frequently 
give  a  fall  of  pressure  when  chloral  or  ether  is  used 
for  the  anesthetic.  Again,  mechanical  stimulation 
of  the  sensory  nerves  in  muscles  by  kneading  or 
massage  regularly  causes  reflex  vasodilatation,  while 
electrical  stimulation  of  the  same  nerves  gives  reflex 
constriction.  On  the  other  hand  there  is  strong 
evidence  for  the  view  that  there  are  both  "pressor" 
and  "depressor"  or  "reflex  vasodilator"  fibers  in 
the  sciatic  and  other  peripheral  trunks.  The  pressor 
fibers  ordinarily  have  the  Tipper  hand,  but  by  sub- 
jecting the  nerve  to  the  action  of  cold  or  stimulating 


Fig.  74.*^. — Pressor  Effect  Produced  by  Stimulatins:  the  Cen- 
tral End  of  the  Sciatic  of  a  Curarized  Cat  Under  Morphine.  Time 
tracing  in  seconds.     Reduced  one-half. 

the  nerve  at  a  certain  stage  of  regeneration  after 
section,  the  depressor  effect  may  be  obtained.  The 
depressor  fibers  seem  to  retain  their  power  of  con- 
duction longer  than  do  the  pressor  fibers  when  cooled, 
and  when  the  nerve  is  cut  and  sutured  they  regenerate 
earlier.  There  is  also  a  certain  amount  of  evidence 
to  indicate  that  the  fall  of  pressure  from  stimulation 
of  the  sciatic  and  similar  nerves  is  of  a  different 
nature  from  that  resulting  from  stimulation  of  tlie 
depressor  nerve  of  the  heart  (Fig.  744).  In  the 
former  case  the  dilatation  occurs  largely  in  the 
limbs  and  is  probably  due  to  a  reflex  stimulation 
of  dilator  fibers,  so  that  the  name  "reflex  vaso- 
dilators" has  been  suggested  for  this  cla.ss  of  fibers 
to  distinguish  them  from  the  "depressor"  fibers 
proper  which  act  by  inhibiting  the  vasoconstrictor 
center.  The  complicated  nervous  mechanisms  asso- 
ciated  with    the   circulatory   apparatus   enable   the 


nervous  system,  directed  by  afferent  impulses  which 
reach  it  along  various  channels,  to  coordinate  the 
action  of  the  heart  and  vessels  and  to  direct  the 
blood  flow  according  to  the  needs  of  the  body.  The 
blood-supply  of  the  organs  is  continually  shifting 
according  to  their  varying  activity;  but  dilatation 
and  increased  blood  flow  to  the  active  organs  is 
met  by  compensatory  constriction  elsewhere,  thus 
preventing  a  wasteful  use  of  cardiac  energy  which 
would  otherwise  be  required  to  keep  up  the  general 
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Fig.  744. — Dog.  Ether.  Vagi  intact.  Fall  of  pressure  in 
carotid  and  portal  vein,  and  rise  in  femoral  vein  on  stimulation  of 
sciatic  at  10°,  All  the  curves  have  the  same  base  line;  the  curves 
of  venous  pressure  being  drawn  to  indicate  the  pressure  in  milh- 
meters  NasCOa,  the  curve  of  arterial  pressure  in  millimeters  Hg. 
The  changes  of  pressure  in  the  curves  must  be  multiplied  by  two 
to  obtain  the  absolute  changes.     Tracing  from  right  to  left. 

blood  pressure.  This  reciprocal  relation  is  particu- 
larly conspicuous  between  the  blood-vessels  of  the 
somatic  and  those  of  the  splanchnic  divisions  of  the 
body,  thereby  providing  the  chief  means  by  which 
the  blood  pressure  is  regulated  and  by  which  the 
maintenance  of  a  normal  body  temperature  is  in 
large  measure  secured.  Cieorge  P.  Dreyer. 
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Fig.  745. — 1,  Bausch  and  Lomb,  g  inch.  No.  1  cover  .slip;  2,  Bausch  and  Lomb,  extra 
thin  shde;  3,  blood  sticker,  two  views — a,  point  in  sheath  for  carrj'ing  instrument  in  pocket; 
/►,  point  in  place  ready  for  use;  4,  clamp  forceps,  two  views — side  view,  showing  close 
apposition  of  tip  of  limbs;  front  \"iew,  showing  proper  extent  of  grasp  of  cover  slip  (1);  5, 
open  forceps,  two  views — side  view,  front  view.  (Instruments  made  by  F.  Arnold  &  Son, 
Baltimore,  Md.) 
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Note. — The   tables  which   appear  in   this   article 
give  the  blood  characteristics  of  the  diseases  detected 
by    blood    examination.      Beyond    this    no    clinical 
description   of  the  disease  is  given.     Certain   blood 
e.xaminations,  as  the  iron  con- 
tent of  the  blood,  "iodophiha," 
specific    gravity  of    the   serum, 
have   been  omitted  as  not  suit- 
able for  clinical  apphcation.    Ag- 
glutination, hemolysis,  morpho- 
logical and  cultural  characteris- 
tics of  bacteria  and  parasites  of 
the  blood,  the  detection  of  occult 
Ijlood,  and  blood  stains  wiU  be 
found  in  this  H.vndbook  under 
appropriate  heads,  consideration 
of  these  subjects  not  appearing 
im      in  this  article. 

I.  Fresh-blood  Specimen. 

Apparatus  and  Technique. 
— In  preparing  the  blood  for 
microscopic  examination,  how- 
ever careful  the  technique  em- 
ployed, the  operator  is  subjecting 
one  of  the  most  delicate  tissues 
of  the  body  to  very  rough  and 
unnatural  surroundings.  When 
one  reaUzes  the  exquisite  smooth- 
ness of  the  intima  of  the  blood- 
vessels, the  wonderfully  regu- 
lated temperature  of  the  body, 
the  delicate  structure  of  the  red 
cell,  the  even  more  dehcate 
structure  of  the  plate  which 
without  most  careful  preserva- 
tion is  entirely  destroyed  a  few 
seconds  after  exposure  to  the  air 
— when  one  realizes  all  these 
factors  it  is  surprising  that  any 
technique  is  delicate  enough  to 
enable  one  to  obtain  a  specimen 
in  wliich  the  corpuscles  retain 
even  approximately  their  normal  and  pathological 
characteristics.  This  realization  at  the  same  time  em- 
phasizes the  importance  of  observing  every  precaution 
wliich  ex]5erieuce  has  shown  to  be  necessary  in  the 
preparation  of  the  blood  specimen  which  shall  be,  out- 
side of  the  body,  as  nearly  as  possible  representative 
of  the  blood  as  it  appears  in  the  circulation. 

The  object  then  of  apparatus  and  technique  is  to 
produce  surroundings  as  nearly  like  those  normal  to 
the  blood  in  circulation  as  possible.  To  accomplish 
this  we  must  observe  the  following:  (1)  Absolute 
cleanliness  and  freedom  from  moisture;  (2)  avoid 
chiUing  the  blood;  (3)  avoid  exposure  to  air;  (4)  avoid 
rough  treatment  of  tlie  drops  and  consequently  of 
the  constituents  thereof — the  corpuscles. 

Since  this  article  (now  largely  rewritten)  originally 
appeared  practically  every  nospital  has  acquired  a 
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clinical  laboratorj-  and  accurate  technique  in  blood 
work  is  quite  universal,  j-et  the  faUures  in  blood 
work  in  hospitals  are  due,  in  the  large  majority  of 
instances,  to  not  obsening  the  precautions  just  enu- 
merated. The  writer  therefore  wishes  to  state  that 
in  the  technique  here  recommended  nothing  is  advo- 
cated that  has  not  been  proven  to  be  essential  in 
order  that  a  hospital  laboratory  shall  produce 
reliable  and  ■uniform  restilts. 

It  is  not  difficult  for  even  beginners  to  observe 

Eathological  changes  in  a  well-taken  specimen  of 
lood  under  the  microscope,  wliile  a  specimen  care- 
lesslv  taken  presents  difficulties  to  an  expert.  Not 
infrequently,  after  attempting  to  form  an  opinion 
from  a  poor  specimen  offered  by  an  interne,  we  have 
taken  another  specimen  and  the  interne  himself 
has  promptly  observed  the  important  diagnostic 
features.  Such  poor  specimens  frequently  resiilt 
from  the  "slide,"  "cigarette  paper,"  and  other 
coarse,  short  cut  methods,  and  on  this  account  I 
would  condemn  them  unless  one  has  no  other  means 
at  hand.  The  resourceful  man  will  of  course  get  a 
specimen  when  important  for  diagnosis  with  what- 
ever material  is  at  hand,  but  this  is  no  excuse  for 
the  neglect  to  use  proper  facilities  when  procurable. 

We  will  now  consider  in  detail  the  apparatus  and 
technique  designed  to  best  accomplish  these  ends. 

The  Cover  Slip.  Ab^'oluie  CleattliJies?. — The  cover 
slip  should  be  the  tliinnest  made  and  square  in  shape 
(Bausch  and  Lomb,  No.  1,  t  in-  (^e  Tig.  745,  1). 
The  thicker  cover  slips  are  often  too  thick  for  the 
focus  of  the  one-twelfth  immersion  lens,  and  not 
infrequently  specimens  from  important  cases  at  a 
distance  from  the  laboratorj'  and  received  by  mail 
cannot  be  examined  accurately  owing  to  this  annoy- 
ing condition.  It  is  a  good  ride  for  those  engaged  in 
blood  work  not  to  have  the  thicker  cover  slips  under 
any  circumstance. 

The  Slide. — For  the  same  reason  the  thin  slide 
should  be  employed  (see  Fig.  745,  2).  Two  jars, 
one  containing  tliick  slides  for  urine  work,  and  thin 


Fig.  746. — Method  of  Making  Puncture  for  Fresh  and  Dried 
Specimens  of  Blood.  Shows  position  of  hands  and  wrist  just  as 
puncture  is  about  to  be  made. 

for  blood  work,  will  be  found  a  convenient  arrange- 
ment. These  cover  slips  and  slides  should  be  kept 
in  fiftj'  per  cent,  alcohol  and  when  about  to  be  used 
should  be  rubbed  with  a  bit  of  clean  silk,  or  some 
fabric  free  from  lint  specks.  Pocket-handkerchiefs 
which  have  been  manj"  times  ironed  are  free  of  loose 
lint  and  therefore  are  verj-  suitable  for  this.  The  shde 
and  cover  slip  should  be  rubbed  quite  free  of  any 
cloudiness  or  dust  and  then  dried.  This  last  can  be 
done  eiriier  by  pouring  a  litfle  ether  over  the  glass 
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and  rubbing  again  or  by  heating  gently  over  a  flame. 
The  cleaned  shp  and  slide  should  now  be  laid  upon  a 
sheet  of  clean  paper.  The  following  instruments,  as 
first  recommended  by  W.  S.  Thayer  of  the  Johns 
Hopkins  University,  will  be  found  to  be  the  best. 

The  claitip  forceps  is  so  made  that  the  extreme  tips 
of  the  limbs  meet  before  anj'  other  portion,  and  this 
enables  one  to  take  a  small  but  firm  grasp  of  the 
cover  slip  (see  Fig.  745,  4,  b).  The  clamp,  more- 
over, enables  the  operator  to  give  his  whole  attention 
to  following  the  technique,  as  given  below,  without 
being  diverted  by  keeping  a  grasp  on  the  cover  slips. 
By  placing  the  cover  shp  in  the  clamp  forceps  it  can 


Fig.  747. — Method  of  Taking  Drop  of  Blood  for  Fresh  and 
Dried  Specimens  of  Blood.  Shows  how  to  hold  forceps  and  ear, 
how  to  steady  hands,  and  the  extent  of  grasp  of  cover  slip  by 
clamp  forceps. 

be  kept  free  from  dust  and  moisture  from  the  fingers 
and  .viU  be  ready  for  use. 

The  lobe  of  the  ear  is  by  far  the  best  locality  for 
puncture,  for  the  following  reasons:  (1)  Less  sensi- 
tive; (2)  the  act  of  puncture  and  the  blood  are  not 
seen  by  the  patient,  important  with 
nervoiis  people  and  children;  (3)  pres- 
sure, if  necessary,  is  more  readily  ex- 
erted and  produces  better  results;  (4) 


Fig.  748. — Correct  Position  of  Hand  in  Holding  Clamp  Forccjw. 
Cover  shp  resting  on  shde.  The  illustration  represents  the  position 
just  before  the  forceps  are  opened  and  jerked  away. 

the  skin  in  this  localitj-  is  softer  and  cleaner;  (5)  there 
is  less  hkelihood  of  subsequent  infection. 

The  lobe  of  the  ear  is  first  gently  wiped  (not 
rubbed,  as  this  produces  h\-peremia)  with  sUk  or  old 
hnen    moistened    in  alcohol    and    the  skin    is    then 
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EXPLANATION  OF  PLATE  XIII. 

(Drawn  by  Dr.  E.  Dunning.) 


Fig.   1. — Gross  appearance  of  well-taken  fresh-blood  specimen. 
Fig.  6. — Microscopic  appearance  of  well-taken  fresh-blood  speci- 
men. 

Fig.  3. — Microscopic    appearance    of   poorly   taken   fresh-blood  ] 

specimen. 
Fig.  5. — Microscopic    appearance    of   poorly  taken    fresh-blood 

specimen. 

Fig.  2. — Microscopic  appearance  of  the  Thomas-Zeiss  count- 
ing stage  with  normal  blood  diluted  with  Toison  solution. 
Red  cells  unstained;  white  cells  stained  blue.  This  is  with 
the  low-power  objective  (3  Leitz)  which  takes  in  all  sixteen 
squares  (see  Fig.  760,  p.  167),  but  does  not  magnify  the  cell 
as  much  as  the  higher  power  (see  Fig.  4),  and  which  there- 
fore greatly  increases  the  task  of  counting.  j 

Fig.  4. — Same  as  Fig.  2,  except  that  the  blood  is  that  of  leu- 
kemia (120,000  leucocytes  to  the  cubic  millimeter),  and  the 
objective  is  of  high  power  (7  or  9  Leitz).  This  takes  in 
only  one-sixteenth  of  the  entire  field,  but  it  renders  the  cor- 
puscles much  more  readily  distinguishable. 


See  p.  161,  Characler- 
istics  of  a  Good  Fresh- 
Blood  Specimen. 

See  p.  161,  Character- 
istics of  a  Poor  Fresh- 
Blood  Specimen. 


See  p.  168. 


See  p.  168. 
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dried  with  etlier.  If  etiier  is  not  to  be  liad,  it  is 
better  either  to  dilute  the  alcohol  three  or  four  times 
or  to  use  distilled  water.  .Alcohol  if  left  on  tlio  skin 
hardens  the  blood  and  so  injures  the  specimen. 

The  Sticker. — The  sticker  is  now  employed  (Fig. 
745,  3).  There  are  many  of  these  on  the  market. 
That  recommended  by  F.  C.  Wood'  in  his  work  on 
Diagnosis  is  inexpensive  and  practical.  The  import- 
ant requirements  are  that  it  shall  be  extremely  sharp 
and  diamond  shaped  on  cross  section;  the  object 
being  to  produce  a  similarly  shaped  wound,  and  there- 
fore one  wliich  will  the  more  readily  bleed.  .\  surgical 
needle  may  be  u.^ed,  but  an  ordinarj'  needle  or  pin  is 
verj'  un.satisfactory.  If,  however,  one  or  the  other 
of  "the  latter  is  all  that  can  be  obtained,  it  should 
be  boiled,  flamed,  or  placed  in  ninety-five  per  cent, 
alcohol.  When  cleanliness  is  observed  it  is  only  neces- 
sary to  dip  the  end  of  the  sticker  into  alcohol  before 
and  after  making  the  puncture. 

The  most  dependent  portion  of  the  lobe  of  the  ear  is 
now  punctured  by  a  stabbing  or  staccato  motion,  the 
sticker  being  held  as  in  the  illustration  (Fig.  746).  The 
common  error  is  to  make  too  deep  a  wound  causing 
unnecessarj-  and  inconvenient  bleeding.  The  first 
drop  is  wiped  away,  the  second  allowed  to  flow,  if 
possible  without  pressure  being  made  upon  the  skin. 
If  pressure  be  necessarj-  it  should  be  exerted  far  away 
from  the  point  of  puncture,  so  that  this  artificial  means 
shall  not  alter  the  character  of  the  drop  taken  for 
e.\ami  nation. 

Avoid  cbtlling  the  hlood.  It  must  be  remembered 
that  the  blood  is  being  submitted  to  a  lower  tempera- 
ture than  normal  in  this  proceeding,  and  in  order 
to  avoid  chilling  the  blood  it  is  a  good  plan  to  warm 
the  slide  and  cover  slip  over  a  spirit  lamp,  or  to  have 
another  person  briskly  rub  the  slide  with  a  bit  of 
silk  or  old  linen. 

The  clamp  forceps  holding  the  cover  slip  (see  Fig. 
745.  4)  is  now  brought  toward  the  ear,  and  the 
under  surface  of  the  cover  shp — and  therefore  that 
free  from  dust — is  made  to  touch  the  apex  of  the  drop 
of  blood,  not  the  skin  of  the  ear  (Fig.  747).  The  cover 
slip  is  at  once  carried  to  the  warmed  slide  and  gently 
lowered. 

Avoid  rough  treatment.  The  cover  slip  should  not 
be  dropped  on  the  shde.  One  side  of  tne  cover  slip 
should  be  rested  on  the  slide  and  gentls'  lowered  until 
the  hmb  of  the  forceps  touches  the  sUde.  The  forceps 
is  then  opened  and  by  a  quick  jerk  drawn  away  (see 
Fig.  74S).  The  sUde  should  not  be  pressed  down  or 
moved  when  once  down,  as  by  so  doing  the  corpuscles 
are  distorted  or  broken. 

Avoid  exposure  to  air.  It  must  be  remembered  also 
tliat  the  air  is  a  destructive  medium  to  the  blood,  and 
the  time  occupied  for  these  steps  must  be  as  brief  as 
possible. 

The  cover  settles  and  the  good  blood  specimen 
spreads  equally  in  all  directions,  being  for  the  most 
part  circular  with  fine  spicules  at  the  peripher3-  of 
the  circle.  The  drop  should  not  be  so  large  as  to 
reach  the  margin  of  the  cover  slip  when  on  tne  shde. 

This  technique  may  be  summarized  as  follows: 

1.  Apparatus.  Thin  slide,  square  tliin  cover  slip, 
sticker,  and  clamp  forceps.  Alcohol,  ether,  spirit 
lamp,  silk  cloth  or  old  linen. 

2.  Absolutelj'  clean  point  of  puncture  and  appa- 
ratus. 

3.  Seize  cover  slip  in  clamp  forceps  and  place  near 
at  hand. 

4.  Light  puncture  of  the  most  dependent  portion 
of  lobe  of  ear. 

5.  Warm  shde  and  cover  shp  gently  over  spirit 
lamp;  rub  slide  briskly  with  silk  or  old  linen. 

6.  Wipe  away  drop  from  point  of  puncture.  (If 
pressure  is  required,  e.xert  it  far  awaj'  from  point  of 
puncture.) 

7.  Touch  apex  of  second  drop  with  under  surface 
and  center  of  cover  shp. 
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8.  Place  cover  shp  promptlj-  but  gently  on  shde; 
do  not  touch  cover  shp  after  placing  it  on  slide. 

Characteristics  of  a  Good  Fre.-<h-blood  Specimen. — 
Gross.  1.  Blood  does  not  reacli  margin  of  cover 
sUp.  2.  Is  of  a  circular  shape  with  fine  spiculated 
appearance  at  periphery.  3.  Is  thinner  in  the 
center  than  at  margin  of  specimen.  (See  Plate  XIII., 
Fig.  1.) 

Microscopic.  1.  Corpuscles  each  lying  separately 
with  some  httle  space  between — not  in  rouleaux. 
2.  Majority  of  corpuscles  stationarj'.  3.  Each  cor- 
puscle circular — not  crcnated.  (See  Plate  XIII., 
Fig.  6.) 

Poikilocj-tosis  is  of  course  pathological  and  cannot 
be  avoided;  crenation  is,  generally  speaking,  not 
pathological,  being  usually  due  to  faulty  technique. 
(See  Plate  XIII.,  Figs.  3  and  5.) 

Characteristics  of  a  Poor  Fresh-blood  Specimen,  and 
such  as  condemn  it  for  examination. — Gross.  1. 
Blood  thick  and  oozing  out  from  under  cover  slip 
indicates  that  too  much  blood  has  been  taken.  2. 
Irregular  shape  indicates  either  that  too  much  blood 
has  been  taken,  or  that  dust  has  been  on  the  slip  or 
shde,  or  that  the  blood  has  been  chilled.  3.  Thick  at 
one  point  and  partially  spread  at  another  indicates 
dust  or  moisture.  4.  Lump  of  blood — no  spreading — 
indicates  general  uncleanliness. 

Microscopic.  1.  Structureless  masses.  2.  Abun- 
dance of  rouleaux.  3.  Much  crenation.  4.  Cor- 
puscles closely  placed,  giving  tiled-floor  appearance. 
5.  Corpuscles  floating  about  specimen.  6.  Corpuscles 
ragged  and  mutilated.  7.  White  corpuscles  broken 
into  granular  collections.  (See  Plate  XIII.,  Figs.  3 
and  5). 

2.  WH.4.T  Can-  be  Le.^hxed  from  Fresh  Specimens 
OF  Blood. — The  examination  of  the  fresh  specimen 
has  of  late  years  been  much  neglected  in  favor  of  the 
stained  specimen.  Tliis  is  unfortunate,  especially  for 
beginners,  because  manj- features  of  the  blood  observed 
in  the  fresh  specimen  are  missed  and  one  is  apt  to 
form  false  conceptions  of  the  corpuscle  and  its 
biological  characteristics  from  the  exclusive  study  of 
the  dead  ceE.  It  is  uncalled  for  here  to  discuss  fully 
this  opinion.  In  spite  of  the  immense  aid  which  the 
stains  have  proven  to  blood  work  the  writer  urges 
that  in  all  routine  examinations  the  fresh  blood  be 
observed  first.  In  hospital  work  this  rule  should  be 
insisted  upon  and  the  beginner  who  does  not  train 
himself  in  the  thorough  study  of  the  fresh  specimen 
first,  will  place  himself  at  a  decided  disadvantage 
in  more  advanced  work  on  the  blood.  Perhaps  the 
stud}'  of  the  malarial  parasites  has  suffered  more 
than  any  other  subject  in  blood  work  in  this  neglect 
of  fresh  blood  examination. 

When  the  precautions  laid  dowTi  in  the  foregoing 
have  been  observed,  the  following  objects  can  be 
distinguished: 

1.  The  Red  Blood  Corpuscles. — Erj-throcytes — non- 
nucleated  in  the  normal. 

Size. — Normocytes,  7/i.  Normal  variations,  6  to  9u 
in  adults,  3  to  10^  in  infants.  (Note:  «=micron  = 
TTzioo  of  an  inch.  It  is  well  to  become  famihar  with 
the  size  of  the  red  cell,  and  to  use  it  as  a  unit  of 
measurement  when  speaking  of  other  bodies,  as  twice, 
thrice,  etc.,  the  size  of  the  normal  red  cell.) 

Microcytes,  ceUs  under  6m — smallest  2  to  S.u. 

Macrocytes,   cells  measuring    9  to  12u. 

Megalocj-tes,  cells  measuring  12  to  16.u. 

Gigantocj'tes,  cells  measuring  over  16«.  These  cells 
of  var\-ing  size  are  found  in  anemia.  leukemia,  and 
cholemia.  The  presence  of  ten  per  cent,  of  such  cells 
is  considered  diagnostic  of  pernicious  anemia. 

Shape. — Biconcave  discs  normal. 

Poikiloc3-tes,  Pathological. — Variations  in  shape. 
Anisocj'tes  (fiwo-os,  unequal,  uneven)  may  be  applied 
to  cells  varjnng  in  size  and  shape,  though  some  authors 
use   it   to  signify   cells   varjing  in  size   onl)'.     The 
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wrinkled  cell  is  seen  in  pernicious  and  other  grave 
anemias. 

Physical  Properties — Elastic,  fragile,  normal.  It  is 
verj'  probable  that  in  life  this  property  of  elasticity 
and  the  biconcave  shape  enable  the  cell  to  adapt  itself 
in  health  and  disease  to  variation  in  contents.  If  this 
impression  is  correct  the  cell  is  capable  of  great 
service  in  maintaining,  under  the  severe  strains  of 
circulatory  changes,  the  vital  requirements  of  the 
tissues. 

Schistocytes,  fragments  of  ] 


Conditions  usually  due  to 
faulty  technique  and 
not  usually  character- 
istic of  the  living  cell. 


cells. 

Tend  to  form  rouleaux. 

Become  crenated. 

May  contain  bright  round 
spots  termed  "arti- 
facts." J 

The  adjective  artifactitious,  or  simply  factitious, 
might  be  apphed  to  the  last  three  conaitions,  as  they 
are  usuallj'  the  result  of  manipulation. 

Color — pale  yellow.  Red  only  in  mass.  Even  the 
yellow  color  is  not  uniformly  distributed.  The  normal 
cell  appears  pale  in  the  center  owing  to  the  margin 
being  thicker  than  the  center  (biconcave  discs). 

Lake-hke  colorless  areas  (necrobiosis)  with  irregular 
shape  and  margin  in  the  red  cells,  due  to  deficiency 
of  hemoglobin,  termed  by  MaragHano  "degeneration 
areas, "  caUed  also  vacuoles,  are  seen  in  anemia. 

These  areas  are  pathological  and  must  be  distin- 
guished from  crenation  points  viewed  from  above 
(full  face  view)  and  from  artifacts  in  general.  The 
hyahne  stage  of  the  malarial  parasite  resembles  these 
ISiaraghano  areas  as  well  as  artifacts.  The  parasite  is 
less  refractne  and  shows  ameboid  movements. 

Crenation  point  \-iewed  from 

above. 
Artifact  spots. 
Degeneration  areas  of  Mara- 

gliano. 
Hyaline    stage    of    malarial 

parasite. 

The  colorless  or  shadow  corpuscles,  described  first 
by  Xorris,  are  seen  in  the  blood  of  anemia  from  toxic 
agents  and  burns.  These  are  red  cells  deprived  of 
hemoglobin.  They  can  be  artificially  produced  by 
adding  water  to  the  blood  specimen. 

The  deeply  colored  (unstained)  red  cell  is  seen  in 
pernicious  anemia. 

The  brassy  or  metallic  looking  shrunken  red  cell  is 
seen  in  estivoautumnal  malaria. 

2.  The  Xucleated  Red  Corpuscle. — Nucleated  red  cells 
are  found  in  the  (human)  peripheral  blood  noniialli/ 
in  the  embryo,  in  premature  infants,  and  in  young 
infants;  pathologically  in  anemia,  leukemia,  and 
the  pseudoleukemia  of  infants.  It  should  alwaj's  be 
remembered  that  infants  especiaOy  and  even  older 
children  present  many  ephemeral  blood  peculiarities 
wliich  while  not  associated  with  anj'  definite  symp- 
tom-complex cannot  be  wholly  cUsmissed  as  insignifi- 
cant. Whether  these  are  manifestations  of  normal 
developmental  phenomena  or  of  defensive  processes  is 
unknown. 

The  varieties  of  nucleated  red  cells  observable  in 
the  fresh  specimen. 


To  be  carefully  differ- 
entiated. 


Microblast. 
Normoblast. 
Macroblast. 
Gigantoblast. 


The  relative  sizes  of  these  cells  corre- 
spond to  the  sizes  of  the  similarly 
named  non-nucleated  red  cells  given 
above.  Thus  the  microcyt«  corre- 
sponds in  size  to  the  microblast,  etc. 

The  nuclei  of  these  cells  present  many  important 
variations  in  shape,  number  and  texture,  all  of  which 
can  better  be  studied  in  the  stained  specimen,  under 
which  head  the  nucleus  will  be  described. 

■i.  The    While   Blood   Corpuscles. — Nucleated  Cells. 

Small  Mononuclear  or  Small  Lymphocytes. 
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Large  Mononuclear  or  Large  Lymphocytes. 

Transitional  Mononuclear  or  Transitional  Lympho- 
cytes. 

Polynuclear  Leucocytes. 

Eosinophiles. 

Myelocytes  in  leukemia.  (The  mast-cells  cannot  be 
detected  in  the  fresh  specimen.) 

.  An  approximate  idea  of  an  increase  in  the  white 
cells  as  a  whole,  and  one  or  other  variety  of  these 
individually,  can  be  had  from  the  fresh  specimen. 
More  than  four  or  five  white  cells,  in  a  icell-spread  field, 
with  a  one-twelfth  immersion  lens  may  be  taken  to 
indicate  a  leucocytosis.  In  lymphatic  leukemia  the 
increase  in  the  small  mononuclear  leucocytes  is  readily 
appreciated;  so  also  the  presence  of  the  cells  normally 
found  in  the  bone  marrow,  as  the  myeloc3-tes,  can  be 
detected  in  the  fresh  specimen  in  cases  of  spleno- 
meduUary  leukemia.  In  inflammatory  leucocyto- 
sis the  increase  in  the  polynuclear  leucocytes  can  be 
noted.  The  increase  in  the  eosinophiles,  so  im- 
portant a  diagnostic  sign  in  trichinosis,  etc.,  can  also 
be  detected. 

The  size,  shape  and  texture  of  the  nucleus  as  well  as 
the  varieties  of  granules  of  the  white  cells  can  be  better 
studied  in  the  stained  specimen,  under  which  head 
these  will  be  described. 

4.   The  Blood  Plate  and  the  PZa??/?*— non-nucleated. 

Size — One-seventh  the  size  of   the  red   cell  (1  /<). 

Shape — irregular. 

Color — colorless. 

Not  visible  normally. 

One  of  the  most  marked  characteristics  of  these 
corpuscles  is  their  tendency  to  adhere  to  one  another 
and  to  foreign  bodies.  Occasional!}'  in  a  well  taken 
specimen  a  few  plates  may  be  seen.  They  usually, 
however,  disappear  rapidly  when  taken  from  the 
circidation  and  in  order  to  observe  them  the  speci- 
men must  be  either  stained  or  the  following  precaution 
must  be  taken. 

A  drop  of  Ha5'em's  or  Pacini's  solutionf  is  placed 
over  the  point  of  puncture  (the  finger  must  be  used 
for  this  purpose)  and  the  blood  allowed  to  mingle 
with  tliis  preservative  fluid.  The  cover  slip  is  applied 
to  the  drop  in  the  same  way  as  when  taking  a  fresh 
specimen.  With  the  immersion  lens  the  plates  can 
now  be  readily  seen.  There  are  a  number  of  other 
preservatives  a  full  discussion  of  which  by  J.  H. 
Pratt^  has  been  published. 

We  have  no  systematic  work  upon  the  clinical 
significance  of  the  presence  of  these  bodies. 

The  writer  has  noted  them  in  great  numbers 
(without  the  use  of  a  preservative  fluid)  in  the  blood 
of  certain  pneumonia  cases,  in  a  case  of  grave  anemia 
secondary  to  malaria,  and  in  a  case  of  Hodgkin's 
disease. 

The  work  of  Osier,  Bizzozero,  Schimmelbusch, 
Welch,  and  Eberth  has  proven  that  these  bodies  are 
separate  corpuscular  elements  of  the  blood.  Their 
significance  and  association  with  disease  is  yet  quite 
uncertain.  Welch's  work  goes  to  show  that  these 
bodies  are  the  active  agents  in  the  formation  of  the 
wliite  thrombus;  but  even  this  has  not,  as  yet,  been 
of  any  clinical  value. 

J.  H.  Pratt,^  working  in  Krehl's  clinic,  made  an 
especial  study  of  the  relation  of  the  plates  to  coagu- 
lation time  and  of  the  methods  by  which  the  plates 
could  be  enumerated.  A  consideration  of  the  latter 
will  appear  in  the  section  on  "  Blood  Corpuscle  Count- 
ing," below-.  Pratt's  conclusions  are  that  coagulation 
time  is  not  "determined  by  the  number  of  plates  in 

*  The  terra  plate  is  here  used  to  refer  to  the  corpuscles;  plaque 
to  the  aggregation  of  these  plates.  Platelet,  a  term  synonymous 
mth  plate,  is  best  discarded. 


t  Hayem's  Solution. 
Bichloride  of  mercury. .        0.5 

Sodium   sulphate 5. 

Sodium    chloride 1. 

Distilled  water 2CX). 


PacinVs  Solution. 

Bichloride  of  mercurj'. .  .  2. 

Sodium  chloride 4. 

Glycerin 26 . 

Distilled  water 226. 
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the  unit  volume  of  blood"  and  that  coagulation  is 
not  "duo  to  the  presenoe  of  a  certain  amount  of  co- 
aeulation-produeing  substance  derived  from  the 
plates."  Pratt's  work  answers  these  two  important 
questions  and  his  conclusions  (especially  those  upon 
plate  enumeration)  bring  the  plates  into  greater 
clinical  importance,  but  as  yet  these  bodies  cannot  be 
.■iaid  to  aid  materially  in  diagnostic  considerations. 

The  relation  of  blood  plates  to  the  pathogenesis  of 
purpura  luemorrhagica  has  been  exhaustively  reported 
upon  by  W.  H.  Duke.^i 

').  Fibrin  does  not,  normally,  appear  for  some  time  in 
;i  well-taken  fresh  specimen.  Its  presence  shorth'  after 
taking  the  specimen  is  therefore  of  pathological 
significance.  We  have  not  been  able  as  yet,  how- 
ever, to  attach  anv  diagnostic  value  to  this  condition. 

G.  Blood  Dii^t.  hemo 'onia  (hemokoniosis,  hteralh', 
blood  full  of  dust,  of  M.iUer)  can  be  seen  as  floating 
particles  about  one-twentieth  or  one-thirtieth  the 
size  of  the  red  cell.  No  satisfactory  explanation  of  the 
significance  of  these  particles  has  as  yet  been  given. 
Many  of  these  particles  may  be  fragments  of  broken 
corpuscles  (Schistocj'tes),  noted  above.  They  fre- 
quently present  the  active  (Brownian)  motion  com- 
mon to  all  bodies  suspended  in  a  fluid  medium  and 
the  common  error  is  in  interpreting  this  as  intrin.sic 
or  vital  motion.  The  corpuscular  elements  of  the 
blood  equal  in  bulk  about  one-half  the  whole  blood 
mass  of  the  body;  the  plasma  being  the  other  half, 
the  corpuscles  have  abundance  of  space  to  move  freely 
in  the  liquid  medium.  It  is  hardly  necessary  to  say 
that  microorganisms  cannot  be  observed  in  tlie  fresh 
specimen,  though  beginners  repeatedly  mistake  float- 
ing particles  in  the  blood  for  such. 

Blood  Parasites. — The  tertian  and  quartan  malarial 
parasite  in  all  its  stages  of  development,  and  many  of 
the  stages  of  the  estivoautumnal  malarial  parasite, 
may  be  seen  with  the  one-twelfth  oil-immersion  lens. 

The  Filaria  sanguinis  hominis  may  be  seen  with  the 
7  or  9  Leitz  lens. 

The  spirochete  of  relaping  fever  may  be  seen  with 
the  7  or  9  Leitz  lens.  The  trypanosome  of  early  stage 
of  .sleeping  sickness  can  be  seen  with  the  7  or  9  Leitz 
lens. 

.Ul  this  information  is  to  be  had  by  the  simple  pro- 
cedure of  taking,  in  the  way  described,  a  specimen  of 
blood.  AU  these  points  will  be  found  grouped  in  the 
table  at  the  end  of  this  article. 

Having  ascertained,  then,  from  the  fresh  specimen 
that  there  is  a  decrease  in  the  number  of  red  cells,  or 
an  increase  in  the  number  of  white  cells,  it  becomes 
necessary  to  determine  this  decrease  and  increase 
definitel}',  for  which  purpose  additional  instruments 
are  reciuired. 

II.   Blood-corpuscle  Countixg. 

1.  Evolution  op  the  Modern  Counting  Appa- 
R.A.TUS. — It  is  only  of  late  years  that  the  methods  of 
enumerating  the  blood  corpuscles  have  been  -simpUfied 
so  as  to  be  clinically  applicable,  the  complicated  appa- 


Actual  enumeration.  2.  Centrifugaliziiig  and  esti- 
mating cells  according  to  amount  of  sediment,  '.i. 
Color  changes  and  opacitj'  due  to  decrease  in  number 
of  cells. 

This  will  therefore  be,  not  a  history  of  blood  count- 
ing in  chronological  order,  but  rather  the  record  of 
the  development  of  apparatus  along  these  three  hues. 

1.  AcTU.\L  Enumeuation  of  Blood  Corpu.s- 
cles. —  Vierordt  was  among  the  first  actually  to  enu- 
merate the  red  blood  cells;  and  though  his  apparatiis 
was  most  crude  and  liis  method  most  complicated,  yet 
his  results  have  been  abundantly  confirmed  by  sub- 
sequent observers  working  with  varied  styles  of  ap- 
paratus. Vierordt's  figures  were,  5,174,000  rod  blood 
cells  per  cubic  millimeter. 

Vierordt  diluted  with  a  fixed  quantit3-  of  salt  solu- 
tion a  cubic  millimeter  of  blood  and  then  spread  this 
upon  a  slide.  By  means  of  a  micrometer  he  counted 
every  corpuscle.  For  one  enumeration  it  took  an 
entire  week.  The  result  of  this  work  was  to  establish 
the  following: 


Fir..    7  1'l  — Pot.lin's    Mixer. 

ratu^  heretofore  used  having  had  place  in  works  on 
physiology  onlj-.  It  is  therefore  of  value  to  trace  the 
development  of  our  present  simple  apparatus  from  its 
complicated  beginnings.  When  we  look  over  all  the 
methods  employed  to  accomplish  this  last,  we  find 
that  investigators  have  endeavored  to  construct  ap- 
paratus   along    three   separate  lines,   as    follows:  1. 


Fig.  750. — Malassez'  Artificial  Capillary. 

(1)  A  known  quantity  of  blood  must  be  taken,  that 
quantity  being  the  amount  contained  in  a  cubic 
milUmeter.  (2)  A  known  dilution  must  be  used. 
(3)  A  cubic  millimeter  of  normal  blood  contains 
5,17-1,000  red  cells. 

At  this  time,  KoUiker,  after  declaring  that  "owing 
to  the  difficulty  of  the  subject"  the  most  careful  esti- 
mates can  "oiily  be  described  as  approximate,"  adds: 
"One  method  only  can  be  successful,  consisting  in  the 
direct  enumeration  of  the  globules  in  accurately 
determined  quantities  of  blood."  Welker  adds  the 
next  improvements  (1)  in  using  a  stage  micrometer, 
and  (2)  in  counting  the  corpuscles  in  a  fraction  of  a 
large  dilution  and  multiph-ing  the  result  of  this  count 
by  the  figures  required  to  make  the  whole  cubic 
millimeter. 

Potain's  m^langeur  or  mixer  afforded  the  first 
means  of  accurately  diluting  the  blood.  This  was 
notliing  else  in  principle,  but  of  cruder  make,  than  the 
mixer  now  einploved  in  the  Thoma  and  Zeiss  blood- 
counting  apparatus.  Fig.  749  shows 
this  mixer. 

Potain's  mixer  was  di\-ided  precisely 
as    is    the    Thoma-Zeiss  mixer,   into    a 
dilated    and    a    capillary    portion,    the 
capillary  portion  being  exactlj'  ji^  part 
of   the    whole.     The  dilated  portion  of 
the    Potain    mixer   contained  the  little 
glass  ball,  as  in  the  Thoma-Zeiss  appa- 
ratus.    Malas.sez  combined  this  suction 
capillary     pipette     with     an     artificial 
capillary  in  the  following  manner:   Blood  is  drawn  up 
by  suction  into  the  Potain  mixer  to  the  1  mark,  and 
a  diluting  fluid,  called    the    "artificial   serum"    (con- 
sisting   of    gum    arable   specific   gra\ity    1.020,    one 
volume;  sodium  sulphate  and  sodium  chloride,  equal 
parts  and  each  of  specific  gra\-ity  1.020,  two  volumes), 
to  the  100  mark,  making  dilution  of  1  in  100.     The 
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pointed  end  of  the  mixer  is  then  fastened  to  a  rubber 
tubing  connected  with  the  artificial  capillary,  as  seen 
in  Fig.  750. 

The  artificial  capillary  is  set  in  a  plate  of  glass  which 
is  divided  into  fractions  of  a  cubic  millimeter,  as  seen 
in  the  illustration.  The  microscope  is  adjusted  so  as 
to  magnify  the  corpuscles  as  they  he  in  the  artificial 
capillary  (see  Fig.  751),  and  their  number  is  ascertained 
for  a  fractional  part  of  this  capillary  as  marked  on 
the  glass  plate.     According  to  tne  fraction  of  a  cubic 


By  counting  the  cells  in  the  square  and  multiplying 
this  count  by  the  fraction  of  a  cubic  millimeter  which 
tills  square  represents,  and  the  number  of  volumes 
of  the  diluting  fluid,  the  number  of  cells  in  a  cubic 
millimeter  is  ascertained.  Tliis  is  complicated,  but, 
as  will  be  seen  later,  it  has  contributed  certain  points 
toward  the  simple  apparatus  used  to-day. 


Fig.  751. — .\rtificial  Tanillary  as  it  Appears  I'nder  the  .Micro- 
scope.     X  ISO  diameters.      (From  Raavier.) 

miUimeter  which  that  portion  selected  to  count  repre- 
sents, the  number  counted  is  multipUed. 

Suppose  one  counts  the  corpuscles  in  jijf  of  a  cubic 
millimeter;  then  400  times  that  number  multiphed 
by  the  amount  of  dilution  represents  the  number  of 
corpuscles  in  a  cubic  millimeter. 

This  method  offered  many  difficulties:  1.  CompU- 
cated  artificial  serum  for  dilution.  2.  Introduction 
of  blood  without  air  into  artificial  tube  difficult.  3. 
Difficult  to  clean  apparatus. 

Hayem  and 
Nachet  devised 
an  instrument 
(h^niatimetre) 
by  which  the 
blood  and  serum 
are  obtained  in 
two  separate 
pipettes  and 
then  mixed  in  a 
glass  receiver. 
A  drop  of  this 
mixture  is  then 
placed  upon  a 
glass  slide  ar- 
ranged as  fol- 
lows: A  circular 
well,  similar  to 
that  employed 
in  the  Thoma 
and  Zeiss  appa- 
ratus, is  con- 
structed with  the  accurate  measurement  of  one 
centimeter  in  diameter  and  0.2  millimeter  in  depth. 
An  eyepiece  micrometer  ruled  in  a  large  square 
which  is  subdivided  into  sixteen  squares  is  then 
attached.  One  side  of  the  large  square  measures  e.x- 
actly  J  millimeter*  (see  Fig.  752). 

*  One-fifth  millimeter  depth  by  one-fifth  miUimeter  on  two  sides 
of  square  makes  the  block  of  blood  one-fifth  (0.2)  cubic  millimeter 
—5X5X5  =  125. 


Fig.  752. — .\ppearance  of  Corpuscles  with 
Hayem  and  Nachet's  Instrument. 


Fig.   753. — Gowers'  Hemacytometer.     (From  Kirkey' 
of  Physiology-."  twelfth  edition.) 


'Handbook 


Gowers'  has  described  an  instrument  called  the 
hemacytometer,  which  more  nearh'  approaches  per- 
fection than  any  already  described;  it  therefore  marks 
what  may  be  considered  the  border  line  between  the 
ancient  and  modern  history  of  blood-counting  by  the 
actual  enumeration  method.  Gowers'  instrument 
(see  Fig.  75.'3)  consists  of:  A,  Small  pipette  (with  rubber 
mouthpiece  for  suction)  wliich,  when  filled  (with  dilut- 
ing fluid)  to  the  mark  on  its  stem,  contains  exactly 
995  cubic  millimeters.  B,  Another  pipette  marked  to 
hold  5  cubic  millimeters  (of  blood).  D,  Glass  jar  for 
mixing  (blood  and  dUuting  fiuid).  E,  Stirrer  (to  stir 
blood  and  diluting  fluid  in  glass  jar).  C,  Brass  plate 
with  a  cell  one-fifth  (0.2)  miUimeter  in  depth  and  with 
the  floor  divided 
into  one-tenth 
(0.1)  millimeter 
sciuares  and  a 
cover-glass  held 
in  place  by 
springs. 

A  standard 
saline  solution 
of  sodium  sul- 
phate of  specific 
gravity  1.025  is 
employed;  995 
cubic  millime- 
ters of  solution 
are  mixed  with 
5  cubic  milUme- 
ters  of  blood 
with  the  pipet- 
tes. These  are 
mixed  in  the 
glass  jar.  K 
drop    is    placed 

in  the  cell  in  the  brass  plate  and  the  cover  slip  held 
down  by  the  springs.  The  cells  are  then  counted  in 
ten  squares,  and  the  calculation  for  1  cubic  millimeter 
of  which  this  is  a  fraction  made. 

As  we  re^^ew^  these  descriptions  of  apparatus  we 


Fig.  754. — Appearance  of  Corpuscles  Under 
Microscope  with  Gowers"  Instrument. 
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see  that  the  effort  of  the  inventors  has  been  to  over- 
come oertain  obstacles,  viz.,  (1)  Reduction  of  the 
corpuscles  to  a  countable  number.  Vierordt  accom- 
plished this  by  dilution  and  by  fixing  the  area  to  be 
counted  to  the  cubic  millimeter.  (2)  Obtaining  tlie 
blood  so  as  to  prevent  clot,  and  to  dihite  accurately. 
Wclkcr  showed  the  value  of  accurate  dilution. 
Potain's  ni(?langcur  best  accomplished  this.  (3) 
Spreading  the  blood  upon  such  an  area  and  of  such 
a  depth  as  to  enable  the  observer  to  see  each  corpus- 
cle separatelj'.  Malassez  accomplished  this  with  a 
long  narrow  tube;  Hayem  and  Nacliet  with  a  cell 
whose  depth  was  a  fraction  of  a  cubic  centimeter. 
(4)  Mapping  out  the  area  so  that  the  ej-e  could 
navigate  upon  it.  Hayem  and  Nachet  accomplished 
this  with  an  eye-piece  micrometer.  Gowers,  without 
an  ej-e-piece  micrometer,  but  with  a  marked-out 
slide. 

AU  these  methods  depend  (as  Kulliker  has  pointed 
out)  upon  the  following  principles:  (1)  A  knov.n 
quantity  of  blood  for  estimation  (one  cidjic  milii- 
nietcr);  (2)  a  known  dilution  of  a  known  quantitj' of 
blood;  (3)  a  known  fraction  of  a  cubic  millimeter  to 
be  counted. 

2.  Apparatus  and  Technique  employed  in  Cor- 
puscle Counting. — Upon  these  principles  and  with 
the  information  obtained  from  the  foregoing  inventors, 
Thoma  amd  Zeiss  have  constructed  their  apparatus. 
This  combines  the  melangeur  of  Potain  and  the  map- 
ped-out  cell  of  Gowers. 


Fig.  755. — The  Mixer  of  Tlioma  and  Zeiss  Corpuscle-Counting 
-Apparatus.  Shows  principle  of  dilution  by  comparison  of  pipette 
(a  necessary  instrument  in  dealing  with  a  coagulable  fluid  hke 
blood)  with  an  ordinary  receiver  (in  which  a  non-coagulable  fluid 
could  be  diluted) . 

Principle  of  the  Tlioma-Zeiss  Mixer. — The  mixer 
consists  of  a  capillar}'  portion  and  a  dilated  or  btdb- 
like  portion.  The  capillary  portion  enables  one  to 
procure  a  fixed  cjuantity  of  blood  that  is  free  from 
clotting,  if  promptly  taken;  and  the  bulb  portion 
enables  one  to  procure  a  fixed  dilution.  The  principle 
of  tliis  mixer  is  best  unrlerstood  by  reference  to  the 
diagram  shown  herewith  (Fig.  755). 

Suppose  the  fluid  to  be  diluted  were  wine  or  some 
non-coagulable  fluid.  Then  we  should  pour  the  wine 
into  the  receiver,  as  shown  in  the  diagram,  up  to  the 
mark  1,  and  the  diluting  fluid  up  to' the  mark  100. 


This  would  bo  1  to  100.  Were  we  to  pour  the  wine  up 
to  the  .5  mark  only  (or  i  of  1),  and  the  diluting  fluid 
up  to  100,  we  shoukl  have  half  as  much  wine  as  before 
to  the  same  amount  of  diluting  fluid,  or  in  the  pro- 
portion of  1  to  200.  Half  till-  fluid  to  be  diluted  with 
the  same  amount  of  diluting  fluid  has  the  same  result 
as  doubhng  the  amount  of  tlie  latter. 

Now  blood  cannot  be  poured  in  this  way.  An 
instrument  must  therefore  be  devi.sed  by  which  the 
blood  can  be  taken  free  from  clotting.  Our  receiver, 
therefore,  is  converted  into  a  capillary  tube  and  our 
pouring  is  replaced  by  suction.  That  portion  of  the 
receiver  marked  off  as  1  is  converted  into  the  pipette, 
and  that  portion  of  the  receiver  marked  off  as  100  is 
converted  into  the  bulb.  We  now  have  an  instrument 
by  which  a  definite  quantity  of  blood  can  be  drawn 
up  together  with  a  definite  quantity  of  diluting  fluid. 
This  instrument,  when  full,  represents  101  of  blood 
and  diluting  fluid,  or  1  of  blood  to  100  of  diluting  fluid. 
If  the  blood  be  drawn  to  the  .5  or  h  mark  and  the 
diluting  fluid  to  the  100  mark  we  have  1  to  200. 

The  Thoma  and  Zeiss  apparatus  is  occasionally  pro- 
vided with  two  mixers  simUar  in  all  respects  except 
that  one  is  larger  than  the  other;  one  for  counting  the 
white  ceOs,  the  larger  one;  and  one  for  counting  the 
red  cells,  the  smaller  one.  That  for  counting  the  red 
cells  is  all  that  is  necessarj-,  and,  as  wDl  be  seen  later, 
is  preferable  to  two  separate  proceedings. 

The  diluting  fluids,  at  first  so  complicated,  have 
been  much  simplified.  The  object  has  been  to  obtain 
a  medium  as  nearly  as  possible  like  that  in  which  the 
corpuscles  normall)'  float. 

Diluting  Fluids:  (1)  Normal,  better  named  physio- 
logical, salt  solution.*  (2)  Acetic  acid  1  in  300  de- 
stroys the  red  cells  and  accentuates  the  nuclei  of  the 
white,  and  is  therefore  valuable  in  counting  the  white 
cells  alone.  (3)  Bj'  using  a  basic  stain  together  with 
the  preservative  salts  the  results  obtained  separately 
b}'  the  other  fluids  are  combined.  The  most  satis- 
factory of  these  is  the  Toison  solution. 

Formula, 

I  Sodium  chloride.  ..  .  1.000  gin. 

1  Sodium  sulphate.  8.000  gni. 

f  Glycerin 30 .  000  c.c. 

I  Water 160.000  c.c. 

-Methyl  violet 0 .  025  gni. 


In  the  preparation  of  this  solution  it  is  advisable 
first  to  mi.x  the  sodium  chloride  and  sodium  sulphate 
thoroughly,  and  then  to  add  these  to  the  glycerin  and 
water — the  methyl  violet  being  added  last.  The 
brackets  in  the  above  formula  show  these  steps  in  the 
preparation. 

This  solution  must  be  kept  in  the  dark  and  must  be 
filtered  from  time  to  time  as  it  lo.scs  its  color  and 
develops  a  fungus  growth  which  seriouslj-  plugs  the 
pipette,  and  appears  in  the  specimen  as  debris.  No 
count  made  when  such  detritus  is  present  is  reliable. 
The  solution  preserves  the  red  cells  and  by  means  of 
the  methyl  violet  stains  the  white  cells  a  light  purple, 
making  the  latter  readUy  distinguishable  and  enabling 
one  to  make  the  count  of  both  red  and  white  cells  in 
one  process. 

Principle  of  the  Counting  Well. — Having  thus  an  ap- 
paratus for  taking  a  fixed  quantity  of  blood  with  a 
fixed  ciuantit}'  of  diluting  fluid,  we  must  ne.xt  have  a 
means  of  counting  the  corpuscles.  For  this  a  glass 
sUde  is  constructed,  with  a  well  in  the  center  of  known 
dimensions.  It  must  be  remembered  that  each  of  the 
various  parts  of  this  apparatus  described  has  been  con- 
structed to  overcome  an  obstacle.  B}-  diluting  the 
drop  in  a  mi.xer  the  clotting  was  overcome  and  the 
number  of  corpuscles  reduced  to  a  countable  figure. 

*  Normal  in  chemistrj'  indicates  a  solution  containing  the  sum  of 
the  atomic  weight  of  the  salt  employetl  in  gram.^  to  1 ,000  c.c.  of  di.s- 
tilled  water.  As  this  is  not  the  case  with  so-called  normal  salt 
solution,  the  term  is  misapplied.  Physiological  salt  solution  is, 
roughly,  NaCl  3j.  to  the  Oj.  distilled  water. 
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The  well  which  vre  are  about  to  describe  (1)  reduces 
the  cubic  millimeter  to  a  depth  through  which  it  is 
possible  to  see  each  corpuscle  separately  (a  cubic 
millimeter  of  blood  and  fluid  to  the  dilution  of  200 
times  would  be  so  thick  and  contain  so  many  cor- 
puscles that  the  task  would  be  beyond  human  skill); 
(2)  maps  out  that  area  so  that  the  eye  can  find,  as 
it  were,  the  longitude  and  latitude  of  any  point  in 
the  sea  of  corpuscles. 


Fig.  756. — .\  Cube  Representative  of  the  Amount  of  Blood 
from  Which  Corpuscle  Enumeration  is  Made.  The  block  repre- 
sents 1  c.nun. 

To  what  fraction  of  a  cubic  miUimeter  is  it  neces- 
sary to  reduce  this  (cubic  miUimeter  of)  known  dilu- 
tion of  blood  in  order  to  make  it  possible  to  see  and 
count  each  corpuscle?  This  fraction  is  found  to  be 
one-tenth  of  a  cubic  mUhmeter  in  1  to  100  or  1  to  200 
dilution  of  blood. 

The  illustration  (Fig.  756)  represents  a  millimeter 
cube.  If  this  consisted  of  blood,  the  depth  would  be 
too  great  for  the  human  eye  to  penetrate  and  would 
contain  so  many  corpuscles  as  to  be  beyond  human 


Fig.  757. 

skill  to  enumerate.  We  therefore  retain  two  dimen- 
sions of  the  cube,  but  take  onlj-  one-tenth  of  the 
depth.  This  layer  of  blood  is  therefore  one-tenth  of 
a  cubic  miUimeter  in  a  1  to  100  or  1  to  200  dilution 
(see  Fig.  757). 

The  counting  stage,  to  fulfU  these  requirements, 
must  be  constructed  as  foUows:  The  bottom  of  the 
well  upon  wliich  the  corpuscles  rest  must  be  laid  off 
with   a  square  whose  dimensions  are  one  millimeter 
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each  way,  and  the  weU  must  be  one-tenth  of  a  milli- 
meter in  depth.  The  iUustration  (Fig.  758)  shows  the 
full  face  view  of  the  counting  sta^e.  In  the  center  is 
seen  the  bottom  of  the  well  with  a  square  laid  off 
measuring  one  millimeter  each  way. 

•  The  second  iUustration  (Fig.  759)  shows  the  profile 
of  this  stage  with  the  co\er  shp  in  place.  The 
rneasurement  from  the  imder  surface  of  the  cover  slip 
to  the  bottom  of  the  weU  is  exactly  0.1  millimeter. 

When,  therefore,  a  drop  of  the  diluted  blood  is 
placed  in  tliis  weU  and  the  cover  sUp  is  in  place,  those 
corpuscles  which  we  see  contained  within  the  square, 
the  dimensions  of  wliich  are  1  miUimeter  each  way 
and  0.1  miUimeter  in  depth,  are  the  contents  of  a  cube 
of  diluted  blood  measuring  j\  of  a  cubic  miUimeter.* 

Principle  of  the  Ruling  of  the  Counting  Well. — We 
now  turn  to  the  marking  out  of  a  miUimeter  square 
wliich  is  to  render  it  navigable.  Here,  as  before, 
an  obstacle  is  to  be  overcome,  viz.,  the  inability  of 
the  human  eye  to  keep  its  bearings  when  viewing 
several  thousands  of  corpuscles. 

The  first  subdi\-ision  of  this  area  (as  first  done  by 
Xachet  and  Hayem  on  the  eye-piece  and  by  Cowers 
on  the  stage)  is  into  sixteen  squares.  But  even  this 
does  not  overcome  the  difficulty,  and  it  is  necessary 
stiU  further  to  subdivide  each  one  of  these  into 
twenty-five  squares  (Fig.  760).  It  now  becomes 
necessary  to  estabUsh  some  boundary  mark  for  these 
sixteen  large  squares,  each  consisting  of  twenty-five 
smaU  squares.     Tliis  is  done  by  bounding  each  of  the 


0.100  mm. 
1 


400 


q.  mm. 


Fig.  758. — Full-Face  View  of  Counting  Stage.  (Drawn  by 
Dr.  E.  Dunning.)  [0.100  mm.  =  depth— A  of  a  miUimeter;  jj, 
q.mm.  (German  quadrat,  squar.^y  =  smallest  square  which  mea- 
sures ^  of  a  square  millimeter  (25 X  16  =400) .] 

sixteen  squares  on  two  sides  with  double  hnes.  Xow 
we  can  readily  count  the  corpuscles  in  one  of  the 
large  squares  wliich  is  bounded  on  two  sides  bj'  the 
double  lines,  and  realize  that  this  represents  one  si.x- 
teenth  of  the  field;  or  in  one  of  the  smaU  squares, 
and  realize  that  tliis  represents  ^j'^  of  ^V-  or  (16x25  = 
400),  ^j^^  of  the  whole  milUmeter  square.  On  the 
glass  shde  (Fig.  758)  wiU  be  noticed  the  figures  0.100 

*  These  microscopic  dimensions,  but  for  the  present  simple 
method  of  construction,  would  render  this  instrument  in  the 
making  a  very  costly  and  deUcate  affair.  In  the  manufacture  of 
this  counting  well  a  glass  slide  similar  in  length  and  breadth,  but 
a  little  thicker  than  that  employed  for  general  microscopic  work, 
is  used.  Upon  a  round  block  of  glass  the  miUimeter  square  is 
cut  or  pressed.  This  block  of  glass  is  cemented  to  the  center  of 
the  glass  slide  and  forms  the  bottom  of  the  counting  well.  Another 
piece  of  glass,  like  a  thick  cover-glass  but  with  a  round  hole  cut 
in  the  center,  is  cemented  upon  the  sUde,  so  that  the  block  of  glass 
already  in  place  occupies,  but  does  not  exactly  fit,  the  hole. 
The  difference  in  measurement,  from  above  down,  betrt-een  the 
upper  surface  of  the  round  block  of  glass  and  the  upper  surface 
of  the  glass  with  the  hole  through  it  is  just  0.1  millimeter.  Thua 
the  well  with  a  miUimeter  square  marked  at  the  bottom  and  0.1 
miUimeter  in  depth  is  formed.  The  fact  that  the  block  of  glass 
does  not  completely  fil'  the  hole  in  the  outer  piece  of  glass  explains 
why  there  is  left  about  it  a  groove  into  which  the  blood  flows,  if 
more  than  is  required  exactly  to  cover  the  block  of  glass  is  blown 
into  the  weU.  This  seems  an  objection,  as  currents  are  thus 
produced  aUowing  many  corpuscles  to  flow  out  of  the  mapped  area. 
There  seems  no  good  reason  for  the  presence  of  this  groove  except 
possibly  that  it  obWates  the  additional  expense  of  making  the 
block  of  glass  exactl>^  fit  the  hole. 
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iiiilliinetcr,  referring  to  the  deptli,  which  is  oiie-tonth 
of  a  inilliiiieti'r;  also  ^j Jj  square  iiiiniiiieter,  referring 
to  the  smallest  squares,  each  one  of  whicli  measures 
:fj,v  square   millimeter    (;'.  of  ,V,  =  400).      (Fig.  7G0.) 

Once  these  mathematical  facts  are  clearly  under- 
stood, one  may  count  in  many  dilferent  ways.  One 
small  square  may  he  counted,  and  the  result  multi- 
jilicd  by  400;  or  25  small  squares,  and  the  result 
multiplied  by  10.  The  best  method,  however,  will  be 
gi\en  in  the  following  description  of  the  usi;  of  the 
apparatus. 

Now  that  we  understand  the  principle  of  the 
apparatus,  let  us  proceed  to  its  use: 


J_ 


Fic. 


-Profile 


\lew  of  Counting  Stage 
Dunning.) 


(Drawn  by  Dr.  E. 


In  order  to  obtain  the  blood  the  ear  is  punctured  as 
for  a  fresh  specimen,  and  the  tip  of  the  capillary  tube 
inserted  into  the  drop  and  retained  tnere  while 
ijenlle  suction  is  exerted,  and  the  blood  drawn  either 
to  the  1  mark,  or  the  .5  or  4  mark,  as  shown  in 
Fig.  761.  The  latter  is  preferable,  for  the  following 
reasons:  (1)  Less  blood.  (2)  Difficidt  to  stop  sharply 
at  the  1  mark  without  the  blood  passing  on  into 
the  bowl  and  necessitating  cleaning  the  instrument 
and  beginning  again.  In  using  the  ..5  mark,  if  the 
blood  pass  the  mark  it  may  be  soaked  off  the  tip 
of  the  pipette  witli  linen  or  blotting  paper  until  the 
column  stands  opposite  the  .5  mark — cleaning,  etc., 
not  being  necessary. 
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FlQ.    760. — Subdivisions   of  Counting  Field  of  Thoma  and  Zeiss 
.Apparatus.      CI  sq.mm.-,",  sq.mm.-jj,  (25X10)  sq.mm.) 

As  promptly  as  possible,  to  avoid  clotting,  the 
pipette  is  submerged  into  the  diluting  fluid;  and  then, 
but  not  till  then,  suction  is  again  made  until  the  fluid 
stands  opposite  the  101  mark  (Fig.  702).  Suction 
must  be  gentle  throughout,  and  especially  so  as  the 
fluid  is  approaching  the  101  mark,  as  it  readily  pops 
into  the  rubber  tubing.  The  tip  of  the  pipette  must 
(ilwai/s  be  imnieraed  in  the  fluid  being  sucked  up, 
whether  it  be  blood  or  diluting  fluid,  otherwise  air 
enters  the  pipette  and  destroys  the  specimen. 

Directly  the  diluting  fluid  has  reached  the  100 
mark  the  finger  is  placed  on  the  tip  of  the  pipette  and 
the  whole  shaken  in  order  that  the  corpuscles  may, 


by  the  aid  of  the  small  glass  ball  in  the  bulb  portion 
of  the  mi.xer,  be  thoroughly  mi.Ked  with  the  diluting 
fluicl  (Fig.  70:i).  As  the  pipette  contains  the  diluting 
luscles,  this  must  be  emptied;  and  to 


fluid  and  no  corpi: 


Fig.  761. — .Shows  Method  ut  Drawing  Blood  i[ito  MLxer.     Dilut- 
ing fluid  near  at  hand. 

be  certain  that  this  is  done  the  bulb  of  the  mixer  is 
emptied  one-third  by  blowing  the  fluid  out.  The 
diluting  fluid  should  be  allowed  to  act  upon  the  blood 
in  the  mixer  for  five  or  ten  minutes  before  the  drop 
for  counting  is  taken  from  the  mixer. 

If  the  blood  is  not  to  be  counted  at  once  or  to  be 
carried  to  the 
laboratory  some 
distance  away,  a 
thick  rubber 
band  should  be 
placed  over  the 
openings  of  the 
mixer,  otherwise 
the  blood  will 
leak  out  and  de- 
stroy the  accur- 
acy of  the  speci- 
men. The  tip  of 
the  capillary  end 
of  the  mi.Ker  is 
very  sharp  and 
will  at  times 
pierce  the  rubljer 
band  and  allow 
the  blood  to  leak. 
Tw'O  bands  one 
on  top  of  the 
other  or  one  not 
too  tight  will  ob- 
viate this. 

The  counting 
stage  is  now  em- 
ployed.  This 
stage  and  the 
cover    slip    must 

be  free  from  dust  Fig.  762.— Thoma  and  Zeiss  Corpusek- 
particles.  The  Counting  .\pparatus.  Drawing  diluting 
latter  (the  cover  fluid  into  mi.xer.  The  blood  has  already 
slip),      grasped    been  drawn  in. 
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with  the  clamp  forceps,  is  placed  conveniently  at 
hand.  A  thick  cover  sUp  with  accurately  level 
surfaces,  to  prevent  bending,  is  provided  with  the 
apparatus;  but  as  this  interferes  with  the  use  of 
the  high-power  lens,  it  is  an  objection.  An  ordinary 
cover  slip  may  be  used,  if  care  is  taken  not  to  press 
down  upon  it  vriiii  the  objective.  From  the  mixer 
a  drop  is  blown  on  to  the  central  raised  table  of  the 


Fig.  7t>3. — Position  of  Hands  xa  Shaking  Mixer. 

counting  well  (Fig.  764).  The  drop  should  not  (1) 
flow  into  the  well,  (2)  or  contain  air  bubbles,  or 
(3)  particles  of  dirt.  The  cover  shp  is  lowered  until 
the  fluid  touches  it,  then  the  forceps  is  opened  and 
withdrawn  with  a  jerk  as  in  laying  the  cover  sUps 
for  fresh  specimen  (see  Fig.  748).  Air  bubbles  may 
be  avoided  by  obser\-ing  the  foregoing  precautions. 

By  holding  the  slide  up  to  the  light  oti  a  level  with 
the  eye  and  making  pressure  with  the  point  of  the  for- 
ceps upon  the  cover  shp,  a  series  of  varicolored  con- 
centric rings  wiU  be  seen  about  the  point  of  the  forceps 
■where  it  touches  the  glass.  These  are  the  Xewton's 
rings,  which  are  seen  onlj-  when  two  pieces  of  glass 
are  in  perfect  apposition,  i.e.  when  there  are  no  dust 
particles,  etc.,  between  them.  The  presence  of  these 
rings  is  therefore  an  e^■idence  that  the  glasses  are  per- 


FiG.  764. — Blowing  Drop  from  Mixer  on  to  Stage. 

fectly  clean.  Two  to  three  minutes  are  now  allowed 
for  the  corpuscles  to  sink  through  the  depth  of  one- 
tenth  of  a  miUimeter  and  rest  on  the  mapped-out 
bottom  of  the  well.  By  at  once  obser^•ing  the  slide 
under  the  microscope  this  sinking  process  may  be  seen. 
We  are  now  ready  to  count;  the  lowest-power  lens  of 
the  Leitz  or  Zeiss  microscope  may  be  used.  This 
takes  in  its  field  of  ^■ision  the  whole  counting  area,  but 
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magnifies  the  corpuscles  so  shghtly  that  the  strain 
upon  the  ej-e  is  great  (see  Plate  XIII.,  Fig.  2).  The 
7  or  9  objective  of  the  Leitz  takes  in  only  J;  of  the 
counting  area,  but  does  not  strain  the  eye,  and  is 
therefore  preferable,  as  with  little  practice  the  stage 
maj'  be  gradually  moved  until  the  whole  area  has 
been  examined  (see  Plate  XIII.,  Fig.  4).  As  the 
proportion  of  white  corpuscles  to  red  is  about  1  to 
700,  there  will  be  in  a  given  area  much  fewer  white 
corpuscles  than  red;  and  in  the  one-tenth  of  a  cubic 
millimeter  there  will  be  about  3  white  cells  to  about 
2.100  red  cells.  The  task,  therefore,  of  picking  out 
three  white  cells  in  an  entire  field  will  be  a  simple  one; 
while  it  is  more  practicable  to  count  only  a  fraction 
of  the  field  containing  2.100  red  ceUs,  and  then  com- 
pute the  total  by  mulliph'ing  the  number  counted  by 
the  fraction  adopted  (see  Plate  XIII.,  Figs.  2-4). 
The  following  are  the  steps  to  be  taken  in  counting 
the  red  and  the  white  cells: 

3.  ExriiERATiox  OF  THE  White  Blood  Cohpcs- 
CLEs. — (1)  Count  cells  contained  in  entire  field,  i.e. 
16  squares  =  ^^r  of  a  cubic  millimeter;  (2)  multiply 
by  1()  to  make  the  1  cubic  miUimeter;  (3)  multiply  by 
100  or  200,  according  as  the  dilution  has  been  made. 


Fig.  765. — The   .\itow5   Indicate   the   Routes    to  be  taken  in 
Counting  the  Entire  Field  and  One-sixteenth  of  the  Entire  Field. 


4.    EXUMERATIOX     OF     THE     ReD      BlOOD     CoRPrS- 

CLES. — (1)  Count  4  squares,  each  consisting  of  25 
of  the  smaller  squares:  4  squares  out  of  16  =  i\  or  i 
of  the  whole  ,'o  of  a  cubic  millimeter;  (2)  this  number 
multiphed  by  4  gives  the  number  contained  in  the 
y^T  of  a  cubic  miUtmeter;  (3)  multiply  bj-  10  and  by 
100  or  200  as  before. 

Xow  it  must  be  remembered  that  every  time  we 
count  a  fresh  drop  from  the  mixer  we  decrease  the 
range  of  error;  so  {remembering  to  shahe  the  viixer  well 
each  time,  as  the  corpuscles  settle  rapidly  in  the  bulb) 
suppose  in  counting  the  white  cells  we  take  from  the 
mixer  5  separate  drops  and  count  each  upon  the  count- 
ing stage.  .A.n  average  of  the  result,  obtained  by 
dividing  by  5,  gives  us  the  number  of  wliite  cells 
contained  in  ^  of  a  cubic  millimeter.  Tliis  average 
multiplied  bj-  10  and  100  or  200,  as  before,  will  be  a 
more  accurate  figure  than  that  arrived  at  by  counting 
one  drop  only. 

Suppose  in  estimating  the  red  cells  we  take  from 
the  mixer  and  count  two  separate  drops,  counting  in 
the  first  drop  the  foiu-  corner  squares  (Squares  Nos. 
1,  4,  13,  and  16  in  Fig.  760),  i.e.  j\  of  the  whole  field; 
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then  in  the  second  drop  the  samo  four  corner  squares, 
i.e.  A  ^^1^° — °'""  ''^^'°  POi"it''<  eoinl)ined  will  represent 
,<,  ori  of  the  field;  this  nuiltiplieil  \)y  2  represents  the 
whole" field,  i.e.  t^r  of  a  cubie  niillinieter.  This  multi- 
plied by  10  and  by  100  or  200,  aeeording  to  dilution, 
Hives  the  number  of  red  cells  in  a  cubic  millimeter  of 
undiluted  blood.  These  calculations  may  be  ex- 
pressed as  follows: 

White  Cclh:  £L±k+°  t±h«  X  10  X  (100  or  200)  =x; 
o 
a,  b,  c,  d,  and  e  being  the  counts  of  separate  drops 
tak(!n  from  mixer;  5  tlie  average  number;  10  for  the 
,V  of  a  cubic  millimeter;  100  or  200,  amount  of  dilu- 
tion; X  the  number  of  corpuscles  in  cubic  milhmeters 
of  undiluted  blood. 

((Sopar.itedrop)        (Separate  drop  ) 
(a  +  b  +  c  +  d)  -Ka  +  b  +  c  +  d)  X  2\ 
(i  of  field)       +       (J  of  field)  =  i  of  field/ 

X  10  X  (100  or  200)  =x;  a,  b,  c,  d,  each  the  number  of 
corpuscles  in  ■•;  of  field,  therefore  together  equal  ,■',1 
or  I  of  field;  plus  second  count  obtained  from  another 
.Irop  from  mixer  etpials  i  of  field;  and  multiplied  by 
2  e()uals  whole  field. 

One-sixteenth  of  the  field  can  be  readily  counted  by 
counting  inside  the  double  lines  up  and  down,  as  in 
mowing  a  field,  and  then  counting  along  two  sides  in 
the  double  lines.  The  route  for  counting  in  this  way 
is  shown  by  the  arrows  in  the  upper  right-hand  corner 
of  Fig.  765.  For  counting  the  entire  field  the  arrows 
in  the  whole  field  of  Fig.  765  mark  the  route.  This 
method  will  be  found  to  save  much  time. 

In  order  to  avoid  recounting  corpuscles  on  the  line, 
and  to  decide  to  which  square  these  corpuscles  belong, 
the  following  rule  will  be  found  valuable.  Count  only 
those  corpuscles  on  the  left  line  of  the  column  down 

which  ypil  are 
counting,  and  in 
the^!;;  sr|uare  count 
only  those  corpus- 
cles which  lie  on 
the  double-line 
boundary  of  the 
square. 

With  practice  a 
blood  count  can 
be  made  in  from 
fifteen  to  twenty 
minutes,  unless  the 
blootl  be  from  a 
ease  of  marked 
leucocytosis  o  r 
grave  anemia  in 
w'hich  one  wishes 
an  extremely  ac- 
curate count. 

Cleaning  the  Ap- 
paratus. —  The 
Thoma  and  Zeiss 
ajiparatus  has  re- 
ceived much  con- 
demnation from 
Fig.  766.— Cleaning  Mixer.     Rul.ber  tube     the_  difficulty     ex- 

on  pipette  end  of  niLxer.  pericnced  in  clean- 

ing it.  By  strictly 
observing  the  following  rules,  this  difficulty  will  be 
almost  wholly  overcome. 

(1)  If  by  accident  the  blood  is  drawn  into  the  bulb 
before  being  mixed  with  the  diluting  fluid,  immedi- 
ately draw  up  distilled  water  and  proceed  to  clean  as 
given  below.  Do  not  use  alcohol  until  all  trace  of  blood 
has  been  removed. 

(2)  Do  not  draw  the  blood  into  the  pipette  until  the 
bottle  holding  the  diluting  fluid  is  at  hand  and  the  cork 
out  of  the  bottle  (^ec  Fig.  7()1). 

(3)  See  that  the  diluting  fluid  contains  no  flakes  or 
fungus  growth;  if  these  be  present,  filter  the  fluid 
before  using. 


(4)  Dry  the  mixer  by  drawing  up  ether  and  blowing 
it  out. 

(5)  See  that  the  rubber  tube  is  free  from  sahva  and 
foreign  material  frcun  the  mouth.  It  is  well  to  do  this 
from  time  to  time,  wliile  using  the  apparatus,  by 
detaching  the  tube  from  the  mixer  and  blowing  it 
out  and  then  passing  distilled  water  through  it. 
Suppose  these  precautions  to  have  been  taken  and 
the  diluted  specimen  to  be  in  the  bulb  and  our  count 
completed;  we  then  proceed  to  clean  the  mixer. 

(6)  Remove  the  rubber  tube,  blow  out  the  saliva, 
etc.,  which  may  have  collected  (see  (5),  above). 
Attach  the  tube  to  the  pipellc  end  of  the  mixer  and 
blow  out  the  contents  of  the  bulb  (Fig.  766). 

(7)  Rc|)lace  the  rubber  tube  on  the  large  end  of  the 
mixer  and  draw  distilled  water  into  the  bulb.  Shake 
the  mixer  well  and  blow  this  water  out  by  reversing 
the  tube  as  recommended  in  (6),  each  time  blowing 
the  rubber  tube  free  of  saliva. 

(8)  With  the  tube  on  the  big  end  of  the  mixer  draw 
up  ninety-five  per  cent,  alcohol.  With  tube  on 
piljette  end  blow  this  out.  This  removes  the  stain. 
If  the  glass  is  not  entirely  freed  from  stain,  repeat 
until  desired  result  is  obtained. 

(9)  With  the  tube  on  the  big  end  of  mixer  draw  in 
ether,  and  then  {without  reversing  tube)  blow  the  ether 
out  through  the  pipette.  This  shows  that  the  whole 
apparatus  is  clear  and  ready  for  use  next  time. 

If  epithelium  or  mucus  from  the  mouth,  etc.,  gets 
into  the  bulli,  it  is  best  removed  by  drawing  undiluted 
hydrochloric  acid  up  and  then  introducing  an  especial 
niake  of  wire  which  the  writer  has  suggested  to  Messrs. 
Eimer  &  Amend  to  procure.  It  is  known  in  commerce 
as  "stiff  brass  wire,  B.  &  S.  (Brown  &  Sharp),  No.  31 
gauge,"  and  has  the  advantage  of  being  very  fine  but 
very  stiff,  and  can  be  run  the  whole  length  of  the  Thoma 
and  Zeiss  mixer.  With  this  wire,  and  most  decidedltj 
with  all  other  wires,  one  must  be  careful  to  have  no 
kinks,  as  these  may  break,  leaving  the  wire  in  the 
mixer — an  awkward  accident. 

R.  Friedliinder  of  Wiesbaden^  has  described  an  in- 
strument, devised  by  himself,  for  countiSg  leucocytes. 
He  was  led  to  the  construction  of  this  instrument  by 
a  sense  of  inaccuracy  while  using  the  Thoma  and  Zeiss 
counter.  His  objections  to  the  latter  instrument 
were,  first,  too  considerable  a  dilution  and  therefore 
too  few  white  cells  from  which  to  estimate;  second, 
the  calculations  necessary  with  the  Thoma  and  Zeiss 
instrument  are  so  extensive  that  a  small  variation  in 
the  number  upon  which  these  calculations  are  based 
means  an  error  of  many  thousands.  Freidliinder  con- 
firmed these  objections  by  obtaining  different  results 
in  a  number  of  counts  of  blood  taken  from  the  same 
individual  on  a  single  occasion.  In  order  to  overcome 
these  objections  Friedliinder  had  Zeiss  construct  the 
following  apparatus: 

A  pipette  similar  to  that  employed  in  the  Thoma 
and  Zeiss  apparatus — dilution  1  in  10  or  1  in  20;  a 
counting  chamber  0.222  millimeter  deep  X  0.3  milli- 
meter square,  with  the  floor  divided  into  squares 
— 16x16  =  256  squares  in  all.  The  double  ruling  is 
omitted;  a  mechanical  stage  is  employed. 

In  order,  by  this  method,  to  arrive  at  a  figure  ex- 
pressive of  the  number  of  leucocytes  in  a  cubic  milli- 
meter, the  following  formula  is  employed: 

AXZ 

MxQ 

A  =  amount  of  dilution. 

Z  =n>nnber  of  leucocj-tes  found  in  these  sections. 
M  =  number  of  sections  observed. 
Q  =  tlie  cubic  area  between  the  floor  of  the  counting 
stage  and  the  cover  slip— t.e.  0.09x0.22  =  0.0198. 

Example:  Suppose     192     Sf|uares     to     have     been 
counted  and  1,522  leucocj'tes  found;  dilution  1  to  20. 
OQ  X  1  590 
T92-X 0:0198  =  ^'°°^  leucocytes  in  1  c.mm. 
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(Note  :  There  is  a  mistake  in  Friedla  nder's  formula; 
1,0198  should  be  read  as  above,  0.019S.) 

As  diluting  fluid  he  employs  one-per-eent.  salt  solu- 
tion tinged  with  gentian  \iolet  to  wliich  is  added  one- 
third-per-cent.  acetic  acid.  Thus  the  red  cells  are  de- 
stro}-ed  by  the  acetic  acid  and  the  nuclei  of  the  white 
cells  intensified,  and  at  the  same  time  the  cell  is  stained 
by  the  gentian  violet. 

The  writer  has  had  no  experience  with  this  instru- 
ment. If  the  steps  as  laid  down  in  describing  the 
Thoma  and  Zeiss  instrument  are  followed  the  results 
should  be  as  accurate. 

As  a  clinical  instrument  Friedlander's  would  seem  to 
be  objectionable  if  for  accuracy  it  is  necessary  to 
count  a  thousand  or  more  cells.  Unless  we  can  arrive 
at  accurate  results  by  simple  methods  an  apparatus 
loses  its  clinical  value. 

A  number  of  counting  chambers  have  been  devised. 
These  differ  chieflj'  in  respect  of  the  size  of  their 
rulings;  the  larger  ones  being  given  the  preference  in 
order  to  minimize  the  possibility  of  error.  The  follow- 
ing are  some  of  these:  counting  chamber  of  Zappert, 
counting  chamber  of  Gabritschewsky,  counting 
chamber  of  Miessen. 

Corpuscle  Enumeration  by  Means  of  the  Centrifuge. — 
\\"e  now  approach  the  task  of  corpuscle  enumeration 
from  a  different  point  of  view.  As  the  corpuscles  are 
particles  floating  in  a  fluid,  we  should  be  able  to  pre- 
cipitate these  and  measure  the  precipitate.  If,  as  is 
the  case  in  anemia,  the  corpuscles  are  few,  our  sedi- 


By  taking  a  fixed  quantity  of  blood  and  subjecting 
it  to  a  fixed  number  of  revolutions  for  a  fixed  time, 
and  by  noting  and  marking  the  height  of  the  column 
of  corpuscles  in  the  tube  filled  with  blood  from  healthy 
indi\-iduals,  a  normal  standard  is  determined.  Devia- 
tions from  this  standard  may  be  taken  to  indicate  an 
increase  or  a  decrease  in  the  number  of  red  cells. 


Fig. 


768. — The  Daland  Hematocrit.     (From  Simon's  "Clinical 
Diagnosis.") 


Fig.  767. — Hedin's  Hematocrit.     (From  von  Jacksh's  "Clinical 
Diagnosis.") 

ment  should  be  less  than  in  the  normal.  The  task, 
then,  is  to  throw  these  corpuscles  down.  This  is  done 
by  the  use  of  the  centrifuge.  This  machine  was 
employed  at  first  to  obtain  serum,  and  its  use  for 
the  latter  purpo.se  suggested  its  apphcation  as  a 
corpuscle  enumerator. 

Principle. — When  blood  is  placed  in  the  tube  of  a 
centrifuge  and  the  apparatus  rotated,  the  corpuscles 
collect  as  a  red  mass  at  the  distal  end  of  the  tube  and 
the  serum  as  a  colorless,  semitransparent  hquid  at  the 
proximal  end. 


Bj-  counting  the  blood  corpuscles  with  the  Thoma 
and  Zeiss  instrument  at  the  same  time  that  the  blood 
is  subjected  to  the  centrifuge,  markings  to  express  this 
count  may  be  made  upon  the  glass  tube  containing 
the  column  of  corpuscles. 

The  instrument  for  this  method  of  counting  is 
known  as  the  hematocrit  (df-a,  blood;  Kplrrjs,  a  sepa- 
rator or  discerner),  blood  separator.  Hedin's  instru- 
ment was  among  the  first  devised  for  this  purpose 
(Fig.  767). 

In  using  this  instrument  the  blood  is  sucked  into  a 
capillary  tube  together  with  a  2.5  per  cent,  bichromate 
of  potassium  solution  or  MiiUer's*  fluid,  to  prevent 
clotting,  and  the  tube  placed  in  the  hmb  of  the  centri- 
fuge. The  wheel  is  then  revolved  for  a  fixed  time  at  a 
fixed  number  of  revolutions  (fifty  to  seventy  seconds 
with  the  instrument  here  represented),  when  the  red 
corpuscles  will  be  found  arranged  as  a  sediment  at  the 
distal  extremity  of  the  tube,  with  a  layer  of  white 
cells  next,  and  above  the  wliite  cells,  again,  the  dilut- 
ing fluid  and  serum.  This  instrument  has  been 
simplified  very  much  by  Judson  Daland  of  Philadel- 
phia, working  in  von  Jaksch's  clinic  (Fig.  769).  By 
comparing  the  cuts  (Figs.  767,  768)  it  will  be  observed 

•  MuUer's  fluid:  Potassium  bichromate,  2.3:  sodium  sulphate, 
1.0;  distilled  water,  100. 
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liow  iinifh  .siini)lpr  the  latter  i.s,  the  principle  in  both, 
iiDwever.  being  tlie  same. 

An  instrument  (as  .sliowii  in  Fig.  770)  is  now  upon 
tlio  market  for  the  attachment  of  tubes  for  testing 
1)1(1(1(1.  urine,  or  milk.  In  using  the  Oaland  insli-u- 
meiit  no  preservative  Ihiid  (bichromate  of  potassium  or 
Aluller'.s  lluii-1)  is  emph)}'eJ — a  ([uestionable  omission. 


Fig.  769. — Daland's  Hematocrit.  I,  Tho  cent(  ifiige  witli  cross 
piece  coiitiiiriiiig  capillary  graduated  tubes  in  place;  2,  capillary 
Kiaduated  tube  (inagnilie(i)  coutaining  blood.  (From  Simoa's 
'■  Clinical  Diagno.sis.") 

The  instrument  is  operated  as  follows:  A  large  punc- 
ture is  made  in  the  lobe  of  the  ear  in  the  usual  way.  A 
rubber  tube  is  attached  to  the  capillary  tube  and  blood 
sucked  up,  7(iorc  tluiH  is  required  to  Jill  the  tube.  The  in- 
de.x-linger  (with  a  little  vasehne  to  prevent  blood  from 
adhering  to  it)  is  placed  on  the  far  end  of  the  capillary 
tube  to  prevent  the  blood  from  escaping,  and  the 
rublier  tulje  is  removed.  The  excess  of  blood  is  wiped 
away  from  the  end  to  which  the  rubber  tubing  was 
attached.  The  capillary  tube  is  now  placed  in  one 
arm  of  the  machine  and  aa  empty  tube  to  balance 
placed  in  the  opposite  arm;  then  the  handle  of  the 
instrument  is  revolved  for  two  or  three  minutes.  These 
instruments  differ  in  the  number  of  revolutions  which 
they  make,  and  each  instrument  should  be  tested  to 
ascertain  how  many  times  it  is  necessary  to  turn  the 
large  handle  in  order  to  throw  dow^n  the  corpuscles  so 
completely  that  no  further  revolving  influences  them. 
It  is  therefore  impossible  to  give  any  general  rule  for 
the  number  of  revolutions  necessary  beyond  saying 
that  about  4,000  revolutions  of  the  cross-bar  to  the 
minute  should  be  the  basis  upon  which  to  calculate. 
Hy  noting  the  number  of  revolutions  made  by  the 
cro.s.s-bar  to  every  single  revolution  of  the  handle  this 
calculation  can  be  readily  made  for  each  machine.  The 
test,  however,  as  stated  above,  is  the  complete  ])reeip- 
itation  of  tlie  corpuscles.  The  capillary  tube  is  then 
removed  and  the  column  of  corpuscles  noted,  the 
count  being  according  to  the  figures  2,  3,  4,  5,  6,  etc., 


in  millions  opposite  which  the  top  of  the  column  is 
found  to  be.      (Sec  Fig.  769.) 

The  late  Dr.  J.  Metcalfe  Folk,  working  in  the  clinn'al 
laboratorv  at  the  Cornell  University  ,\l(Klical  School, 
made  for  the  writer  .systematic  ob.servations  upon  tlie 
h'lnatocrit,  and  coinijarc'd  his  results  with  tlio.se 
obtained  with  the  Thoma  and  Zeiss  blood-counting 


FlQ.  770. — Daland's  Hematocrit.     With  attachment  for  urine 
tubes  as  well  as  blood  tubes. 


apparatus.  The  instrument  upon  which  these  obser- 
vations were  made  is  that  shown  in  Fig.  770.  The 
following  were  Dr.  Polk's  results: 


1 

1 
3 

I 

' 

Case. 

Time. 

Revo- 
lution 

of 
beam. 

Readiug 

of 
hemato- 
crit. 

Thoma- 
Zeiss 
count. 

Remarks. 

I 

1st  min. . 
2d  min  .  . 

2,.581 
2,900 

7,000,000 

5,056,000 

1  min  .  .  . 
30  .sec . . 

5,075 
1,4.50 

5,200,000 

1  min  .  .  . 
1  min  .  . 

4,500 
4,200 

5,100,000 

n 

1st    min 
2d  min  . 

3,4.S0 
2,900 

3,700,000 

4,215,000 

1st  min. 
2d  min  . 

4,350 
2,900 

3,900,000 

Spot  of  corpus- 
cles in  serum 
at  75. 
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1 

2 

3 

4 

5 

Case. 

Time. 

Revo- 
lution 

of 
beam. 

Reading 

of 
hemato- 
crit. 

Thoma- 
Zeiss 
count. 

Remarks. 

Til.... 

1st  min. . 
35  sec . - . 

4.480 
1.500 

4,900,000 

4,748,000 

1st  min.. 
2d  min .  . 

3,580 
2,900 

4,950,000 

Two  specks  of 
corpuscles  in 
serum ;  edge  at 
reading  point 
ragged. 

IV 

1st  min. . 
2tl  min  .  . 

4.300 
4,200 

4,500.000 

4,960,000 

1st  min. . 
2d  min . . 

3.770 
3,625 

4,700,000 

Corpuscles  not 
all  thrown 
down.  Two 
spots  in  serum. 

V 

1st  min.  . 
2d  min  .  . 
3d  mill.  . 

3.200 
.•i,4S0 
3.200 

5,300,000 

4,852.000 

1st  min. . 
2d  min  .  . 
3d  min  .  . 
4th  min.. 

3,770 
3.770 
3,770 
3,770 

5,200,000 

1st  min. . 
3.5  sec  . .  . 

5,075 
1,405 

5.500,000 

vx 

1st  min. . 
2d  min .  . 

4.350 
3,770 

4,100.000 

4,068,000 

1st  min. . 
2d  min  .  . 

4,060 
3,770 

4,200.000 

Spot  of  corpus- 
cles from  43  to 
45. 

vn... 

1st  min.  . 
2d  min  ,  . 

4.030 
4,030 

3.650,000 

3,976,000 

Spot  of  corpus- 
cles 44  to  45. 

1st  min. . 
2d  min .  . 

4,0S0 
3,770 

3.500.000 

VIIX  . . . 

1st  min. . 
2d  min  .  . 

4,060 
4,080 

3,150,000 

2,564,000 

1st  min. . 
2d  min .  . 

3.770 
3,900 

3.400,000 

From  31  to  34, 
c  or  p  u  s  c  1  e  s 
thin,  but  col- 
umn read  at 
.34. 

IX 

1st  min. . 
2d  min .  . 

4.030 
3.900 

3.000.000 

2,900,000 

1st  min. . 
2d  min  .  . 

3,900 
3.770 

3,200.000 

X 

1st  min.  . 
2d  min  .  . 

4.030 
3,800 

6,000,000 

4,928,000 

Spot  of  cor- 
puscles from 
62  tn  63. 

1st  min. . 
2d  min  .  . 

4,100 
3,625 

5.200,000 

XI 

1st  min.  . 
2d  min .  . 

4.060 
4,060 

4,450.000 

4,504,000 

Corpuscles  thin 
from  42  to 
44  1/2. 

1st  min. . 
2d  min .  . 

4.350 
4,090 

4.200,000 

Coipuscles  thin 
from  41  to 
42. 

XII.  .  .  . 

1st  min.  . 
2d  min .  . 

4,043 
4,046 

4.600.000 

5,088,000 

1st  min. . 
2d  min  .  . 

3,800 
3,770 

4.800,000 

Corpuscles  thin 
from     46     to 
48. 

Case.         Time. 

Revo-     Reading       Thoma- 
lution           of                Zeiss 
of        hemato-          count. 
beam.         crit. 

Remarks. 

XIII... 

1st  min. . 
2d  min  .  . 

3.625 
3.480 

3,600.000 

4,624,000 

Case  of  marked 
i  a  u  n  d  i  ce. 
Several  counts 
made   by  dif- 
ferent people, 
about  same 
results. 

1st  min. . 
2d  min .  . 

4.06C 
4,150 

3,700,000 

4,3.50,000 

XIV. ;. 

1st  min. . 
2d  min  .  . 

4,090 
3,960 

4,900.000 

4.968.000 

1st  min. . 
2d  min .  . 

4,060 
4,060 

4.600.000 

XV...  . 

1st  min.. 
2d  min .  . 

4,060 
3,950 

4.200.000 

4,920.000 

1st  min. . 
2d  min  .  . 

4,060 
3,900 

4.700,000 

XVI.  .. 

1st  min. . 
2d  min .  . 

4,060 
4,060 

4.100,000 

4,472.000 

1st  min. . 
2d  min  .  . 

4.060 
4.060 

3,700,000 

XVII... 

1st  min. . 
2d  min .  . 

4,060 
4,090 

2.800.000 

2,570.000 

Per  self. 

1st  min. . 
2d  min .  . 

4,060 
3,770 

2,600,000 

2,650,000 

Per  Dr.  Brown 

XVIII.. 

1st  min. . 
2d  min  .  . 

4,070 
3,900 

1,800,000 

2,200.000 

Per  self. 

1st  min. . 
2d  min  .  . 

4.060 
3,770 

2,000,000 

2,350,000 

Per  Dr.  Brown. 

XIX... 

1st  min. . 
2d  min .  . 

4.060 
4,060 

4,400.000 

4,900,000 

1st  min. . 
2d  min  .  . 

4,060 
4.060 

4.100,000 

XX 

1st  min. . 
2d  min  .  . 

4,060 
4,060 

5.000.000 

4.864.000 

Per  Dr.  Scott. 

1st  min. . 
2d  min  .  . 

4,060 
4,060 

5,200,000 

4,656,000 

Per  self. 

The  results  of  Dr.  Polk's  work  were  as  foUow.s: 
In  revolving  the  handle  of  the  hematocrit  the  number 
of  revolutions  per  minute  was  counted  by  the  watch. 
There  was  no  stop  between  the  first  and  second 
minutes  as  indicated  under  the  time  column.  The 
number  of  revolutions  above  a  certain  number,  say 
3,900,  means  very  little,  as  it  is  impossible  to  maintain 
a  uniform  number  per  five  seconds  throughout  the 
minute  and  a  half  or  two  minutes,  as  the  case  may  be. 
If  at  any  time  the  handle  is  turned  with  extra  violence 
for  ten  or  twent_v  seconds  in  one  specimen  and  not  so 
in  the  second,  although  the  number  of  revohitions  will 
be  the  same  per  two  minutes,  the  reading  of  the  first 
.specimen  will  be  from  4°  to  S"  lower  than  that  of  the 
second.  By  looking  over  and  comparing  columns 
■i  and  4,  the  above  point  wiU  be  evident.  Time 
in  taking  a  blood  count  with  the  hematocrit,  from 
the  puncture  of  the  finger  to  the  reading,  was  on  an 
average  two  minutes  and  forty-five  seconds,  or  in 
round  numbers,  under  three  minutes;  two  minutes 
being  allowed  for  turning  the  instrument.  Time  of  a 
Thoma-Zeiss  enumeration  was  over  twenty-five 
minutes. 

Time  from  taking  the  drop  of  blood  to  getting  it 
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into  the  lioiiiatocrit  and  starting  the  same  was  never 
over  fifteen  seconds.  Tlic  patient  was  close  to  the 
instrument.  The  hematocrit  made  so  much  noise 
that  it  could  not  be  used  in  the  wards. 

Our  conclusion  as  to  the  value  of  the  liematocrit 


■1 


T 


Fig.  770. — Oliver's  Hemocytometer.  1,  capillary  tube;  2,  graduated  flattened  receiver; 
."i.  dropper;  4,  candle  and  stand:  5,  Bottle  for  Hayem's  solution;  6,  bottles  in  which  to  put  blood 
and  solution  for  subsequent  examination. 


concurs  with  that  of  von  Jaksch  and  Bleitreu, 
namely,  that  the  instrument  is  extremely  useful  for 
routine  blood  work,  but  that  in  accuracy  it  does  not 
equal  the  Thoma-Zeiss  apparatus. 

Our  rule  was  to  employ  the  hematocrit  in  routine  ex- 
amination, and,  should  a  ca.se  present  grave  anemia, 
to  verify  the  count  with  the  Thoma-Zei.ss  apparatus. 

Enumeration  of  Blood  Corpuscles  by  the  Optical 
Method. — The  third  inethod  by  which  the  enumera- 
tion of  the  corpuscles  is  made  may  be  termed  the 
optical  method. 

The  instriunents  used  for  this  purpose  depend  for 
their  principle  upon  a  change  in  color  or  opacity  of  the 
blood  according  to  its  numerical  value  in  corpuscles. 

The  globulimeter  of  ilantegazza''  is  the  earliest  of 
these  instruments.  The  instrument  consists  of  a 
receiver  of  glass  with  parallel  walls.  Into  this  re- 
ceiver the  blood  is  placed,  after  being  diluted  with 
ninety-six  times  its  volume  of  a  solution  of  sodium 
carbonate.  A  Ughted  candle  is  placed  on  the  other 
side  of  the  receiver,  and  the  flame  observed  through 
the  diluted  blood.  Blue  glas.ses,  one  after  another, 
are  placed  between  the  observer  and  the  blood  vintil 
the  flame  can  no  longer  be  detected.  Each  blue  glass 
represents  125,000  red  cells.  From  one  to  thirty 
glasses  may  be  added,  when  by  referring  to  the  table 
the  number  of  corpuscles  will  be  ascertained. 

Knowing,  as  we  now  do,  that  the  amount  of  hemo- 
globin may  be  far  below  the  number  of  red  cells, 
this  instrument  seems  to  be  based  upon  a  false  prin- 
ciple. The  opacity  and  color  of  the  blood  are  separate 
conditions,  and  bear  no  constant  relation  to  the 
number  of  the  corpuscles. 

George  Oliver'  of  London  devised  an  instrument 
which  he  used  in  the  preparation  of  his  Croonian  Lec- 
tures "On  the  Study  of  the  Blood  and  Circulation." 
This  instrument  depends  for  its  principle  upon  the 
opacity  of  the  blood,  and  has  nothing  to  do  with  the 
color  or  tints,  so  that  the  term  tintometer,  which  has 
beenapphed  to  it,  is  a  wrong  one.  The  hemocytometer 
of  Oliver  (Fig.  771)  consists  of  the  following  parts: 
(1)  A  capillary  tube,  capacity  ten  cubic  millimeters. 
('2)  A  glass  receiver  whose  sides  are  flattened  so  that 
it  measures  less  from  before  backward  than  from  side 


to  side.  The  tube  is  about  four  inches  in  length,  one 
inch  in  breadth,  ami  about  one-fourth  of  an  inch  from 
before  backward.  (3)  -V  dropper.  (4)  A  small  candle, 
the  size  of  a  Christma.s-tree  candle,  (o)  Hayem's  solu- 
tion (,for  forimda,  see  foot-note,  p.  Kili). 

The  principle  of  the  instru- 
ment IS  that  in  an  opatiue 
fluid  (hke  blood),  contained 
in  a  flattened  glass  receiver 
with  vertical  striations,  to 
which  is  gradually  adtled  a 
less  opaque  fluid  (like 
Ilayem  s  solution),  there 
develops,  when  such  a  re- 
ceiver is  placed  between  a 
candle  flame  and  the  eye.  a 
point  in  the  process  of  add- 
ing the  less  opaque  fluid  to 
the  more  opaque  fluid  at 
which  the  candle  flame  may 
be  seen  as  a  continuous 
bright  line  of  light,  which, 
before  this  point  in  dilution, 
is  reached,  is  not  visible 
and  which  after  this  point 
is  passed  no  longer  appears 
continuous,  but  as  .separate 
images  of  the  candle  flame. 
Moreover,  the  bright  line  of 
light  consists  of  myriads  of 
reflections  of  the  candle  flame 
produced  by  the  vertical 
striations  upon  the  glass  re- 
ceiver, which  reflections  can- 
not be  appreciated  by  the  eye  of  the  observer  until  the 
opacity  of  the  blood  has  been  overcome  by  the  addi- 
tion of  the  less  opaque  solution.  The  point  at  which 
this  line  appears  is  constant  for  normal  blood,  from 
which  constancy  a  unit  may  be  established  to  measure 
blood  rich  or  poor  in  corpuscles. 

The  instrument  is  used  as  follows:  The  .skin  is  punc- 


i  ! 
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Fig.  772. — Oliver's  Hoinocytunietcr.  Wasliinj;  bl'>od  with 
Hayem's  solution  from  capillary  tube,  by  means  of  dropper,  into 
flattened  graduated  receiver. 

tured  in  the  usual  way  and  the  capillary  tube  ap- 
plied to  the  drop  as  in  using  the  von  Flcischl  hemo- 
globinometcr  (.see  Fig.  7S4),  the  blood  entering  until 
the  tube  is  entirely  filled.  There  should,  of  course, 
be  no  air  spaces  in  the  column  of  blood.     Excess  of 
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blood  is  wiped  from  off  the  sides  of  the  tube,  care 
being  talien  not  to  soak  out  the  blood  from  the  tube. 
This  may  be  avoided  either  by  not  allowing  the  linen 
used  to  wipe  away  the  excess  of  blood  to  touch  the 
orifice  of  the  tube,  or  by  holding  the  finger  over  the 
upper  end  of  the  tube  while  wiping  away  the  excess. 
Tne  dropper  is  now  filled  with  Hayem's  solution  and 
the  capillary  emptied  by  allowing  the  solution  to 
squit  through  the  tube,  as  shown  in  Fig.  772.  This 
can  be  done  by  inserting  the  pointed  end  of  the 
capillary  tube  into  the  mouth  of  the  receiver  and 
holding  the  dropper  close  to  the  blunt  end  of  the 
capillary,  then  giving  a  quick  pinch  to  the  rubber  end 
of  the  dropper.  This  sends  a  strong  stream  through 
the  capillary  and  empties  it  almost  entireh*.  Re- 
peating the  process  will  certainly 
clean  the  capillary  of  blood.  It  is 
not  necessary  to  attach  the  drop- 
per by  a  rubber  connection,  as 
shown  in  Oliver's  illustration,  for 
this  is  difficult  and  takes  time,  and 
allows  the  blood  to  clot  in  the 
capillary.  We  may  now  either 
proceed  at  once  to  the  estimation, 
or  the  mixture  thus  made  may  be 
put  into  a  small  bottle  and  esti- 
mated at  any  time  within  twelve 
hours.    Thus  several  such  mixtures 


Fig.  773. — Oliver's  Hemocytoiiieter.  Watching  for  that  degree  of  opacity  at  which  candle  flame  ■ft-ill  be 
seen  as  transverse  bright  line  across  flattened  receiver.  1.  Holding  flattened  receiver  close  to  eye,  between 
thumb  and  forefinger  of  left  hand,  while  adding  Hayem's  solution  from  dropper  with  right  hand;  2,  bottle 
holding  Hayem's  solution;  3,  candle  tea  feet  away  from  observer  and  on  a  level  with  observer's  eye. 


may  be  made  in  the  course  of  the  morning's  round  and 
placed  in  bottles  properly  labelled,  the  estimation 
being  made  when  tlie  physician  returns  to  his  office 
or  laboratory.  Or  the  specimens  may  be  sent  by 
mail,  if  the  distance  be  not  such  as  to  recjuire  more 
than  twelve  hours  in  transportation.  These  are  dis- 
tinct advantages  over  the  Thoma-Zeiss  instrument. 

If  a  candle  flame  ten  feet  away  be  \iewed  in  a  per- 
fectly dark  room  through  the  receiver  held  as  shown 
in  Fig.  773,  the  receiver  containing  blood  and  Hayem's 
solution  up  to  the  10  mark,  for  example,  owing  to  the 
opacity  of  the  mixture  the  flame  will  appear  as  a  faint 
diffuse  light.  If  now  we  add  little  by  little  the  Hayem's 
solution,  as  the  opacitj'  becomes  less  the  flame  will 
become  clearer,  and  will  be  caught  by  the  vertical  stria- 
tions  on  the  receiver,  which  act  as  minute  mirrors  to 
reflect  the  flame  as  a  continuous  line  of  light.  When 
the  mi.xture  has  reached  that  degree  of  opacity  which 
allows  of  this  phenomenon  we  read  off  the  upper  limit 
of  the  fluid  in  the  receiver:  100  on  the  scale  represents 
5,000,000;  SO,  -1,000,000;  i.e.  20  on  the  scale  indicates 
1,000,000  corpuscles. 

By  moving  the  receiver  slightly  from  side  to  side, 
and  from  before  backward,  the  line  may  be  detected 
at  the  sides  a  little  before  it  extends  acro.ss  the 
receiver,  a  signal  to  the  observer  to  add  the  solution 
cautiously  drop  by  drop.  Before  the  fluid  has  reached 
the  height  at  wliich  the  line  appears  continuous  the 
line  is  noticed  to  be  blurred.  As  we  add  more  fluid 
than  is  necessary  to  produce  the  continuous  hne,  the 
line  ceases  to  be  a  continuous  one  and  becomes  a 
series  of  minute  but  separate  images  of  the  candle 
flame.     The  point,   therefore,  at  which  the  reading 
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should  be  made  is  after  the.  line  ceases  to  be  blurreil  niid 
before  separate  images  of  the  flame  can  be  observed.  The 
candle  snould  be  at  least  ten  feet  away  and  should  be 
not  larger  than  the  ordinary  Christmas-tree  caiullc. 
The  receiver  should  be  held  in  the  right  hand  and  the 
thumb  pres.sed  well  into  the  side  of  the  nose  so  as  to 
shut  off  all  diffused  light,  as  shown  in  Fig.  77.5. 

Of  all  the  apparatus  here  described  the  Thoma  and 
Zeiss  instrument  has  become  the  most  popular  and  in 
this  common  use  of  one  instrument  there  is  a  very 
great  advantage  to  accuracy  and  uniformity  in  blood 
statistics.  The  constant  use  of  one  instrument,  more- 
over, tends  to  perfect  the  technique.  The  instru- 
ment must,  nevertheless,  be  accurately  used,  for 
carelessness  even  of  sHght  degree  leads  to  enormous 
errors  and  discrepancies,  a  point  not  sufficiently 
insisted  upon  by  teachers  of  Clinical  Pathology.  The 
technique  inthe  use  of  the  instrument  here  described 
contains  no  step  wliich  has  not  been  proven  to  be 
essential  to  accurate  results. 

.5.  Enumeration  op  the  Blood  Plates. — After  a 
thorough  study  of  this  subject.  Pratt,-  working  In 
the  Rockefeller  Institute,  pubUshed  results  wlu<'h 
bring  the  plates  into  greater  cUnical  importance.  The 
actual  enumerating,  nowever,  requires  such  delicate 
technique  that  it  is  hardly  possible  to  employ  it  in 
routine  hospital  or  practice  work.     Pratt's  review  of 

the  literature  shows 
that  observers  have 
varied  in  their  enu- 
meration of  the 
Elates  per  centimeter 
etween  200,000  and 
778,000.  These  great 
variations  Pratt  at- 
tril)utes  to,  (1)  mi.<- 
taking  fragments  of 
erythrocytes  (Arnold 
bodies)  for  plates;  (2) 
the  failure  to  count 
the  plates  whicli 
have  adhered  to  a 
glass  counting 
pipette;    (3)  the  fail- 


ure to  observe  plates  floating  in  a  counting  chamber 
which  is  too  deep  and  which  requires  too  long  for 
the  plates  to  settle  to  the  counting  field;  (-1)  Tlie 
unsatisfactory  preserving  fluids. 

To  overcome   these  he   recommends  the   following 
for  the  preservative  fluid. 

Sodium  metaphosphate  (Merck) 2  grams. 

Sodium  chloride 0.9  gram. 

Distilled  water 100  c.c. 

A  few  cubic  centimeters  of  this  solution  are  poured 

into  a  watch  glass,  the  ear  is  clean.sed  with  soap  and 
water,  alcohol  and  ether,  and  stabbed  deep  enougli 
for  blood  to  flow  freely.  A  sterihzed  platinum  loop  is 
now  filled  with  the  preservative  fluid  and  the  drop  of 
blood  touched  with  it  so  that  there  is  about  three  of 
fluid  to  one  of  blood.  This  is  now  transferred  to  a 
cover  slip  and  further  diluted  if  desired  and  the  slip 
at  once  placed  on  a  sUde.  It  is  not  neces.sary  to  stir 
the  specimen  with  the  loop.  Two  such  preparations 
shoidd  be  thus  prepared  in  order  to  determine  if  there 
is  great  variation  between  the  two,  a  condition 
calling  for  the  taking  of  other  specimens.  An  oil 
immersion  lens  with  a  Leitz  three  ocular  is  now 
omplo}-ed  and  the  ratio  of  plates  to  erythrocytes 
determined.  In  order  to  do  this  it  is  necessary  to 
make  an  erythrocyte  count  with  the  Thoma-Zeiss 
apparatus.  The  plates  in  the  fresh  specimen  can  be 
counted  either  with  the  Ehrhch  ocular  (see  Fig.  802), 
or  with  a  square  diaphragm  made  of  paper  or  card- 
board. Pratt  emphasizes  the  necessity  for  ab.solute 
cleanliness  of  the  sUde  and  cover  slip  and  recommends 
that  these  be  tested  with  the  water  drop  which  will 
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<|)roa(l  in  a  uniformly  thin  layer  if  tlic  glass  is  suffi- 
lii'titly  clean. 

15y  tliis  method  Pratt  obtained  in  twenty-five  cases 
a  niaximuni  count  of  725,000,  minimum  226,000  and 
an  average  of  469,000. 

fj  6.  What  can  be  Learned  rnoM  Corpuscle 
'Counting. —  1.  By  this  niean.s  oligocythemia  (cell 
decrea.se)  and  polycythemia  (cell  excess)  can  be 
determined.  The  anemias  (chlorosis  excepted)  and 
the  polycythemias  are  tlius  diagnosed. 

2.  Hy  this  means  also  leukemia  and  leucocytosis 
can  be  detected.  In  order  to  differentiate  chlorotic 
anemia  and  to  determine  the  ty|)e  of  white  cell 
increa.se  present  it  is  neces.sary  to  estimate  the  heino- 
gIol)in  and  to  stain  the  blood.  The  first  of  the.se  we 
will  now  consider. 

III.  Hemoglobin. 
1.  Its  Deriv.\tives  and  their  Relative  Clinical 
Importance. — Normally  the  hemoglobin  is  con- 
tained wholly  within  tlie  red  cell.  These  cells  in  the 
arterial  stream  have  a  full  burden  of  oxygen  in  the 
form  of  oxyhemoglobin,  whereas  in  the  venous  stream 
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Fig.  774. — Tliree  Forms  of  Simple  Hand  Spectroscope. 

hemoglobin  alone  is  present  in  the  red  cell.  In 
obtaining  blood  from  the  capillaries  of  the  skin  of  the 
ear  or  finger,  the  arterial  and  venous  blood  is  more  or 
less  equally  represented.  The  specimen  thus  obtained 
will  therefore  be  a  mixture  of  o.vyhemoglobin  and 
hemoglobin.  The  o.xygen  is  very  loo.sely  combined 
with  the  hemoglobin  and  the  hemoglobin  can  be 
separated  readily  from  the  red  cells  by  the  addition  of 
water.  The  first  of  these  facts  gives  to  hemoglobin  its 
vital  importance  in  the  work  of  nourishing  the  tissues 
and  the  second  is  that  which  enables  us  to  determine 
approximately  and  relatively,  not  absolutely,  the 
amount  present  in  a  given  case. 


2.  The  Spectroscope. — In  exceptional  cases  only 
are  we  called  upon  to  determine  clinicall)/  the  chem- 
ical derivatives  of  hemoglobin.  For  this  purpose'  the 
hand  spectroscope  (Fig.  774)  is  very  satisfactory. 
The  Ileeley  spectroscope  is  the  most  practical  for 
clinical  and  general  laboratory  work.  For  the  absorp- 
tion bands  as  seen  in  the  spectra  of  the  more  common 
substances  see  Plate  XIV. 

3.  Quantitative  (Rel.ytive)  Estimation  of 
He.mocjlobin.  Apparatus:  cuid  Trchiiiriue. — Tlio  task 
of  estimating  the  amount  of  hemoglobin  has  long 
been  an  un.satisfactory  one,  becau.se  all  methods, 
excepting  only  the  specific-gravity  method,  depend 
upon  the  comparison  of  colors,  a  subject  upon  which 
nearly  all  indiviuals  differ,  and  upon  the  degree  of 
opacity,  which  is  supposed  to  vary  with  the  amount 
of  hemoglobin,  a  s\ipposition  by  no  means  proven. 

The  instruments  group  themselves  into  three  classes, 
as  follows: 


.\.  Opacity  Methods 

1.        Bizzozoro's       chromocytom- 
eter. 
2.  Henoquc's  hematoscope.  .  .  . 

B.  Color  Methods 

1.  Gowers  hemoglobinometer.  . 

2.  FleischI    heinoglobinonieter.. 

3.  Fleischl-Miescher      hemoglo- 

binonieter 

4.  Taylor  hemof^lobinoineter. .  . 

5.  Oliver  heinoclobinonioter.  .  . 

6.  TallqVLst  heinoglobiriometer. 

7.  D.ire  hemoglobinometer 

8.  Sahli  hemoglobinometer.  .  .  . 

C.  Specific-grnvitij  Method 
1.  Hammerschlag's  method.  . .  . 


2.  Koy's  method. 


Based  upon  the  suppo.sition 
that  the  amount  of  hemo- 
globin varies  with  the  de- 
gree of  opacity 


Based  upon  the  suppo.sition 
that  the  amount  of  hemo- 
globin varies  with  inten- 
sity of  color. 


Based  upon  the  supposition 
that  the  amount  of  hemo- 
globin varies  with  the 
specific  gravity. 


A.  Opacity  Methods. —  1.  The  Chromocytometcr  oj 
Bizzozero^  depends  for  its  principle  upon  the  supposi- 
tion that  the  opacity  of  the  blood  varies  witli  the 
amount  of  hemoglobin. 

The  instrument  may  also  be  used  to  estimate  the 
number  of  red  cells,  but  its  value  for  this  purpose  is 
doubtful,  for  it  is  based  in  this  application,  as  is 
Mantegazza's  instrument,  upon  the  false  supposition 
that  the  opacity  of  the  blood  varies  with  the  number 
of  cells  contained. 

When  using  it  as  a  cytometer,  instead  of  adding 
colored  glasses  as  in  Mantegazza's  instrument  (see 
p.  1S2),  Bizzozero  introduces  more  and  more  blood 
until  the  opacity  of  the  blood  gives  ri.se  to  partial 
obscuring  of  a  candle  flame.  The  thickness  of  the 
layer  of  blood  producing  this  condition  is  then  meas- 
ured by  comparison  with  standard  oljservations,  and 
the    amount   of   hemoglobin   estimated   accordingly. 

The  chromocytometcr  of  Bizzozero  is  an  instrument 
intended  primarily  for  the  estimation  of  hemoglobin. 
The  name  is  misleading.  The  instrument  is  so  called 
because  the  amount  of  hemoglobin  is  ascertained  by 
two  methods:  (1)  By  obser\'ing  the  degree  of  opacity 
produced  by  the  hemoglobin  ^inremoved  from  the  cor- 
puscle, and  therefore  the  actual  corpuscidar  value 
of  hemoglobin — in  which  application  it  is  called  a 
cytometer  {Kin-o^,a,QQ\\,  +  ^cVpov,  a  measure).  It  does  not 
number  the  corpuscles,  as  at  first  the  name  seems  to 
i:nply.  (2)  By  observing  the  color  produced  by  the 
hemoglobin  removed  (dissolved)  from  the  corpuscle 
and  comparing  this  color  with  a  standard  colored 
glas.s — in  w-hieh  application  it  is  called  a  chromom- 
eter  (xp^fia,  color.  -|-  p-irpov,  a  measure).  Its  apph- 
cation  as  a  hemocytometer  is  a  wrong  one,  as 
already  stated. 

As  a  Cytoyneter  (term  understood  as  above  de- 
scribed). Principle. — If  a  fixed  ciuantity  of  blood 
b(!  mi.xed  with  a  fi.xed  quantity  of  preserving  fluid 
(saline  solution),  and  the  mi.xture  placed  in  a  receiver, 
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and  a  candle  flame  viewed  through  the  mixture  in  a 
dark  room,  then,  according  to  the  amount  of  hemo- 
globin and  the  amount  of  tlie  mixture  used,  the  flame 
of  the  candle  will  either  be  seen  or  wiU  not  be  seen. 
By  observing  the  amount  of  this  mixture  necessarj'. 
in  normal  cases,  partiaUy  to  obscure  the  candle,  and 
calling  tliis  100,  we  can.  as  more  or  less  of  such  a  mix- 
ture is  required  in  pathological  cases,  ascertain  the 
dscrease  or  increase  in  the  amount  of  hemoglobin. 

The  instrument  consists  of  a  well  which  connect'^ 
with  a  chamber  closed  at  both  ends  with  colorless 
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Fig.  775. — Diagram  Showing  Construction  of  Bizzozero's 
Chromocytometer.  r,  "Well  connecting  with  r,  chamber  formed 
by  I'',  which  screws  into  r;  s  and  s',  glas."  windows. 

glass.  The  chamber  consists  of  two  pieces  of  metal, 
one  screwing  into  the  other.  These  are  hollowed  out 
so  as  to  form  the  chamber  within  (Fig.  775).  By 
screwing  or  unscrewing  one  of  these  pieces  the  dimen- 
sions of  the  chamber  may  be  decreased  or  increased. 
It  will  be  seen  that  if  dUuted  blood  be  placed  in  the 
well  which  connects  with  this  chamber,  tlie  blood  will 
flow  into  the  chamber  through  this  connection.  But 
only  just  so  much  blood  wiU  flow  into  the  chamber 
as  is  allowed  by  unscrewing  the  outer  screw.  When 
the  outer  portion  of  the  instrument  is  screwed  home 
(Fig.  777)  no  fluid  at  aU  enters  the  space  between  the 
screws — in  other  words,  the  chamber  is  then  obliter- 
ated. Xow  by  unscrewing  or  screwing  the  piece  of 
metal  which  fits  into  the  other  piece  and  wmch,  to- 
gether with  its  fellow,  forms  the  chamber,  we  can 
increase  or  decrease  the  amount  of  fluid  in  the  space 
between  the  screws. 

(1)  Suppose  now  the  two  pieces  of  metal  to  be  com- 
pletely screwed 
I  together,         so 

r  that    no    space 

I  exists  between 
them,  the  scale 
tlien  stands  at 
(I.  (2)  We  fill 
,f  tlie  well  (Figs. 
775-777, r)  with 
fifty  parts  of 
••r  normal  saUne 
solution  to  one 
part  of  blood; 
or,  to  be  more 

Fig.  776.— Bizzozero's  Chro-    accurate,  by 

mocytometer.  Less  diagram-  means  of  a 
matic  than  Fig.  775,  showing  pipette  we  mix 
side  view.  The  outer  screw  ten  cubic  milli- 
unattached.  Letteringsameas  meters  of  blood 
in  Fig.  775.  m.  Handle.  (From  -^-[^l-^  (35  g  g 
von  Jaksch's  "Clinical  Diag-        1-  '  i    *•"   * 

nosis.")  sahne    solution 

(0.75  gram  of 
NaCl  in  100  c.c.  water),  which  preserves  the  cor- 
puscles. (3)  A  candle  is  placed  in  a  dark  room 
about  four  feet  awaj'  from  the  observer.  (4)  The 
instrument  is  held  by  the  left  hand  and  close  to  the 
right  eye,  opposite  the  candle.  (5)  The  two  ends  of 
the  chamber,  it  will  be  remembered,  have  glass  win- 
dows, so  that  the  candle  flame  will  be  clearly  seen. 
(6)  With  the  right  hand  the  pieces  of  the  metal  are 
slowly  unscrewed,  which  allows  the  blood  to  flow  from 
the  well  into  the  chamber.     (7)  As  we  introduce  more 
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and  more  fluid  into  the  chamber,  however,  a  degree 
of  opacity  must  be  reached  at  which  the  candle  flame 
will  be  almost  or  whoUj-  obscured.  This  is  just  what 
occurs.  B}-  observing  the  degree  of  unscrewing,  so 
to  speak,  necessary  to  produce  tliis  opacity  for  normal 
blood,  we  obtain  a  unit  with  wliich  pathological  blood 
may  be  compared.  Bj'  means  of  the  table  given  below 
the  amount  of  hemoglobin 
may  then  be  ascertained. 

When  the  space  between 
the  glass  ■nindows  is  obUter- 
ated  by  screwing  the  outer 
portion  home,  the  index  on 
the  scale  stands  at  0.  One 
complete  rotation  of  the 
screw  produces  a  space  in  the 
instrument  measuring  0.5 
miUimeter.  This  is  there- 
fore the  thickness  of  the 
contained  solution  of  blood. 
One  complete  turn,  however, 
renders  tlie  candle  flame  de- 
cidedly less  \'isible.  This 
complete  rotation  is'  there- 
fore subdi\-ided  on  the  scale 
into  0.02  milhmeters,  twenty- 
five  such  di\isions  (0.02  X 
25  =  0.5)  constituting  one 
complete  revolution,  and  fifty 
such  subdivisions  (0.02x50 
=  1.0)  constituting  1.0  on  the 
scale.  From  a  number  of 
observations  (as  stated  by 
von  Jaksch)  upon  the  blood  of  healthy  indi\-iduals, 
the  outUnes  of  the  candle  flame  are  distinctly  seen 
through  a  la}-er  of  blood  m  millimeter  thick  =  1.0. 

This,  then,  is  the  unit;  increase  of  this  number  means 
decrease  in  amount  of  hemoglobin.  For  if  we  must  in- 
crease the  tliickness  of  the  stratum  of  blood  in  order  to 
obscure  the  candle  flame,  it  indicates  that  the  fluid  is 
poor  in  coloring  matter,  and  that  an  excess  is  required 
to  produce  dimness  of  the  candle  flame. 


FiG.  777. — Bizzozero's 
Chromocytometer.  Screws 
completely  screwed  together, 
obUterating  chamber.  Well 
viewed  from  above.  In  this 
position  one  looks  into  the 
well.  The  round  ring  repre- 
sents the  connection  be- 
tween "well  and  chamber. 
(From  Ton  Jaksch's  "Clini- 
cal Diagnosis.") 


Scale.  Hemoglobin. 

170  represents  64 . 7 
ISO  represents  61.1 
190  represents  57.9 
200  represents  55.0 
210  represents  52.4 
220  represents  50.0 


Scale.  Hemoglobin. 

110  represents  100.0 
120  represents  91.6 
130  represents  84. 6 
140  represents  78.5 
150  represents  73.3 
160  represents    68. 7 

If  one  has  not  this  table  at  hand  the  reading  can  be 
readity  interpreted  bj'  remembering  that  110  =  100. 
Suppose,  for  example,  the  reading  to  be  160  on  the 
scale;  then: 

160  :  110  ::  160  :  x 

100X100^160  =  68.7 

,4s  a  Chromometer  (term  understood  as  above  de- 
scribed).— In  addition  to 
the  parts  of  the  instrument 
as  alreadj'  enumerated, 
there  is  a  colored  glass  (see 
Fig.  778).  This  is  intro- 
duced on  one  side  of  the 
instrument  so  that  the 
colored  glass  and  the  glass 
windows  of  the  instrument 
are  side  by  Hde,  as  would 
be  the  case  with  a  pair  of 
opera  glasses  if  one  side 
were  to  consist  of  only  the 
eyepiece,  and  that  with  a 
colored  glass  in  it.  In  this 
use  of  the  instrument, 
moreover,  the  hemoglobin 

is  dissolved  out  with  water  in  preparing  the  blood  for 
observation. 

Principle. — If  a  glass  colored  to  correspond  with  a 
definite  solution  of  hemoglobin  be  placed  before  a 


ast 

Fig.  77s. — Bizzozero's  Chro- 
mocytometer. Frame  holding 
tinted  glass.  This  is  placed  by 
the  side  of  the  screw  of  the 
main  apparatus.  /,  Tinted 
glass:  t,  frame;  as/,  rod  which 
passes  through  hole  y  in  handle 
m  of  Fig.  776. 
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Scile  of  wire- 
IcDglbs  tod 
Fraueohofer 's 
lines. 


1.  Solar  spectrum. 


2.  Ozrhemo£lobiQ. 
very  weak  sol. 


3.  Do.  sironeer  tol. 


4.  Do.    very   fitrong 

sol. 


5,  Hcmoglobio  ( re- 
dnced).  De- 
oxidized. 


6.  CO- hemoglobin. 


Scale  of  ware- 
lengths  and 
Frauenhofer's 
lines. 


1.   Solar  spectrum. 


H  e  m  a  t  i  n  in 
alkaline  solu- 
tion. 


3.   Hemochromogcn. 


4.   Acid  bemaiin. 


5.  MetbemoglobiD. 


Acid  bemaiin  in 
ethereal  solu- 
tion. 


Dtice  the  degree  of  intensity,  in  the  upper  spectrum,  of  the  D,  E  bands  in  the  van'ing  strengths  of 
noglobin  in  2,  3  and  4.  Dilution  can  be  carried  to  the  point  where  only  one  faint  band  appears,  usually 
eD. 
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hriglit  light  (the  sky)  and  beside  a  sohition  of  hemo- 
globin to  be  tested,  the  color  of  the  tinted  glass  and 
tliat  of  the  solution  of  hemoglobin  will  be  found  to 
differ.     If,  however,  more  or  less  of  the  solu- 
tion be  added,  a  point  will  be  reached  at  which 
these  colors  correspond.     Hy  noting  the  amount 
of  solution  re<|uired  to  make  these  colors  ex- 
actly correspond  a  scale  may  be  made  by  which 
the  amount  of  hemoglobin  may  be  estimated. 

Given  a  tinted  gla.ss  which  corresponds  in 
color  with  a  known  solution  of  hemoglobin, 
(iivcn  a  known  quantity  of  blood  (ten  cubic 
millimeters)  with  a  known  quantity  of  water 
(0.5  c.e.).  If  the  blood  to  be  tested  contains 
much  coloring  matter  (hemoglobin),  it  will  be 
necessary  to  add  but  httle  of  the  solution  in 
order  to  make  the  colors  correspond;  if  it  con- 
tains little  coloring  matter,  much  will  be  re- 
quired to  make  these  colors  correspond.  These 
()uantities  are  noted  and  compared  with  a  scale, 
each  quantity  of  fluid  corresponding  with  a 
percentage  of  hemoglobin. 

By  referring  to  Figs.  770  and  777,  the  work- 
ings of  the  apparatus  will  be  readilj'  understood. 

The  colored  glass  is  not  of  the  same  intensity  of 
'olor  in  every  instrument,  so  that  the  glass  must  be 
tested  for  each  instrument. 

The  test  is  performed  in  the  following  way:  Normal 
blood  is  tested,  and  is  found  to  be,  by  the  cytometer 
method,  110,  and  by  the  chromometer,  sa\'  1.30.     One 


X^'i^^/t  jfralf  t>/j/ffi ^^/U77t. 


Fig. 


^^ftjf^.  ^^a/^-cmfn ^^fn/7t. 

yAjcA/irM.J'J^n . ^ ^3  /?im.^ 

Flo.  779. — Henocque's  Heinatoscope.     Diagram  showing  dimen- 
sions of  prismatic  space  formed  by  plates  of  glass. 

hundred  and  ten  of  the  cytometer  equals  100  hemo- 
globin.    For  this  glass,  then,  130  also  equals  100. 

As  in  the  case  of  the  cytometer  metliod,  we  con- 
struct a  table  from  these  relations.  Suppose  the 
reading  with  the  chromometer  to  be  190. 

190  :  100  ::  1.30  :  x 
100X130^-190  =  68.4. 

.\fter  a  brief  experience  in  using  this  instru- 
ment the  author  is  inclined  to  commend  it. 

2.  Henocque's  Hcmaloscope. — This  instru- 
ment also  depends  for  its  principle  upon  the 
supposition  that  the  amount  of  hemoglobin 
varies  with  the  degree  of  opacitj'  of  the  blood. 
In  this  instrument,  in  addition  to  the  degree  of 
opacity,  the  quantity  of  oxyhemoglobin  can  be 
ascertained  bj-  means  of  the  spectroscope.  For 
this  purpose  the  hand  spectroscope  illustrated 
above  (Fig.  774)  can  be  used  but  as  von  Jaksch 
states,  there  is  a  "difference  of  opinion  as  to 
when  precisely  the  spectrum  is  formed,"  which 
makes  the  conclusion  drawn  from  the  use  of  the 
instrument  "alwaj's  somewhat  arbitrarj^" 

The  instrument  consists  of  two  plates  of  glass,  one 
placed  above  the  other  so  as  to  enclose  between  them 
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a  prismatic  space.  The  dimensions  of  this  space  are 
accurately  stated  and  are  the  same  for  every  instru- 
ment.    These  plates  of  glass  are  in  contact  at  one  end, 


7S0. — Henocque's  Hematoscope  Filled  with  Blood. 
Jaksch's  "Clinical  Diagnosis.") 


(From  von 


forming  the  apex  of  the  prismatic  space.  The  scale 
of  measurement  at  this  end  is  therefore  0. 

At  the  other  end  the  glass  plates  are  separated  by  a 
distance  of  0.3  millimeters,  forming  the  base  of  the 
prismatic  space.  By  referring  to  the  diagram  (Fig. 
779)  and  illustrations  (Figs.  7S0  and  781),  this 
arrangement  wiU  be  readily  understood. 

The  scale  upon  the  glass  is  marked  from  0  to  60,  as 
observed  in  Fig.  7S0. 

There  are  two  methods  of  using  the  instrument. 

(1)  The  first  method  is  based  upon  the  supposition 
that  varying  opacity  of  the  blood  differs  according  to 
varj-ing  quantity  of  hemoglobin,  so  that  by  observing 
the  former  the  latter  maj'  be  estimated. 

To  use  the  instrument  upon  tliis  basis,  puncture  is 
made  in  the  skin  in  the  usual  way  and  the  drop 
brought  to  the  orifice  of  the  prismatic  space,  which, 
from  its  dimensions,  will  be  observed  to  be  capiUarj'. 
The  blood  on  this  account  passes  readily  into  the  space 
without  being  diluted,  an  advantage  over  the  dilution 
methods. 

About  six  drops  of  blood  are  necessary  to  fill  the 
space.     Excess  is  wiped  away. 

In  addition  to  the  apparatus  already  described, 
there  is  an  enameled  plate,  as  seen  in  Fig.  7*1. 

This  plate  is  placed  beliind  the  prismatic  layer  of 
blood,  so  that  tne  figures  0,  10,  20,  etc.,  correspond 
with  the  like  figures  on  the  glass  plate  of  the  hemato- 
scope. At  the  apex  end  of  the  prism,  and  therefore 
at  tTie  thinnest  portion  of  the  laj'er  of  blood,  the  mark- 
ing on  this  enameled  plate  will  be  visible;  but  as  the 
eye  passes  toward  the  thicker  portion  of  the  prism  of 
blood  a  point  will  be  reached  at  which  the  marking 
can  no  longer  be  seen.  It  the  blood  tested  be  rich  in 
hemoglobin  the  opacity  will  be  greater,  and  therefore 
the  point  in  the  series  15,  14,  13,  12,  etc.,  at  which  tliis 
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Fia.  7S1.- 


-Enamelled  Plate  Used  w-ith  Henocque's  Hematoscope. 
von  Jaksch 's  "Clinical  Diagnosis.") 


(From 


obscuring  occurs  will  be  higher,  say  11  or  12,  as  seen 
in  the  illustration.  If,  on  the  other  hand,  the  blood 
be  poor  in    hemoglobin,   the  opacity   will    be  corre- 
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spondinglj'  less,  and  we  shall  be  able  to  see  the  figures 
10,  9,  8,  etc.,  in  the  series. 

One  hundred  grams  of  normal  blood  contain  four- 
teen grams  of  oxj-hemoglobin.  These  figures,  there- 
fore, indicate  the  number  of  grams  of  oxyhemoglobin 
in  100  grams  of  blood.  For  this  use  the  author  com- 
mends the  instrument. 

(2)  The  second  method  is  based  upon  the  supposi- 
tion that  the  richer  the  blood  is  in  hemoglobin  the 
thicker  will  be  the  layer  necessary  to  detect  through 
the  spectroscope  the  characteristic  bands  of  oxyhemo- 
globin. B3'  noting  the  thickness  in  normal  blood  at 
which  the  oxyhemoglobin  spectrum  occurs,  a  scale 
may  be  made  with  which  deviations  from  the  normal 
may  be  measured.  The  apparatus,  with  the  excep- 
tion of  the  enamel  plate,  is  used  as  before. 

The  prism  is  fitted  in  front  of  a  spectroscope  and  is 
turned  until  the  oxj-hemoglobin  bands  appear,  when 
this  point  is  noted  on  the  scale.  With  normal  blood 
the  oxyhemoglobin  spectrum  is  seen  opposite  14  of  the 
millimeter  scale.  A'ow  for  every  millimeter  on  the 
.scale  the  tliickness  of  the  prismatic  space  increases 
0.005  millimeter.  Tliis  can  be  demonstrated  by 
multipljdng  0.00.5  by  60,  the  length  of  the  scale;  the 
result  is  0.3  millimeter,  the  thickness  of  the  prism 
at  its  base,  i.e.  at  the  sixty  millimeter  end.  As, 
therefore,  for  normal  blood  the  spectrum  appears  at 
14  on  the  milhmeter  scale,  we  determine  the  thickness 
of  blood  reciuired  to  produce  this  spectrum  by 
multiplying  14  mm.  XO.Oo  mm.  =0.07  mm. 

This,  then,  is  a  unit;  it  is  the  thickness  of  normal 
blood  required  to  produce  the  oxj-hemoglobin 
spectrum. 

Suppose  a  specimen  of  blood  produces  the  oxyhemo- 
globin bands  at  40  on  the  millimeter  scale.  The  thick- 
ness of  this  specimen  would  be  40  mm.  X  0.005  mm.  = 
0.2  mm.     Then: 

-  — 7,  .-, —  =x  =  4.9    grams     of     hemoglobin    in     100 

grams  of  blood. 

An  ecjuation  for  any  reading  is  the  following: 
14  :  (!/X0.005)  ::  0.07  :x 
in  wliich 

J/ =  reading  on  the  scale. 

0.005  =  thickness  of  prism  for  each  millimeter 
division  on  the  scale. 

0.07  =  thickness  of  layer  of  normal  blood  by  which 
oxyhemoglobin  spectrum  is  produced — i.e.  at  14  on 
the  scale  (14x0.005=0.07). 

14  =  quantity  of  oxyhemoglobin  in  100  grams  of 
normal  blood. 

From  the.se  calculations  one  can  make  for  himself  a 
table  which  will  at  once  give  him  the  amount  of  the 
hemoglobin  for  any  reading  on  the  scale.  Thus  be- 
ginning with  5  on  the  millimeter  scale,  and  substi- 
tuting it  for  y  in  the  equation,  we  get  the  following: 

(5X0.005)  X0.07^14  =  12.5. 
Therefore  five  milhmeters  of  the  scale  =    12.5  grams 
hemoglobin  in  100  grams  of  blood. 

If  we  substitute  in  the  same  waj^,  10,  15,  20,  etc., 
the  table  becomes  complete. 

The  instrument  has  not  been  much  used  in  this 
country.  Since  the  hand  spectroscope  has  come  into 
common  use  the  chief  objection  to  this  instrument 
("complicated  apparatus")  has  been  removed.  It  is 
difficult  to  obtain  a  uniformitj-  of  opinion  as  to  the 
exact  point  at  which  the  oxyhemoglobin  band 
appears.  Beyond  this  statement  the  writer  cannot 
express  an  opinion  upon  the  value  of  this  method. 

B.  Color  Methods. — Before  entering  upon  the  de- 
scription of  those  hemoglobinometer  instruments 
which  depend  for  their  principle  upon  the  comparison 
of  colors,  it  would  be  well  to  quote  from  Lovibond's 
very  interesting  and  valuable  work  on  "Measurements 
of  Light  and  Color." 

"  It  is  almost  impossible,"  says  Lovibond,  "without 
special  arrangements  to  arrive  at  a  reliable  judgment 
between  two  colors  which  are  very  nearly,  but  not 


quite,  alike,  when  these  are  placed  openly  side  by  side. 
The  difficulty  arises  from  the  unequal  incidence  of 
light — sometimes  of  the  direct  light,  frequently  of 
the  side  hghts,  or  from  both  combined.  The  dis- 
turbing effect  is  so  great  that  a  slight  change  of  posi- 
tion in  either  of  tne  samples,  or  of  the  observer, 
generally  reverses  the  first  judgment. 

"The  same  causes  account  for  the  freqtietH  differ- 
ences of  opinion  between  two  persons  judging  the 
same  color;  in  fact,  the  color  sensations  of  our  sur- 
roundings are.  .  .  .  governed  bj- the  ever-varying  con- 
ditions of  hght,  surface,  substance,  texture,  and  chem- 
ical composition  .   .   ." 

The  following  are  the  experiments  carried  out  by 
Prof.  Lovibond: 

"  Test-tubes  Containing  Colored  Liquids. — The  first 
attempts  were  made  with  colored  liquids  in  test-tubes 
of  equal  diameters,  and  by  these  means  some  useful 
information  was  obtained.  The  liciuids,  however, 
soon  changed  color,  requiring  frecjuent  renewals;  and 
there  was  alwaj-s  a  little  uncertaintj-  concerning  their 
exact  reproduction.  Also  a  curious  inequahty  of 
color  relation  was  found  to  exist  between  the  regular 
increase  of  strata  thickness  and  their  resulting  color. 
This  prevented  liquids  from  being  suitable  as  stand- 
ards, because  some  liquids  increase  in  color  depth  in 
direct  proportion  to  increase  of  strata  thickness. 
Some  increase  in  color  in  a  less  but  regular  pro- 
portion to  increase  of  strata  thickness,  while  others 
increase  in  a  less  and  irregular  proportion. 

"Another  difficult}'  arose  from  the  convex  surfaces 
of  the  test-tubes  acting  as  a  lens,  and  increasing  the 
disturbance  arising  from  unequal  light  incidence. 
The  convexity  was  reduced  bj'  using  larger  tubes,  and 
eaclo.sing  them  in  a  blackened  case  with  narrow  longi- 
tudinal apertures  for  looking  through  the  middle  of 
the  tubes.  The  results,  although  useful,  were  too 
unsatisfactory  for  systematic  work. 

"Colored  glass  was  next  tried,  and  long  rectangular 
wedges  in  glass  of  different  colors,  with  gradually 
graded  tapers,  were  ground  and  polished  for  stand- 
ards, whiL'  correspondingly  tapered  vessels  were 
made  for  the  liquids  to  be  measured.  These  were 
arranged  to  work,  at  the  end  of  the  instrument,  up 
and  down  at  right  angles  before  two  apertures,  side 
by  side,  with  a  fixed  center  line  to  read  off  the  thick- 
ness of  each  before  the  aperture  when  a  color  match 
was  made;  but  here  also  the  difference  of  ratio  between 
the  thickness  and  color  depth  of  the  different  colored 
glass  and  liquids  proved  fatal  to  the  method. 

"An  incidental  observation  was  made  during  the.se 
experiments  concerning  the  difficulty  of  arriving  at  a 
final  judgment  with  tapering  colors,  owing  to  one 
shade  gradually  blending  into  the  next  without  a 
break  of  any  kind  to  arrest  the  vision.  The  mental 
effort  to  arrive  at  a  decision,  under  these  conditions 
of  gradual  color-blending,  was  troublesome  and 
vexatious  in  tlie  extreme.  Any  person  may  realize 
this  difficulty  by  attempting  to  fix  a  definite  point 
b}-  the  vision  in  a  graduated  color  hne.  I  was  enabled 
entirely  to  remove  the  difficulty  by  using  separate 
glass  shps  for  standards;  the  line  of  color  decision 
made  by  each  additional  standard-glass  sUp  used 
being  a  precise  definition  between  the  most  minute 
shades. 

"The  effect  of  these  partial  failures  enabled  nie 
more  clearly  to  define  the  conditions  from  which 
successful  work  might  be  expected,  which  arc  as 
follows: 

"  Gauged  Cells. — The  cells  for  the  liquids  must  have 
parallel  transparent  ends  and  be  gauged  to  definite 
strata  thickness. 

"Optical  Imtrtiment. — The  standard  and  saniple 
must  be  viewed  under  equal  conditions  of  illumination. 

"Suitable  Light  for  Color  Worh. — Consideral)le 
differences  of  view  exist  concerning  the  most  suitable 
light  for  color  work.  Some  authorities  consider  tliat 
daylight  is  too  unreliable  in  composition,  and  that 
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an  artificial  light,  such  as  the  electric  arc,  is  best,  as 
ijfing  alwaj-s  uniforni. 

"Captain  Abncy's  work  and  apparatus  at  first 
sight  go  a  long  way  toward  ostablishing  this  view. 
Some  valid  reasons,  however,  in  my  opinion,  exist 
in  favor  of  daylight;  as  it  is  the  light  to  which  normal 
vision  is  most  accustomed  and  it  is  available  without 
cost  at  a  moment's  notice  during  daylight  hours, 
whereas  artificial  hghts  require  to  be  worked  in 
camera  with  somewhat  exiJensive  apparatus.     Again, 


Fig.  "S2.-  <  ;m\\it^  HfinMirlMhiiMPiiictcT  ;-:,  <apill;iry  tube  for 
taking  a  definiU'  quuiility  of  Ijlood;  i,  <li upper  for  adding  water; 
2,  graduated  receiver  for  blood  and  water:  I,  tube  containing 
picroearmine,  color  equal  to  that  of  blood  with  one  per  cent, 
hemoglobin. 

by  far  the  largest  proportion  of  artistic  and  commercial 
color  work  is  carried  on  by  daylight,  so  that  measure- 
ments made  by  means  of  any  other  hght  must  be 
transposed  into  terms  of  daylight  values  before 
reliable  comparisons  can  be  made.  Without 
doubt  the  vision  can  work  longer  and  with  less 
fatigue  by  daylight  than  by  intense  artificial 
light." 

From  the  foregoing  it  will  bo  seen  that  liquids 
and  colored  gla.sses  have  a  distinctive  color  value, 
and  that  any  method  whicli  employs  blending 
colors,  as  the  colored  prism  of  the  von  Fleischl 
apparatus  or  the  gradually  diluted  blood  in  the 


Gowers  instrument,  presents  a  wider  field  for  error 
than  that  method  which  employs  fixed  and  uniform 
colors  for  comparison.  Also  daylight  is  the  most 
reliable. 

1.  Gdirers    llc7ni>iih>hit\nmrtrr. — This    instrument   is 
one  of  color  comijarison. 


Fig. 


"84. —  Von  Fleischl'.s  Hemoglobinoinele 
blood  in  capillary  tube. 


Takin 


Fig.  7S3. — Von  Fleischl's  Hemoglobinometer. 


Principle. — If  a  colored  fluid  representing  a  very 
low  percentage  of  hemoglobin  be  placed  by  the  side 
of  a  solution  of  a  fixed  quantity  of  blood,  to  which 
water  is  added  little  by  httlc,  a  point  in  the  process 
of  dilution  will  be  reached  at  which  the  two  colors 
correspond. 

By  obserWng  the  amount  of  diluting  fluid  required 
to  bring  normal  blood  to  a  corresponding  color  with 
the  fixed  color,  a  scale  may  be  made  by  which  devia- 
tions from  the  normal  may  be  detected. 

The  parts  of  the  instrument  (Fig.  782)  are  (numbers 
correspond  with  those  in  cut):  1.  A  solution  of 
picrocarmine-glycerin  of  the  color  of  a  one-per-cent. 
solution  of  normal  blood,  contained  in  a  sealed  tube. 
2.  An  open  tube  graded  from  10  to  120.  3.  A 
p''pette  measuring  10  and  20  cm.  4.  A  dropper. 
To  use  the  instrument:  A  httle  water  is  put 
into  the  graduated  tube.  Puncture  of  the  skin 
is  made  in  the  usual  way,  and  blood  drawn  up 
to  the  twenty  cubic  millimeter  mark.  The 
blood  is  at  once  blown  into  the  graduated  tulie 
containing  the  water.  The  blood  and  water  are 
then  thoroughly  mixed,  and  more  water,  little 
by  httle,  added  by  means  of  the  dropper  until 
the  color  of  the  diluted  blood  and  that  of  the 
standard  solution  correspond.  It  will  be  seen 
that  if  the  blood  is  rich  in  hemoglobin  it  will  be 
nece.ssary  to  add  a  large  quantity  of  water  in 
order  to  make  it  of  the  color  of  the  standard 
solution,  which  represents  onlj'  one  per  cent. 

As  we  add  more  and  more  water, 
however,  the  column  of  fluid  rises  on 
the  scale,  and  therefore  indicates  a 
high  percentage  of  hemoglobin.  In 
cases  of  anemia  the  correspondence 
will  be  sooner  reached,  and  the 
column  of  fluid  will  stand  at  a  lower 
level  in  the  tube,  and  will  therefore 
indicate  a  low-  percentage  of  hemo- 
globin. 

This  instrument  has  the  advantage 
of  being  elieap  as  well  as  accurate. 
The   standard   soluUon,    picrocar- 
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mine,  changes  color  in  time,  a  point  noted  by  Lovibond 
and  by  Oliver  working  in  Lovibond's  laboratorj'. 

2.  Von  FleUchl  Hemometer — or,  more  correctly, 
hemoglobinometer — depends  for  its  principle  upon 
the  supposition  that  a  solution  of  hemoglobin  varies 
in  color  according  to  the  amount  of  hemoglobin  which 
it  contains,  and  that  the  latter  may  be  measured  by 
comparison  with  the  varying  colors  in  a  prism  of 
glass,  each  degree  of  color  corresponding  to  a  percent- 
age of  hemoglobin. 

We  must  keep  in  mind  that  when  water  is  added 
to  blood  the  hemoglobin  is  dissolved  out  of  the  cor- 
puscles, and  it  is  tne  colored  solution  which  we  are 
comparing,  not  the  hemoglobin  a^  contained  in  the 
corpuscles. 

The  parts  of  the  instrument  are  (numbers  corre- 
spond with  those  in  illustration.  Fig.  7S3):  A  stand 
(1)  with  a  horseshoe  base.  A  stage  (2)  with  a  round 
hole  in  the  center  for  the  reception  of  (3)  a  well  1.5 
centimeters  in  depth  and  di\ided  into  two  equal 
parts:  the  bottom  of  this  well  is  closed  by  a  piece  of 
clear  glass.  Below  the  stage  is  a  round  reflector  of 
plaster  of  Paris  (4).  In  a  metal  frame  is  a  prism  of 
colored  glass  (5).  On  the  frame  opposite  the  apex 
of  the  prism  there  begins  a  series  of  figures,  the  first 
being  0  and  the  last,  which  is  opposite  the  base  of  the 
prism,  being  120.  At  0  the  tint  of  the  color  is  the 
faintest,  this  tint  increasing  in  intensit3'  until  it 
reaches  maximum,  120.  The  frame  is  introduced 
into  two  tracks  (6)  which  run  below  the  stage.  It  is 
placed  so  that  the  colored  glass  prism  shall  pass 
beneath  one  division  of  the  well,  and  the  series  of 
figures  shall  appear  through  an  oval  opening  (7)  in 
the  stage  just  behind  the  weU.  By  means  of  a  rack 
(8)  and  pinion  different  parts  of  the  varicolored  glass 
prism  may  be  made  to  pass  along  the  bottom  of  one 
division  of  the  well,  and  at  the  same  time  the  figures 
indicating   the   color  intensity   of  the   glass  at   that 


Fig.  785. — Von  Fleischl's  Hemoglobinometer.     Washing  drop  of 
blood  from  capillary  tube  viiih  water  into  one  side  of  double  well. 

point  will  appear  in  the  oval  opening  behind  the  weU. 
There  are  also  a  capiUarj-  tube  (9)  by  which  a  fi.xed 
quantity  of  blood  may  be  obtained;  a  medicine  drop- 
per (10),  a  candle  (11),  a  black  tube  (12)  to  shut  off 
the  surrounding  hght  from  the  eye. 

We  have,  therefore:    1.   A  colored  glass  varying  in 
tint  with  known  quantities  of  hemoglobin.     2.  A  well 
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divided  into  two  equal  parts  and  of  known  depth. 
3.    A  capillary  tube  of  known  capacity. 

The  instrument  is  used  as  follows: 

Puncture  is  made  in  the  usual  way  and  the  tip 
of  the  capillary  tube  touched  to  the  drop,  as  seen 
in  the  Illustration  (Fig.  TS-i).  No  air  space  must 
occur  in  the  tube.     If  the  drop  at  first  taken  is  not 


Fig.  786. — Making  Observation  of  Percentage  of  Hemoglobin 
with  von  Fleischl's  Instrument.     (Dark  room.) 

enough  to  fill  the  tube,  in  adding  more,  care  should 
be  exercised  that  the  blood  is  flush  with  the  end  of  the 
tube  before  again  toucliing  it  to  the  blood  drop.  By 
gently  tapping  the  tube  this  can  be  accomphshed. 

When  the  tube  is  quite  full  we  at  once  insert  the 
end  into  one  of  the  subdi\isions  of  the  well,  and  with 
the  medicine  dropper  send  a  stream  of  clear  water 
forcibly  through  the  tube  (Fig.  7S.5).  This  must 
be  done  promptly  or  the  blood  will  clot  in  the  capil- 
larj-.  The  dropper  need  not  be  fitted  on  to  the  capil- 
lary tube,  a  procedure  wiiich  often  causes  the  latter 
to  break.  If  the  stream  of  water  has  been  sent 
through  with  sufficient  force  the  capillary  will  be 
entirely  freed  from  blood.  We  then  fiU  the  well 
by  dropping  water  with  the  dropper  through  the 
capillary.  This  fills  the  well  and  at  the  same  time 
makes  sure  that  all  the  blood  has  been  washed 
through. 

When  the  water  has  reached  the  top  of  the  well 
a  meniscus,  which  cannot  be  avoided,  will  be  ob- 
served. When,  however,  we  fill  the  opposite  well  with 
clear  water,  wiiich  we  shall  proceed  to  do  directly,  we 
must  see  that  the  meniscus  in  each  well  is  of  the 
same  depth. 

If  the  well  should  be  full  before  aU  the  blood  has 
been  washed  from  the  capillary  tube,  then  the  drop- 
per emptied  of  the  water  may  be  filled  with  the 
diluted  blood  already  in  the  well  and  tliis  passed 
through  the  capillary  tube  again  untU  the  latter  is 
free  of  all  trace  of  blood.  Tlien  the  capillar}-  tube 
in  immersed  into  the  well  and  the  contents  of  the 
well  stirred. 

The  other  subdivision  of  the  well  is  now  filled  with 
clear  water,  care  being  taken  not  to  allow  the  con- 
tents of  the  two  wells  to  mix  over  the  division  wall; 
also  that  the  meniscus  in  each  is  of  the  same  depth, 
as  alreadj-  mentioned. 

Attention  is  called  to  the  fact  that  the  upper 
portion  of  the  well  unscrews  for  the  purpose  of 
cleaning  the  glass  window  at  the  bottom.  These 
two  portions  should  be  tightly  screwed  together 
before  using,  so  that  the  fluids  will  not  mingle  at 
the  bottom  of  the  well,  iloreover.  though  the  wells 
are  the  same  in  all  instruments,  the  prisms  of  glass 
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vary  ono  from  the  other  in  intensity  of  color. 
necessary,  therefore,  for  the  maker  to  test 
iirism  and  ascertain  wluit  is  the  innount  of  normal 
Uood  whieli  will  correspond  to  the  eoUir  opposite 
I  he  lOU  mark.  This  amoniit  is  fixed  by  tlie  ca- 
pa<'ity  of  the  capillary  tnbes.  Ilenco  it  follows 
that  the  capillar;/  liibc!<  tested  for  a  certain  instrument 
should  be  used  with  that  instrument  only.  To  insure 
tliis,  the  number  upon  the  handle  of  the  capillar!/  tube 
should  be  absented,  to  see  that  it  corresjtonds  with 
the  nu7nbcr  on  the  screw  of  the  stand,  Just  behind  the 
numd  opening  for  the  well.  Then,  again,  the  prism 
of  !ilass  must  eorres/ioiid  with  the  stand,  ami  this 
is  insured  by  seeing  that  the  number  on  the  stand 
and  that  on  the  metal  frame  of  the  glass  prism  arc  tlic 
:  lime. 

The  above  is  a  most  clum.sy  method  of  numbering, 
ari.sing  probal)ly  from  the  fact  that  different  work- 
iiiiMi  make  dilferent  parts  of  the  same  instrument. 
The  point  to  l)e  borne  in  mind  is  that  the  glass  prim 
and  the  capilhin/  lube  must  correspond,  and  this 
can  be  made  certain  only  by  observing  the  above 
unnecessarily  complicated  system  of  numbering. 
The  wells  arc  of  the  same  dejMi  in  all  instruments. 
Tlic  figures  on  the  handle  of  the  capillary  tube 
refer  to  the  capacity  of  the  tube. 

We  have  now  filled  the  two  divisions  of  the  well,  the 
one  with  clear  water,  the  other  with  a  fixed  quantity 
of  blood  and  water. 

The  frame  with  the  glass  prism  is  now  put  in  place, 
and  the  well  over  the  |H-ism,  so  that  the  prism  shall 
be  opposite  tliat  division  which  contains  the  clear 
water. 


glass  prism  frame  is  turned  until  the  color  of  tlie 
diluted  blood  and  tliat  of  the  colored  glass  corre- 
spond (see  I'ig.  "SO).  The  figure  which  appears 
in  tlie  oval  opening  Is  now  read,  and  this  is  taken 
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We  now  transfer  our  operations  to  a  dark  room 
lighted  only  by  a  small  candle.  Tlie  instrument  is 
placed  aboi.it  eighteen  inches  away  from  the  candle, 
and  a  dark  tube  is  placed  over  the  well  in  order  to 
shut  off  the  surrounding  light  from  the  eye.  The 
plaster-of-Paris  reflector  is  adjusted  so  as  to  throw 
the  hght  into  the  well,  and  then  the  screw  of  the 
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as  the  percentage  of  hemoglobin  in  the  blood  under 
observation.  Some  observers  claim  that  there  is 
a  difference  of  .several  degrees  between  ob.servatlons 
made  with  the  operator  in  the  position  as  shown 
in  Fig.  786,  and  when  he  in  to  one  side  of  the  instru- 
ment. This  claim,  based  upon  difference  in  color 
appreciation  of  the  eye  in  the  two  positions,  .seems 
a  trivial  one,  and  has  not  been  borne  out  by  the 
experiments  of  the  writer. 

As  observers  differ  so  greatly  with  one  another  in 
the  comparison  of  colors,  it  is  better  to  report  a  per- 
centage of  hemoglobin  over  a  range  of  5;  for  example, 
05  to  70  per  cent.,  SO  to  85  per  cent.,  etc. 

The    quantity    of    hemoglobin    in    grams    may    be 
estimated  from  this  by  the  following  simple  ecjuation: 
lO'O  :  14  ::  tj  :  X 
100  grams  of  blood  contain  14  grams  of  hemoglobin. 
y  =  the  reading  on  the  von  Fleischl  scale. 
x=  amount  in  grams  of  hemoglobin  in  100  of  the 
blood  under  observation. 

Suppose  the  reading  100  :  14  ::  50  :  a;  to  be  50, 
then  X  therefore  equals  7  grams  of  hemoglobin. 

This   instrument   is   very    convenient   for    bed.side 
work.     Its     chief     objection     is     its     expensiveness. 
3.  Fleischl- Mieseher  Hemoglobinometer.  —  Professor 
Miescher   of    Basel   has  devised  a  means   by  which 
the  blood  to  be  used  in  Fleischl's  instrument  may 
be  more  accurately  diluted.     The  parts  of  the  von 
rieischl-Miescher  instrument  are  shown  in  the  illus- 
tration    (Fig     787).       The     principal 
changes  are,  that  instead  of  tlie  capil- 
lary tube  a  graduated  pipette  is  used, 
by    means    of     which    very    accurate 
(|uantities  of  blood  with  accurate  dilu- 
tion may  be  obtained,  and  that  wells 
of    different    depths    are    employed. 
There  are  a  few  minor  changes  also. 
We  have  been  unable  to  discover  any 
superiority  in  this  instrument  over  the 
ordinary  von  F'leisclil  apparatus. 

If  the  precautions  already  laid  down 
by  us  in  speaking  of  the  von  Fleischl 
apparatus  are  observed  {i.e.  to  see  that 
all  the  parts  correspond),  the  instru- 
ment will  be  found  quite  reliable.  Cer- 
tainly we  deprecate  anything  which 
increases  the  cost  of  the  already  too 
expen.sive  von  I'leischl  instrument. 

4.  Taylor's  H emoglobinometer. — The 
following  description  and  cut  (Fig.  788) 
are  from  the  advertisement  of  this  instrument.  I  have 
iiad  no  experience  with  Taylor's  hemoglobinometer. 
The  price  is  .$30. 

"  This  apparatus  was  suggested  ...  by  Prof.  A.  E. 
Taylor  formerly  of  the  William  Pepper  Clinical  Labora- 
tory of  the  Uiiivensity  of  Pennsylvania  Hospital.  It 
consists  of  a  fine  capillary  tube  and  mixing  bulb  with 
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Fig.  789. — Oliver's  Hemoslobinonieter.     1,  Series  of  tinted  glaj>.ses:  2,  glasses  with  more  delicate  variatiou  iu  tint  to  be  used  as  rider; 
3,  well  for  reception  and  dilution  of  blood;  4,  capillary  tube  for  taking  blood;  5,  dropper;  6,  candle  and  stand;  7.  collapsible  dark  tubes. 


bead,  similar  to  tliat  supplied  vnth  the  Zeiss  hemacy- 
tometer, a  glass  -n-edge  of  gradually  increasing  depth  of 
color  (the  same  as  is  used  with  the  vonFleischlhemom- 
eter),  and  a  rectangular  glass  plate  with  a  square 
raised  platform  in  the  center.  This  rai.sed  platform, 
which  is  cemented  to  the  plate  nearer 
to  one  side,  has  in  its  center  a  circular 
cavity  or  cell  of  exactly  one  millimeter 
in  depth.  The  rectangular  plate  is 
accurately  fitted  in  a  metal  frame  slid- 
ing in  grooves,  so  that  the  cavity  with 
its  contents  can  be  brought  succe.s- 
.sively  to  any  part  of  the  wedge  for 
color  comparison. 

"To   use   the  apparatus  a  drop   of 

blood  is  carefully  drawn  into  the 

mi.xing  tube  up  to  the  engraved 

mark,  and  distilled  water  is  then 

drawn  up  till  the  bulb  is  entirelj' 

filled    to    the    second   engraved 

mark  on  the  upper  constricted 
end;  the  diluted  blood 
is    then     mixed     (by 
j       means    of      the   con- 
tained bead)  by  shak- 


is    placed   on   top  and  the  contents  of  cell  are  com- 
pared with  successive  parts  of  the  wedge  by  reflected 
light  from  the  white  background  until  the 
T      color,   as  seen   through  both   narrow   rec- 
tangular    diaphragms,     agrees    in    depth, 


^^^PMS^ifatihu.  ya.-.*iiiiaa<BBmMaw»»B»!*e— 


iio.  ('JO. — Dark  Hnx  lur  i^.-tiiiiating  Percentage  of  Hemoglobin  by  the  Tiiitometric  .Method.  1,  Series  of  tinted  Kla.»cj.  J.  capillaiy 
tube  for  blood;  .3.  dropper;  4,  well  for  diluted  blood:  .5,  tinted  glasses  in  position  to  one  side  of  4,  in  position,  both  of  which  can  b.- 
seen  and  compared  by  looking  through  6  when  the  door  7  is  closed  and  the  candle  is  lighted. 

ing  the  bulb.  The  portion  remaining  in  the  capillary 
tube  is  then  blown  out  and  discarded.  A  part  of 
the  diluted  blood  is  then  blown  out  into  the  cavity 
in  the  platform  of  the  rectangular  plate  until  it  is 
filled.      A  ground    and    poUshed  square   cover-glass 


when  the  percentage  of  hemoglobin  is  indicated  on 
the  scale.  .  .  . 

"The  blood  e.xamined  is  of  a  knowti  accurate  dilu- 
tion made  with  a  pipette,  which  is  very  much  greater 
in  length   than  that  employed  in   the   von  Fleischl 
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iiistruim-nt,  so  tliere  is  less  risk  of  inacouraey.  The 
(juantity  of  the  diluted  blood  to  be  coinpan^d  with  the 
Rcichert  wedge  is  consUinthi  and  accuratcbj  fixed  by 
the  use  of  a  eell  of  one  niiilinietcr  deiith,  somewhat 
similar  to  the  cell  employed  in  the  Tlioma  liemacy- 
lometer.  .  .  .  The  instrument  can  be  closed  and 
easily  carried  in  the  pocket,  being  about  the  same  size 
as  the  case  of  the  smaller  Tlioma  hemacytometer. 

"The  capillary  pipette  supplied  allows  of  a  dilution 
of  one  to  ten  or  one  to  twenty." 

.5.  Oliver's  U einoglobinometer. — Dr.  George  Oliver 
of  London  at  the  .same  time  that  he  devi.sed  his 
hemocytometer  constructed  a  hemoglobinometer  upon 
the  principle  of  the  tintometer  of  commerce. 

.\s  stated  in  describing  the  hemocj'tometer,  the 
term  tintometer  is  wrongly  apphed  to  the  corpuscle- 
counting  insti'unient.  The  hemoglobinometer  of 
Oliver,  however,  does  depend  for  its  principle  upon 
the  comparison  of  tints,  and  it  may  therefore  be 
called  a  tintometer. 

The  principle  on  which  the  instrument  is  ba.sed, 
namely,  that  every  colored  liquid,  upon  dilution  or 
concentration,  has  a  distinctive  color  curve  (the  same 
being  true  of  colored  glass)  as  characteristic  as  the 
specific  heat  of  a  substance,  places  this  instrument  in 
point  of  accuracy  above  that  of  Cowers,  in  which  picro- 
carmine  is  used,  and  above  that  of  von  Fleisclil,  in 
which  a  gradation  of  colors  is  employed. 

In  Gowers'  instrument,  while  the  standard  is  fixed, 
yet  the  blood  is  continually  changing  in  degree  of 
dilution,  and  consequently  the  true  color  curve  is 
destroyed.  Moreover,  as  already  stated,  the  standard 
picrocarmine  changes  color  with  age.  In  vonFleischl's 
instrument  the  dilution  is  fixed,  but  there  is  no 
uniformity  of  color  in  the  area  under  observation. 
In  Oliver's  instrument  there  is  a  fixed  dilution  of  a 
fixed  quantity  of  blood  compared  with  a  fixed  tint. 
The  diluted  blood  and  the  glass  that  is  compared 
with  it  must  therefore  have  the  same  color  curve. 


awkward  to  attach  the  rublxr  tube  to  the  capillary. 
The  well  is  filled  to  the  top,  the  blood  and  water 
thoroughly  stirred,  and  the  blue  cover-glass  adjusted. 
.\  good  light — preferably  daylight — is  obtained,  and 
the  eye  screened  as  with  the  von  Fleischl  instrument; 
but  the  dark  tul)e  is  to  he  held  about  eiglii  inches  away 
from  the  well,  instead  of  upon  it,  as  is  done  in  using 
the  last-named  instrument.  An  expensive  and,  it 
would  seem,  unnece.s.sary  tube,  called  a  camera  tube, 
is  supplied  with  the  instrument. 

In  order  to  detect  differences  between  10  and  20, 
20  and  30,  etc.,  it  is  necessary  to  use  riders  each  of 
wliich  is  equal  to  one  degree. 

By  superimposing  these  riders  imtil  the  exact 
shade  of  color  is  reached,  and  by  then  adding  the 
numljcr  of  riders  employed  to  the  next  lowest  figure 
on  the  scale,  the  percentage  of  hemoglobin  is  ascer- 
tained. For  example,  40  +  3  riders  =  43  per  cent,  of 
hemoglobin. 

A  candle  flame  may  also  be  used  for  these  observa- 
tions; the  illustration  (Fig.  790)  shows  a  box  for  mak- 
ing observations  by  candle  flame.  If  such  a  box  is 
not  made  use  of,  the  candle  should  be  placed  about 
three  inches  from  the  point  of  observation. 

The  instrument  has  the  disadvantage  of  being  very 
expensive.  It  may  be  had  of  I.  H.  Smith  and  Co., 
Ziirich,  and  of  Tintometer  Co.,  6  Farrington  Avenue, 
London,  E.  C,  price,  about  S30. 

6.  Tallqi-ist^  Hemoglobinometer. — Dr.  T.  W.  Tall- 
qvist,  of  the  Medical  Clinic  of  the  University  of 
Helsingfors,  Finland,  devised  a  method  for  quick 
estimation  of  the  amount  of  hemoglobin  by  color 
comparison.  The  blood  under  examination,  received 
upon  a  piece  of  special  filter  paper  which  is  supplied 
with  the  booklet  comprising  the  outfit,  is  compared 
by  daylight  with  a  carefully  prepared  table  of  colors 
representing  known  percentages  of  hemoglobin. 

When  the  blood  is  spread  on  the  filter  paper  a  sUght 
glaze  is  seen  on  the  surface.     Comparison  must  not  be 


'til. — Hoy's  Specific-gravity  Method.     (Drawn  by  Dr.  E.  Dunning.) 


The  instrument  consists  of:  twelve  tinted  glasses, 
in  two  sets  of  six  each,  mounted  on  white  back- 
grounds of  calcium  sulphate*  and  ranging  from  10 
to  120;  a  capillary  tube  (five  centimeters  capacitj-) 
similar  to  but  larger  than  that  employed  in  tlie  von 
Fleischl  instrument;  a  dropper;  a  well  with  a  wliite 
background  of  calcium  sulphate;  a  thick  cover  shp 
(Fig.  789). 

To  use  the  instrument:  Puncture  is  made  in  the 
usual  way  and  the  blood  (quite  a  large  drop)  allowed 
to  pass  into  the  capillary  tube,  care  being  taken  that 
no  air  spaces  are  formed;  excess  of  blood  is  wiped 
away.  'The  blood  in  the  tube  is  then  washed  into 
the  weU  by  means  of  a  stream  of  water  applied  with 
the  dropper.  As  stated  in  describing  the  hemo- 
(■ytometer   of   von   Fleischl,    it   is   unnecessary    and 

*  This,  of  many  substances  tested,  was  found  by  Oliver  to  produce 
the  leajst  confusing  influence  upon  the  appreciation  by  the  eye  of 
different  tints. 


made  till  tliis  has  disappeared,  wliich  takes  place  in  a 
minute  or  so. 

This  method  is  suitable  for  routine  work  only. 
.\ny  variation  from  normal  found  with  this  method 
should  be  corroborated  with  the  more  accurate 
instruments.  To  the  practitioner  and  dispensary 
physician  it  is  of  great  value,  for  the  small  book 
can  be  carried  in  the  pocket  like  a  thermometer  or 
stethoscope. 

Bj'  aid  of  the  von  Fleischl-Miescher  hemoglobinom- 
eter Tallqvist  has  tested  this  method  and  finds  ten 
per  cent,  the  degree  of  error. 

It  must  be  remembered  therefore  that  ten  or  fifteen 
per  cent,  error  is  too  great  for  a  method  to  serve  for 
more  than  an  indicator  directing  the  phj'sician  to 
make  more  accurate  tests  if  any  marked  variation 
from  normal  be  found. 

7.  Dare's^a-  H emoglobinometer. — Dr.  Arthur  Dare  of 
Philadelphia    devised    an    instrument  for  estimating 
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licmoglobin  without  dilution  of  the  blood.  The  in- 
strument is  somewhat  on  the  plan  of  the  Henocque 
liematoseope,  but  is  much  simpler  and  cheaper. 

It  is  not  however  a  cheap  instrument  and  its 
structures  are  rather  delicate  for  the  rough  treatment 
of  a  chiiical  or  ward  laboratory.     A  distinct  advan- 


^ 
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Fig.  792. — Reagents  and  Pipette  Used  in  Hamnierschlag's 
method.     (Drawn  by  Dr.  E.  Dunning.) 

tage  is  that  a  dark  room  is  not  required  (observer  need 
only  face  a  dark  background)  and  that  it  is  accurate 
and  that  the  test  can  be  done  in  much  less  time  than 
with  any  other  instrument  of  equal  accuracy. 

S.  Salili'"  Hemoglobinometer  (Hemometer). — This 
instrument  is  a  modification  of  Gowers'  Hemoglobin- 
ometer. By  referring  to  Fig.  7S2,  wliich  represents  the 
Gowers  apparatus,  Sahli's  instrument  will  be  under- 
stood if  the  following  modification  is  added: 

1.  The  two  tubes  instead  of  standing  in  a  block 
are  placed  side  by  side  in  a  block  frame  with  a 
ground-glass  background.     These  changes  enable  the 

reading  to  be  made  more 
readily. 

2.  The  standard  solu- 
tion for  comparison,  in- 
stead of  being  picrocar- 
mine  which,  as  stated 
above,  changes  color  in 
time,  is  a  one-per-cent. 
solution  of  acid  nematin 
wliich  remains  constant 
ill  color  and  does  not 
.li'compose.  Tliis  stan- 
ilard,    as    in    Gowers,  is 

i>ntained  in  the  sealed 
;  iibe. 

3.  One-tenth  normal 
solution  of  hydrochloric 
acid  (1.5  c.c.  of  pure  HCl 
to  1  hter  of  H,0  to  which 
a  Lttle  chloroform  is 
added  as  a  preservative 
makes  such  a  solution 
which  may  be  made  up 
in  quantity)  is  placed  in 
the  graduated  tube  up  to 
the  ten  per  cent.  mark. 

4.  The  blood  is  ob- 
tained with  the  pipette 
as  with  the  Gowers  in- 
strument and  added  to 
the  hydrochloric  acid 
solution  in  the  graduated 
tube.  The  acid  acts 
upon  the  hemoglobin, 
changing    it    in    a    few 

minutes  to  acid  hematin,  which  is  the  same  substance 
as  the  standard  solution  contained  in  the  .sealed  tube. 
We  are  thus  comparing  hke  solutions  and  this  makes  it 
possible  to  make  our  observation  in  any  light  desired. 
5.  The  observation  is  now  made  by  adding  dis- 
tilled water  with  a  dropper  till  the  colors  correspond, 
when  the  percentage  is  read  on  the  scale. 

184 


Fig.  793. — Speeific-gra\'ity 
Method  for  Estimating  Percentage 
of  Hemoglobin.  Blowing  drop  of 
blood  from  capillary  tube  into 
receiver  containing  benzol  and 
chloroform. 


In  the  use  of  any  of  the.se  color  comparison  methods 
the  following  points  should  be  remembered: 

1.  Instruments  inferior  in  workmanship  and 
accuracy  of  standard  are  not  uncommon.  Each 
instrument  shoidd  therefore  be  tested  with  others  of 
known  accuracy  before  admitting  it  to  the  stock  of 
the  laboratory. 

2.  Individuals  may  be  defective  in  color  detection 
and  even  individuals  with  no  such  defect  may  differ 
much  in  opinion  on  the  same  blood  at  the  same 
time. 

3.  The  eye  after  making  many  close  observations 
may  lose  through  fatigue  accuracy  of  comparison. 

C.  Specific  Gravity  Methods. — It  having  been  shown 
(by  Siegel  and  Schmaltz)  that  the  specific  gravity 
of  blood  varies  with  the  amount  of  hemogloliin  con- 
tained, these  methods  of  estimat- 
ing hemoglobin  have  been  placed 
among  the  important  clinical  tests. 

A  number  of  methods  have  been 
devised,  the  most  important  of 
which  are  those  of  Roj'  and  Ham- 
merschlag.  These  two  methods 
have  for  their  principle  the  com- 
parison of  blood  with  heavier  and 
lighter  fluids  of  known  specific 
gravity  and  such  as  are  non- 
miscible  with  blood. 

Roy,  in  his  method,  employs 
glycerin  and  water,  fluids  of  widely 
different  specific  gravity.  A  series 
of  test-tubes,  as  shown  in  Fig.  791, 
four  centimeters  in  diameter  and 
having  a  capacity  of  from  80  to 
100  CO.,  are  filled  with  the  two 
fluids,  and  the  specific  gravity  of 
each  is  determined  and  marked. 
Blood  is  obtained  in  a  pipette  or 
capillary  bj'  the  usual  wa)'.  A 
drop  is  blown  into  each  test-tube, 
after  the  pipette  has  been  submerged 
in  the  liquid,  and  when  that  tube  is 
reached  in  which  the  blood  neither 
floats  on  the  surface  nor  sinks  to 
the  bottom,  the  specific  gravity  of 
the  liquid  contained  in  that  tube  is 
read  off. 

Hammerschlag's  method,  which 
is  cUnically  the  more  appHcable, 
makes  use  of  only  one  tube.  In 
this  method  benzol  and  chloroform 
(Fig.  7'J2)  are  the  liquids  em- 
ployed, which,  as  before  stated, 
differ  widely  in  specific  gravity 
and  are  freely  miscible.  The  blood 
is  introduced  as  in  Roy's  method, 
and  the  cUoroform  or  the  benzol 
is  added  until  the  blood  floats  in 
the  mixture.  The  specific  gravity 
of  the  mixture  is  then  ascertained,  w'hich  will  also  be 
that  of  the  drop  of  blood. 

Dr.  Scott,  who  assisted  me  in  the  Cornell  Clinical 
Laboratory,  made  the  following  comparative  obser- 
vations on  the  different  methods  of  hemoglobin 
estimation: 

Comparison  between  the  Gowers  and  voji  Fleischl 
Instruments  and  the  Specific-Gravity  Methods  for 
Hemoglobin  Estimation. — In  the  accompanying  tables 
von  Fleischl's  and  Gowers'  instruments  and  Ham- 
merschlag's specific-gravity  method  were  used.  In 
these  experiments  the  utmost  care  was  taken  to  fulfil 
every  requirement  in  the  techniciue  of  each  method. 
As  a  description  of  von  Fleischl's  and  Gowers' 
instruments,  and  of  their  methods  of  use,  has  been 
given  in  another  part  of  this  article,  the  specific- 
gravity  method  only  as  employed  in  making  these 
comparative  ob.servations  will  be  described  here. 
We  nave  adopted  Hammerschlag's  method,  which  is 
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Fig.  794. — Specilic- 
gravity  Method  for 
Estimating  Hemo- 
globin. Drop  of 
blood  suspended  in 
the  fluid  (chlorofonn 
and  benzol). 


Blood,  ninloal  Fiamlnatlon  of 
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a  niodifioation  of  Roy's,  as  being  best  suited  for  the 
general  practitioner. 

In  this  method  two  fluids  are  selected  whicli  are 


I, 


Flo.  795. — tipeuific-gravity  Jlethod  for  Estimation  of  Per- 
centage of  Hemoglobin.  Adding  Huids  (benzol  or  chloroform) 
until  drop  of  blood  is  suspended. 

easily  and  readily  misciljle,  and  with  neither  of  which 
will  a  drop  of  blood  mix;  further,  the  specific  gravity 
of  the  one  fluid  is  low,  wliile  that  of  the  other  is  high. 
The   fluids   selected   are   benzol 
f||  (sp.  gr.,  0.889)  and  chloroform  (sp. 

^         ■     —^  gr.,     1.526),     which   exactly   fulfil 

these  conditions.  They  have  the 
further  advantage  of  being  cheap, 
and  the  whole  apparatus  required 
is  Ukely  to  be  found  in  every 
phv.sician's  office.  We  place  some 
of  the  mixture  (sp.  gr.,  1.050-1.060) 
in  a  dry  clean  cylinder,  and  care- 
fully take  a  drop  or  two  of  blood 
in  a  Thoma-Zeiss  mixer  (any  capil- 
lary pipette,  however,  will  do);  we 
then  in.sert  the  end  of  the  tube  j»<^ 
below  the  surface  of  the  inixture,  and 
blow  out  a  drop  of  the  blood  (Fig. 
7!)3).  The  blood  is  seen  as  a 
Ijright  red  globule  which  does  not 
mix  with  the  fluid,  but  either  sinks 
to  the  bottom,  floats  on  the  top,  or 
remains  suspended  in  the  fluid 
(Fig.  794).  If  it  sinks  to  the  bot- 
tom this  is  because  it  is  heavier 
than  the  fluid,  and  more  chloro- 
form must  be  added.  If  it  floats 
on  the  top,  more  benzol  is  required 
(Fig.  795).  If  it  remains  su.s- 
pended,  it  is  of  the  same  specific 
gravity  as  the  fluid  (Fig.  796).  It 
is  well  to  add  the  necessary  benzol 
or  chloroform  only  one  drop  at  a 
time  from  a  medicine  dropper  (.see 
Fig.  795),  and  to  stir  the  fluid  with 
a  glass  rod  to  cause  complete  mix- 
ture. It  has  been  found  that  mat- 
ters are  very  considerably  simpli- 
fied and  much  time  and  patience 
are  saved,  by  having  the  mixture 
of  such  density  that  the  drop  of 
blood  will  sink  to  the  bottom.  It 
is  much  easier  to  make  the  globule 
rise  by  the  addition  of  chloroform 


^R> 


Fig.  796.— .Specific- 
gravity  Slethod  for 
E.stimating  Percent- 
age of  Hemoglobin 
Taking  specific  grav- 
ity of  fluid.  Drop 
of  blood  seen  sus- 
pended in  fluid. 


drop  by  drop  than  it  is  to  cause  it  to  sink  by  the 
gradual  addition  of  benzol.  Ix't  the  drop  of  blood 
remain  .suspended  for  a  few  minutes  to  see  that  it 
will  neither  float  nor  sink,  and,  then,  wiien  satisfied 
that  it  is  stationary,  ascertain  the  .sijecific  gravity 
1)V  means  of  an  ordinary  hydrometer  (see  I'ig.  796J. 
Hy  (iltering  the  mixture  of  benzol  and  chloroform  it 
can  be  used  again  and  again. 

The  dro])  of  blood  will  remain  in  the  mixture  for 
a  considerable  time  without  its  specific  gravity  chang- 
ing. In  tlie  illustration  (Fig.  796)  the  drop  remained 
suspended  for  forty-eight  hours  before  the  photograph 
was  taken. 

In  Table  I.,  below,  a  variation  is  to  be  noted 
lietween  von  Fleischl's  and  (lowers'  estimates,  but 
llie  variation  is  not  constant  in  eitlier  direction. 
There  is  more  steady  agreement  lietween  those  of 
von  Fleischl  and  of  Hammerschlag  respectively;  and 
this  is  more  particularly  seen  in  Table  II.,  which 
gives  comparative  estimates  of  hemoglobin  of  the 
blood  from  eacli  ear  of  the  patient.  Here,  too,  it 
will  be  seen  that  the  specific-gravity  readings  are 
(|uite  constant;  while  the  von  Fleischl  readings  vary 
somewhat,   and   those   of  Gowers  vary  considerably. 

Dr.  Scott's  tables  show  very  satisfactorily  how 
little  is  the  variation  between  the  specific-gravity 
method,  which  is  so  simple  in  cost,  and  the  expensive 
instruments.  Even  with  the  von  Fleischl  instru- 
ment one  prefers  to  report  his  observations  over 
a  range  of  five  points — seventy-five  to  eighty  per 
cent.,  for  example;  while  with  the  .specific-gravity 
method  the  observations  can  be  more  precise — as  in 
Dr.  Scott's  tables,  where  in  most  instances  the  ob- 
servations are  within  a  range  of  two  or  three  points. 
Such  reading  would  also  include  the  reading  with 
tiowers'  or  von  Fleischl's  instrument.  It  was  for  the 
purpose  of  dotermining  the  accuracy  of  the  specific- 
gravity  method  that  Dr.  Scott  made  these  obser- 
vations, and  our  conclusion  is  that  this  method  is, 
clinically,  perfectly  rehable  and  satisfactory. 

Table  I. 
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gravity. 

globin  c:jr- 

No. 

according  to 

according  to 

ilethod  of 

responding 

von  Fleischl's 

Gowers' 

Hammer- 

with this 

hemoglo- 

hemoglo- 

schlag. 

specific 

binometer. 

biaometer. 

gravity. 

1           . 

68 

69 

1050 

65 

71 

69 

1052 

68-9 

:'. 

63 

67 

1050 

65 

4 

6:i 

59 

1049 

60 

.5     . 

75 

69 

1055 

75 

G 

73 

69 

1054 

72 

78 

71 

1056 

80 

S 

76 

77 

1054 

72 

9 

78 

77 

1056 

80 

10 

93 

89 

1059 

91-2 

11.  . 

81 

81 

1056 

80 

IJ 

68 

67 

1052 

68-9 

i:i... 

73 

69 

1054 

72 

U. 

65 

08 

1051 

67-8 

lo.  . 

92 

87 

10.59 

91-2 

16.. 

61 

62 

1050 

65 

17   . 

91 

92 

1059 

91-2 

IS.. 

S3 

57 

1048 

55 

10. 

82 

88 

1057 

85 

L'O.  . 

f,l 

55 

1049 

60 

■J  1 ... , 

49 

1047 

51-2 

65 

66 

1050 

65 

i::! 

78 

76 

1056 

80 

LM...  . 

81 

73 

1056 

80 

7.S 

77 

1057 

85 

26 

77 

7:i 

1056 

80 

27 

96 

91 

1060 

95 

28 

62 

69 

1049 

60 

29 

85 

66 

1057 

85 
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Table  I. — Continued. 


Xo. 


Pertentage 
of  hemo- 
globin   ■    1 
according  to 
von  Fleischl's 

hemoglo- 
j   binometer. 


Percentage 
of  hemo- 
globin 
according  to  i 
Gower's 
hemoglo- 
binometer. 


Specific- 
gravity. 
Method  of 
Hammer 
schlag. 


Percentage 
of  hemo- 
globin cor- 
responding 
\\-ith  this 
specific- 
gravity. 


30. 
31. 
32. 
33. 
3i. 
35. 
36 
37 
38. 
39. 
40. 
11. 
42. 
43. 
44. 
45'. 
46. 
47. 
48. 
49. 
50. 


58 
71 
68 
S6 

82 
SI 
7S 
SO 
80 
87 
90 
75 
68 
81 
81 


78 
85 
82 


57 
69 

68 
79 
83 
8:i 
7:i 
74 
78 
83 
90 
72 
67 
83 
84 
76 
88 
83 
72 
87 
80 


1050 
1053 
1052 
105S 
1057 
1057 
1056 
1057 
1056 
1058 
1059 
1055 
1052 
1056 
1056 
1055 
1058 
1057 
1056 
1057 
1056 


65 

70 

6S-9 

88-9 

85 

85 

SO 

S5 

80 

88-9 

91-2 

75 

68-9 

80 

80 

7.5 

SS-9 

85 

80 

85 

80 


Tabi£  II. 


Left  ear. 

Right  ear. 

Xo. 

Von 

Gowers. 

Specific 

Von 

Gowers. 

Specific 

Fleischl. 

gravity. 

Fleischl. 

gravity. 

1    . 

87 

83 

10.58 

88 

84 

1058 

2    .  .  . 

90 

90 

1059 

90 

90 

1059 

3    .  . 

75 

72 

1055 

75 

73 

1055 

4 

68 

67 

1052 

68 

67 

1052 

5 .    .  . 

81 

S3 

1056 

81 

83 

1056 

6    .. 

81 

84 

1056 

81 

83 

10.56 

/  -  .  .  . 

78 

76 

1065 

78 

76 

1055 

8...  . 

88 

88 

1058 

88 

86 

1058 

9       . 

86 

83 

1057 

86 

82 

1057 

10 

78 

72 

1056 

78 

74 

1055 

11 

85 

87 

1057 

85 

86 

1057 

12 

82 

SO 

10.56 

82 

SO 

1056 

4.  Color  Index. — This  refers  to  the  relation  be- 
tween the  number  of  red  cells  and  the  percentage 
of  hemoglobin. 

Suppose  the  red  blood  corpu.scle  count  to  be  .5,000- 
000;  this  being  the  normal,  we  inav  designate  it  as 
100;  then: 

5,000,000  red  blood  corpuscles  =  100 

4,500,000  red  blood  corpuscles  =  90 

4,000,000  red  blood  corpuscles  =  SO 

;l,5tK).000  red  blood  corpuscles  =  70 

3,000,000  red  blood  corpuscles  =  60,  etc. 

Suppose  the  hemoglobin  to  be  100  per  cent.  Tliis 
is  the  normal.  Then  ioo=l,  represents  the  normal 
state  of  the  blood;  1  is  the  normal  color  index. 

A  general  formula  by  which  the  color  index  may  be 
arrived  at  would  be  tlie  following: 

A 


B 


=  color  index,  in  which  A  =  percentage  of  hemo- 


globin and  B  the  number  of  red  blood  corpuscles 
reduced  to  terms  of  100. 

Examples:  Chlorosis, /[fj,  =0.. 5  color  index.  Perni- 
cious anemia,  i$  =0.8  color  index.  Secondary  anemia, 
fj  =0.75  color  index. 

Chlorosis,  it  will  be  seen,  has  the  lowest  index,  perni- 

186 


cious  anemia  the  highest ;  that  is,  in  pernicious  anemia 
each  corpuscle  is  carrying  more  hemoglobin  than  is 
the  ca.se  in  chlorosis.  This  is  the  value  globulaire  of 
French  writers. 

5.  Volume  Index. — Capps"  suggested  this  term 
to  express  the  relation  between  the  number  of  red 
cells  and  their  volume.  This  is  ascertained  by  using 
the  hematocrit  (see  Figs.  768  and  769). 

'    =  volume  index. 

A  =  bulk  in  percentage  as  seen  on  hematocrit  tube. 

B  =  number  of  red  cells  expressed  in  percent,  as  in 
determining  color  index. 

By  comparing  tlie  color  index  and  the  volume 
index  it  is  found  that  in  pernicious  anemia  the  color 
index  is  always  less  than  the  volume  index  which 
means  that  the  high  color  index  in  this  disease  is 
attained  not  by  excess  of  hemoglobin  in  the  normo- 
cyte but  by  increase  in  size  of  the  cell  (maerocyte  and 
gigantocyte)  thus  enabling  it  to  carrj- more  hemoglobin. 
In  other  anemias  the  volume  index  may  be  below  the 
color  index.  Perhaps  the  most  important  observation 
in  connection  with  this  work  is  that  rapid  and  acute 
dilution  of  the  cell  contents  (probably)  does  not  occur. 
Volume  index  has  hardly  received  the  attention  that 
it  deserves.  More  clinical  observations  are  needed  to 
confirm  the  value  of  this  and  as  a  sign  in  the  early 
doubtful  diagnostic  stage  of  anemias. 

IV.  The  AxEMi.iS  Detected    by  the   Use  of   the 
Blood-counting  .^.nd  Hemoglobin-esti.m.\ting 

APPAR.\TrS. 

(For  complete  table,  see  p.  197). 


Primarj'. 


Secondary . 


/  Chlorosis. 
1  Pernicious. 

r  Hemorrhage  . 


Poisons . 


I  Purpura, 

\  Menorrhagia, 

,  Hemorrhoids,  etc. 

f  .\rsenic. 
Lead, 
Mercury, 
Silver,  etc. 


ir  Wasting   diseases, 
Malaria. 
Inanition, 
TubercuIosL«, 
Chronic    suppura- 
I       tion, 

I  Chronic  Bright's, 
(  PjTexia,  etc. 

Terms.  Oligemia — dXl-fos,  little,  aT/ia,  blood — too 
little  blood.  Oligocythemia — dUyos,  few,  xiJros,  cell, 
aTiia.  blood — too  few  blood  cells.  Oligochromemia — 
6/dyos,  little,  ypwjioL,  coloring  matter,  aliai.  blood — too 
little  coloring  matter.  Leukemia — hvK6s,  white,  alfia, 
blood — white  blood.  Leucocytosis — XsukSs,  white, 
Kikos,  cell,  o(ris,  fuU  of — fuU  of  white  corpuscles.  The 
following  terms  are  described  in  the  text:  Aniso- 
cytosis,  poikilocytosis,  lymphocytosis,  eosinophilia. 

V.  Staining  of  Dried  Specimens  of  Blood. 

Through  the  labors  of  Ehrlich  we  have  learned  that 
the  blood  corpuscles  react  variously  to  the  aniline 
dj'es:  that  some  of  the  white  corpuscles  contain 
.specific  granules  which  in  health  react  to  these  dyes 
in  one  way,  while  in  disease  these  same  granules  react 
in  a  different  way.  So  constant  is  this  peculiarity 
that  an  entire  system  of  diagnosis  has  become 
possible  simplj-  through  the  process  of  staining  the 
blood. 

As  this  branch  of  the  study  of  the  blood  depends 
entirely  upon  the  peculiar  reaction,  not  of  the  cor- 
puscles as  a  whole,  but  of  certain  parts  of  the  cor- 
puscles, our  technique  must  be  even  more  delicate  than 
in  any  system  of  diagnosis  already  described. 
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1,  .\Ii:thoi)  Emi'i.dyed  in  Taking  Dkikd  Si'Kci- 
mi:n'  ok  Blood. — There  are  two  iiu-thods  of  preparing 
tlie  blood  for  staining:  (1)  The  slide  method.  (2) 
The  cover-slip  method. 

(1)  T)ic  Slide  Method. — Puncture  is  made  in  the 
skin  in  the  usual  way.  A  drop  of  blood  is  received  at 
line  end  of  an  absolutely  clean  glass  slide.  The  efige 
of  another  glass  slide  is  di|)i)ed  into  the  drop  of  blood 
and  drawn  gently  along  the  surface  of  the  first  slide. 
This  jirodnces  a  large  and  fairly  thin  smear  of  blood. 
The  objections  to  this  method  are:  (o)  Too  large  a 
smear;  (6)  smear  not  thin  enough;  (c)  unequaliy  spread, 
thicker  in  one  place  than  in  another;  (rf)  apt  to  muti- 
late the  corpuscles.  The  cigarette-paper  method  has 
the  same  objections  and  gives  the  .same  unsatisfactory 
results  (see  also  p.  100). 

(2)  The  Cover-slip  Method. — Several  No.  1,  seven- 
eighths  inch,  square  Bausch  and  Lomb  cover  slips 
SiTC  thorotighl;/  cleaned  with  alcohol  and  ether.  Every 
trace  of  dust  and  cloudiness  must  be  removed.  These 
cover  slips  are  placed  on  a  .sheet  of  white  paper  on  a 
table  near  the  patient.  It  is  hardly  neces.sary  to  state 
that  they  should  be  held  bi/  the  edges  and  not  by  the 
Hat  surface — that  portion  which  comes  in  contact  with 
the  blood,  and  which,  therefore,  we  should  take  every 
precaution  to  keep  clean.  A  lighted  spirit  lamp  should 
also  be  at  hand.  The  point  of  puncture  is  cleaned  with 
alcohol  and  ether;  this  is  more  important  in  taking 
the  dried  specimen  than  in  taking  the  fresh  specimen. 
One  of  the  cleaned  cover  slips  is  placed  in  the  clamp 
forceps,  as  shown  in  Fig.  745,  No.  4  6,  and  the 
forceps  thus  armed  laid  upon  a  table  near  at  hand. 
Puncture  is  made  in  the  usual  way.  After  removing 
the  first  drop,  the  clamp  forceps,  holding  the  cover 
slip,  is  held  in  the  left  hand,  and  the  second  dro])  is 


received  upon  a  cover  slip  held  bv  the  ojien  forceijs 
(see  Fig.  74.5,  No.  5)  in  the  right  liand.  This  is  the 
first  step,  and  is  shown  in  Fig.  79i 


The  cover  slip  with  the  drop  of  blood  is.innnediately 
transferred  to  the  cover  slip  held  in  the  clamp  forceps, 
as  follows:  The  edge  of  the  cover  slip  upon  which  is 
the  drop  of  blood  and  which  is  held  in  the  open  forceps 
is  placi'd  against  the  end  of  the  limb  of  the  clamp 
forceps  holding  the  other  cover  slip.     Thus  held,  the 


Fig. 


r97.— Mi'thnd  of  T.ikins  Dried 
First  step. 


Specimen  of  Blood. 


cover  slip  is  slowh-  lowered  until  the  drop  of  blood 
almost  touches  the  undermost  cover  slip.  The  right 
hand  forceps  is  then  opened  and  withdrawn,  which 
allows  the  cover  slips  to  come  together  with  the  blood 
between  and  spreading  equally  in  all  directions.  This 
is  the  second  step,  and  is  shown  in  Fig.  798.  If  these 
steps    have    been    carefully    carried    out,    the    blood 


specimen  should  appear  as  in   the   illustration   (.sec 
Plate  XIII.,  Fig.  1). 

Directly  the  blood  is  no  longer  seen  to  .spread  the 
two  slips  are  drawn  apart,  in  such  a  manner,  however, 
that  they  shall  at  all  times  be  parallel  with  each  other. 
This  drawing  ai)art  must  be  quickly  done,  for  if  per- 
formed  too  slowlv   it    will   be   found   verv  difficult    to 


rus.- 


-.Method  of  Taking  Dried  ^peciiii 
and  third  steps. 


uf  Blood.     iSecond 


keep  the  slips  parallel  with  each  other — an  essential 
point — otherwise  the  upper  slip  will  be  raised  and 
make  a  clump  of  blood  to  form  on  the  lower  slip. 

In  order  to  act  thus  ciuickly,  and  to  be  sure  of  the 
slips  coming  away  at  one  puU,  it  is  weO  to  take  an 
additional  hold  upon  the  clamp  forceps  far  down  the 
limbs,  near  to  the  cover  slip.  This  is  the  third  step, 
and  is  shown  in  Fig.  798.  The  cover  .slips  thus 
separated  are  now  held  from  eighteen  inches  to  two 
feet  above  the  spirit  lamp  flame  until  the  blood  is 
<liiite  dry.  This  is  the  fourth  and  last  step,  and  is 
shown  in  Fig.  799. 

It  is  recommended  by  some  hematologists  to  use  the 
thumb  and  forefinger  in  drawing  the  upper  slip  away, 
rather  than  to  u.se  the  open  forceps.  When  this  plan 
is  followed  the  corners  of  the  cover  slips  should  not 
exactly  correspond,  but  one  cover  slip  .should  be 
allowed  to  project  beyond  the  other,  so  as  to  offer  a 
margin  to  take  hold  of.  As  it  is  better  not  to  touch 
the  cover  slip  except  with  the  forceps,  and  as  the 
moisture  of  tlie  skin  readily  adheres  to  the  glass  and 
ruins  the  blood  .specimen,  the  forceps  method  is 
preferable. 

Thayer  mentions  that  flies  attack  the  dried  speci- 
mens, eating  holes  in  them.  While  this  is  undoubtedly 
true  in  some  cases,  yet  the  holes  which  one  sees  in 
dried  specimens  are  more  commonly  cau.sed  by  allow- 
ing the  blood  to  dry  in  the  air  instead  of  using  a  spirit 
lamp.  The  writer  has  seen  these  holes  in  specimens 
taken  in  winter. 

The  prepared  specimens  may  now  be  placed  in  a 
labelled  pill  bo.x  and  kept  indefinitely.  The  method 
of  preparation  here  given  permits  of  the  preserving 
of  specimens  for  a  number  of  years,  to  be  u.sed  for 
class  purposes;  or  of  sending  them,  packed  in  a  little 
cotton,  by  mail  to  an  expert.  By  learning  this 
simple  technique,  therefore,  a  physician  engaged  in 
practice  in  a  section  of  the  countrj'  removed  from 
laboratory  opportunities,  or  one  occupied  in  military 
duties,  may  take  specimens  and  send  them  to  a 
laboratory  for  examination. 

The  differential  diagnosis  of  typhoid  and  malaria, 
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so  important  in  military  encampments,  can  thus  be 
always  aided  by  tiiis  simple  technique.  So  recently  as 
the  Spanish-American  war  the  neglect  of  this  simple 
procedure  led  to  most  distressing  cases  of  typhoid  fever 
patients  in  delirium  wandering  about  various  cities. 
These  cases  had  been  discharged  on  sick  leave  with 


Fig.  799. — Method  of  Taking  Dried  Specimen  of  Blood.     Fourth  step. 


the  diagnosis  of  malaria  made  on  the  fever  and  other 
general  clinical  symptoms.  While  at  that  time  such 
negligence  was  open  to  severe  criticism,  to-day  it 
would  be  unpardonable.  Moreover,  these  patients 
were  in  man}'  instances  so  indiscriminate!}'  overdosed 
with  quinine  that  when  ultimately  seen  at  one  of  the 
city  hospitals,  the  blood  examination  for  malaria  was 
greatly  interfered  with  and  certainly  the  typhoid 
victim  gained  little  by  this  cinchonism. 

2.  Method  Employed  ix  FrxiXG  Dried  Specimens 
OF  Blood. — Before  proceeding  to  the  work  of  staining 
it  is  necessary  to  "ftx"  the  contents  of  the  corpuscles 
so  that  they  shall  not  be  dissolved;  and  this  is  called 
fixation.  The  "living"  blood  will  not  stain  because 
the  corpuscles  readily  dissolve,  giving  up  their  hemo- 
globin even  to  water  and  all  the  corpuscular  charac- 
teristics disappear.  Smears  may,  however,  be  kept 
for  a  long  time  before  fixing  and  staining.  In  most 
cases  the  stains  act  cjuite  as  well  as  when  used  soon 
after  taking  the  specimen.  An  exception  to  this  is 
in  the  Jenner  stain  which  is  more  satisfactory  if 
used  on  the  recently  taken  specimen.  A  number  of 
methods  have  been  employed,  which  may  be  divided 
into  fixation  (1)  by  heat;  (2)  by  fluids;  (3)  by  vapors. 
(1)  Fixation  by  Heat. — (a)  Ehrlich's  copper-bar 
method  (1S7S).  A  spear  point  made  of  copper  and 
about  eighteen  inches  in  length  is  placed  upon  a 
support,  as  shown  in  cut  (Fig.  800).  A  Bunsen  burner 
is  so  located  that  the  flame  will  strike  the  extreme 
point  of  the  bar.  The  flame  of  an  ordinary  Bunsen 
burner,  if  applied  to  the  extreme  tip  of  a  bar  of  this 
size,  wUl  be  able  to  heat  only  a  certain  amount  of  the 
bar  to  a  certain  degree  of  heat;  beyond  which  the 
temperature  will  not  rise,  no  matter  how  long  the 
bar  is  subjected  to  the  flame.  In  other  words,  the 
flame  has  a  limited  heating  power.  This  would  at 
once  be  appreciated  if  we  should  attempt  to  heat, 
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with  the  ordinary  Bimsen  burner,  a  copper  bar  five 
or  ten  feet  long.  We  should  not  be  surprised  to  find 
the  far  end  of  the  bar  cold,  no  matter  how  long  the 
copper  may  have  been  subjected  to  the  flame.  We 
should  realize  that  the  little  flame,  with  its  limited 
heating  power,  could  not  heat  so  large  a  bar.  The 
heating  power  of  an  ordinary 
Bunsen  burner  does  not  extend, 
on  a  metal  bar,  beyond  the  dis- 
tance of  eighteen  inches.  What 
we  wish  to  obtain  by  this  heat- 
ing procedure  is  the  fixed  boiling 
line  on  the  bar.  This  we  ac- 
complish by  placing  drops  of 
water  upon  the  surface  of  the 
bar,  about  twenty  minutes  after 
it  has  been  subjected  to  the 
flame;  and  directly  the  point 
farthest  from  the  apex  of  the 
bar  at  which  a  drop  of  water 
boils  away  is  found,  we  draw  a 
chalk  line  across  the  bar  at  that 
point.  This  marks  the  tempor- 
an.-  boiling  line.  After  the  lapse 
of  a  few  minutes  we  put  another 
drop  of  water  just  beyond  the 
line;  if  the  boiling  point  has  ex- 
tended the  drop  will  boil  away, 
and  we  then  draw  a  second  line 
at  the  new  point  and  still  farther 
from  the  apex.  This  procedure 
is  repeated  until  a  point  is 
reached  at  which  the  water  does 
not  boil  away,  when  we  know 
that  the  limit  of  the  heating 
power  of  the  flame  has  been 
located.  Once  the  permanent 
boDing  line  is  thus  located,  no 
matter  how  long  the  flame  is 
allowed  to  attack  the  apex  of 
the  bar,  the  line  will  never  extend  any  farther 
from  the  apex.  The  confirmation  of  the  fact  that 
this  line  has  been  reached  is  afforded  when  a  drop 
of  water  boils  away  almost  at  once  on  the  flame 
side  of  the  line,  but  remains  until  slowly  dried  off  on 
that  side  of  the  line  away  from  the  flame.     This,  then, 


Fig.  800.- — Ehrlich's  Copper-bar  Method  of  Fixation  of  Blood 
Specimens  by  Heat.  1,  Bar  placed  in  upright  position  to  show 
shape;  2,  bar  in  place  with  Bunsen  burner  at  tip. 

is  the  line  we  seek,  and  it  is  called  the  fi.xed  boihng 
point  or  Une.  To  fix  blood  by  heat  the  specimen 
must  be  subjected  to  a  temperature  above  110°  C. 
and  below  140°  C.  By  the  procedure  just  described 
.such  a  temperature  zone  is  determined.  The  blood 
specimens,  as  above  prepared,  are  now  laid  blood  side 
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up  either  upon  this  line  or  directly  to  the  boiling  side 
of  it.  If  the  boiling  line  has  been  accurately  located, 
it  is,  in  the  writer's  experience,  rather  severe  treat- 
ment to  place  the  specimens  blood  side  down  on 
this  line,  as  recommended  b_v  Cabot.'-  Specimens  so 
placed  are  allowed  to  remain  from  forty  minutes  to 
an  hour,  except  in  cases  of  pernicious  anemia  or  of 
grave  secondary  anemia,  when  a  much  shorter  time — 
perhap.s  only  twenty  minutes — is  sufficient.  This  is 
not  satisfactory  for  malaria  specimens.  One  should 
be  careful  not  to  allow  draughts  to  influence  the  direc- 
tion of  the  flame,  as  in  this  way  the  bar  is  chilled  anti 
the  boiling  point  thereby  altered  for  a  period  of  several 
minutes.  Ehrlich's  copper-bar  method  is  a  good  one, 
in  the  thorouo;hly  equipped  laboratory,  for  specimens 
prepared  for  class  purposes;  but  it  is  tedious  and  calls 
for  much  watching,  and  has  been  replaced  by  quicker 
and  simpler  methods  which  seem,  so  far  as  one  can  at 
j)resent  judge,  equally  good. 

The  heat  method  would  seem  to  render  stains  more 
pfrmancnt  than  when  fixation  is  accomplished  by  other 
agents.  I  have  .specimens  fixed  by  heat  and  stained 
fifteen  years  ago  which  still  retain  the  brilliancy  of 
the  dyes,  while  those  treated  bj'  the  other  fixation 
methods  at  a  much  later  date  have  faded.  For 
valuable  specimens  this  is  of  decided  importance. 
Specimens  from  cases  of  extreme  anemia,  however, 
must  be  heated  with  great  care.  They  are  readily  de- 
stroyed by  overheating. 

(b)  \  quick  heat  method,  and  one  applicable  to 
office  work,  is  that  by  means  of  the  .spirit  lamp.  The 
specimens,  taken  as  above  described,  are  simply  held 
about  two  feet  above  the  flame  until  the  blood  is 
thoroughly  dried;  or  the  cover  slips  maj'  be  heated 
to  ()0°  or  70°  C.  (a  temperature  which  can  be  borne 
by  the  skin)  before  taking  specimens.  This  serves 
for  immediate  staining  and  examination;  but  for 
specimens  which  are  to  be  kept  for  a  long  time,  or  in 
which  accurate  differential  examination  is  desired, 
it  will  be  found  un.satisfactory. 

(f)  -Another  fairly  quick  heat  method  is  tliat  by 
means  of  the  thermostat,  brought  gradually  to  a 
temperature  of  150°  C.  and  kept  at  this  degree  of 
heat  for  from  forty  minutes  to  an  hour.  This  is  as 
satisfactory  as  the  copper-bar  method,  but  not  as 
readily  carried  out. 

(</)  .\nother  simple  means  is  to  make  use  of  the  top 
of  a  steam  register,  upon  which  the  .specimens  are 
allowed  to  remain  for  from  forty  minutes  to  an  hour. 
This  is  a  very  good  and  convenient  method.  Care 
nmst  be  taken  that  no  moisture  shall  be  on  the 
metal. 

(2)  Fixation  by  Fluids. — (n)  Of  the-se,  Nikiforov's 
method  is  the  best.  It  calls  for  equal  parts  of  ab.so- 
lute  alcohol  and  ether.  The  specimens  are  immersed 
in  this  liquid  for  from  two  to  four  hours.  This,  next 
to  the  formalin  method  given  below,  is  the  best  for 
malarial  specimens.  For  quick  work  fairlj-  good 
results  may  be  obtained  from  an  immersion  lasting 
twenty  minutes. 

(6)  Dr.  G.  A.  Tuttle  devised  a  method  which  is 
described  by  Dr.  Fred  P.  Solley,  in  the  reports  of  the 
Pathological  Department  of  the  Presbyterian  Ho.spi- 
tal.  New  York  Citj-.  The  following  "is  taken  from 
those  reports: 

"Experiments  were  made  by  Dr.  G.  A.  Tuttle  with 
chromic  acid,  and  after  trials  of  different  strengths 
for  varying  periods  of  time  he  found  that  a  two-per- 
cent, solution  poured  on  the  film  and  allowed  to 
remain  for  exactly  thirty  seconds  gave  uniformly 
good  results,  both  red  and  white  cells  taking  up 
their  special  stains  clearly  and  surely.  The  nuclei 
and  granules  of  the  leucocytes  stain  quite  as  sharply 
as  in  the  best  specimens  fixed  by  heat — while  the  pro- 
toplasm of  the  mononuclear  lymphocytes  is  usually 
better  stained  than  by  the  latter  method. 

"  By  this  method,  then,  the  whole  process  of  pre- 
paring the  specimens  for  examination  is  reduced  to 


five  or  six  minutes,  and  when  the  films  are  evenly 
and  thinly  .spread  the  prejiarations  are  certain  to  be 
available  for  accurate  difTerential  compulation.  The 
red  cells  occasionally  show  defects  as  a  result  of  the 
action  of  the  acid;  but  this  usually  means  that  the 
solution  has  been  left  on  too  long,  or  that  the  films 
were  unevenly  .spread.  Indeed,  the  spreading  of  the 
films  is  of  the  utmost  importance  in  securing  satis- 
factory results  by  any  method.  .  .  .  The  two-per- 
cent, chromic  acid  solution  is  .spread  from  a  dropper 
over  the  film,  the  cover  glass  being  held  in  a  staining 
forceps.  -Vfter  thirty  seconds  the  acid  is  thoroughly 
washed  off  and  the  excess  of  water  removed  by 
tapping  a  corner  of  the  square  on  filter  paper.  The 
stain  is  then  poured  over  the  film  in  the  same  manner, 
and  washed  off  quickly  after  three  minutes.  The 
specimen  may  then  be  dried  between  layers  of  filter 
paper  and  is  ready  to  be  mounted  in  balsam. 

"  By  employing  this  method  a  complete  blood 
examination  may  be  carried  out  in  a  little  over  an 
hour  at  the  bedside  of  the  patient,  often  affording 
valuable  information  in  cases  in  which  the  desirability 
of  surgical  intervention  is  in  question." 

This  method  has  proved  most  satisfactory  in  my 
hands. 

(c)  Bichloride  of  mercury  and  Miiller's  fluid  ffor- 
mula,  see  p.  170,  footnote)  may  be  used,  but  the 
results  are  uncertain. 

(d)  Formalin  method.  Five  drops  of  ten-per-cent. 
formalin  .solution  are  mixed  with  10  c.c.  of  95  per 
cent,  alcohol.  The  cover  slips  are  immersed  in  this 
for  thirt}-  seconds. 

Futcher  and  Lazear  reported  this  as  a  most  satis- 
factory method  for  malarial  blood.  The  writer  has 
found  that  when  using  the  Ehrlich  eosin  hematoxylon 
stain  this  is  a  thoroughly  reliable  fixing  method. 
The  statement  of  Futcher  and  Lazear  as  to  its  value 
for  malarial  specimens  is,  in  the  writer's  opinion,  to 
be  indorsed. 

(.3)  Fixation  by  Vapors. — In  this  method  cotton 
soaked  in  two-per-cent.  formalin  is  kept  at  the  bottom 
of  a  wide-mouthed  bottle.  The  specimens  are  sub- 
jected to  the  vapor  from  this,  with  the  cork  in  the 
bottle,  for  from  fifteen  to  thirty  seconds.  This  is  a 
good  office-table  and  classroom  method.  During 
one  winter  the  students  in  their  laboratory-  and  bed- 
side work  at  the  Cornell  University  Medical  College 
prepared  all  their  blood  specimens  by  this  method. 
While  quickly  obtained,  the  stains  were  not  perma- 
nent, so  that  in  a  few  months  they  had  almost  wholly 
faded  out. 

(4)  Fixation  by  Fixing  Agentin  Stain. — Thismethod 
has  become  the  popular  one  because  the  fixing  and 
staining  are  accomplished  in  one  step  and  in  a  few 
minutes.  The  stains  must,  however,  be  well  prepared 
and  the  specimens  must  not  be  overstained.  It  is 
a  more  common  error  to  over-  than  to  understain. 
If  there  is  uncertainty  about  the  stains  or  if  a  hospital 
interne  finds  it  difficult  to  get  good  results  it  is  better 
to  fix  by  heat  or  alcohol  and  stain  with  eosin  and 
methylene  blue.  I  have  found  that  this  simple 
method  will  bring  good  results  in  the  laboratory  of  a 
general  hospital  in  which  men  have  been  struggling 
unsuccessfully  with  the  more  complicated  stains.  In 
trained  hands  though  there  is  no  method  more 
satisfactory  than  the  fixing  stain.  These  stains  will 
be  given  under  head  of  Blood  Dyes. 

3.  Blood  Dtes,  their  SorRCE  .\xd  Cl.\ssific.\- 
Tiox. — The  following  is  not  an  exhaustive  article  upon 
blood  staining;  it  treats  of  this  subject  only  in  so  far 
as  it  is  part  of  the  apparatus  used  in  the  clinical 
examination  of  the  blood.  So  much  has  lately  been 
accomplished  in  the  differential  staining  of  the  mala- 
rial parasite  that  this  part  of  the  subject  of  blood 
staining  will  be  treated  of  under  other  heads  {Histolog- 
ical Technique.   Malaria,  etc.). 

In  the  process  of  distillation  of  coal  gas  from  bitu- 
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minous  coal,  for  ordinary  lighting  purposes,  there 
condenses  upon  the  pipes  a  "thick,  black,  opaque, 
viscid  liquid"  which  is  known  as  coal  tar.  From 
this  coal  tar,  among  the  many  other  useful  products 
(paraffin,  naphtha,  creosote,  carbolic  acid,  pitch,  etc.), 
has  been  separated  benzol.  When  benzol  is  acted  on 
by  nitric  acid,  nitrobenzol  is  formed,  and  this,  when 
treated  with  nascent  hydrogen,  produces  aniline, 
■which  is  an  oilj-  hquid,  aniline  oil  occurring  as  a  by- 
product of  the  process.  Tliis  aniline  is  a  chemical 
base  and  unites  with  acids  to  form  salts.  These  salts 
are  of  a  great  varietj-  of  most  beautiful  colors — violet, 
green,  purple,  etc. — and  are  the  origin  of  our  valuable 
stains  in  microscopic  work.  Benzol  being  the  source 
commonly  employed  in  the  preparation  of  the  aniline 
dj-es  for  commerce,  this  would  make  these  dj-es  ap- 
parently by-products  of  coal  tar.  Aniline,  however, 
is  a  direct  product,  but  in  too  small  quantities  to 
make  it  profitable-  to  separate  it.  The  word  anil 
comes  from  the  name  of  a  plant  from  which  indigo  is 
made;  the  word  signifies  purple,  and  is  applied  to  this 
product  of  coal  tar  as  purple  is  one  of  the  most  striking 
colors  produced  by  the  combination  of  aniline  with 
an  acid. 

The  stains  used  in  microscopic  work  are  manufac- 
tured by  Grubler  in  Germany  and  sold  in  powder 
form.  From  these,  various  strengths  of  stain  may 
be  made.  The  system  by  which  these  powders  are 
classified  is  at  times  confusing.  It  is  to  be  regretted 
that  the  names  are  selected  so  as  purposely  to  con- 
vey no  information  beyond  that  of  enabling'the  com- 
pounder to  refer  to  hjs  records  and  there  learn  the 
secret  process  which  produced  the  stain.  So  no 
further  explanation  can  be  given  of  this  classification. 
<¥^°7  of  these  names,  as  tropaeolin  56  and  orange 
"G, "  were  given  by  the  commercial  compounders 
and  have  been  adopted  by  Grubler.  who  confines  him- 
self to  the  preparation  of  stains  for  scientific 
purposes.  Eosin  is  from  the  Greek  word 
meaning  the  dawn.  Methyl  blue  and  meth- 
ylene blue  differ  the  one  from  the  other  in 
that  the  former,  mixed  with  sodium  hy- 
drate, changes  color  to  a  reddish  brown, 
the  latter  to  violet.  Methvl  blue  is  the 
stain  usually  employed  in  blood  work. 

The  stains  are  grouped  into  two  general  classes — 
acid  and  basic.  These  terms  do  not  indicate  a  lit- 
mus reaction,  and  are  therefore  not  to  be  taken  in  the 
strict  chemical  sense.  The  stains  are  for  the  most 
part  neutral  salts,  that  is,  made  up  of  a  base  and  an 
acid,  but  neither  acid  nor  basic  in  reaction.  Xow  if 
the  acid  part  of  a  salt  is  the  staining  element  in  the 
salt,  the  stain  is  called  an  acid  stain.  Example:  am- 
monium picrate,  which  is  a  salt  made  up  of  am- 
monia, the  ba  >■<■,  and  picric  acid,  the  acid.  Picric  acid 
is  the  element  in  the  salt  which  stains;  hence  the  name 
acid  xtain.  Another  stain  is  rosanilin  acetate — rosani- 
lin  is  the  6ase  and  acetic  acid  is  the  acid.  The  base 
in  tills  salt  is  the  staining  element,  and  hence  the 
name  ba^ic  stain.  The  term  neutral  stain  refers  rather 
to  a  peculiarity  of  the  tissue  than  to  the  stain. 

According  to  this  grouping  of  the  stains  the  tissues 
are  also  classified.  Those  tissues  which  stain  with 
an  acid  stain  only  are  called  eosinophilic;  tho.se 
wliich  stain  with  a  basic  stain  only  are  caUed  baso- 
phihc,  and  those  requiring  both  an  acid  and  a  basic 
stain  are  called  neutropliihc.  Tissues  which  consist- 
ently stain  with  an  acid  stain  were  termed  bv 
Ehrlich  eosinophilic,  because  eosin  was  the  mos"t 
striking  stain  of  the  acid  group.  Now  that  we  have 
all  our  stains  clearly  classified,  however,  it  is  better  to 
adopt  a  term  referring  to  the  entire  group  rather  than 
to  a  single  stain  in  the  group.  O.xyphilic  (oJi5s, 
acid;  ^/.eu,  I  like)  is  therefore  a  better  word. 

4.  Tissue  Affinities  for  Dtes  .\nd  theih  CL.\ssr- 
Fitc.\Tiox. — The  following  list  contains  only  a  few  of 
the  more  common  stains. 
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.\cid. 
Eosin, 

Fuchsia  (acid), 
Orange  "G," 
Picric  acid, 
.\urantia, 
Indulin, 
Xisrosin, 
Tropaeolin  o6,  etc. 


Ba:*ic. 
Rosanilin  acetate, 
Fuchsin  (basic), 
SafFranin. 
Methyl  blue. 
Methyl  riolet. 
Methyl  green,  etc. 


The  Tissuej<,  according  to  the  explanation  just 
given,  are  grouped  by  Ehrlich  as  follows: 

1.  OxyphiUc  (dfw,  acid:  (pMu,  I  like),  svnonymous 
with  eosinophilic  (acidophilic  is  a  hvbrid,"and  should 
therefore  be  discarded),  refers  to  tissues  taking  only 
acid  stains.  The  Greek  letter  «  is  used  to  designate 
oxyphilic  granules.  Example :  eosinophiles  of  human 
blood. 

2.  Amphophilic  (&n(poi,  both) — refers  to  those  tis- 
sues staining  equally  well  with  either  an  acid  or  a 
basic  stain.  Example:  the  bone  marrow  of  rabbits. 
There  are  no  amphiphilic  granules  in  human  blood. 
The  Greek  letter  p  is  used  to  designate  amphophilic 
granules. 

3.  Basophilic  refers  to  tissues  taking  only  basic 
stains.  Example:  Mast  cells.  The  Greek  letter  j- is 
used  to  designate  basophihc  granules. 

4.  Xeutropliilic  refers  to  tissues  requiring  both  an 
acid  and  a  basic  stain.  Example:  polynuclear 
leucocytes.  The  Greek  letter  e  is  used  to  designate 
neutrophilic  granules.     (The  word  neutrophilic  is  a 


FiG.  801. — Mechanical  Stage.  1,  SUde  in  place:  2.  space  and 
screw  for  reception  of  and  fastening  to  upright  of  microscope; 
3,  screw  for  lateral  motion  of  slide;  4,  screw  for  forward  and  back 
naotion  of  slide. 

hybrid — neutrum,  neither,  and  <piK4u,  I  like.  Oude- 
terophiUc  (ouSerepos,  neither),  would  be  more  correct 
but  not  as  simple,  perhaps,  as  the  present  word.) 

In  order  to  demonstrate  these  staining  reactions 
of  the  various  blood  corpuscles  and  their  granules, 
the  stains  should  be  each  in  turn  applied  to  specimens 
of  blood;  then  the  specimens  should  be  examinetl, 
and  those  parts  which  take  the  stain  should  be 
noted. 

For  example,  subject  a  specimen  of  blood  to  an 
acid  stain — eosin.  Result:  Red  cells  stained;  eosiiio- 
phile  granules  stained;  granules  of  polynuclear 
leucocytes  verj'  fainth-  tinged;  all  ehe  unstained. 

Subject  a  specimen  of  blood  to  a  basic  stain — 
methyl  blue.  Result:  Nuclei  of  all  leucocytes 
stained;  granules  of  polynuclear  leucocytes  very 
faintly  tinged;  all  else  unstained. 
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Subjof't  a  spi'ciini'n  of  blood  to  a  neutral  .stain  — 
oosin  and  niclliyl  blue.  Result:  Heil  eells  stained 
red;  oosinophile  granules  stained  red;  nuelei  of  leuco- 
cytt's  stained  blue;  granules  of  leucocytes  stained 
reddisli-l)lue. 

The  blood  thus  |)repared  is  now  examined  and  the 
percentage  of  normal  ('ells,  peculiarities  of  staining, 
and  cells  not  normally  in  peripheral  circulation  are 
noted.  In  order  to  examine  tlie.se  fields  accurately 
and  not  to  recount  tlie  cells  \V(^  employ  the  mechanical 
stage  (Fig.  SOI  ).  This  is  so  constructed  as  to  enable 
one  to  move  the  specimen  a  microscopic  distance  at 
a  time  from  .side  to  side,  up  and  down,  and  acro.ss 
diagonally.  It  is  moreover  supplied  with  a  register 
by  means  of  which  the  ob.server  may  take  note  of 
his  whereabout.s  in  the  field,  .so  that  having  moved 
away  from  the  field,  he  may  return  to  it  again  by 
causing  the  figures  upon  the  register  to  stand  accord- 
ing to  the  position  previously  noted.  In  this  way 
corpuscles  may  be  restudied  and  at  the  same  time 
the  whole  specimen  thoroughly  examined. 

When  the  blood  has  been  fixed  as  already  described 
it  is  then  subjected  to  the  stains  for  varj'ing  lengths 
of  time.  The  following  are  a  few  of  the  stains  and 
formulae  employed  in  blood  work: 

5.  FouMUL.E  FOR  Hi.ooD  St.\ins. — 1.  EoKvii:  0.5- 
per-cent.  alcohol  .solution;  one-half  to  one  minute. 
Methyl  blue — saturated  aqueous  solution;  one-half 
to  one  minute. 

2.  Ehrlich's  triple  stain: 


'  Acid  fuchain 3.5 

.  Water 2.0 

Orange  "(i  "..  .       ■.  6 

.  Methyl  green 6 

Water 10.0 

Absolute  alcohol 5.0 


.o  J 


The  brackets  show  the  order  in  which  ingredients 
should  be  mixed  in  preparing  the  stain. 

3.  Carbol  thionin." — Saturated  solution  of  thionin 
in  fifty-per-cent.  alcohol,  20;  two-per-cent.  carbolic 
acid.  100.  (Should  .stand  several  weeks  before  being 
used.)  Stain  for  from  ten  to  fifteen  seconds.  Espe- 
cially good  for  malarial  parasite. 

4.  Eosin  hematoxylon  of  Ehrlich. — Eosin  (cryst.), 
0..5;  hematoxylon,  2;  absolute  alcohol,  100;  distilled 
water,  100;  glycerin,  100;  acetic  acid,  100;  glacial 
acetic  acid,  10;  alum  (in  excess),  50.  (Should  be 
made  several  weeks  before  using.)  Alum  aids  in 
dis.solving  hematoxylon. 

5.  Jenner's.^' — A  stain  which  also  fixes  the  blood: 
(a)  1.2  per  cent,  watery  sol.  eosin  (Ciriibler's  sol.  in 
water  eosin).  (b)  1  per  cent,  watery  sol.  methylene 
blue  (Griibler's  medicinal).  Equal  parts  of  a  and  b 
mixed,  well  stirred  and  allowed  to  stand  from  twenty- 
four  to  thirty-six  hours.  The  eosin  and  methylene 
blue  precipitate  each  other,  throwing  down  a  lu.strous 
metallic  precipitate.  Filter  off  this  precipitate  and 
wash  till  only  a  faint  blue  tinge  remains.  Collect  the 
precipitate  and  dry  v'ithout  heat.  The  powder  so  pre- 
pared may  be  kept  till  needed.  To  use:  dissolve  half 
a  gram  of  the  powder  in  100  c.c.  of  pure  methyl 
alcohol. 

To  stain:  air-dried  specimens  are  allowed  to  remain 
in  this  stain  two  or  three  minutes.  The  time  must 
be  determined  by  each  worker  for  each  stain.  The 
stain  is  then  promptbi  washed  off  till  only  a  faint 
tint  remains.  This  is  certainly  the  most  valuable 
stain,  for  general  work,  which  so  far  has  been  devised. 
.Many  modifications  of  this  stain  have  appeared. 

0.  Nocht's.^^ — F^or  the  chromatin  of  the  malaria 
parasite  this  stain,  which  is  a  modification  of  that 
devi.sed  originally  by  Romanowski,  has  so  completelj- 
taken  its  place  that  it  is  more  profitable  to  refer  to 
Nocht's  modification  directly.  The  specimen  must 
be  fixed  in  methyl  alcohol. 

The  important  ingredient  in  this  stain  is  polychrome 
methylene   blue   which  has  been   treated  chemically 


so  that  when  in  combination  with  eosin  it  produces 
a  dye  which  stains  the  malarial  parasite  a  brilliant 
red. 

To  Pre|)are  the  Stain. — To  2  c.c.  water  add  two  or 
three  dro|)s  of  one-per-cent.  aqueous  solution  of  eosin. 
To  this  add  the  polychrome  solution  drop  by  drop 
until  only  a  faint  tint  of  the  eosin  remains.  A  pre- 
cipitate immediately  forms,  and  in  order  to  prevent 
this  from  settling  upon  the  specimen  which  should 
now  bo  placed  in  the  stain,  put  the  blood  side  of  the 
fipcrimcn  down.  Let  it  remain  about  five  or  ten 
minutes  and  then  wash  thoroughly. 

Ewing'"  gives  the  most  satisfactory  directions  for 
mixing  the  solutions  and  these  will  be  foimd  in  the 
reference  here  given.  The  polychrome  blue  is  pro- 
duced by  heating  a  one-per-cent.  solution  of  methylene 
blue  with  0..5  per  cent,  sodium  carbonate  for  forty- 
eight  hours  at  a  temperature  of  .5.5°  C. 

7.  GoW/ior/i"  has  also  devised  a  modification  of  the 
Romanowski-Nocht  Stain. 

8.  Leishman  Chromatin  Slain.'^ 

9.  Wright's^'  Chromatin  Stain. 

10.  Giemsa's'"  Methylene  Azure  Stain. — This  stain  is 
the  result  of  an  effort  to  further  simplify  the  Roman- 
owski-Nocht stain  by  extracting  the  active  staining 
agent  in  the  polychrome  blue.  Wood-'  has  made 
valuable  additions  to  the  tcchniciue  of  preparing  and 
using  this  stain. 

11.  Hastings--  working  upon  all  the  foregoing  has 
devised  a  modification  which  is  among  the  more 
important  because  of  its  general  application  to  blood 
conditions  and  becau.se  of  the  accuracy  and  certainty 
with  which  it  brings  out  the  normal  and  pathological 
features  of  the  corpuscles.  In  the  article  referred  to 
these  features  are  fully  discu.s.sed  and  illustrated  by 
two  beautiful  plates,  one  of  which  is  here  reproduced 
by  permission  of  the  author  and  of  the  publishers. 

It  is  well  to  remember  that  in  most  instances  each 
individual  stain  has  its  peculiarity  with  regard  to 
intensity  of  staining  depending  upon  the  age  of  the 
stain,  the  character  of  the  ingredients  u.sed,  etc. 
The  formula  and  directions  given  in  any  description 
should  be  taken  as  guides  only  and  every  stain  should 
be  tested  out  with  regard  to  time,  degree  of  washing, 
etc.  In  a  hospital  laboratory  much  time  would  be 
spared  and  many  failures  prevented  if  the  directions 
for  the  u.sc  of  each  individual  stain  were  placed  on 
the  label.  At  the  same  time  it  must  be  remembered 
that  stains  change  their  characteristics  with  age  and 
that  such  directions  must  be  changed  accordingly. 

12.  Mailer's  fluid,  see  p.  170.  footnote. 

13.  Formalin  solution  for  fixing  blood,  see  p.  189. 

14.  Hayem's  solution,  see  p.  162. 

15.  Pacini's  solution,  see  p.  162. 
1(>.   Toison  .solution,  p.  165. 

17.  Pratt's  solution  for  preserving  the  blood  platcf, 
p.  174. 

^'ital  Staining. — The  staining  of  the  living  (unfixed) 
blood  has  received  considerable  attention  in  recent 
years. 

In  Dr.  Vogel's  hands  the  most  satisfactory  dyes  for 
vital  staining  are  brilliant  cresyl  blue  (Grubler)  and 
polychrome  methylene  blue  solution,  put  up  by 
(irtibler.  There  are  .several  ways  of  making  the 
preparations.  Vogel  recommends  the  following:  A 
saturated  alcoholic  solution  of  the  cresyl  blue  is 
smeared  in  a  thin  film  on  the  slide.  As  the  alcohol 
evaporates  a  delicate  layer  of  the  dye  is  left  on  the 
slide.  On  this  the  blood"  is  smeared  in  the  usual  way, 
and  as  it  dries  the  cells  become  stained. 

Another  method  is  to  use  a  saturated  .solution  of 
cresyl  blue  in  salt  solution  with  a  Httle  two  per  cent, 
sodium  oxalate  solution  added,  drawing  a  little  blood 
into  the  capillary  portion  of  a  red  cell  mixer  and  fol- 
lowing with  the  .solution  just  mentioned.  The  mix- 
ture can  then  be  centrifugalized  and  smears  made  from 
the  .sediment. 

The  polychrome  methjdene  blue  can  be  used  in  a 
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mixture  containing  equal  parts  of  the  solution  as  it 
is  delivered  by  Griibler  and  physiological  salt  solution. 
To  about  2  c.c.  of  this  five  drops  of  two  per  cent. 


Fig.  S02. — Ehrlich's  Eyepiece  for  Determining  the  Relative  Values  of  White  and  Red  Cells  in  a 
Dried  .Specimen  of  Blood.  1,  Screw  for  fa.stening  eyepiece  to  microscope;  2,  handle  by  means  of 
which  the  square  aperture  (3)  may  be  altered  in  size;  3,  aperture  reducible  to  defiuite  relative  sizes 
by  observing  notches  seen  on  upper  margin  of  square. 


oxalate  solution  may  be  added  to  prevent  clotting. 
This  stain  can  be  used  in  a  red  cell  mixer  as  just  de- 
scribed. By  doing  the  staining  in  the  mixer,  although 
it  is  a  little  more  troublesome,  one  is  less  likely  to  get 
artefacts  and   the    results  are  more  convincing. 

Neutral  red  has  also  been  suggested  for  tliis  pur- 
pose, but  it  is  less  satisfactory  than  the  two  dyes 
just  mentioned.  Methylene  blue,  methylene  azure, 
and  pyronin  methyl  green  are  also  used. 

6.  Mechanical  Eyepieces. — {a)  Ehrlich's  Eyepiece 
(Fig.  802)  supplies  an  important  need.  This  instru- 
ment is  so  devised  that  accurate  fields  may  be  meas- 
ured off  on  the  dried  specimen  of  blood  and  the  rela- 
tive numerical  values  of  white  and  red  corpuscles 
thereby  ascertained.  The  instrument  is  constructed 
like  an  eyepiece,  and  may  be  fastened  to  the  micro- 
scope in  place  of  the  eyepiece.  A  handle  projects 
from  one  side  of  the  instrument,  and  when  this  is 
moved  the  square  aperture  noted  on  looking  through 
the  eyepiece  is  seen  to  increase  and  decrease  equaUy 
on  all  sides  according  to  the  direction  in  wliich  the 
handle  is  turned.  On  the  uppermost  side  of  the 
square   (see  Fig.  802)    three  notches  will  be  noted. 


Fm.  803. — The  Eyepiece  Micrometer. 

When  the  handle  is  placed  so  that  the  square  is  at 
its  greatest  size  the  dimensions  of  this  square  will 
be  just  sixteen  times  that  of  the  square  formed  when 
the  first  notch  is  covered.  The  second  notch  indicates 
a  square  four  times  as  large  as  when  the  first  notch 
is  covered;  the  third  notch  indicates  a  square  nine 
times  as  large;  and  the  largest  sriuarc,  as  stated,  is 
sixteen  times  as  large  as  the  smallest. 
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Thus  by  counting  all  the  red  cells  in  the  first  or 
smallest  square  of  a  number  of  fields,  and  all  the 
white  cells  in  the  fourth  or  largest  square  (which  is 
sixteen  times  as  large  as  the 
smallest)  of  a  number  of 
fields,  and  multiplj'ing  the 
number  of  red  cells  by  six- 
teen, we  get  the  ratio  of  red 
to  white  cells  in  a  dried 
specimen. 

(b)  The  Eyepiece  Micron 
ctcr  (Fig.  803)  is  of  at 
simple  construction  anj 
mechanism  that  its  employ 
ment  is  to  be  recommended 
for  more  accurate  cUnicsi 
reports  on  the  size  of  th| 
blood  corpuscles. 

The    following    explana 
tion  is  taken  from  the  Leit^ 
advertisement  of  the  instru 
ment: 

M  icrometer  Measurementsi 

— The  scale  of  the  eyepiece 

micrometer  is  divided  into 

■jV  uiiUimeter.   Each  of  these 

divisions  represents,  according  to  the  objective  u.sed, 

a  certain  absolute  linear  measure  of  the  object,  as 

shown  in  the  following  table : 


Absolute  length 

Absolute  length 

of  object  repre- 

of object  repre- 

Xumber 

sented  by  one 

Xumber 

sented  by  one 

of 

division  of  the . 

of 

division  of  the 

objective. 

eyepiece- 
micrometer  scale. 
Millimeters. 

objective 

eyepiece- 
micrometer  scale. 
Millimeters. 

1 

0.051 

7 

0.0026 

o 

.028 

8 

.0020 

3 

.015 

9 

.0017 

4 

.012 

Immersion 

t\, 

.0022 

5 

.0048 

Immersion 

1 

12 

.0013 

6 

.0034 

Immersion 

I'S 

.0014 

AVhen  making  micrometer  measurements  it  is  abso- 
lutely necessary  accurately  to  maintain  the  tube 
length  at  170  milUmeters.  If  this  is  neglected  the 
measurements  become  unreliable  or  even  worthless. 

The  above  micrometer  values  are  measured  witli 
ej-epiece  II.;  in  the  other  eyepieces  they  differ  in  an 
inappreciable  degree. 

Example:  Let  a  scale  of  Hipparchia  janira,  as 
seen  with  objective  6,  cover  54  divisions  of  the  scale 
longitudinally  and  20  division  transversely.  Its 
actual  length  will  then  be  54x0.0034-0.184  milli- 
meter, and  its  breadth  20x0.0034=0.068  miUimetcr. 

Suppose  a  valve  of  Pleuroxigma  angulatum,  meas- 
ured with  objectives  4,  6,  and  7,  to  cover  21,  74,  and 
98  divisions  respectively;  then  the  measurement-;  of  its 
length  represent  the  following  absolute  dimensions: 

Objective  4  :  21X0.012    =0.252  millimeter. 

Objective  6  :  74x0.3004  =  0.252  miUimeter. 

Objective  7  :  98X0.0026=0.255  miUimeter. 

Tables  of  Magnifications. — The  image  seen  in  the 
microscope  produces  upon  the  e3'e  the  same  effect  a^ 
an  object  seen  at  the  normal  distance  of  distinct 
vision,  i.e.  ten  inches. 

If,  therefore,  a  rule  be  placed  at  the  foot  of  the 
microscope  at  a  distance  of  ten  inches  from  the  eye, 
it  can  be  compared  with  the  microsc  )pical  image  of  a 
scale  divided  into  -ji^rr  millimeter.  The  quotient  is  the 
magnification  of  the  objective  and  the  eyepiece 
combined. 

If,  e.g.  ninetj'-two  millimeters  of  the  rule  are  found 
to  cover  ^"j  of  the  image  of  the  micrometer  scale,  it 
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EXPLANATION  OF  PLATE  XV. 

1-2,  Polynuclear  neutrophiles. 

2a,  Plates;  2b,  False-plates. 

3-4,  Polynuclear  eosinophiles. 

5-9,  Lymphocytes. 

10-12,  14,  14a,  15,  Large  mononuclears. 
14a,  "  Old,  aged  "lymphocyte  of  Michaelis  and  WolflF. 
13,  13a,  Stimulation  forms  of  Turk. 
16,  16a,  17,  Transition-forms. 
18-20,  Myelocytes. 

21,  "  Large  lymphocyte"  of  acute  lymphatic  leukemia  (Turk's  lymphoid-marrow  cell). 

22,  22a,  Mast-cells. 

23,  Normal  red  cell. 

24,  Normoblast  with  basic  granules  in  protoplasm. 

25,  Megaloblast. 

26,  Granular  basophilia  in  red  cell. 
27-30,  Malaria  parasites. 

31,  Stippling  in  red  cell  invaded  by  tertian  parasite. 


CLASSIFICATION  OF  WHITE  CELLS  SHOWN  IN  PLATE. 

In  normal  blood: 

Polynuclear  neutrophiles Figs.  1,  2. 

Polynuclear  eosinophiles Figs.  3,  4. 

Lymphocytes Figs.  5,  9. 

Small Figs.  5,  7. 

Large Figs.  8,  9. 

Large  mononuclears Figs.  10.  12,  14,  14a,  15. 

Transitionals Figs.  16,  16a,  17. 

Mast-cells Figs.  22,  22a. 

In  pathological  blood: 

Myelocytes Figs.  18,  20. 

Neutrophilic Fig.  18. 

Basophilic Fig.  19. 

Eosinophilic Fig.  20. 

Lymphoid-marrow  cell Fig.  21. 

Stimulation  forms Figs.  13,  13a. 
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Showing  the  Results  Obtained  by  H.\stings'  Modification  of  the 
Nocht-Jenxer  Stain. 

T.  W    Hastings,  M.  D.,  Journal  of  Experimental  Medicine,  vii.,  3,  Jf.N-E  10,  1905. 


REFERENCE    HANDBOOK    OF    THF    MEDICAL   SCIENCES 


Blood,  Clinical  Examination  of 


,)llows  that  the  magnification  is  ?,  3  =  130.  The 
ables  of  magnification  have  been  compiled  in  this 
manner  and  are  sufficiently  accurate  for  practical 
lurposes. 

i'luis,  supposing  the  same  specimen  of  Pleurosigma 
•  njulatum  to  bo  measured — 

(1)  with  objective  7  and  eyepiece  0, 

(2)  with  objective  4  and  eyepiece  II., 

md  supposing  tlie  length  of  its  image  to  be  sixty-seven 
nillimeters  in  the  first  and  twenty-two  millimeters  in 
he  second  case,  then,  since  the  actual  size  of  the 
>bject  is  found  by  dividing  the  length  of  tlie  image, 
^i-en  at  a  distance  of  ten  inches  from  the  eye,  by 
magnification  of  the  objective  and  eyepiece  com- 
uned,  the  length  of  our  specimen  of  Pleurosigma 
mgulatum  is: 

(1)  ,«.V  =  0.248  millimeter. 

(2)  "^5=0.244  milhmeter. 

n  all  these  measurements  a  tube  length  of  170  milli- 
neters  must  be  strictly  adhered  to. 


Pratt's  work  already  referred  to-  would  seem  to 
show  that  there  is  no  known  relation  between  the 
time  required  for  blood  to  clot  and  the  number  of 
plates  in  a  given  ca.se.  Coagulation  time  must  there- 
fore be  dcterminiHl  indep(!ndontly  of  other  blood 
features.  The  conditions  in  which  blood-clotting  is 
delayed  are  profound  anemia  and  occasionally  the 
anemia  of  leukemia,  hemophiha,  the  advanced  .stage 
of  wasting  disea.se.  and  profound  jaundice,  either  ob- 
structive or  from  liver  di.sea.se. 

The  two  conditions  of  importance  in  this  list  are 
licmopliilia  and  jaundice  becau.so  of  the  danger  in 
operating  in  these  cases.  It  must,  however,  be  re- 
membered that  in  jaundice  occasionally  the  test  may 
give  normal  coagulation  time  before  operation  and  fatal 
hemorrhage  occur,  nevertheless,  after  operation.  This  is 
a  manifestation  of  some  process  of  considerable  im- 
portance but  one  which  is  not  understood.  There 
may  here  be  some  relation  to  the  common  post- 
operative thrombosis  in  which  changes  may  nave 
taken  place  in  the  vessels  as  well  as  in  the  blood. 


I  ABLE    \'I. — T.iBLE    SnOWIN'G    THE    SoURCE,    APPE.\R.\XCE,    St.\INING    Re.\^CTION,    GrEEK  LetTER  EXPRESSING 

St.\in,  .\nd  the  Xu-meric.\i>  Value  of  Every  Cell  Found  ix  the  Peripher.\l  Circul.\tion  under 
Xor.mal  or  P.^thological  Circumst.\nces. 


Name  according  to 
aource. 


Xaine  according  to  appear- 
ance. 


Xame  according  to  stain. 


Name 
according 
to  Greek 

letter 
expressing 

stain. 


Numerical  value  of  each  cell. 


[Red  cell. 


o  . 


Normoblast. .  ]    Nucle- 


Gigantoblast    I     ated 
or   niegalo-     j      red 
blast                j     cells 
W  i  Plates 


Protoplasm. 
Oxyphilic 


Basophilic 


Nucleus. 


Basophilic. . 


(«) 

(«) 
(«) 

(r) 

(0 

(o) 

(0 
(0 

(£) 
(«) 

(0. 
(r). 
fa) 


5,000,000  to  cubic  millimeter. 

Found  normally  in  bone  mar- 
row only.  In  peripheral 
circulation  in  pernicious 
and     grave    secondary 

[    anemia. 

300,000  to  cubic  millimeter. 


5.  Lymphocyte. 


f  SmaU  monoculear. 


Myelocyte.. 


Large 
8  i  Transitional  " 

Polynuelear 

Coarse  granular. 
(Eosinophile) 


11 Masicell. 


.Eosinophilic  myelocyte  . 


Granules.  Nucleus. 

Neutrophihc Basophilic 

(Sometimes  basophilic) 
granules  at  periphery.) 

Neutrophilic 

f  Basophilic    \ 
"  1  in  leukemia  J 

Oxyphilic 

(Eosinophilic) 
Neutrophilic 


Basophilic 

(Requires    dahlia 
stain.) 
Oxyphihc 


6,000 

to 

10.000 

2-3 

m  c.mm. 

2-3 

CO-70 

2-3 

20-30  per  cent. 


Found  in  bone  marrow  only. 
In  peripheral  circulation  in 
splenonieduUarj-  leukemia. 

i  of  1  per  cent.  (Virchow). 

Increased  in  leukemia. 

Found  in  bone  marrow  only. 
In  peripheral  circulation  in 
splenomeduUary  leukemia. 


-The  mast  cell  of  Cornhill  wa?  described  by  him  prior  to  Ehrlich's  observations  upon  the  staining  peculiarities  of  these  cells,  and 
may  have  been  a  myelocyte  or  a  large  mouoauclear,  and  had  best,  therefore,  be  dismissed  from  the  list  of  blood  cell's. 


VII.   Blood-clotting. 

The  fact  that  normal  blood  requires  a  fi.xed  time 
or  clotting,  and  that  in  certain  diseases  this  time 
>aries,  makes  the  phenomenon  of  blood-clotting  of 
■linical  value.  However,  in  the  description  of 
ipparatus  and  technique  employed  in  the  clinical 
examination  of  blood,  the  discussion  of  the  various 
auses,  etc.,  producing  this  phenomenon  can  have  no 
.)lace.  Text-books  on  phj'-siology  and  the  article  on 
"oagulation  should  be  consulted  for  information  on 
this  subject.  Therefore,  beyond  describing  the  appa- 
ratus employed  and  mentioning  the  di-seases  in  which 
variations  in  the  time  required  for  clotting  occur,  the 
'Ubject  wiU  receive  no  further  consideration. 

Vol.  II.— 13 


1.  Apparatus  and  Technique  Employed  in 
Measuring  Coagulation  Ti.me  of  Blood. — Three 
methods  for  determining  the  rate  of  coagulation  may 
be  employed:  (1)  The  rough  test,  in  which  two  drops 
of  blood,  as  nearly  equal  in  size  as  possible — one  from 
the  case  under  observation  and  one  from  a  normal 
indi\-idual — are  compared  as  to  clotting  time.  (2) 
That  in  which  Brodie  and  Russell's-'  apparatus  is 
employed.  (3)  That  in  wliich  Wright's  coagulometer 
tubes  are  employed. 

1.  The  Rough  Tat. — A  drop  of  blood  from  the  case 
under  observation  is  received  on  a  glass  slide,  and 
simultaneously  a  drop  as  nearly  as  possible  of  the 
same  size  as  that  from  the  suspected  case  is  taken 
from  a  normal  case  and  placed  upon  another  glass 
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slide.  The  time  at  which  the  operation  is  begun  is 
noted.  The  two  slides  are  placed  side  by  side,  and 
by  means  of  a  pin  touching  the  edge  of  the  drop,  the 
stage  of  the  process  of  clotting  is  ascertained  from 
time  to  time.  The  moment  of  complete  clotting  is 
determined  when  the  pin,  being  drawn  from  within 


^=7ft-= 


Fig.  S04.— Wright's  Coagulometer  Tubes.     1,  Ordinary  tube;   2.  tube  with  mixing  chamber. 


equal  quantities  of  blood  are  taken  by  means  of 
accurately  graduated  tubes.  These  tubes  are  blown 
through,  one  after  another,  until  that  tube  is  reached 
which  cannot  be  blown  out,  and  in  which,  therefore, 
the  contained  blood  has  clotted.  The  time  from 
the  taking  of  the  blood   to  the  moment  when  the 

blood  has  clotted  is 
noted,  and  this  is 
termed  the  "coagula- 
tion time." 

Wright's  coagulom- 
eter tubes  are  of  two 
kinds  (Fig.  S04):  1. 
Those  for  testing  the 
coagulation  time  of  the 
blood.  2.  Those  for 
testing  the  coagulation 
power  of  certain  sub- 
stances. 

1.  Those  for  Testing 
the  Coagulation  Time 
of  Blood.— These  tubes 
have      a      centimeter 


outward,  no  longer  leaves  a  small  projection  at  the 
peripherv  of  the  drop.  The  time  is  noted  and 
compared  with  that  of  the  normal  blood.  This  is  a 
test  by  comparison.  The  actual  time  should  not  be 
taken. 

2.  Brodie  and  RusseU's  Coagulation  Chamber. — This 
consists  of  a  truncated  glass  cone  which  fits  into  a 
chamber.  A  space  exists  between  the  tip  of  the 
cone  and  the  bottom  of  the  chamber.     Into  this  space 

a  tube  projects  con- 
nected with  a  rubber 
tube.  The  blood  is 
received  upon  the  tip 
of  the  cone  so  that 
the  tip  is  entirely 
covered.  The  cone 
is  then  placed  in  the 
chamber  and  the 
whole  placed  under 
the  low  power  of  the 
microscope  or  any 
low  power  lens. 

The  corpuscles  will 
be  seen  in  slow  mo- 
tion and  for  the  most 
part  separate  from 
each  other.  The 
tube  is  now  gently 
blown  through  and 
the  corpuscles  wiU  be 
seen  to  rotate.  The 
time  at  which  this 
blow  is  given  is  noted 
and  thirty  seconds 
later  another  blow  is 
given.  Tills  process 
is  repeated  till  the 
blow  fails  to  cause 
the  corpuscles  to  ro- 
tate. The  cone  is 
now  removed  and  the 
blood  touched  with 
filter  paper.  The  be- 
ginning of  clotting 
is  determined  by 
noting  when  the 
blood  is  not  taken 
up  by  the  filter  paper 
and  the  time  mea- 
sured accordingly. 
The  temperature  of  the  atmosphere  and  of  the  instru- 
ment will  influence  the  clotting  time.  With  tliis 
instrument  tlie  time  for  clotting  is  found  to  be  from 
five  to  eight  minutes. 

3.  Wright's    Coagvlometer    Tubes. — In    this    test, 


Fig.  805. — Case  and  Warm  Cham- 
ber for  Wright's  Coagulometer  Tubes. 
Chamber  for  warm  water  in  center 
surrounded  by  leather  jacket  contain- 
ing tubes  and  thermometer. 


scale,  six  centimeters  in  all,  and  are  shaped  as  seen  in 
Fig.  804.  There  are  eight  such  tubes  in  a  set.  There 
is  also  a  round  tin  receiver,  surrounded  by  a  jacket,  in 
which  there  are  nine  pockets — eight  for  the  reception 
of  the  tubes,  the  ninth  being  for  the  reception  of 
a  thermometer  (,Fig.  805).  This  part  of  the  apparatus 
is  for  the  purpose  of  heating  the  tubes  to  blood 
heat  before  use  by  placing  heated  water  in  the  center 
tin.  This  is  not  es.sential,  as  the  normal  blood  is  found 
to  be  coagulated  in  the  same  time  without  previous 
heating  of  the  tubes  as  when  such  heating  is  carried 
out.  If  heating  is  resorted  to,  the  thermometer 
should  register  18.5°  (half  blood  heat),  or,  if  clotting 
is  very  slow,  37.0°  (blood  heat). 

The  test  is  made  as  follows:  The  tubes,  as  seen 
in  the  illustration  (Fig.  804),  are  laid  out  (if  the  heat- 
ing tin  is  not  used)  on  a  sheet  of  white  paper  on 
a  table  at  the  bedside.  An  open  watch  is  also  laid 
upon  the  table.  A  fairly  large  puncture  is  made 
in  the  skin  in  the  usual  way.  A  rubber  tube  with 
mouthpiece  (similar  to  that  used  with  the  Thoma- 
Zeiss  mLxer)  is  attached  to  the  first  tube  and  blood 
is  drawn  up  to  the  fifth  division,  the  time  by  the 
watch  being  noted.  Taking  the  point  of  the  tube 
away  from  the  blood  drop,  the  column  of  blood  is 
drawn  up  to  the  sixth  marking,  thus  removing  the 
end  of  the  column  from  the  immediate  influence 
of  the  air.  This  tube  is  laid  upon  the  white  paper, 
and  the  moment  at  which  the  observation  is  begun 
noted  down.  In  about  half  a  minute  the  second  tube 
is  treated  in  the  same  way,  in  another  half  minute  the 
third,  and  so  on  for  the  "whole  set.  .\fter  the  lapse 
of  about  one  minute  the  first  tube  is  gently  blown 
through;  if  the  blood  is  still  liquid  the  second  tube 
is  blown  through;  and  so  on  until  a  tube  is  reached 
from  which  the  blood  cannot  be  blown.  The  time 
at  which  this  condition  is  observed  is  at  once  noted 
and  compared  with  the  time,  as  marked  on  the  paper, 
at  which  the  observation  of  the  blood  in  that  tube 
was  begun.  The  difference  between  the  two  numbers 
constitutes  the  time  required  for  this  specimenof 
blood  to  clot,  and  is  therefore  the  "coagulation 
time."  The  lime  is  tnken  from  the  moment  the  blood 
is  draicn  into  the  tube  to  that  at  which  it  cannot  be 
blown  from  the  tube. 

2.  In  using  the  instrument  to  determine  the  coagu- 
lation power  of  certain  substances,  the  tubes  \vith 
the  mixing  space  are  emploved  (see  illustration. 
Fig.  804,  2).  The  substance  to  be  tested  is  drawn 
up  to  one  of  the  divisions  on  the  tube,  say  the  second. 
Blood  is  then  also  drawn  up,  and  the  blood  and 
substance  to  be  tested  are  thoroughly  mixed  in  the 
mixing  space.  Unmixed  blood  is  now  drawn  into 
another  tube,  and  the  different  coagulation  times 
for    the    two    tubes    are    noted.     Prof.    Wright   ex- 
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hibited  at  the  Paris  Congress,  August,  1000,  an 
improvement  upon  this  instrument. 

Cleansing  Ihc  Tubes. — This  is  one  of  the  annoy- 
ances of  the  Wright  tubes,  for  unless  cleaned  at 
once  the  tubes  become  hopelessly  clogged.  It 
is  well,  therefore,  to  have  an  attendant  draw  clear 
water  into  each  tube  the  moment  the  observation 
has  been  made  upon  that  tube.  It  is  evident  that  as 
the  observer  is  occupied  with  his  observations, 
those  tubes  already  tested,  and  containing  traces 
of  blood,  will  become  dried  out  and  clogged.  A 
wire  should  be  passed  down  the  tubes  to  break  up 
the  clotted  blood. 

When  all  trace  of  blood  has  been  removed,  and  not 
till  then,  ninety-five  per  cent,  alcohol  should  first 
i)c  drawn  through  the  tubes,  and  afterward  ether. 
The  tubes  will  then  be  ready  for  use  again.  The 
importance  of  lironijit  action  in  the  matter  of  clean- 
ing the  tubes  cannot  be  too  emphatically  stated;  dis- 
regard of  this  promptness  will  render  the  tubes 
useless.* 

2.  Clinic.\l  Value  op  Observing  Co.\gulation 
Time  of  Blood. — The  normal  coagulation  time  is 
from  two  to  eight  minutes.  The  following  table 
shows  tlie  differences  in  coagulation  time  in  various 
diseases. 


Coagulation  Rapid. 
Malignant  disease: 

inflammation   or  sloughing 
in  progress. 
Pneumonia. 
Hemoglobinemia: 

in  severe  grade  of  malaria: 

in     severe   grade   of   .septi- 
cemia; 

in  yellow  fever; 

in  typhus  fever; 

in  burns. 
Poisons: 

snake  poisoning; 

chlorate  of  potassium; 

antipyrine  and  acetanilide : 

hydrocyanic  acid; 

phenacetin; 

phosphorus; 

carbonic  acid; 

illuminating  gas. 


Coagulation  Delayed. 
Malignant  disease: 
uncomplicated. 

Jaundice  (important  in  opera- 
tion for  gallstones,  as  one  of 
the  most  common  complica- 
tions causing  fatal  results  is 
postoperative  hemorrhage  due 
to  reduced  coagulability  of 
the  blood. 
Obscure  conditions  associated 
with  frequent  attacks  of 
epistaxis: 

hcniophilia; 

scur\^ ; 

erythema  multiforme; 

pernicious  anemia; 

anemia  delayed  in  accord- 
ance with  severity: 

purpura  ha-morrhagica. 


The  coagulation  time  may  be  increased  by: 

1.  Inhalation  of  carbonic  acid  gas. 

2.  Ingestion  of  calcium  chloride. 

3.  The  gelatin  treatment  for  aneurysm,  (a)  Lan- 
cer.'aux's  method:  four  to  five  grams  white  gelatin 
di.s.solved  in  200  c.c.  of  0.7  per  cent,  soditim  chloride 
solution  and  sterilized  at  120°  C.  (6)  Futcher's  ■' 
method:  250  c.c.  of  one-per-cent.  gelatin  solution  in 
normal  salt  solution. 

.'i.  Detection  op  Blood  when  in  Small  Quanti- 
ties.— For  fidl  information  upon  the  more  comphcated 
apparatus  and  technique  (spectroscopic  and  chemical) 
eniploj-ed  in  the  detection  of  blood  for  medicolegal  pur- 
poses, the  reader  is  referred  to  the  article  on  Blood 
Slain't. 

A  simple  clinical  test  is  the  following:  Allow  a  few- 
drops  of  the  fluid  supposed  to  contain  blood  (urine, 
gastric  contents,  etc.)  to  dry  upon  a  glass  slide.  Add 
to  the  margin  of  the  dried  fluid  a  few  grains  of  com- 
mon salt.  Now  from  a  pipette  allow  a  drop  or  two 
of  glacial  acetic  acid  to  attack  the  salt  and  dried  fluid. 
Gently  heat  the  slide  until  the  acid  has  dried  entirely; 
examine  with  low  power.  If  blood  is  present  crystals 
of  hemin  will  have  formed.  Hemin  is  a  derivative 
of  hematin  (or  hydrochlorate  of  hematin)  which  is 
thus  produced.  If  no  blood  be  present  no  crystals 
will  be  formed. 

*  The  Wright  apparatus  may  be  had  of  Alfred  E.  Dean,  73 
Hatton  Garden,  London,  E.  C.  for  £2  5.s;  the  improved  instrument 
of  T.  Hawksley,  357  Oxford  Street,  London,  for  £i  las. 


VIII.   Viscosity  op  the   Blood. 

The  viscosity  of  the  blood  may  be  determined  by 
the  Hess  viscometer.  This  con.sists  of  two  graduated 
glass  tubes  fastened  upon  a  bit  of  opaque  glass. 
Tlie.se  two  tubes  of  capillary  bore  are  connected  at 
tlieir  lower  end  by  a  third  tube  which  connects  witii 
a  rul)l)er  bulb.  Distilled  watc'r  is  placed  in  one  tube 
whicli,  by  means  of  a  stopcock  can  be  shut  off  from 
the  otiier  tul».  Into  a  detacliable  portion  of  the  tube 
is  placed  the  blood  which  is  drawn  in  by  capillary 
action.  The  cock  shutting  the  tubes  in  now  opened 
and  by  suction  with  the  rubber  bulb  the  water  and 
blood  flow  through  the  graduated  tubes  till  the  blood 
reaches  the  mark  1  on  the  scale  when  suction  is  dis- 
continued. The  reading  is  taken  by  observing  the 
height  of  the  water  which  indicates  the  viscosity  of  the 
blood  under  ob.servation  compared  with  that  of  dis- 
tilled water.  The  instrument  is  cleaned  by  forcing 
the  contents  out  by  pressure  on  the  bulb  and  washing 
tlirough  with  ammonia.  Viscosity  in  men  is  about 
4, .55,  women,  4.51,  depending  upon  "the  number  of 
red  cells,  hemoglobin  contents,  the  gaseous  richness 
and  on  protein,  fat,  and  salt  in  the  blood." 

The  diseases  in  which  variations  from  normal  are 
found  are  the  anemias  (blood  and  plasma),  leukemia, 
hypoviscosity  of  blood  and  hyperviscosity  of  plasma. 
Polycythemia,  hyperviscosity  (blood and  plasma).  In 
nephritis,  hypoviscosity  of  blood  and  hyperviscosity 
of  plasma  "the  former  due  to  anemia,  the  latter  to 
retained  products  of  metabolism."  For  further  dis- 
cu.ssion  see  an  article  by  Austrian-''  in  the  Johns  Hop- 
kins Hospital  Bulletin  for  January,  1911. 

IX.    Cryoscopy,    the    Freezino-pgint    of    Blood. 

As  yet  this  observation  has  yielded  little  to  aid  in 
diagnosis.  The  underlying  principle  of  this  obser- 
vation is  that  the  freezing-point  of  any  liquid  in 
which  is  dissolved  a  substance  is  lowered  to  a  degree 
proportional  to  the  concentration  of  the  solution.  On 
this  basis  it  was  hoped  that  products  of  catabolism 
in  tlie  blood  would  manifest  themselves  through 
variations  in  the  freezing-point.  Unfortunately,  how- 
ever, the  freezing-point  is  readily  influenced  by  many 
factors  difficult  to  control  and  determine.  Thus 
cyano.sis  from  any  cause  produces  great  variations  in 
tiie  freezing-point.  The  blood  (and  urine)  moreover 
contain  bodies  in  solution  varying  greatly  in  pro- 
portions and  varying  in  associations,  factors  which 
will  greatly  influence  the  freezing-point.  The  only 
promise  of  assistance  in  diagnosis  from  this  method 
is  in  nephritis.  The  reader  is  referred  to  the  article 
on  Cryoscopy  for  further  information  as  to  its  value 
and  the  techniciue  of  the  test. 

X.  Alkalinity  op  the   Blood. 

Engel's^"  (Berliner  klin.  Woch.,  1897)  modification 
of  the  Lowy-Zuntz  method  for  estimating  the  degree 
of  alkaUnity  of  the  blood  places  the  apparatus  among 
tho.se  appUcable  for  this  purpose  in  bedside  exami- 
nations.    It  consists  of  the  following  (Fig.  806): 

1.  A  capillary  pipette  similar  in  construction  to 
that  used  in  the  Thoma-Zeiss  corpuscle-counting 
apparatus,  but  of  somewhat  larger  size.  The  capil- 
lary portion  is  marked  off  into  ten  equal  divisions. 
The  fifth  mark  indicates  0.025  c.c.  and  the  tenth  indi- 
cates 0.05  c.c.  Above  the  bulb  portion  is  a  mark 
that  indicates  5  c.c. 

2.  A  receiver  and  a  stirrer  made  of  glass. 

3.  A  burette  measuring  5  c.c.,  and  marked  1,  2,  3,  4, 
5  in  equal  divisions. 

4.  Litmus  paper. 

To  Make  the  Test. — Blood  from  the  ear  (taken  in  the 
usual  way)  is  drawn  up  to  the  0.05  mark  and  distilled 
water  to  the  5.0  mark.  These  are  mi.xed  by  carefully 
shaking  the  pipette,  and  then  the  mixer  is  blown  out 
into  the  glass  receiver.  In  the  burette  is  placed  a 
iJ^;  normal  tartaric  acid  solution. 
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As  stated  elsewhere  in  this  article,  a  normal  solution 
in  chemistry  is  the  sum  of  the  atomic  weights  of  the 
chemical  employed  (in  grams)  in  1,000  c.c.  of  distilled 
water.     The  formula  for  tartaric  acid  is  CiHgOg,  and 

the  sum  of  its  atomic  weights  would  be  -^—^ — ^  = 


48  +  6  +  96 


Therefore  75  grams  of  tartaric  acid 


in  1,000  c.c.  of  water  would  represent  a  normal  tar- 
taric acid  solution.  A  -V  normal  solution,  however, 
is  all  that  is  required,  which  would  be  one  gram  tar- 
taric acid  to  one  Hter  of  distilled  water. 

This  solution  is  then  allowed  to  drop  from  the 
burette  into  the  receiver  containing  the  diluted  blood, 
which  is  stirred  from  time  to  time  with  the  glass 
stirrer.  Blue  htmus  is  immersed  from  time  to  time, 
and  directly  this  turns  red,  showing  an  acid  reaction, 
the  titration  is  at  an  end,  and  the  amount  of  acid 
solution  required  to  accompUsh  tliis  acid  reaction 
(that  is,  the  amount  required  to  overcome  the  alkalies 


normal  tartaric  acid  solution  neutraUzes  0.05  c.c.  of 
blood;  then  1.000  c.c.  of  -'j  normal  tartaric  acid  solu- 
tion neutralizes  100  c.c.  of  blood. 

Again,  by  experiment,  we  find  that  75  grams  of 
tartaric  acid  neutraUze  40  grams  XaHO  (23  +  1-J-16 
=  40).  1  gram  of  tartaric  acid  neutrahzes  (^;  of  40) 
.533  milligrams  of  NaHO. 

Since  1,000  c.c.  of  J^  tartaric  acid  solution  neutral- 
izes 100  c.c.  of  blood,  iOO  c.c.  of  blood  has  an  alkalinity 
of  533  miUigrams  of  NaHO. 

0.5  c.c.  of  Jj  normal  tartaric  acid  solution  neu- 
trahzes 0.05  c.c.  of  blood.  1,000  c.c.  of  ^  normal 
tartaric  acid  solution  neutrahzes  100  c.c.  of  blood. 
75  grams  of  tartaric  acid  solution  neutrahzes  40 
grams  of  XaHO. 


C,H,Oe  = 


48  +  6  +  96 


=  75   neutralizes  NaHO  =  23  + 


Fig.  S06. — Engel's  Apparatus  for  Determining  at  the  Bed?ide  the  Degree 
of  Alkalinity  of  the  Blood.  1,  Capillary  pipette  for  taking  and  mixing 
definite  quantities  of  blood;  2,  burette  for  acid  solution;  3,  litmus  paper; 
4,  receiver  and  stirrer  for  diluted  blood  while  titrating. 


of  the  blood)  is  ascertained  by  noting  the  level  at 
which  the  hquid  stands  in  the  burette. 

There  is  no  one  alkaU  in  the  blood  which  we  can 
hold  responsible  for  its  alkaline  reaction.  It  is  there- 
fore necessarj'  to  measure  this  alkahnity  by  taking  a 
known  alkah,  say  XaHO,  as  the  unit.  By  ascertaining 
the  amount  of  a  -^  normal  tartaric  acid  solution 
required  to  neutrahze  a  known  quantitj'  of  blood,  and 
then  ascertaining  the  amount  of  sodium  hydrate 
neutrahzed  by  this  amount  of  a  J-  tartaric  acid  solu- 
tion, we  learn  in  terms  of  X'aHO  the  amount  of 
tartaric  acid  required  to  neutrahze  a  known  quantity 
of  blood.  Things  which  are  equal  to  the  same  are 
equal  to  one  another. 

Thus  by  experiment  we  find  that    0.5  c.c.   of  ^ 


2 

1  +  16  =  40.     Then    1    gram  of  tartaric  acid  solution 

neutrahzes   (A-  of  40)  0.533  XaHO. 

This  is  the  quantity  of  tartaric  acid  in  the  -V  nor- 
mal solution  (1  gram  in  1.000  c.c.  of  water). 
This,  therefore,  is  the  value  in  alkahnity — so 
to  speak,  in  terms  of  X'aHO — of  the  tartaric 
acid  solution  employed. 

Xow  on  titration  it  is  found  that  from  9  to  10 
drops  of  such  a  solution  are  required  to  neu- 
tralize 0.05  c.c.  of  blood.  10  drops  equal  0.5 
c.c  wliich  equals  0.5  gram.  0.5  gram  ecjuals 
0.266  XaHO.  Therefore  10  drops  equal  an 
alkahnity  of  0.266  XaHO.  1  drop  =  0.0266 
XaHO. 

It  is  perhaps  better  to  bear  in  mind  that  9 
or  10  drops  represent  the  normal,  and  to  report 
examinations  accordingly.  For  e.xample,  "6 
drops  required  to  neutrahze,"  "12  drops  re- 
quired to  neutrahze,"  etc.  It  would  also  sim- 
phfy  the  proceeding  to  use  a  solution  of  htmus 
in  the  blood  solution  instead  of  the  papers. 

XII.   Blood  P.*^r.\sites. 

The  parasites  observable  in  blood  are  the 
malarial  parasite,  the  filaria,  and  the  trypano- 
some.  All  of  these  are  observable  by  the 
methods  already  described;  for  morphological, 
biological,  and  clinical  information  regarding 
each  of  these  the  reader  is  referred  to  the  ap- 
propriate article  under  each  head.  By  special 
method  the  trichinEe  can  be  seen  in  the  blood. 
This  method  is  described  by  Herrick  and 
Janeway.^' 

^  XIII.   Bacteriology  of  the  Blood. 

1.  Technique  in  Obt.uxing  Blood  For 
Bacteriological  Ex.amixation. — While  one 
famihar  with  bacteriologj-  should  be  appealed  to 
to  determine  the  character  of  the  growth  re- 
sulting from  culture  there  is  no  reason  to-day 
why  any  practitioner  should  not  be  competent 
to  procure  a  blood  specimen  for  cultural  pur- 
poses. The  description  here  deals  only  with 
the  technique  of  taking  the  specimen. 
The  skin  over  a  prominent  vein  at  the  inner  bend 
of  the  elbow  should  be  scrubbed  with  brush  and 
soap  and  rubbed  with  alcohol-ether.  The  veins 
may  be  made  to  stand  out  by  having  the  patient 
close  his  fist  and  flex  and  extend  the  elbow  or  by 
bandaging  the  arm  above  the  elbow.  It  is  rarely 
necessary  to  incise  the  skin  but  it  must  be  remembered 
that  no  amount  of  disinfecting  without  incising  will 
rid  the  deeper  layers  of  the  skin  of  the  stapliylo- 
coccus  albus  a  few  colonies  of  which  will  in  most  in- 
stances contaminate  the  growth. 

After  cleansing  the  skin  it  is  well  to  leave  for  about 
twenty-four  hours  a  compress  soaked  in  1-1000  bi- 
chloride on  the  area. 

The   glass  syringe  with  asbestos  packing  is   that 
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most  employed  for  sterilizing.  Dry  heat  is  preferable 
and  should  be  employed  at  150°  C.  for  an  hour.  This 
is  superior  to  the  use  of  any  chemicals  or  to  boiling 
in  water.  A  bit  of  gauze  sterihzed  at  the  same 
time  can  be  wrapped  about  the  syringe  for  transpor- 
tation or  the  syringe  with  the  needle  can  be  carried 
in  a  large  test-tube  with  cotton  at  the  bottom  and 
plugged  T^ith  cotton.  It  is  important  that  the  needle  be 
ver3'  sharp  and  protected  from  any  duLing  influences. 
Many  failures  to  get  into  the  vein  are  due  to  a  slight 
blunting  of  the  point  causing  the  needle  to  slip  about 
the  vein.  Five  or  six  tubes  plugged  with  sterile  cotton 
and  containing  melted  agar  at  45°  C.  should  be  at 
hand.  The  needle  is  now  plunged  through  the  skin, 
then  through  the  vein  in  the  direction  of  the  blood 
str.^am.  ANhen  in  the  vein  the  blood  will  at  once  flow 
into  the  lower  portion  of  the  syringe  and  gentle 
traction  of  the  piston  will  fill  the  tube — 5  to  20  c.c.  of 
blood  are  required.  It  is  well  to  ascertain  from  the 
bacteriolosist  how  much  he  will  wish  introduced  into 
each  tube^for  the  quantity  required  differs  according 
to  the  orsanism  suspected.  The  blood  after  being 
promptly  Inixed  is  poured  into  sterile  Petri  dishes  and 
transferred  to  the  incubator.  These  steps  should  all 
be  carried  out  vrith  the  least  possible  delay.  The  chief 
sources  of  contamination  in  growths  are:  1.  Imper- 
fect disinfection  of  the  skin;  2.  lack  of  thorough 
asepsis  of  theapparatus;  3.  delay  in  transferring  speci- 
men from  syringe  to  medium;  4.  delay  in  transferring 
preparation  to  incubator;  5.  exposure  to  air;  6.  varia- 
tions in  temperature. 

2.  The  more  important  Blood  Organisms  de- 
tectable BY  Blood  Cllture  are:  1.  Streptococcus 
—several  varieties;  2.  staphylococcus — several  varie- 
ties; 3.  pneumococcus — possibly  several  varieties;  4. 
gonococcus;  5.  typhoid  bacillus — several  varieties;  6. 
Bacillus  aerogenes  capsulatus. 

XV.  Classification  of  the  Lettkeuias. 

The  following  classification  of  the  leukemias  accords  with  the 
clioical  and  laboratory  manifestations  of  the  disease.  Some 
features  of  this  classification  are  open  to  discu^ion.  but  it  is 
the  most  satisfactory  so  far  offerea. 

Classification  of  the  Leukemias. 

I.  Lymphatic Always  chronic. 

o.  Acute  lymphoid 


H.  Myelogeoic  . . 


h.  Acute  myelocytic 

c.  Chronic  myelogenous 

d.  Chloroma 

e.  Myeloblastomata  with 

Bence  Jones  albumin 


Myeloblas- 
tomata. 


Note. — The  Ij-mphoid  marrow  cell  is  the  megaloblast  of  Xaegeli. 
XVI.  Chart  .\rr-4Nged  for  Cuxical  Report  ox  the  Blood. 

Xame Record  No 

Address 

Red  Blood  Corpuscles: 

r  Normally  (1  /<  =  -^  of  an  inch) ,  7  p. 
Size I  Microcytes,  2—5  p. 

[  Macrocytes,  8-10  ft. 

f  Normally,  biconcave  discs. 
Shape \  Poikilocytes.  irregular  outline. 


Color. 


Number 
per  cubic 
millimeter. 


Crenated,  spiculated. 

Normally,  pale  yellow. 

Colorless,  shadow  corpuscles. 

Vacuolated,  degeneration  areas — deficiency  in  hemo- 
globin. 

Normal.  5.000.000. 
i  State  instrument  used. 
I 


Normally,  not  present. 
Normoblasts. 
.  Megaloblasts  or  gigantob lasts. 
Normally  uniform. 

Polj-cbromatophilia  =  different  intensity  of  stain  in 
ceUs, 

Other  staining  features 

State  stain  used 


Nucleated 
red  cells. 

Staining 


Malarial 
parasite. 


Hyaline. 


Pig- 
mented. 


Ameboid 

Non-ameboid 

Pigmented 

! One-fourth  grown. 
One-half  grown. . . . 
Full  grown 

*.  Pigment  motile. . .  . 
[  Non-flagellating. . . 

Vacuolated 

Flagellating 

Non-vacuoIate*l 
Pigment  motil- 


Extra- 
cellular. 


begmentmg 

Crescents /  Pigment  motile. . . 

I  Flagellating 

Round  bodies. .  |  Pigment  motile.  . . 

I  Flagellating. .  ... 

Stained  specimen 

Mention  characteristics 

Conclusion. 

Tj-pe  of  iniection 

Single,  double,  multiple,  or  mixed  infection?. .. . 

,A.ge  of  parasites - 

Sex  of  parasites 

Other  blood  T     ■ . 

parasites.     L 
Hemoglobin: 

Normal,  So  to  95  per  cent 

State  instrument  used 

Color  index 

Volume  index 

White  Blood  Corpuscles: 

Number  per  |  ^-ormal  6.000  to  10.000. 

cubic  miUi-  j  g^^  instrument  used 

meter.        ' 

Normal. 

Small  mononuclear  l>-mphocytes 20-30% 

Large  mononuclear  lymphocj"tes 3 

Number  per  |  Transitional  Ij-mphocytes 3 

each  100      "i  Polynuclear  leucocytes 60-70 

Eosinophiles 2.4 

Mast  cells -      -  0.25 

Myelocytes -  not  present. 

Eosinophilic  myelitis. not  present. 

Present  (normal.  250,000  p«-  cubic  millimeter) 

AbsMit . .    ■ 

Plaques [Present 

I  .\bsent 

Fibrin /Present 

I  Absent -  • 

Coagulation.     State  instrument  used 

Additional  features  and  tests 


leucocytes. 


Plates. 


p. 

I  Al 


C.  X.   B.  C.iMAC. 
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Blood=Iet(ing. — This  title  includes  all  methods 
of  abstrat-ting  blood  for  therapeutic  purposes,  whether 
they  are  for  a  general  or  for  a  local  effect.  The  terms 
vnicscction  and  phlebotomy  are  restricted  to  bleeding 
from  the  larger  veins,  for  the  purpose  of  influencing 
the  system  generally;  while  leeching,  wet-cupping,  and 
scarification  are  means  of  abstracting  blood  from  the 
capillaries,  the  effect  of  which  is  almost  entirely  local. 
Arlcriotomy,  the  abstraction  of  blood  directly  from 
an  artery,  usually  the  temporal,  has  been  resorted  to, 
but  is  now  abandoned  as  a  therapeutic  measure. 

Venesection  is  of  very  ancient  origin.  References 
to  it  have  been  found  in  history  prior  to  the  time  of 
Hippocrates,  and  in  the  writings  of  this  early  authority 
it  occupies  an  acknowledged  position  as  a  valuable 
therapeutic  agent.  During  the  many  years  that  it 
has  been  employed  it  has  been  viewed  with  a  varying 
degree  of  favor,  and  at  various  periods  its  advocates 
have  employed  it  in  all  forms  of  disease  and  in  a 
most  e.xtravagant  manner.  The  seventeenth  century 
and  the  early  part  of  the  last  century  mark  the  periods 
of  its  greatest  use,  during  which  excessive  and  repeated 
bleedings  were  constantly  employed.  It  was  not  only 
in  the  acute  inflammations  and  sthenic  fevers  that 
it  was  resorted  to,  but  was  used  in  every  form  of  ill- 
ness and  in  many  debilitated  and  weakened  conditions 
which  we  now  know  must  have  been  most  injurious. 
The  strong  and  healthy  also  applied  for  it  to  relieve 
the  effects  of  overindulgence  with  much  the  same 
freedom  and  confidence  that  they  now  resort  to  a 
dose  of  epsom  salts.  In  the  fourth  decade  of  the  last 
century  tliere  arose  a  world-wide  reaction  against  this 
excessive  use,  the  practice  fell  into  disrepute,  and 
within  a  few  years  it  had  returned  within  more  ra- 
tional limits.  With  the  advance  of  our  knowledge  of 
physiology  and  more  careful  clinical  observation,  its 
employment  became  based  on  a  scientific  foundation. 
It  was  used  with  a  definite  purpose  in  view  and  restric- 
ted to  certain  well-recognized  conditions.  As  a  thera- 
peutic agent,  it  has  never  been  abandoned.  The 
older  members  of  the  profession,  who  are  familiar 
with  its  use,  find  many  occasions  in  which  it  proves 
of  service,  and  recent  investigations  and  more  fre- 
quent references  'in  medical  literature  indicate  a 
revival  in  its  favor. 

Venesection  exercises  what  may  be  termed  a  me- 
chanical effect  upon  the  circulation,  as  well  as  a  gen- 
eral effect  upon  the  system.  When  a  certain  propor- 
tion of  the  blood  is  removed  the  tension  of  the  blood- 
vessels is  at  once  lessened,  the  degree  depending  upon 
the  amount  withdrawn.  This  effect  is  but  tem- 
porary, as  that  which  is  lost  is  rapidly  renewed;  but, 
if  any  disturbance  of  the  circulation  exists,  it  is 
sufficient  to  allow  the  equilibrium  to  be  regained,  the 
heart  beating  more  easily  and  the  blood  flowing  more 
freely  through  the  vessels. 

The  general  effect  upon  the  system  is  of  the  utmost 
importance.     Accompanying   the   lowering   of  blood 


pressure  and  loss  of  blood  cells,  there  is  a  diminislied 
activity  of  the  various  functions.  The  lieart's  action 
is  (luieter,  respiration  goes  on  more  slowly,  tissue 
changes  are  less  active,  and  there  is  a  lowering  of 
body  iieat.  This  depression  is  but  temporary.  In  a 
few  hours  there  begins  a  renewal  of  the  blood,  tissue 
changes  are  accelerated,  the  nervo\is  system  is  im- 
proved by  a  stimulation  of  the  nerve  centers,  and 
general  bodily  imjirovement  is  the  result.  At  the 
International  Medical  Congress  of  1900,  in  the  discus- 
sion upon  this  subject,  M.  A.  Robin  stated,  as  the 
result  of  many  years'  observation,  he  was  satisfied 
that  after  moderate  bleeding  of  1.50  to  250  grams, 
polyuria  is  regularly  observed,  and  the  excretion  of 
solids  is  increa.sed.  A  greater  amount  of  air  is  taken 
into  the  lungs,  as  much  as  sixty-one  per  cent.,  and  the 
proportion  of  o.xygen  consumed  by  the  tissues  is 
correspondingly  increased.  When  the  bleedings  are 
renewed  this  reaction  is  slower,  and  when  they  are 
frequently  repeated,  a  state  of  anemia  ensues,  with  a 
tendency  to  degenerative  changes.  Since  that  date 
our  knowledge  of  the  effect  of  blood-letting  has  made 
rapid  strides.  During  the  first  few  years  of  this  cen- 
tury Roux  demonstrated  that  the  attraction  of  blood 
from  animals  produced  a  rapid  formation  and  in- 
crease in  antitoxins  and  where  a  condition  existed 
that  caused  a  decline  of  these  bodies,  bleeding  at 
once  checked  such  fall  and  there  followed  a  re- 
formation. A  few  years  later,  Schroeder  of  Copen- 
hagen published  observations  on  typhoid  and  allied 
fevers  in  man,  showing  that  bleeding  up  to  tw-enty 
ounces,  also  here  increased  the  specific  agglutinating 
properties  of  serum,  and,  as  in  animals,  under  certain 
conditions  where  the  agglutinating  properties  had 
begun  to  decline,  blood-letting  checked  such  decline 
and  produced  a  marked  increase  in  this  power. 
These  observations  have  been  of  some  practical 
value  in  the  production  of  antito.^cins,  but  so  far 
have  not  been  taken  advantage  of  to  increase  our 
therapeutic  knowledge. 

Indications. — The  indications  for  bleeding  may  be 
summed  up  under  three  heads:  (a)  when  there  is 
excessive  vascular  tension;  (h)  when  it  is  desired  to 
obtain  the  benefit  of  its  physiological  action  upon  the 
various  ti.ssues  and  organs;  (c)  when  it  is  believed  that 
good  may  result  from  removing  a  definite  amount  of 
blood,  and  with  it  a  certain  proportion  of  toxic 
material,  from  the  system. 

There  is  no  difference  of  opinion  as  to  the  value  of 
venesection  in  all  conditions  in  which  there  is  venous 
engorgement.  It  may  be  desirable  to  try  the  nitrites 
and  allied  drugs  for  the  purpo.se  of  "bleeding  into  the 
arteries,"  or  to  employ  hydragogue  cathartics  or 
diuretics  to  unload  the  congested  vessels;  but  where 
these  measures  fail,  bleeding  is  always  indicated.  The 
cause  of  the  obstructed  circulation  may  lie  in  the  heart 
or  in  the  pulmonary  tissue.  The  effect  of  either  of 
these  causes  is  an  overfilled  and  possibly  a  dilated 
right  heart,  distended  veins,  and  more  or  less  conges- 
tion of  the  various  organs.  In  this  condition  the  re- 
moval of  blood  from  the  venous  system  affords 
prompt  relief.  The  laboring  heart  beats  more  freely, 
the  arteries  become  filled,  and  the  congested  veins 
and  organs  return  to  the  normal.  The  dyspnea 
disappears,  the  dusky  hue  of  the  skin  fades,  and  the 
general  condition  of  the  patient  is  at  once  improved. 
Mitral  disease,  when  compensation  is  failing,  and  a 
feeble  heart  that  is  suddenly  overtaxed,  are  the  two 
conditions  that  most  frequently  give  ri.se  to  these 
distressing  symptoms.  In  such  cases,  when  the  dilata- 
tion is  extreme  and  the  force  of  the  heart  very  low, 
venesection  must  be  prompt  to  be  of  service.  Of 
the  pulmonary  causes  of  venous  congestion,  em- 
physema is  the  most  common,  and  in  this  condition 
marked  benefit  will  follow  the  withdrawal  of  blood. 
Where  there  is  a  tendency  to  pulmonary  edema 
it  affords  favorable  conditions  for  this  treatment. 

Venesection   is  also   of  service   when   the   arteries 
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show  a  condition  of  increased  tension,  -nhen  the 
pulse  is  full  and  bounding,  and  when  a  condition  of 
general  plethora  prevails.  In  these  cases  the  relief 
afforded  by  the  withdrawal  of  blood  is  verj^  marked, 
the  reduced  blood  pressure  relieving  the  congested 
organs  and  often  preventing  cerebral  hemorrhage. 
When  hemorrhage  has  taken  place,  it  is  always 
indicated,  as  the  more  rapidly  tlie  blood  pressure  is 
lowered,  the  more  favorable  is  the  condition  of  the 
patient.  If  there  is  a  suspicion  of  a  thrombosis 
more  caution  must  be  observed  as  too  great  lowering 
of  blood  pressure  will  favor  an  increase  of  this  trouble. 
In  the  convulsions  of  uremia,  and  especially  in  puer- 
peral eclampsia,  when  there  is  high  arterial  tension, 
the  value  of  venesection  is  unciuestionable.  The  relief 
is  immediate,  and  the  severity  of  subsequent  attacks 
is  likely  to  be  lessened.  In  puerperal  states  there 
should  be  no  hesitation  in  resorting  to  it,  if  the  arte- 
rial tension  is  abnormally 
high;  and  the  fact  that  a 
free  loss  of  blood  has  oc- 
curred during  labor  does 
not  warrant  tlie  belief  that 
venesection  will  be  any  less 
effective  in  relieving  the 
tension.  In  these  cases 
much  of  tlie  benefit  is  due 
to  the  reduction  of  blood 
pressure,  and  much  also 
may  be  explained  by  the 
favorable  influence  exerted 
on  the  tissue  changes  and 
by  the  increased  oxidiza- 
tion. 

It  is  difficult  to  determine 
to  what  extent  the  benefit 
.should  be  ascribed  to  the 
actual  removal  of  toxic 
material  from  the  body 
(with  the  blood  that  is 
drawn  off),  yet  we  find  that 
there  are  many  eminent 
authorities  who  lay  great 
stress  upon  this  explana- 
tion. To  increase  the  use- 
fulness of  the  procedure  in 
these  toxic  cases,  it  is 
recommended  that  the 
bleedings  should  be  very 
free  and  that  the  blood 
lost  should  be  replaced  by 
normal  saline  solution, 
either  administered  subcu- 
taneously  or  injected  di- 
rectly into  the  veins. 

The  effect  of  venesection 
in  lowering  temperature 
and  allaying  the  symptoms 
of  inflammation,  together 
with  the  more  recent 
knowledge  of  the  increased 
antitoxic  properties  of  serum  after  the  withdrawal  of 
blood,  would  suggest  the  wisdom  of  employing  it  in  the 
treatment  of  fevers  and  inflammatory  diseases — a 
practice  which  was  so  much  in  vogue  at  the  time  when 
venesection  was  u.sed  empirically.  This  proposition, 
however,  does  not  meet  with  favor.  It  is  maintained 
that  the  relief  afforded  is  but  temporary,  and  that  the 
tendency  to  fatty  changes,  present  in  p>Texia,  is 
heightened  by  the  repeated  withdrawals  of  blood. 
The  symptoms  undoubtedly  show  marked  improve- 
ment immediately  after  the  operation,  but  the  greater 
debility  which  results  and  the  prolonged  convalescence 
prevent  its  general  acceptance.  The  only  acute 
disease  in  which  venesection  receives  much  attention 
is  pneumonia.  In  addition  to  the  benefits  derived 
from  the  lessening  of  the  plethora  and  the  easing  of  the 
overworked  heart,  the  lessening  of  the  inflammatory 
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process  and  the  probable  limiting  of  the  extent 
of  the  consohdation  must  also  be  considered  as 
results  of  some  value.  Numerous  cases  have  been 
reoorted  in  which  venesection  has  proved  serviceable. 
When  it  is  resorted  to  at  the  outset,  in  a  plethoric 
patient  with  sthenic  sym- 
ptoms, a  full  pulse,  difficult 
respiration,  pain,  and  fever, 
it  acts  most  favorably,  and 
there  is  every  reason  to  be- 
lieve that  it  renders  the 
attack  less  severe.  Fre- 
C|uently  recourse  is  had  to 
venesection  too  late  in  the 
disease,  as  a  last  resort, 
and  although  the  distressing 
sj-mptoms  may  be  allayeil 
for  the  moment,  the  ulti- 
mate result  is  rarely  favor- 
able. 

Method  of  Procedure. — 
Formerly,  blood  was  with- 
drawn from  the  veins  of  the 
arm,  the  external  jugular, 
the  veins  beneath  the 
tongue,  the  scrotal  veins, 
and  the  veins  of  the  leg; 
but  at  the  present  time  a 
vein  on  the  anterior  surface 
of  the  forearm  is  the  one 
chosen,  unless  some  partic- 
ular reason  exists  why  an- 
other   should   be   selected. 

n^u^     ,.^:    ^     ,-.,    4.1  •  •  i'to.    aus. — i-orearm     wi 

The     veins     m    this    region      Ligature  .Applied.    Finger 
that    become    most    promi-     junction  of  median  basilic  and 
nent,  when  the  circulation     median  cephalic  veins, 
in  them  is  arrested,  are  the 

median  cephalic  and  the  median  basilic.  The  former 
is  the  proper  one  to  select,  as  the  median  basilic  is  in 
close  relation  to  the  artery.  The  median  cephalic  is 
external  to  the  tendon  of  the  biceps  and  away  from 
any  region  of  danger.  It  will  be  found,  however,  that 
the  size  and  prominence  of  tlie  veins  in  front  of  the 
^_^____^  elbow  varj'  greatly,  and  generally  the 

WBf«««^  most  marked  one  is  selected  regardless 

W       I  of  its  name  or  position. 

In   performing   the  operation  strict 
antiseptic   precautions  should  be  ob- 
served  in  the  preparation  of  the  site 
!        i  and  in  the  selection  of  the  knife  and 

i  dressings.     The  arm  is  allowed  to  hang 

I  suspended  and  a  firm  bandage  is  ap- 

i  plied  above  the  elbow,  sufficient  force 

-•  being  employed  to  compress  the  super- 

3  ficial  veins,   and   yet   not  enough  to 

J  intercept  the  arterial  flow.     The  vein 

I  is  opened  either  longitudinally  or  in  a 

1  direction  slightly  oblique  to  the  axis 

^  of  the  vessel,  the  point  of  the  blade 

i  being  inserted  directly  into  the  vessel 

i  and  withdrawn  with  a  downward  cut- 

ting motion.  Before  one  makes  the 
incision  he  should  place  the  thumb  of 
the  left  hand  below  the  point  of  open- 
ing, in  order  to  secure  the  vessel  firmly. 
Care  must  also  be  observed  that  the 
skin  is  tense  and  in  its  proper  relation 
to  the  vessel,  otherwise  the  incision 
through  the  skin  may  not  coincide  with 
Fig.  809.—  the  opening  into  th3  vein,  and  instead 
Glass  Leech  of  a  free  flow  of  blood  there  will  be 
Tube.  only  an  exudation  of  blood  into  the 

cellular  tissue.  As  soon  as  the  blood 
flows-  freely,  the  pulse  of  the  other  arm  and  the 
patient's  face  should  be  kept  under  observation  to 
determine  the  effect  on  the  circulation  and  to  detect 
any  symptoms  of  syncope.  Ten  to  thirty,  or  even 
forty  ounces  should   be  removed,   according  to  the 
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condition  and  temperament  of  the  patient.  The 
quantity  taken  sliould  alwaj-s  be  sufficient  to  make  a 
decided  impression  upon  the  circulation.  Frequently 
the  amount  witlulrawn  does  not  exceed  a  few  ounces. 
This  is  too  small  a  quanitj'  to  afford  any  benefit 
to  the  patient,  and  as  a  further  result  venesection 
is  discredited.  When  sufficient  blood  has  been  re- 
moved the  flow  is  readily  checked  by  applying  a  com- 
Eross  over  the  incision,  removing  the  constricting 
and,  and  bandaging  the  arm,  which  bandage  may 
be  removed  in  twenty-four  hours. 

It  is  often  desirable  to  abstract  blood  from  some 

f)roniinont  part  for  the  purpose  of  relieving  a  local 
lyperemia  or  congestion,  as  in  manj'  bruises  and 
eccnymoses,  in  disease  about  the  eye,  nose,  ear,  gums, 
etc.,  and  in  some  forms  of  cellulitis.  Such  local  blood- 
letting is  occasionally  employed  to  lessen  the  congestion 
an  1  pain  of  deep  parts  by  withdrawing  blood  from  the 
surface  of  the  boci)'  near  to  the  aflfected  area,  as  in  pleu- 
risy, pneumonia,  sciatica,  etc.  In  all  cases  the  blood 
flows  from  the  capillaries  or  superficial  vessels,  and  the 
quantity  is  very  slight  in  comparison  with  that  which 
is  abstracted  in  general  blood-letting.  To  accomplish 
this  end,  leeches,  scarification,  and  wet-cupping  are 
the  means  employed. 

Leeching. — This  means  of  locally  abstracting  blood 
is  still  frequently  employed,  but  not  to  such  an  extent 
as  formerly.  When  any  large  anount  of  blood  is 
required,  a  number  of  leeches  must  be  used.  A 
single  leech  will  absorb  from  two  to  three  drams  of 
blood,  and  this  may  be  in- 
creased as  much  more  by  warm 
fomentations  applied  after  the 
leech  has  dropped  off.  The 
leeches  may  be  placed  in  a  wine 
glass  which  should  then  be  in- 
verted over  the  desired  spot. 
If  the  area  is  very  limited,  or  if 
the  blood  is  to  be  withdrawn 
from  the  nasal  ca\-ity,  gums,  or 
any  cavity,  a  leech  glass  should 
always  be  utilized.  The  leech 
will  bite  more  freely  if  removed 
from  the  water  an  hour  or  more 
before  needed,  and  for  the  same 
reason  the  part  should  be  thor- 
oughly cleansed.  When  a  leech 
shows  no  inclination  to  bite,  rubbing  the  skin 
with  sweetened  water  will  sometimes  induce  it  to 
fasten  upon  the  spot.  The  peculiar  bite  of  the 
leech  always  leaves  a  permanent  scar,  and  care 
must  be  observed  in  selecting  a  site  which  is  not 
conspicuous. 

Sc.^RiFic.vTiox  .A.XD  Wet  Ccppixg. — By  these  means 
blood  is  abstracted  through  small  superficial  incisions 
into  the  skin,  the  flow  being  augmented  by  the  cup- 
ping glass  when  that  instrument  is  employed.  The 
incisions  may  be  made  with  an  ordinary  knife  or  lancet, 
or  by  means  of  a  scarificator.  In  the  latter  instrument 
the  blades  maj-  be  adjusted  to  any  desired  length  so 
that  the  cutis  vera  of  the  part  may  be  incised  with- 
out penetrating  to  the  deeper  tissues.  The  cupping 
glass  may  be  one  of  those  specially  constructed  for 
this  purpo.se,  or  an  ordinary  wine  glass  may  be  made 
to  serve  the  same  end.  The  cavity  of  the  glass  is 
heated  over  a  spirit  lamp,  or  by  burning  a  small 
quantity  of  spirit  in  it,  and  then  the  glass  is  quickly 
inverted  over  the  desired  part  and  placed  in  such  a 
way  that  the  air  will  not  enter.  As  the  heated  air 
cools  its  density  is  increased  and  suction  force  is 
e.Kercised  upon  the  incised  surface.  The  glass  should 
be  removed  as  soon  as  it  ceases  to  act  and  a  fresh  one 
applied.  A  cupping  glass  with  a  rubber  bulb  attached, 
on  tlie  principle  of  the  ordinary  breast  pump,  is  also 
utilized.     (See  Cupping.) 

Beaumo.vt  Sm.\ll. 
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Blood  Pressure. — The  observation  of  blood  pres- 
sure represents  one  of  the  most  striking  advances 
of  modern  chnical  medicine,  and  one  does  not  go 
far  into  the  study  of  circulatory  disease  without 
discovering  that  alteration  of  pressure  in  the  blood- 
vessels constitutes  one  of  tne  most  conspicuous 
facts  in  cardiovascular  di.sease.  The  chief  function 
of  tlie  elaborate  circulatory  mechanism  is  to  main- 
tain high  pressure  or  bring  about  low  pressure  in 
one  part  or  another  of  the  blood  supply  of  the  body. 
The  maintenance  of  the  circulation  is  not  a  ques- 
tion of  the  degree  of  tension  in  any  part  of  the  circu- 
latory system,  but  of  a  proper  relation  in  tension 
between  pressure  in  the  arteries,  where  the  blood 
is  stored,  and  the  points  at  which  it  is  needed.  It 
is  usual,  however,  to  study  the  question  from  the 
standpoint  of  the  arteries.  In  most  cases  it  is 
onlj'  fate  in  circulatorj'  disease  that  venous  pressure 
becomes  of  importance.  The  freedom  of  passage 
between  the  arteries  and  veins  through  the  arterioles 
and  capillaries  is  of  extreme  importance. 

The  effect  of  muscular  exercise  on  blood  pressure 
is  at  first  to  raise  arterial  pressure,  but  finally, 
after  the  exercise  has  teen  continued  for  some  time, 
the  pressure  falls  again  to  normal.  The  same  is 
true  in  regard  to  the  effect  of  mental  effort.  During 
the  existence  of  this  increase  of  arterial  pressure 
due  to  exercise,  there  is  a  large  amount  of  blood  in 
the  arteries.  This  is  obtained  from  the  large  veins 
in  the  abdomen,  which  act  as  a  reservoir  from  which, 
in  health,  blood  can  be  drawn  to  flush  any  part  of 
the  arterial  system.  This  tide  of  blood  between 
the  digestive  organs  and  the  sj-stemic  area  is  illus- 
trated in  many  waj's.  Thus,  the  coldness  after 
eating  indicates  that  the  tide  has  set  toward  the 
digestive  organs.  The  indigestion  following  e.x- 
ercise  after  eating,  and  even  more  markedly  the 
indigestion  following  strong  emotion  after  a  meal, 
shows  that  the  tide  has  set  the  other  way.  The  leth- 
argj'  and  mental  inacti\'ity  of  those  who  habitually 
overeat,  and  the  tendency  to  indigestion  of  mental 
workers,  indicate  the  same  tiling.  The  relation 
between  the  circulation  in  the  abdomen  and  the 
circulation  in  the  brain  is  an  intimate  one.  The 
proverbially  good  mental  condition  in  patients 
suffering  from  acute  peritonitis  may  very  well 
be  due  to  the  spasm  of  all  the  abdominal  muscles 
that  prevents  the  accumulation  of  large  quantities 
of  blood  in  this  part  of  the  body. 

The  impression  of  the  circulation  obtained  by 
one's  early  studj'  of  physiologj-  is  erroneous.  It 
resembles  too  closely  the  idea  of  a  series  of  closed 
pipes,  as  in  the  plumbing  of  a  house,  the  water 
entering  at  a  large  pipe,  going  through  a  sj-stem 
of  smaller  pipes,  and,  after  having  been  used  in  cer- 
tain fairly  definite  receptacles,  being  collected  by 
a  similar  set  of  pipes  which  convey  it  to  a  common 
outlet.  The  facts,  however,  are  very  different 
in  the  human  body.  The  arterial  sj-stem  is  really  a 
reservoir  of  blood  in  wliich  the  area  of  a  cross-section 
of  the  combined  vessels  verj'  rapidly  increases  from 
the  heart  outward.  In  this  series  of  passages  the 
blood  is  contained  and  held  under  pressure  by  a 
muscular  envelope.  From  this  reservoir  the  blood 
escapes  for  use,  through  the  arterioles  and  cap- 
illaries, and  the  office  of  the  heart  is  to  pump  into 
this  reservoir  sufficient  blood  to  maintain  the  pres- 
sure depleted  by  the  blood  used  by  the  capillaries. 
This  naturally  creates  a  flow  of  blood  from  the 
heart  toward  the  periphery,  but  the  immediate 
use  of  the  heart  is  to  maintain  tliis  arterial  pressure. 
Tills  is  well  shown  by  the  fact  that  the  actual  amount 
of  blood  propelled  by  the  heart  varies  greatly, 
according  to  tlie  demand  for  fresh  blood  on  the  part 
of  the  bod}'.  During  exercise,  when  the  peripheral 
vessels  are  open,  and  there  is  a  drain  on  the  arterial 
system,  the  heart  works  harder  to  supply  the  de- 
ficiency.    Thus    the    arrangement    and    movement 
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of  blood  in  the  body  are  seen  to  be  more  like  a  sys- 
tem of  irrigation  than  one  of  circulation,  there  being 
a  reservoir  with  numerous  branches  from  which 
the  irrigating  fluid  is  distributed  and  a  system 
of  conduits  by  which  it  is  collected,  to  be  again 
transferred  to  the  storage  place. 

The  idea  of  the  office  of  the  veins  as  a  storehouse 
of  blood  is  a  very  old  one,  and  one  which  has  had 
much  influence  upon  therapeutics.  The  consider- 
ation of  the  arterial  sj'stem  as  a  similar  reservoir 
in  which  suitable  pressure  is  maintained  by  the 
muscular  elements  which  go  to  make  it  up,  seems 
to  have  been  overlooked.  The  truth  of  the  state- 
ment that  the  arteries  form  a  reservoir  rather  than 
mere  conduits  is  shown  by  the  fact  that  arterial 
pressure  is  practically  uniform  throughout  the 
arterial  sj-stem.  This  means  that  the  blood  moves 
with  the  utmost  freedom  throughout  the  arteries, 
and  that  its  movement  is  controlled,  not  by  pres- 
sure from   behind,  but  bj-  the  escape  from  in  front. 

The  arterial  system  is  "thus  like  a  reservoir  analo- 
gous to  the  tubular  boiler  of  some  types  of  engines. 
It  is  a  hollow  ramifying  organ  containing  a  vital 
fluid,  the  capillaries  ■  being  the  ducts.  Whenever 
there  is  a  demand  for  this  vital  fluid  in  any  part 
of  the  system,  the  muscular  covering  of  the  organ 
contracts,  the  arterioles  which  lead  to  the  proper 
capillaries  dilate,  and  the  demand  is  supplied.  The 
demand  upon  this  organ  for  the  vital  fluid  is  so  great 
that  a  special  mechanism,  represented  by  the  heart, 
conducts  the  vital  fluid  from  the  places  where  it 
is  manufactured,  and  the  lungs  where  it  is  puri- 
fied, to  the  high-pressure  receptacle  from  which 
it  is  used.  This  conception  of  the  arterial  system 
as  a  high-pressure  receptacle  for  the  blood  is  well 
borne  out  by  a  study  of  the  evolution  of  the  circu- 
lation in  the  lower  forms  of  life,  where  there  are 
first  found  small  interstices  in  the  tissues  through 
which  the  blood  ebbs  and  flows  in  an  irregular 
manner.  As  we  ascend  the  scale  the  blood  is  found 
in  more  definite  receptacles,  until  finally  we  reach 
the  complex  arrangement  found  in  man. 

The  so-caUed  circulation  of  the  blood  was  dis- 
covered very  late  in  the  history  of  man,  and  students 
have  become  so  fascinated  with  the  mechanical 
beauty  of  the  whole  arrangement  that  they  have 
allowed  the  mechanical  idea  to  outweigh  the  reali- 
zation of  a  hving  organism.  It  is  the  old  truth  of 
the  pendulum  w-nich  has  swung  too  far  when  once 
started  by  Harvey.  AVe  need  to  return  a  little 
to  the  earlier  conception,  which  considered  more 
the  function  of  the  blood  in  particular  parts  of  the 
bodj'  than  its  circulation.  In  all  studies  of  bloo  1 
pressure  it  must  be  remembered  that  the  blood  is 
subject  to  the  laws  of  hydrostatics  and  that  the  force 
of  gravit3'  must  be  discounted. 

Anemia  and  Congestion. — In  the  study  of  the 
circulation  in  relation  to  disease,  the  two  departures 
from  normal  that  are  most  striking  are  anemia 
and  congestion.  But  a  moment's  thought  will 
show  that  these  are  not  neces.sarily  of  as  much  im- 
portance as  would  appear.  The  other  element, 
that  is  not  so  easily  appreciable  in  the  course  of 
examination  and  upon  which  depends  the  efficiency 
of  the  blood  supply,  has  very  little  to  do  with  ane- 
mia or  conge.stion.  Anemia  means  that  there  is 
but  little  blood  in  the  part  under  con.sideration, 
and  congestion  means  that  there  is  a  considerable 
accumulation  of  blood  in  the  vessels  of  the  part. 
These  two  things  are  very  striking  symptoms  of 
disease;  and  yet  every  clinical  ob.server  must  have 
noticed  that  they  are  not  reliable  indications  of 
disease. 

The  third  element  of  local  circulation  in  disease 
is  the  amount  of  new  blood  supplj'  to  the  part  which 
is  the  determining  element  in  degeneration  or 
repair.  There  may  be  apparent  anemia,  and  yet 
what  blood  there  Is  in  the  part  may  be  constantly 


changed,  and  nutrition  wUl  not  suffer.  There  may 
be  marked  congestion  of  the  part,  and  yet  the 
amount  of  fresh  blood  supplied  and  of  impure  blood 
removed  may  be  sufficient. 

This  element  is  a  very  hard  one  to  determine, 
even  experimentally.  The  pulse  itself  does  not  in- 
dicate any  transition  of  blood  through  the  radial 
artery,  because  it  persists,  even  when  the  artery  is 
obstructed  by  pressure  beyond  where  it  is  palpated 
and  when  no  blood  can  pass.  So,  in  an  insufficient 
blood  supply,  or  in  an  excess  of  blood  supply,  it  is 
the  amount  of  blood  in  circulation  that  is  to  be  con- 
sidered, and  not  the  amount  that  is  stored  up  in  the 
part.  In  congestion  without  circulation,  we  find  de- 
struction of  tissue,  as  in  varicose  ulcers  of  the  leg. 
In  congestion  with  circulation,  we  often  find  hyper- 
trophj',  as  witness  the  clubbed  fingers  in  chronic 
cardiopathy.  In  anemia  without  circulation,  we 
again  find  that  the  nutrition  suffers;  but  in  anemia 
with  circulation,  there  maj'  be  no  disturbance  of 
nutrition.  In  other  words,  the  circulation  of  the 
blood  may  be  compared  to  the  circulation  of  the 
monej^  in  a  bank.  So  long  as  the  intake  and  outgo 
are  active,  the  bank  is  going  on  all  right,  whether 
there  is  a  large  or  small  amount  stored  up  in  its 
vaults.  Of  course,  in  case  of  emergency,  it  makes 
a  very  great  difference  whether  there  is  an  accumula- 
tion or  not.  But  under  ordinary  conditions,  the 
outward  signs  of  prosperity  depend  upon  the  in-go 
and  out-take  and  not  upon  large  orsmall  accumula- 
tion. So,  the  importance  of  circulation  is  a  question 
of  movement  of  the  blood,  more  than  it  is  a  question 
of  particular  location  of  that  portion  that  is  not  in 
active  circulation.  Ordinarih-,  the  part  of  the  blood 
not  in  active  circulation  is  found  in  the  large  veins  of 
the  abdomen,  but  it  might  just  as  well  be  in  any 
other  part  of  the  venous  system. 

Estimation  of  Blood  Pressure. — The  estimation  of 
the  condition  of  the  circulation  usually  represented 
by  "feeling  the  puLse"  stands  for  a  very  important 
procedure  in  the  routine  of  the  practice  of  medicine 
and  is  the  one  element  of  a  physical  examination  that 
is  probably  never  neglected.  The  tactile  estimation 
of  relative  blood  pressure,  as  determined  by  the  ex- 
perienced touch  and  checked  by  clinical  symptoms,  is 
often  correct,  and  there  is  a  possibUitj'  that  some  of 
this  skill  in  pulse-reading  may  be  lost  if  instrumental 
observation  takes  the  place  of  direct  examination, 
just  as  we  have  lost  skill  in  measuring  fever.  How- 
ever, the  benefit  following  the  introduction  of  instru- 
ments of  precision  far  outbalances  the  resulting  loss  of 
skill.  It  is  undoubtedly  true  that  the  systematic  in- 
strumental measurement  of  blood  pressure  by  various 
instruments  has  led  to  important  clinical  results. 

.\s  remarked  a  moment  ago,  it  is  the  difference 
in  pressure  between  the  place  where  the  blood  is 
stored  and  the  place  where  it  is  required,  together 
with  the  element  of  resistance  in  the  intervening 
blood-vessels,  that  determines  the  competency  of 
the  circulation.  The  instruments  and  skiU  for  the 
quantitative  measurement  of  blood  pressure,  al- 
though brought  to  a  high  degree  of  perfection, 
are  stlU  not  in  the  possession  of  the  majority  of 
practitioners.  Our  space  here  will  not  allow  any- 
thing like  a  detailed  description  of  the  develop- 
ment of  these  various  instruments.  It  will  suffice 
for  our  purpose  here  merely  to  refer  to  such  instru- 
ments as  that  of  Professor  von  Brasch  of  Vienna 
who  in  1S76  invented  what  may  justly  be  considered 
the  first  practical  sphygmomanometer;  his  own  and 
Potain's  improvement  a  little  later;  Marey's  instru- 
ment, with  Hiirthle's  elaboration  for  measuring  dia- 
stolic pressure;  Mosso's  complicated  but  highly  effi- 
cient apparatus  for  the  laboratorj-,  and  HiU  and 
Burnard's  "vest-pocket"  instrument,  whose  chief 
merit  is  its  compactness.  But  the  very  number  of 
this  class  of  instruments  invented  within  the  last  two 
decades  shows  the  importance  of  the  subject  of  ac- 
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curate  blood-pressure  measurement.  And  this  same 
prolificness  insured  such  searching  criticism  of  defects 
and  struggle  to  overcome  them  that  the  perfected  in- 
struments of  Riva-Rocci,  Janeway,  Stanton,  and 
others  may  now  fairly  be  considered  practically  to  be 
instruments  of  precision. 

In  this  country,  the  usual  form  of 
blood-pressure  apparatus  or  sphygmo- 
manometer is  exemplified  in  that  of  the 
Faught  apparatus,  shown  in  the  ac- 
companying engraving. 

It  consists  of  a  U-tube  mercury  mano- 
meter with  a  cuff  to  surround  the  arm 
and  a  rubber  bulb  to  produce  air 
pressure.     For  convenience  in  carr3'ing, 


Fig.  811. — The  Faught  Sphygmomanometer. 

there  are  various  stopcocks  to   shut  the   tubes,  and 
there  is  a  release  cock  to  release  the  air  pressure. 

Bishop's  sphygmoscope  is  particularly  useful 
for  the  detection  of  high-pressure  and  low-pressure 
cases  in  general  practice  and  life  insurance 
e.xamination. 

The  instrument  consists  of  the  usual  arm  band, 
but  pressure  is  made  by  fluid  falling  from  a  height 
through  a  rubber  tube  from  a  flexible  rubber  bag. 
The  pressure  is  measured  the  same  time  that  it  is 
applied  by  regulating  the  height  of  the  bag,  and  the 
pressure  is  read  at  the  level  of  the  brachial  artery 
from  figures  placed  on  the  tube. 

The  instrument  consists  essentially  of  an  armlet 
fifteen  centimeters  wide  and  forty  centimeters 
long,  made  of  strong  material.  This  armlet  or  cuff 
differs  from  the  Riva-Rocci  armlet  in  its  greater 
width  and  in  the  fact  that  the  rubber  bag  occupies 
only  part  instead  of  the  whole  circumference  of  the 
arm.  The  advantage  of  this  latter  arrangement  is 
that  the  rubber  bag  when  expanded  compresses  the 
artery  against  the  bone  rather  than  surrounds  the 
whole  arm  which  proved  to  be  painful.  Connected 
with  the  cuff  is  a  red  rubber  tube. 

Inserted  in  the  tube  near  the  cufT  is  a  little  glass 
arrangement,  consisting  of  a  tube  with  a  lens  blown 
on  the  surface  of  it.  The  lens  is  of  such  shape  that 
its  focus  is  at  the  center  of  the  tube,  and  it  magnifies 
the  motion  of  any  object  in  the  tube  in  the  direction 
of  the  length  of  the  tube. 

Inside  of  the  tube  there  is  a  floating  index.  This 
inde.x  reveals  any  wave  motion  there  may  be  in 
the  fluid,  the  motion  being  magnified  by  the  lens 
so  that  very  sUght  waves  are  easily  perceptible. 

A  special  scale  is  attached  to  the  bag  at  the  level 
of  its  contents  and  is  used  to  ascertain  the  blood 
pressure  in  millimeters  of  mercury.     The  instrument 
can  be  rolled  up  and  carried  in  the  pocket. 

In  use  the  arrangement  is  filled  with  a  solution 
of  2,000  specific  gravity.  The  bag  is  raised  slowly 
until  the  pressure  of  fluid  that  has  flowed  back  to 
the    cuS   has   compressed    the    brachial   artery   and 


obhterated  the  pulse  at  the  wrist.  To  find  the  ex- 
act [joint  at  whiili  this  takes  place  it  is  better  to 
lower  the  bag  until  the  pulse  is  distinctly  felt  again, 
and  then  raise  it  two  inches  at  a  time,  counting 
ten  beats  of  the  pulse  each  time  until  the  pulse 
disappears. 

In  the  figure,  the  sphygmomanometer  is  .seen  rest- 
ing against  the  shoulder  of  the  patient.  It  is  used 
as  follows: 

The  cuff  is  laced  on  the  arm  with  the  bag  over  the 
brachial  artery;  then  the  reservoir  bag  is  elevated 
to  some  point  tliat  is  probably  between  the  diastolic 
and  systohc  pre.ssure,  for  instance,  100  in  most  people. 
When  the  fluid  has  reached  an  equilibrium,  the 
tube  is  pinched  below  the  reservoir,  and  imme- 
diately a  pulsation  is  visible  in  the  sphyg- 
moscope, corresponding  to  the  pulse  in 
the  bracliial  artery.  The  reservoir  is  now 
lowered  a  little  bit,  and  the  tube  again 
pinched  and  the  pulsation  observed. 
This  is  repeated  until  a  point  is  reached 
where  the  pulsation  becomes  suddenly 
and  markedly  diminished.  This  is  the 
diastoUc  pressure,  being,  according  to 
Marey's  criterion,  the  lowest  point  at 
which  the  ma.ximum  pulsation  is  con- 
veyed from  the  artery  to  the  compressing 
medium.  Systolic  pressure  is  determined 
by  the  point  of  disappearance  of  the  pulse. 
The  inventor  has  tested  this  instru- 
ment with  all  kinds  of  cases  and  com- 
pared them  with  the  standard  instru- 
ments, and  has  found  that  its  readings 
are  correct.  He  finds  that  a  closer  read- 
ing is  often  possible  with  this  instrument 
than  with  the  other  instruments  on  ac- 
count of  the  ab.sence  of  fluctuations  and  greater  length 
of  the  scale.  This  is  especially  true  in  low-pressure 
cases  and  very  high-pressure  cases.  The  instrument 
is  particularly  convenient  for  detecting  cases  that  fall 
into  his  classification  of  blood-pressure  cases,  namely, 


Fio.  812. — Bishop's  Sphygmoscope. 

primary  low-pressure  cases,  high-pressure  cases,  and 
secondary  low-pressure  cases. 

.\nother  form  of  instrument  in  much  use  is  the 
Tycos  sphygmomanometer.  An  aneroid  manometer 
is  employed,  and  it  is  used  the  same  as  other  in- 
struments, as  shown  in  Fig.  81.3. 
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Symptomatology. — The  symptoms  of  disorders  of 
blood  pressure  divide  themselves  into  subjective 
and  objective  groups. 

The  subjective  symptoms  depend  upon  the  in- 
fluence of  circulation  upon  the  sensory  nervous 
system,  and  upon  the  appreciation  by  the  in- 
dividual of  the  local  changes  in  the  blood  supplj^ 
Among  the  organs  of  the  circulation  are  the  brain 
and  the  kidneys.  The  brain  is  a  highly  sensitive 
organ,  the  most  striking  function  of  wliich  is  con- 
sciousness. The  kidneys  are  insensitive  organs.  The 
brain  is  the  most  prominent  organ  of  conscious  circula- 
tory symptoms,  and  the  kidneys  the  most  prominent 
organs  of  those  sj'mptoms  of  circulatory  disease  that 
develop  gradual!}'  and  insidiously.  Changes  in  the 
peripheral  circulation  often  go  on  simultaneously, 
producing  evidently  conscious  sj'mptoms,  referred 
to  the  brain,  which  lead  the  physician  to  seek  evidence 
of  disease  in  the  kidneys.  Owing  to  the  control  of 
the  circulation  largely  exercised  by  the  nervous  sys- 
tem, it  is  natural  that  the  most  striking  changes 
in   the    blood   supply   are    often   found   in   nervous 


to  the  artery  itself,  which  must  be  examined  for 
patches  of  atheroma;  not  because  atheroma  and 
arteriosclerosis  are  the  same  condition,  but  because 
atheroma  is  very  apt  to  be  present  in  arteriosclerosis. 

Diagnosis. — The  diagnosis  of  circulatory  disease 
depends  first  upon  the  recognition  of  disorders  of  the 
blood-vessels,  and  then  upon  the  decision  of  the  ques- 
tion whether  these  symptoms  are  merely  due  to  the 
natural  disturbance  of  the  circulation  incident  to  some 
otlier  disease,  or  whether  the  condition  is  essentially  a 
disorder  of  the  circulation  itself.  But  some  other 
disease  may  originally  cause  the  circulatory  trouble, 
and  the  latter  may  persist  after  the  other  disease  has 
come  to  an  end,  or  outbalance  it  in  importance. 

When  disease  of  the  blood-vessels  is  suspected,  the 
symptoms  to  be  elicited  in  the  interrogation  of  the 
patient  are  first  those  that  the  patient  connects  with 
circulatory  disease  and  those  that  pertain  to  our  own 
knowledge  of  the  effects  of  disturbed  blood  supply. 
The  ordinary  symptoms  of  vasomotor  disturbance  are 
chiefly  observed  in  the  skin.     Dilatation  of  the  blood- 


FlG.  813. — Rogers'  Tycos  Aneroid  Sphygmoraaaometer. 


disease.  In  hysteria,  neurasthenia,  and  other  so- 
called  functional  nervous  diseases,  the  vasomotor 
system  becomes  disturbed,  so  as  to  lead  to  the  most 
erratic  distribution  of  the  blood.  In  true  insanity 
of  maniacal  t.ype,  high  blood  pressure  is  very  com- 
mon; and  in  depres.sed  types,  poor  circulation,  with 
cyanosis  of  the  extremities,  is  most  characteristic. 
From  all  this,  it  may  be  inferred  that  the  sympto- 
matology of  disorders  of  the  blood-vessels  needs  to  be 
analyzed  to  separate  the  signs  of  important  organic 
conditions  from  those  that  are  not  essentially  due  to 
disease  of  the  blood-vessels,  but  are  the  temporary 
expression  in  the  circulation  of  other  conditions.  In 
deciding  this,  the  measurement  of  blood  pressure  in 
the  arteries  is  of  the  greatest  importance,  because 
the  persistent  rise  of  blood  pressure  is  an  indication 
of  circulatory  disease,  present  or  to  be  developed. 
The  direct  examination  of  the  radial  artery  for  the 
detection  of  disease  of  the  vessel  itself  is  the  first 
step  in  diagnosis  of  arterial  sclerosis.  Palpation  of 
the  radial  artery,  as  represented  by  feeling  the  pulse, 
is  the  one  element  of  physical  examination  that  is 
never  neglected  by  any  physician  in  any  case  of  illness. 
Hence,  it  represents  an  unusual  degree  of  experience. 
Arter'osclerosis  is  often  detectable  by  the  examination 
of  the  pulse,  or  rather  of  the  radial  artery  and  its 
pulsations.  The  artery  is  to  be  examined  with  the 
tips  of  all  the  fingers;  first  studying  the  pulse-wave, 
then  the  amount  of  pressure  neces.sary  to  check  these 
pulse-waves.     Then   the   attention   must   be   turned 
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vessels  is  accompanied  by  .sensations  of  heat,  throb- 
bing, and  perhaps  sweating.  This  vasomotor  paral- 
ysis will  be  found  most  commonly  with  nervous 
symptoms,  but  frequently  occurs  as  an  independent 
affection.  Or,  on  the  other  hand,  in  a  case  of  vaso- 
motor spasm,  there  are  striking  pallor  and  coolness  of 
the  skin,  with  a  feeling  of  itching  and  often  great  dis- 
comfort. This  is  most  frequently  observed  in  tlie 
hands.  Sometimes  the  patient  w'ill  be  conscious  of 
heat  and  redness  of  one  part  of  the  body,  while  another 
part  is  cold  and  pale.  Vasomotor  disturbance  may 
be  so  great  as  to  give  rise  to  local  swelling,  due  to  the 
effusion  of  .serum,  or  even  to  gangrene  due  to  vaso- 
motor spasm. 

The  symptoms  of  circulatory  failure  are  not  alone 
dyspnea,  edema,  and  visible  congestion  or  anemia, 
though  these  are  the  cardinal  indications.  There  are 
certain  sj'mptoms  of  obscure  origin  traceable  to  circu- 
latory disease,  which  are  overcome  only  when  that  is 
given  proper  attention. 

In  elderly  people,  one  of  the  most  frequent  and 
troublesome  of  sj'mptoms  is  that  of  head  noises.  I 
have  under  observation  at  the  present  time  no  less 
than  four  patients  who  have  suffered  over  long  periods 
of  time  from  noises  referred  to  the  ear,  which  they  de- 
scribed as  puffing  or  blowing  sounds,  and  which  liave 
been  extremely  annoj'ing.  These  patients  had  all 
been  systematically  and  heroically  treated  for  ear 
disease  without  benefit;  but  when  the  circulation  was 
properly  controlled,  the  noises  become  so  shght  as  not 
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to  be  complained  of,  and  a  good  deal  of  the  time  not  to 
be  noticed.  These  patients  are  usually  found  in  the 
group  of  commencing  secondarj*  low  arterial  tension. 
The  explanation  of  these  sounds  would  seem  to  be  the 
circulation  of  blood  through  badly  filled  blood-vessel-s 
in  the  neighborhood  of  the  organ  of  hearing.  There 
is  no  class  of  cases  the  treatment  of  which  has  given 
greater  satisfaction,  because  it  is  possible  to  reheve 
the  condition  that  causes  so  much  suffering  particu- 
larly at  night. 

.Vnother  obscure  manifestation  of  circulatory  dis- 
order is  the  simulation  of  shght  attacks  of  paralysis. 
These  are  often  overlooked  unless  they  are  watched 
for.  They  consist  of  a  temporary  slight  loss  of  power 
of  a  transient  nature,  on  one  or  the  other  side  of  the 
body.  The  patient  usually  describes  the  attack  as  a 
"clumsiness"  of  a  leg  or  an  arm.  If  on  the  right  side 
of  the  bod}%  there  is  sometimes  a  sUght  loss  of  power 
of  speech,  in  that  certain  words  are  missing.  The 
patient  usually  considers  this  a  temporary  failure  of 
memory.  These  manifestations  are  often  the  same 
as  those  wliich  indicate  more  serious  disease  of  the 
brain  with  impending  thrombosis.  However,  in 
many  cases,  attention  to  the  general  circulation  will 
entirely  remove  the  symptoms,  so  that  it  is  hard  to 
believe  that  the  condition  was  purely  local  in  origin. 

There  is  a  class  of  obscure  sj-mptoms  of  circulatory 
disorder  which  consists  of  pain  in  various  parts  of  the 
body.  How  much  of  tliis  is  purely  circulatory  and 
how  much  of  it  belongs  to  the  gouty,  rheumatic,  and 
nutritional  disorders  tliat  are  common  in  the  same  class 
of  patients,  is  often  hard  to  determine.  It  is  suggest- 
ive that  these  painful  conditions  arise  at  times  of 
circulatorj'  debiUty  and  improve  when  the  circulatory 
disease  is  in  abeyance.  Attacks  of  sciatica  of  a  per- 
sistent and  troublesome  nature  are  particular^  apt 
to  occur  in  patients  commencing  to  suffer  from  second- 
ary low  arterial  tension. 

There  is  a  really  pitiable  class  of  patients  who  may 
be  mentioned  here,  though  perhaps  not  quite  logically. 
These  are  persons  who  have  developed  a  very  painful 
and  chronic  neuritis  subsequent  to  attacks  of  e.'ctreme 
circulatory  edema  of  the  lower  extremities.  It  may 
be  only  a  coincidence,  but  this  has  been  among  the 
most  difficult  conditions  to  relieve  of  all  that  nave 
come  under  observation  in  connection  with  the  treat- 
ment of  circulatory  disease. 

The  description  of  abscure  symptoms  of  circulatory 
disease  would  not  be  complete  without  a  consideration 
of  those  that  may  happen  during  the  stage  of  high  ar- 
terial tension.  Nosebleed  of  a  troublesome  character  is 
a  frequent  occurrence;  and  in  cases  in  which  one  is 
puzzled  to  decide  between  primary  and  secondary  low- 
arterial  tension  the  history  of  a  period  during  which 
nosebleed  was  very  troublesome  may  be  of  help.  It  is 
surprising  how  often  this  history  is  elicited  from  pa- 
tients who  come  for  the  first  time  in  the  stage  of 
broken  compensation. 

The  number  of  conditions  due  to  congestion  second- 
ary to  general  circulator}'  disease  that  are  mistaken  for 
diseases  of  local  origin  is  verj-  great.  The  most  strik- 
ing of  these  is,  perhaps,  congestion  of  the  hver.  This 
develops  gradually,  the  blood  collecting  in  the  hver 
and  giving  rise  to  functional  derangements  of  tliis 
organ  and  of  the  other  organs  of  digestion.  The  hver 
is  enlarged  and  tender  on  pressure,  and  the  condition 
is  often  accompanied  by  very  marked  disorder  of  the 
stomach,  on  account  of  which  it  is  frequently  mistaken 
for  primar\-  gastric  disease.  That  this  is  not  the  case 
is  proven  by  the  fact  that  the  condition  is  reheved  only 
when  the  circulation  is  strengthened. 

The  circulatory  disorder  may  also  be  shown  in  its 
pulmonary  effects.  There  is  persistent  congestion  of 
the  lungs,  often  with  a  tendency  to  the  accumulation 
of  serum  in  one  or  both  pleural  cavities.  These  patients 
may  often  have  a  fairly  good  systemic  circulation  and 
very  obscure  indications  of  cardiac  disease.  The  inter- 
ference is  apparently  with  the  function  of  the  right  1 


side  of  the  heart.  Two  patients  of  this  character  were 
watched  over  a  long  period  of  time,  while  the  pul- 
monary congestion,  involving  repeated  attacks  of 
bronchitis  and  slight  edema,  rendered  them  incapable 
of  work.  The  circulatory  disorder  is  masked  because 
the  symptoms  are  so  much  more  accentuated  in  the 
thoracic  organs  than  elsewhere. 

Circulatory  disorder  may  also  show  itself  in  its 
effect  upon  the  function  of  the  brain  bj-  attacks  of 
acute  mania,  or  more  often  bj'  the  development  of  a 
chronic  mania.  Changes  in  the  arteries  in  elderly 
people  are  apt  to  be  characterized  by  changes  in  dis- 
position, by  affections  of  the  memory,  and  by  impair- 
ment of  judgment.  The  circulatory  derangement  may 
be  shown  by  so  striking  a  manifestation  as  general 
convulsions.  These  patients  are  often  supposed  to  be 
suffering  from  idiopathic  epilepsy.  However,  the 
attacks  are  so  promptly  reheved  by  appropriate  treat- 
ment directed  to  the  circulation,  which  would  have  no 
effect  whatever  in  epilepsy,  that  this  maj'  be  elimin- 
ated from  the  diagnosis.  Of  course,  there  are  relatively 
rare  cases  in  which  real  epilepsy  begins  late  in  life. 

A  group  of  symptoms  on  tlie  border  line  between 
neurotic  and  circulatory  disturbances  forms  in  its 
sum  total  a  large  proportion  of  the  sufferings  of 
humanity.  Abnormal  sensations  in  the  extremities, 
numbness  and  tiughng  of  the  hands  and  feet,  a  feehng 
of  formication  extending  up  the  legs  and  thighs, 
abnormal  coldness  of  the  hands  and  feet,  cramps  in 
the  muscles  of  the  legs  occurring  at  night,  and  the 
tendency  of  the  extremities  to  "go  to  sleep"  as  it  is 
called — aU  these  tilings  may  be  pure  neuroses,  but 
often  enough  there  is  a  circulatory  element  in  their 
causation.  As  was  suggested  in  a  preceding  para- 
graph, we  maj'  again  remark  that  the  therapeutic 
test  will  decide  how  much  of  this  is  due  to  disorder  of 
the  circulation.  Many  times  the  s^-mptoms  disap- 
pear when  the  circulation  is  properly  regulated.  A 
few  doses  of  nitroglycerin  have  stopped  all  complaint 
of  cold  extremities  in  many  patients  of  this  tj'pe. 
The  possible  severity  of  pain  due  to  interference  with 
the  circulation  is  well  shown  in  cases  of  embolism  of 
the  extremities  in  the  course  of  circulatory  disease. 
No  one  who  has  observed  this  accident  wiU  doubt  that 
pain  of  the  severest  type  may  be  due  to  interference 
with  the  circulation. 

HiGH-TExsiox  -\XD  Low-TENSiox  Cases. — There 
are  two  great  groups  of  liigh-tenson  and  low-tension 
cases  and  a  tlxird  group  of  secondary  low  tension 
following  high  tension. 

Primary  Low-pressure  Cases. — Disorders  of  the 
general  circulation  are  generally  first  recognized 
when  some  particular  portion  of  the  body  becomes 
the  seat  of  a  marked  congestion  or  anemia.  Then 
two  conditions  often  produce  symptoms  that  are 
strikingly  similar.  Delirium  maj'  be  the  result  of 
congestion  of  the  brain,  but  it  may  hkewise  result 
from  an?mia.  Dj-spnea  may  be  an  accompaniment 
of  congestion  of  the  lungs,  but  a  deficient  blood 
supplj'  is  its  most  common  cause.  Acute  conges- 
tion of  the  kidneys  causes  suppression  of  urine, 
while  diminished  blood  supply  causes  deficiency  of 
secretion. 

The  effect  upon  an  organ  is  a  matter  of  the  proper 
suppl}'  of  fresh  blood,  not  merely  of  a  greater  or  lesser 
amount  of  blood  in  the  vessels  of  the  organ.  This 
explains  beautifully  the  effect  of  local  therapeutics, 
such  as  the  removal  of  a  small  quantity  of  blood,  or 
the  institution  of  some  form  of  counter-irritation,  the 
result  of  which  is  to  start  up  a  stagnant  local  circula- 
tion. There  is,  however,  Uttle  gain  from  the  treat- 
ment of  local  congestion  or  anemia  without  attention 
to  the  general  circulation  in  cases  where  the  cause  is 
general.  Hence  the  extreme  importance  of  recogniz- 
ing which  cases  are  of  purely  local  origin  and  which 
have  their  origin  from  the  general  circulation. 

During  the  acute  stage  of  valvular  disease,  in  the 
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large  majority  of  cases,  circulatory  failure  does  not 
become  a  matter  of  special  anxietj-.  Low  arterial 
tension  usuall}'  shows  itself  when  the  patient  re- 
sumes his  ordinary  occupation.  The  sj'mptoms  are 
practically  the  same  for  all  forms  of  valvular  lesions, 
although  different  in  degree.  The  important  question 
is  whether  the  defect  has  been  properly  compensated, 
and  whether  this  compensation  can  be  maintained. 
In  general,  however,  it  may  be  considered  that  in 
aortic  disease  the  defective  circulation  is  more  strik- 
ingh-  due  to  an  insufficient  supply  of  blood  in  the 
arteries,  and  in  mitral  disease  to  an  increased  pressure 
in  the  veins,  both  resulting  in  a  diminution  of  the 
difference  in  pressure  in  the  arteries  and  veins,  upon 
which  the  proper  passage  of  the  blood  through  the 
tissues  depends. 

The  belief,  so  firmly  held  by  many,  that  cardiac 
disease  is  usuaUj'  confined  to  the  left  side  of  the  heart 
is  not  borne  out  in  practice.  The  most  serious  and 
fatal  disorders  involve  the  right  side  of  the  heart. 
It  is  true  that  inflammation  and  distortion  of  the 
valves  are  almost  entirely  confined  to  the  left  side  of 
the  heart,  but  it  is  Ukewise  true  that  both  sides  suffer 
equally  in  the  incompetencies  of  the  valves  that  come 
from  strain  or  weakness  of  the  heart  muscle,  as  seen 
in  very  many  cases  of  disorder  of  the  circulation. 
The  left  side  of  the  heart  can  be  markedlj'  deficient 
in  mechanical  detail  or  phj-sical  structure  and  the 
patient  may  get  along  fairly  well  until  dilatation  in- 
vohing  the  right  side  of  the  heart  takes  place  with 
tricuspid  regurgitation  and  its  resulting  venous 
engorgement. 

Low  arterial  pressure  is  to  be  regarded  as  patholog- 
ical only  when  it  is  so  Uttle  above  venous  pressure  that 
the  tissues  and  organs  are  not  properly  supphed  with 
blood.  There  are  instances  in  whicli  the  heart  is 
perfectlj-  able  and  willing  to  produce  more  arterial 
pressure,  but  the  peripheral  circulation  is  so  relaxed 
that  it  is  not  needed.  We  get  dangerous  low-pressure 
cases  when  the  pressure-producing  mechanism  has 
failed.  These  are  primary  when  there  has  not  been  a 
previous  overdemand  for  pressure.  Low  blood 
pressure  due  to  general  prostration  is  not  to  be  re- 
garded as  a  disorder  of  the  circulation  except  in  so  far 
as  the  circulation  fails  to  respond  to  demands  made 
upon  it.  Thus  in  shock  it  is  tne  nervous  system  that 
is  at  fault,  not  the  circulatorj-  apparatus. 

The  indications  for  treatment  in  disorder  of  the 
circulation  characterized  by  deficiency  in  pressure  in 
the  blood-vessels,  which  is  primarj-  in  that  it  has  not 
been  preceded  by  high  arterial  tension,  are  simple, 
though  the  elaboration  of  the  management  of  each 
case  will  tax  the  judgment  and  ingenuity  of  the 
physician.  When  there  is  no  defect  in  the  valves  and 
no  tendency  to  obstruction  in  the  arteries  the  condi- 
tion is  usually  a  weakness  of  the  heart,  and  much  may 
be  accomphshed  by  iron,  arsenic,  and  hypernutrition, 
by  increasing  the  number  of  meals,  and  bj'  outdoor 
exercise. 

In  the  early  days  of  a  newly  acquired  valvular 
lesion,  prolonged  rest  in  bed  with  the  very  gradual 
resumption  of  a  more  active  life  will  enable  both  the 
heart  and  the  bod3'  in  general  to  adapt  themselves  to 
the  new  conditions.  Of  necessitj',  there  must  be  a 
compensatorj'  hj-pertrophy,  but  it  is  not  to  the  ad- 
vantage of  the  patient  that  the  hypertrophy  be 
excessive,  hence  the  desirabUitj-  of  such  gradual 
resumption  of  active  work.  Until  subjective  symp- 
toms and  objective  signs  of  defective  circulation  have 
disappeared,  the  patient  must  be  restricted  to  a  verj- 
quiet  existence.  The  use  of  drugs  at  this  time  is 
usually  inadvisable,  yet  in  cases  of  long-delayed 
compensation  digitalis  may  be  used. 

Wnen  compensation  is  estabhshed  and  proper  pres- 
sure in  the  arteries  maintained,  these  cases  may  still 
be  classed  in  the  categorj'  of  low  arterial  tension  be- 
cause of  their  tendency  to  this  condition,  just  as  we 
consider   cases   of    Bright 's   disease   as   being   high- 
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pressure  cases,  even  when  the  condition  is  not  ac- 
tually present  at  the  time. 

During  the  stage  of  compensation,  which  maj-  be  of 
long  duration,  the  patient  should  lead  a  well-regu- 
lated existence — phj-sical  overexertion,  mental  over- 
anxietj-,  and  dissipation  of  all  kinds  must  be  avoided. 
The  occasional  use,  during  the  stage  of  comf>ensation, 
of  the  iodide  of  sodium  as  a  means  of  preventing 
degeneration  of  the  hj-pertrophied  heart  is  a  usefiu 
procedure  even  when  no  other  drug  therapy  seems 
advisable. 

In  the  progress  of  cardiac  disease  there  are  many 
elements  that  are  not  urJike  the  advance  of  tuberculo- 
sis. The  term  "cardiac  cachexia"  has  been  applied 
to  a  form  of  this  condition  accompanied  by  congestion, 
but  it  might  well  be  extended  to  include  the  deteriora- 
tion of  fiber  which  leads  to  failure  of  the  circulatory 
apparatus.  In  tuberculosis,  the  connection  between 
the  cachexia  and  the  disease  is  so  eWdent  that  its 
hygienic  management  needs  no  advocate.  It  is 
equally  true  that  the  progress  of  circulatory  dis- 
turbances is  often  dependent  upon  nutritional 
causes,  and  that  the  hj-giene  of  tuberculosis  in  its 
demand  for  fresh  air  is  equallj^  important  to  the 
cardiac  patient.  The  vitaUzing  effect  of  fresh  air  in 
these  cases  will  more  than  counterbalance  the  dangers 
of  catching  cold,  although  care  is  necessary  when  in- 
flammation or  congestion  of  the  kidneys  is  present. 
The  patient  can  be  trained  to  sleep  vrith.  open  windows. 

Low  pressure  due  to  degeneration  of  the  heart  mus- 
cle whicn  has  not  been  preceded  bj-hj-pertrophyisnot 
at  all  common  except  in  connection  with  acute  or 
chronic  general  disease.  But  little  is  accomphshed 
by  measures  directly  influencing  the  circulation. 
The  same  is  true  of  the  heart  overloaded  with  fat. 
Treatment  must  be  hygienic,  though  the  defective 
heart  muscle  demands  precautions. 

High-pressure  Ca^es. — By  high-pressure  cases  are 
meant  those  circulatory  disorders  which  are  charac- 
t?rized  by  undue  resistance  in  the  circulatory  path 
of  the  blood.  It  is  not  necessary,  for  cases  to  be 
classed  in  this  categor3',  that  actual  high  pressure 
should  alwa^-s  be  present  in  the  blood-vessels.  High- 
pressure  cases  comprise  all  instances  in  which  degen- 
erative disease  of  the  blood-vessels  or  kidneys,  brain 
tension,  or  toxemia  causing  disordered  action  of  the 
same  and  resulting  in  high  arterial  tension,  precedes 
or  goes  hand-in-hand  with  the  development  of  cardiac 
disease. 

Low-pressure  cases  occasionally  become  high-pres- 
sure cases,  as  when  val\"ular  disease  of  the  heart 
causes  secondary  Bright's  disease. 

The  management  of  high-pressure  cases,  which  in- 
clude a  large  proportion  of  tne  slowly  developed  dis- 
eases incident  to  the  overwork  and  luxury  of  modern 
times,  is  relatively  more  important  than  that  of  the 
low-pressure  cases.  It  is  particularly  important  to 
detect  the  earhest  development  of  a  tendency  to  high 
arterial  tension,  because  at  this  time  it  is  more  amen- 
able to  treatment. 

As  imphed  above,  in  this  class  of  cases  the  heart, 
blood-vessels,  and  kidnej'S  go  hand-in-hand,  and 
serious  disease  of  one  is  not  found  without  involvement 
of  the  others.  Hence  the  term  "chronic  Bright's 
disease"  is  frequently  used  in  speaking  of  these  cases. 
But  chronic  Bright's  disease  is  not  essentially  a  dis- 
ease of  the  kidneys,  although  in  the  final  catastrophe 
these  organs  are  often  chiefly  at  fault.  Primarily, 
it  is  a  disease  of  the  circulation  in  which  the  brain 
and  kidneys,  acting  as  it  were  as  end-organs,  first 
manifest  symptoms. 

A  case  which  had  been  under  observation  for  five 
years  ended  fatally  by  the  involvement  of  the  circula- 
tion of  the  brain,  producing  progressive  stupor,  and 
finally  coma,  paralysis,  and  death.  The  kidneys  at 
the  time  were  apparentl}'  in  good  enough  condition 
to  have  functioned  fairly  well  for  a  much  longer  time. 
In  this  case,  the  greatest  care  had  been  exercised  in 
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protecting  the  kidneys  by  diet,  an  even  temperature, 
utid  every  other  possible  means,  thus  allowing  the 
arterial  disease  an  opportunity  for  its  comijlete  de- 
velopment. The  same  case,  if  less  carefully  guarded, 
would  have  progressed,  by  repeated  attacks  of  uremia, 
to  a  death  l)y  the  development  of  anasarca  and  exhaus- 
tion. We  lia\-e,  then,  the  paradox  that  a  person  may 
die  from   ISriglit's  disease  with  fairly  good  kidneys. 

This  point  is  important  in  considering  the  early 
symptoms  in  high-pressure  cases.  The  kidneys  are 
in.^ensitive  organs,  rarely  giving  rise  to  pain,  inter- 
mittent in  their  manifestations,  and  entirely  removed 
from  direct  observation;  for  this  reason  disorder  of  the 
kidneys  may  reach  a  grave  stage  before  it  becomes  a 
matter  of  consciousness.  On  the  other  hand,  the 
brain,  as  the  seat  of  consciousness,  is  highly  sensitive 
to  any  interference  with  its  functions.  To  a  certain 
extent  its  circulation  is  capable  of  examination 
through  the  observation  of  the  fundus  of  the  eye, 
which  is  in  clo.-se  relationship  to  the  brain. 

Even  in  cases  in  which  chronic  Bright's  disease 
follows  acute  nephritis,  one  watches  the  circulatory 
system  with  anxiety,  because,  when  changes  are 
established,  the  chance  of  complete  recovery  is  dimin- 
ished. In  acute  Bright's  disease  the  heart  is  tem- 
porarily debilitated  so  that  there  is  often  established 
a  blowing  systolic  murmur  at  the  apex,  and  the  pro- 
found anemia  and  nervous  phenomena  that  accom- 
pany the  disease  may  lead  to  other  functional  dis- 
turbances of  the  circulation.  These  must,  however, 
be  distinguished  from  the  changes  that  take  place  in 
the  arteries  which  indicate  the  transition  from  sub- 
acute nephritis  to  the  chronic  general  condition.  The 
same  change  sometimes  indicates  the  establishment 
of  a  chronic  nephritis  in  cases  of  valvular  disease  of 
the  heart  that  have  been  accompanied  by  prolonged 
congestion  of  the  kidneys. 

Cardiac  hypertrophy  is  often  the  earliest  detectable 
sign  of  chronic  nephritis.  Abnormal  arterial  tension 
may  for  the  moment  be  absent,  either  on  account  of 
treatment  or  from  some  other  cause:  but  when  phys- 
ical examination  shows  distinct  cardiac  hypertrophy, 
we  suspect  at  once  a  high-pressure  case  of  circulatory 
disease. 

It  is  probable  that  an  increased  flow  of  urine  found 
in  early  Bright's  disease  is  due  as  much  to  increased 
blood  pressure  as  to  any  definite  change  in  the  kidneys. 
Nosebleed  is  another  possiljle  result  of  increased 
arterial  tension,  and  may  therefore  indicate  the  begin- 
ning of  Bright's  disease.  Another  accompaniment 
of  increased  arterial  tension  is  headache,  due  appar- 
ently to  increased  vascular  tension  in  the  head.  I 
would  also  mention,  as  one  of  the  early  disturbances 
of  high-pressure  cases,  attacks  of  indigestion.  These 
are  due  at  this  early  stage  to  disturbances  of  circula- 
tion in  the  stomach,  and  are  not  to  be  confounded 
with  uremic  nausea. 

High-pressure  cases  more  often  develop  in  an  atj'p- 
ical  than  in  a  typical  way,  and  even  in  their  final  fatal 
course  may  never  present  the  symptoms  that  one 
would  expect.  The  early  symptoms  are  often  an 
unhealthy  look,  loss  of  strength,  and  such  disturb- 
ances of  digestion  as  may  be  referred  to  simple  weak- 
ness. The  urine  may  contain  albumin  only  at  rare 
intervals,  so  that  it  may  not  be  detected  by  anything 
save  systematic  observation. 

It  is  fair  to  say  that  the  early  signs  of  impending 
changes  in  the  blood-vessels  also  mean  the  early 
circulatory  changes  of  Bright's  disease.  The  first 
signs  of  degeneration  are  manifested  by  disorder  of 
function.  The  blood-vessels  act  as  tubes  to  convey 
the  blood  to  different  parts  of  the  body  as  it  may  bo 
most  needed.  It  is  this  regulating  function  which 
first  suffers  when  the  tendency  to  high  pressure  begins 
to  show  itself,  so  that  irregularity  of  tension  is  the  most 
important  early  circulatory  indication.  The  smaller 
arteries  are  attacked  earliest,  and  these  are  the  first 
to  show  disordered  function.     Increased  arterial  ten- 


sion, or  a  tendency  to  it,  causes  irregularity  of  blood 
pressure,  and  is  early  recognized  by  symptoms  indi- 
cating irregularities  of  circulation  in  |)articular  parts 
of  the  brain.  This  irregularity  may  give  ri.sc  to  tem- 
porary unconsciousness,  slight  paralysis,  or  simply  to 
clumsiness  of  a  limb. 

The  typical  high-pressure  case,  as  met  with  in 
practical  work,  is  usually  one  which  has  gone  on  to 
its  full  development  without  observation  or  treat- 
ment. The  patient  presents  himself  because  he  has 
symptoms,  or  because  on  some  occasion  an  examina- 
tion has  revealed  the  chemical  or  physical  signs  of  the 
condition.  The  heart  is  found  hypertropliied,  the 
arterial  tension  high,  and  the  urine  increased.  Care- 
ful questioning  w'ill  elicit  symptoms  of  disorder  of 
the  cerebral  circulation  as  indicated  by  a  subjective 
feeling  of  nervousness,  headache,  insomnia,  or  at- 
tacks of  dizziness,  or  even  threatened  aphasia  and 
hemiplegia. 

The  Blood-vesxel  Tone-maintaining  Function  of  the 
Brain. — As  we  trace  the  development  of  the  circu- 
lation from  the  lower  forms  of  life  up  through  the  scale, 
we  find  that  the  control  moves  closer  and  closer  to  the 
central  nervous  system.  In  the  higher  forms  of 
animals  a  tone-maintaining  function  is  easily  traced 
to  the  medulla,  and  I  believe  that,  in  man  at  least, 
an  important  part  of  this  function  is  found  in  the 
cerebral  hemispheres. 

It  is  well-known  that  there  is  a  tone-maintaining 
influence  originating  in  the  motor  areas  of  the  brain 
that  preside  over  the  tonicity  of  the  voluntary  mus- 
cles. When  a  stroke  of  paralysis  occurs,  due  to 
damage  to  the  part  of  the  brain  that  presides  over 
the  motion  of  a  Umb,  that  limb  is  paralyzed  with 
regard  to  voluntary  motion,  but  at  the  same  time 
there  occurs  a  relaxation,  a  loss  of  tone,  in  the  blood- 
vessels that  causes  swelhng.  This  suggests  the  fact 
that  the  involuntary  muscles  were  likewise  involved 
in  a  loss  of  tone,  and  would  seem  strong  evidence  of 
this  blood-vessel  tone-maintaining  function.  Not 
only  may  local  blood-vessel  tone  be  affected  by 
changes  that  occur  in  the  brain,  but  also  the  general 
tonicity  of  the  whole  circulatory  system.  In  all 
brain  conditions,  we  look  for  changes  in  the  peripheral 
circulation.  Emotion  may  cause  a  rapid  rise  of 
blood  pressure.  It  is  said  insane  asylums  are  full  of 
high-pressure  cases  due  to  cerebral  excitement.  In 
cerebral  neurasthenia  the  blood  pressure  is  apt  to  be 
low. 

In  advocating  the  recognition  of  a  blood-vessel 
tone-maintaining  function  of  the  brain  it  is  not  neces- 
sary to  minimize  the  importance  of  the  center  in  the 
medulla,  whose  activities  in  this  direction  are  so  well 
known.  It  is  only  necessary  to  believe  that  the 
activity  of  this  center  is  dependent  upon  stimulation 
received  from  the  brain.  A  recognition  of  this  func- 
tion of  the  brain,  which  exercises  a  general  control  over 
vessel  tone  and  therefore  over  blood  pressure,  makes 
it  much  easier  to  understand  many  important  dis- 
orders of  the  circulation;  and  the  benefits  of  certain 
plans  of  treatment  wliich  experience  has  proved  to  be 
of  the  greatest  value.  It  exj)lains  why  exercise  of  the 
voluntary  muscles  has  so  good  an  influence  over  dis- 
orders of  tone  of  the  involuntary  muscles.  It  makes 
clear  why  resistance  exercises  have  vindicated  their 
right  to  a  place  in  the  treatment  of  disease  of  the  heart. 
It  also  reveals  the  development  and  points  the  way  to 
treatment  of  idiopathic  vascular  hj^pertension,  a  dis- 
ease the  importance  of  which  is  becoming  more  and 
more  recognized  every  day. 

HrPERTONiA  Vasorum  Idigpathica. — This  is  par 
exeellcnee  the  disease  of  the  present  day  and  is  looming 
up  as  of  more  and  more  importance  in  proportion  as  it; 
is  better  understood.  The  time  cannot  be  remem- 
bered when  successful  men  were  not  stricken  down  in 
the  midst  of  their  activities  by  apoplexy  or  so-called 
heart  failure,  but  of  late  years  it  is  increasingly  com- 
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mon  for  those  men  and  women  who  play  tlie  most 
prominent  part  in  the  world  and  carry  the  heaviest 
burden  of  responsibility,  to  develop  finally  disorders 
of  the  arteries  of  the  brain  or  of  other  vital  organs, 
resulting  on  the  one  hand  in  apoplexy  or  on  the  otlier 
in  Briglit's  disease.  We  have  attributed  these  break- 
downs too  often  to  chemical  causes  arising  from  dis- 
orders of  the  digestive  system,  or  we  have  regarded 
them  as  primarily  disease  of  the  kidney,  develop- 
ing in  some  mysterious  way.  Too  often  has  alcohol 
been  blamed  when  in  reality  it  was' hardly  a  factor  in 
the  case.  Why  should  it  be  that  persons  preeminent 
for  the  use  of  their  brains,  and  singled  out  for  the 
heaviest  responsibilities,  suffer  in  the  direction  of  the 
circulation  so  much  more  than  those  whose  occupa- 
tion is  of  another  character?  The  reason  is  to  be 
found  in  the  effect  of  mental  strain  in  exaggerating 
that  tone-maintaining  function  of  the  brain  tliat  was 
discussed  in  the  previous  section. 

Let  us  trace  the  development  of  such  a  case, 
resulting  in  an  attack  of  apoplexy.  A  composite 
picture,  drawn  from  the  mental  concept  of  this  disease, 
tallies  almost  hne  by  hne  with  many  concrete  exam- 
ples. The  patient  is  a  man  of  good  family  history, 
inheriting  sturdy  qualities  from  an  ancestry  that  has 
developed  strength  through  the  successful  contest 
with  tlie  difficulties  of  the  development  of  a  new 
country.  He  has  been  well  educated  and  has  led  a 
healthj'  and  active  youth.  From  the  very  beginning, 
he  has  been  a  worker  among  his  fellows  and,  spurred 
on  by  one  success  after  another,  by  middle  life  lie  has 
attained  a  position  of  importance  and  usefulness. 
Now  his  qualities  have  been  recognized,  and  one 
burden  after  another  has  been  laid  upon  him.  He  has 
become  a  factor  in  government,  in  business,  in  intel- 
lectual pursuits,  and  in  philanthropy.  Such  a  man, 
unmindful  of  the  fact  that  he  is  past  middle  age,  and 
that  the  bod}'  no  longer  has  the  recuperative  power  of 
youth,  continues  his  work  unceasingly,  without  those 
relaxations  that  attract  men  of  a  lighter  turn  of  mind. 
The  man  feels  perfectly  well,  but  a  change  has  taken 
place  in  the  macliinery  of  his  body.  The  influence 
from  the  central  nervous  .system,  which  maintains  the 
blood-vessels  in  a  proper  state  of  tonicity,  has  become 
exaggerated  through  the  overflowing  of  the  mind 
strain,  and  the  blood  no  longer  circulates  with  ease. 
Now  it  is  hard  to  keep  the  blood  in  proper  circulation, 
but  without  any  manifest  symptoms  the  heart  be- 
comes enlarged  and  still  carries  on  the  work.  The 
two  factors  of  arterial  contraction  and  cardiac  hyper- 
activity result  in  high  blood  pressure.  This  in  turn 
results  in  structural  damage  to  the  blood-vessels  in 
the  brain,  the  kidneys,  and  elsewhere.  Unconsciously, 
the  man  is  hving  in  constant  danger.  Some  daj'  there 
arises  some  incident  in  his  career  that  leads  to  an 
unusual  degree  of  worry  or  mental  strain,  and  there 
develops  a  tendency  to  inflammation  in  the  already 
damaged  blood-vessels  of  the  brain,  the  blood  clots 
the  circulation,  most  hkely  near  the  speech  center  on 
the  left  side,  and  another  prominent  man  has  fallen 
victim   to   an   attack   of   apoplexy.     Sometimes   the 

Eicture  is  varied  and  one  of  the  arteries  that  supply  the 
eart  substance  with  blood  is  stopped,  and  the  man 
drops  dead  in  his  tracks;  or  in  another  case  the  kid- 
neys gradually  give  out.  Not  infrequently  the 
abdominal  arteries  show  the  first  indications  by 
terrific  digestive  disturbance,  causing  great  distention 
of  the  stomach  with  gas  and  marked  irregularity  of 
the  heart.  This  is  my  mental  concept  of  hypertonia 
vasorum. 

Even  after  any  one  of  these  serious  accidents,  much 
can  be  done  for  a  man  made  of  such  good  stuff,  but 
how  nmch  more  satisfactory  would  be  the  prevention 
of  such  an  accident  by  proper  medical  treatment  and 
a  suitable  regimenl 

I  would  register  a  protest  against  those  who  decry 
the  u.se  of  drugs  in  circulatory  disease,  because  in  all 
medicine  there  is  no  condition  in  wliich  proper  drug 
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treatment  is  of  greater  value,  and  none  in  which,  to 
my  mind,  its  usefulness  seems  more  easily  demon- 
strated. The  remedies  must,  however,  be  used  with 
appreciation  of  the  fact  that  that  they  are  to  regulate 
an  active  mechanism  that  is  always  changing  in  its 
demands,  and  that  the  one  needed  at  one  time  may  be 
contraindicated  a  little  later. 

Tliis  im|)lies  very  careful  medical  supervision,  par- 
ticularlj'  when  the  case  first  comes  under  treatment. 
By  a  process  of  re-education  of  physiological  processes, 
control  of  function  becomes  easier  and  easier;  and,  as 
the  patient  becomes  famihar  with  his  tendencies,  tlie 
physician  can  in  a  measure  yield  control.  The  details 
of  treatment  must  be  worked  out  for  each  individual 
with  due  regard  to  the  relation  of  blood  pressure,  heart 
disease,  and  blood-vessel  damage. 

The  management  of  high-pressure  cases  is  perhaps 
the  most  important  part  of  our  subject,  as  it  is  also 
the  one  in  which  the  greatest  advance  has  been  made. 
The  recognition  of  the  functional  element  in  cardio- 
vascular disease  marks  perhaps  the  greatest  single 
advance  in  the  appreciation  of  the  therapeutic  needs 
of  patients  suffering  from  disorders  of  the  heart  and 
circulation.  If  we  believe  that  the  therapeutic  modi- 
fication of  function  is  of  advantage  only  so  long  as  the 
effect  of  our  remedies  lasts,  then  we  must  indeed  be 
therapeutic  nihilists,  for  truly  enough  we  cannot  con- 
tinue indefinitely  to  use  vasodilators,  cardiac  stimu- 
lants, and  alteratives.  We  have  faith  in  the  cure  of 
cardiovascular  disease  because  the  persistent  and 
patient  modification  of  function  by  diet,  drugs,  suit- 
able exercise,  and  a  carefully  selected  environment 
finally  educates  the  person's  physiological  activities 
so  that  they  act  normally  after  the  withdrawal  of 
active  measures.  This  education  or  re-education,  by 
which  functional  derangements  are  removed,  holds 
out  hope  of  a  permanent  cure  of  h^-pertonia  vasorum 
and  the  removal  of  damaging  high  blood  pressure.  It 
is,  of  course,  most  useful  before  tissue  damage  has 
been  wrought  by  the  pressure  violence  to  the  nutritive 
vessels  of  the  heart,  brain,  or  kidneys. 

In  an  early  case  of  high  arterial  tension  of  nervous 
origin  the  important  element  in  ph3'siological  re-edu- 
cation consists  in  training  the  victim  to  eliminate 
worry  and  a  tendenc}'  to  too  great  concentration  of 
interest  in  whatever  pursuit  is  occupying  him. 
Worry  is  in  a  measure  a  habit  and  can  be  eliminated 
bj'  a  person  of  strong  intellect,  who  definitely  decides 
to  let  events  in  a  measure  take  their  own  course,  and 
the  too  great  concentration  on  one's  occupation  is  a 
self-indulgence  that  often  ignores  the  importance  of 
•  other  things  and  the  legitimate  claim  of  the  hghter 
things  of  hfe  upon  the  attention. 

The  business  man  should  be  content  with  a  rea- 
sonable financial  success,  and  the  professional  man 
with  a  reasonable  degree  of  distinction.  In  a  paper 
read  before  the  New  York  State  Medical  Society  in 
1907,  Dr.  H.  L.  Eisner  pointed  out  that  physicians 
themselves  should  be  on  their  guard  lest  tney  suffer 
from  the  evils  of  high  tension  in  their  own  circulation. 
The  patient  should  deliberately  eliminate  under  the 
advice  of  his  physician  aU  unnecessary  burdens  of 
responsibility.  If  the  man  or  woman  has  occupied  a 
position  of  trust,  and  has  given  that  devotion  to  work 
that  has  led  to  hypertonia  in  the  circulation,  he  or 
she  is  certainly  entitled  to  pass  the  burden  on  to  some 
one  else.  Often  enough,  when  unnecessary  burdens 
are  thrown  off,  it  is  perfectly  possible  to  take  care  of 
what  are  left.  The  world  is  not  to  be  reformed  in  one 
generation,  and  no  one  was  ever  meant  to  carry  the 
burdens  of  the  universe. 

Next  to  the  elimination  of  worry  and  undue  concen- 
tration of  mental  effort  comes  the  question  of  nutri- 
tion and  diet.  Many  persons  consider  themselves 
undernourished,  when  in  fact  the  opposite  is  the  case. 
.\  critical  examination  of  the  blood  and  urine  often 
shows  distinct  evidence  of  an  excess  of  food  in  persons 
who  are  seeking  to  be  built  up  by  physical  rest  and  a 
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diet  selected  for  its  nutritious  qualities.  When  this  is 
the  case,  the  food  should  be  restricted  in  quantity — - 
sweets  ehminated,  and  meat  greatly  reduced.  The 
popular  prescription  of  withholding  from  these 
patients  all  food  that  has  contained  blood  may  be 
extreme,  but  it  is  in  the  right  direction.  Third,  but 
not  least  in  importance,  is  the  matter  of  physical 
exercise.  Here  we  come  upon  the  relationship,  which 
I  have  often  traced,  between  the  tone-maintaining 
function  over  the  voluntarj'  muscles,  and  a  possible 
similar  function  with  regard  to  the  involuntary  mus- 
cles. Exercise  should  be  carried  on  systematically, 
whether  the  patient  feels  hke  it  or  not.  A  distaste  for 
physical  exercise  often  goes  with  this  condition,  and 
must  be  overcome  bj'  emphatic  instructions  by  those 
responsible  for  the  welfare  of  the  patient.  There  is, 
undoubtedly,  some  advantage  in  the  resistance  move- 
ments, though  massage  does  not  seem  suited  to  many 
patients  with  high  blood  pressure.  It  has  seemed  to 
me  that  the  resistance  movements  were  valuable  in 
removing  overtone  through  some  connection  with  the 
tonus  of  the  voluntarj-  muscle.  While  the  patient  is 
under  treatment,  or  re-education,  the  circulation  must 
be  regulated  as  far  as  possible  bj'  drugs  that  improve 
the  muscular  tone  of  the  heart  and  those  that  over- 
come an  excess  of  tone  in  the  blood-vessels.  These 
must  be  given  under  skilled  direction  of  some  one  who 
has  the  knowledge  and  authority  to  regulate  the  time, 
quantity,  and  nature  of  the  mecUcation  almost  from 
hour  to  hour,  to  meet  the  manifestations  of  the 
pathological  physiology  of  the  disordered  circulatory 
system.  In  some  instances  a  few  weeks  will  counter- 
act the  commencing  high  tension,  and  the  individual 
may  go  on  for  years  witnout  its  developing  again.  In 
more  severe  cases,  several  months  are  necessary.  In 
cases  that  have  lasted  a  long  time  a  year  is  necessary 
for  the  physiological  re-education.  The  intelUgent 
cooperation  of  the  patient  and  the  friends  of  the 
patient  is  absolutely  necessarj-.  In  difficult  cases,  the 
work  is  most  discouraging  at  first,  though  often  enough 
after  a  few  weeks  the  beneficial  results  become  rather 
suddenlj'  apparent  to  every  one.  Where  there  are 
distinct  e\'idences  of  broken  compensation,  treat- 
ment must,  of  course,  be  commenced  by  keeping  the 
patient  in  bed,  but  these  patients  can  often  least 
afford  the  debihtating  effect  of  bed  treatment,  and  the 
sooner  outdoor  treatment  can  be  instituted  the  better. 
An  attack  of  apoplexy  does  not  preclude  the  possibil- 
ity of  good  results  from  phjsiological  education  in 
high-pressure  cases,  but,  of  course,  makes  the  problem 
more  difBcult.  Particularly  is  this  true  when,  as  is 
often  the  case,  there  is  a  distinct  tendency  to  depres- 
sion of  spirits,  approaching  melanchoha;  for  the  men- 
tal tension  that  goes  with  this  stage  makes  the  high 
vascular  tension  hard  to  control.  Phj-siological  re- 
education should  begin  early,  but  unfortunately  tliis 
newly  recognized  condition  of  idiopathic  vascular 
overtone  is  not  generaUj-  enough  recognized  for  the 
necessity  of  such  active  treatment  to  be  appreciated 
as  often  as  it  should  be. 

In  its  early  stages  it  is  a  disease  without  symptoms 
because  the  heart  first  brings  into  play  its  reserve 
force,  and  then  painlesslj-  becomes  enlarged,  and  the 
severer  accidents  of  the  development  of  Bright's 
disease,  of  apoplexj',  or  of  heart  failure  have  to  do  onlj- 
with  the  fully  developed  condition.  It  behooves 
every  one,  particularly  if  over  fifty,  to  have  the  vital 
organs  inspected  at  regular  intervals,  so  that  overtone 
may  be  earty  recognized  and  prevented. 

The  Use  of  Xitrites. — When  Brunton  applied  amj-1 
nitrite  to  the  treatment  of  angina  pectoris,  he  achieved 
asignal  triumph  in  therapeutics.  Xoless  was  the  tri- 
umph of  the  more  gradual  apphcation  of  the  nitrites  in 
general  to  the  treatment  of  vascular  spasm.  These 
were  first  well  used  bj-  those  who  had  witnessed  their 
development  and  were  famihar  with  their  philosophy 
and  hmitations.  Unfortunately,  the  student,  coming 
later  upon  the  field  of  medicine  and  finding  the  nitrites 
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in  general  use  for  vascular  disease,  jumped  naturally  to 
the  conclusion  that  they  were  the  remedies  par  excel- 
lence and  used  them  in  a  routine  way  in  the  treatment 
of  these  cases.  The  observation  of  tliis  fact  makes  it 
seem  useful  at  this  time  to  emphasize  the  necessity  of 
conservatism  in  this  matter.  It  is  a  trite  saying  that 
we  should  always  treat  the  patient  and  not  the  disease, 
meaning  by  this  that  we  must  carefullj'  recognize  the 
exact  physiological  and  pathological  conditions  pres- 
ent, and  so  influence  them  as  to  bring  about  the  cure  of 
disease.  Patients  differ  widely  in  their  behavior  under 
the  nitrites,  and  for  that  reason  every  case  requires 
physiological  study  to  determine  the  amount  of  drug 
necessary  and  how  it  should  be  apphed.  To  apply 
vasodilators  without  also  instituting  hygienic  meas- 
ures to  reduce  the  irritabiUty  of  the  heart  and  restore 
the  exhausted  or  disordered  nervous  system  is  to  over- 
look an  important  element  in  the  problem  of  cure.  The 
necessity  for  the  use  of  vasodilators  is  diminished  in 
proportion  to  the  intelligence  and  success  attending 
these  accessory  measures. 

In  Bright's  disease  there  is  probably  some  substance 
circulating  in  the  blood  that  irritates  the  muscular 
coats  of  the  vessels  and  causes  contraction.  This, 
with  the  physiological  attempt  of  the  heart  to  carry  on 
the  circulation,  again  brings  about  liigh  tension.  When 
high  tension  antedates  the  onset  of  nephritis  it  may 
well  be  supposed  that  the  tension  has  something  to  do 
with  the  production  of  nephritis. 

A  physiological  increase  of  blood  pressure  is  caused 
whenever  there  is  nervous,  muscular,  or  physiological 
exertion.  Prolonged  nervous  strain,  such  as  that 
met  with  in  an  exciting  business  career,  or  in  pro- 
longed dissipation,  keeps  up  a  tendency  to  tension  that 
is  particularly  apt  to  lead  to  arterial  degeneration. 
Muscular  action  is  less  prone  to  produce  damage,  and 
probably  does  so  only  in  rare  instances  of  long  training 
and  severe  contests  of  strength.  The  reason  for  this  is 
that  exercise  is  accompanied  by  natural  dilatation  of 
the  arterial  circulation,  improved  nutrition,  and  reUef 
afforded  by  perspiration.  The  physiological  activities 
of  the  body  are  usually  accompanied  by  too  slight  a 
stimulation  of  the  circulation  to  count  for  much  in 
health,  but  are  worth  considering  in  disease. 

In  the  case  of  a  person  suffering  from  abnormal  ten- 
sion, it  is  especially  important  to  do  away  with  mental 
strain  and  responsibiUty.  Such  a  person  should  not  in- 
dulge in  violent  exercise,  but  is  benefited  by  slow  exer- 
cise. Food  should  be  moderate  in  amount,  taken  at 
frequent  intervals.  A  studj'  of  each  individual  should 
be  made  and  a  few-proteins  diet  adopted,  such  pro- 
teins as  the  patient  is  found  to  have  suffered  from 
being  excluded. 

When  the  vasodilators  are  given  it  is  to  produce  a 
definite  phj-siological  effect  which  is  capable  of  being 
appreciated  by  the  observer.  The  dose  recjuired  to 
produce  this  effect  differs  widelj-  in  chfferent  indi^^d- 
uals  and  under  different  circumstances.  In  a  large 
number  of  cases  the  remedies  are  now  so  given  that  no 
effect  whatever  is  produced.  Crude  therapeutic 
thought  is  responsible  for  this.  The  idea  is  conceived 
that  the  nitrites  are  good  for  kidney  and  heart  disease, 
and  so  thej-  are  administered  with  the  hope  that  the 
patient  maj'  be  benefited  thereby.  If  improvement 
takes  place  the  medicine  receives  the  credit,  whether  it 
has  done  its  work  or  not.  The  word  "  conservatism' 
means  more  than  caution,  more  than  small  dosage. 
It  means  the  working  out  of  the  possibihties  of  tne 
remedy  and  its  application  in  such  a  waj'  as  to  fulfil 
its  broadest  mission,  so  that  it  may  not  be  wasted  or 
abused — wasted  when  used  in  non-active  doses  and 
abused  when  used  too  often  or  in  too  great  quantitj-. 
With  the  vasodilators  a  careful  regulation  of  the  dose 
is  of  vital  importance,  for  their  final  action  may  be 
dilatation  and  paralysis  of  the  heart  through  a  com- 
plete breaking  down  of  that  great  power  which 
moderates  all  muscular  activity. 

When  nitrites  are   used  it  is  also  of  the  utmost 
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importance  that  the  preparation  selected  should  be 
rehable.  I  have  known  patients  to  take  for  a  long 
time  tablets  supposed  to  be  nitroglj'cerin  which  were 
frequentlj'  found  to  be  inert.  When  no  benefit  is 
obtained  in  conditions  in  which  nitroglycerin  is 
clearly  indicated,  this  may  be  fairly  suspected.  As  a 
test,  one  of  the  tablets  should  be  given  to  a  healthy 

Eerson,  who  should  immediately  feel  the  throbbing  in 
is  head  due  to  the  dilated  blood-vessels  and  the 
stimulation  of  the  heart.  If  no  effect  is  felt,  a  new 
preparation  must  be  sought  and  this  tested.  The 
one-per-cent.  solution  of  glonoin  is  probably  more 
reliable,  but  is  not  nearly  so  convenient  for  patients 
as  the  tablet.  I  have  found  granules  of  nitroglycerin, 
gr.  ,^5,  very  convenient. 

Cases  must  be  studied  from  time  to  time  by  the 
withdrawal  of  these  drugs,  and  by  the  substitution  of 
other  drugs  of  a  different  class.  Particularly  is  it 
important  in  every  such  case  to  know  from  actual 
observation  the  effect  of  digitalis  in  such  doses  as 
bring  about  distinct  phj'siological  phenomena. 

But  few  diseases  can  be  treated  by  specific  measures, 
and  cardiovascular  di.sease  is  particularly  remote 
from  such  an  ideal.  The  end  which  drugs  accomplish 
is  such  control  of  the  circulation  as  will  tend  to  benefit 
the  condition  of  the  tissues,  or  the  prevention  of  the 
condition  of  these  tissues  from  working  injury  to  the 
body  as  a  whole.  The  management  of  cardiovascular 
disease  is  hke  the  running  of  an  intricate  machine. 
The  physician  must  study  the  machine  itself  and  learn 
all  its  resources.  He  must  know  the  use  of  every 
tool  and  the  effect  of  the  turning  of  each  screw.  It  is 
no  abuse  of  the  privileges  of  the  phy.^ician  to  studj' 
his  cases  therapeutically  by  testing  from  time  to  time 
the  effect  of  different  classes  of  drugs,  though  he 
return  after  each  trial  to  the  original  plan  of  treat- 
ment. It  is  the  height  of  arrogance  to  assume  that 
his  inductive  reasoning  can  plan  for  each  case  a 
permanent  cour.se  of  management.  Such  action 
would  lead  only  to  humihation  and  disappointment. 
How  exasperating  it  is,  when  for  a  long  period  of  time, 
on  theoretical  grounds,  we  have  abstained  from  the 
use  of  such  a  drug  as  digitalis,  to  find,  some  time  or 
other,  that  our  patient  has  taken  it  through  the 
advice  of  the  corner  druggist  and  has  received  ap- 
preciable benefit  from  it!  Of  course,  we  know  very 
well  that  the  corner  druggist  had  no  right  to  experi- 
ment, but  perhaps  the  risk  was  worth  taking,  after  all. 

There  is  a  particular  form  of  pulse  in  which  nitro- 
glycerin is  not  so  valuable  as  a  number  of  other  drugs. 
This  is  a  high-tension  pulse,  ^\'ith  persistently  rapid 
heart  action.  In  these  cases,  I  have  sometimes  seen 
the  greatest  benefit  from  the  use  of  digitaUs.  Nitro- 
glycerin has  a  twofold  action  in  stimulating  the  heart 
and  dilating  the  blood-vessels.  Digitalis  has  a  two- 
fold action  in  slowing  the  heart  and  contracting  the 
blood-vessels.  Theoreticall}'  digitaUs  would  not  act 
in  these  cases;  but  practically  in  a  case  of  nephritis 
with  a  high  tension  and  rapid  pulse,  digitalis  will 
often  show  its  controlling  action  upon  the  heart  in 
greater  degree  than  any  of  its  other  effects,  and  in 
that  way  bring  about  a  slower  pulse  with  less  ap- 
parent tension.  At  the  same  time,  digitalis  will  clear 
up  congestion  of  the  kidneys  and  cause  a  better  secre- 
tion of  urine. 

Even  when  tension  does  exist  in  cardiovascular  dis- 
ease with  nephritis,  it  should  be  reaUzed  that  some  ten- 
sion may  be  desirable.  As  time  goes  on  in  such  a  case, 
the  greatest  danger  to  bo  feared  is  a  too  great  lowering 
of  the  blood  tension,  with  its  accompanying  conges- 
tions and  effusions.  In  the  presence  of  sj'mptoms 
indicating  disturbances  of  cerebral  circulation,  such 
as  numbness  or  awkwardness  of  one  of  the  extremities 
or  sUght  difficulty  in  speech,  the  vasodilators  are 
imperatively  needed.  Sodium  iodide  has  also  an 
undoubted  power  to  postpone  paralytic  attacks  due 
to  the  plugging  of  blood-vessels. 

A  word  as  to  the  possibiUty  of  recovery  from  car- 
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diovascular  degenerative  disease.  The  heart  symp- 
toms are  those  of  mj'ocarditis  and  the  kidney  symp- 
toms those  of  chronic  nephritis.  The  tendency  of  the 
blood  is  to  become  of  poor  quaUty.  Every  one  knows 
that  under  ordinary  circumstances  a  person  starting 
with  tills  form  of  disease  has  a  tendency  to  become 
worse.  However,  I  do  not  beheve  that  this  need 
always  be  the  case.  With  a  properh-  planned 
regimen  and  the  possibility  of  carrying  it  out,  and 
with  careful  medication  and  other  therapeutic 
measures,  the  heart  may  recover  its  tone  so  that  all 
symptoms  of  degeneration  will  disappear,  and  the 
kidneys  may  settle  down  to  do  their  work  according  to 
a  particular  plan,  but  well  enough  for  the  main- 
tenance of  health. 

It  is  hard  to  prove  the  regeneration  of  kidney  tissue, 
though  the  physiological  hypertrophy  of  one  kidney 
when  the  other  is  removed  leads  to  a  behef  in  its 
possibilitj'.  Certainly  there  are  many  persons 
passing  a  large  quantity  of  urine  of  low  specific 
gravity  and  with  a  slight  trace  of  albumin,  who 
maintain  year  in  and  year  out  signs  of  health.  Their 
heart,  blood-vessels,  and  kidneys  have  readjusted 
themselves  and,  though  bearing  the  scars  of  disease, 
are  carrying  on  the  functions  of  the  body  in  a  satis- 
factory manner.  I  have  pictured  this  condition 
because  it  is  e.xtremelj'  interesting  to  decide  in  these 
cases  how  much  we  should  intervene  with  drugs  to  tJ 
alter  the  heart  action  or  relax  the  blood-vessels.  P 
It  seems  to  me  that  in  the  absence  of  symptoms 
sodium  iodide  will  accomplish  the  best  purpose  and 
that  the  use  of  the  nitrites  should  be  hmited. 

Management  of  Secondari/  Loio-pre^sure  Cases. — 
The  treatment  of  low  arterial  tension  which  is  second- 
ary to  long-existing  high-tension  conditions  has  two 
elements — first,  the  correction  of  circulatory  errors 
by  the  action  of  drugs  which  have  the  power  to 
modify  physiological  forces  in  various  parts  of  the 
circulatory  circuit,  and,  second,  the  restoration,  as 
far  as  possible,  of  the  health  of  the  tissues  upon 
derangement  of  which  the  trouble  often  rests. 

In  diseases  of  the  circulatory  apparatus  attention 
is  too  often  concentrated  upon  the  first.  In  instances 
of  temporary  embarrassment,  or  of  e.xtra  demands  on 
account  of  compUcating  diseases,  this  first  element 
becomes  of  supreme  importance,  but  in  the  long  run  it 
is  the  second  element  upon  which  success  in  the  care  of 
circulatory  disorders  is  dependent. 

In  this  connection,  it  is  important  to  differentiate 
between  the  symptoms  and  trie  disease.  Dropsy  of 
the  dependent  portions  of  the  body  is  a  symptom 
which  does  not  always  demand  treatment.  If  of 
moderate  degree,  and  dependent  upon  well-understood 
causes,  it  is  often  the  part  of  good  judgment  to 
undertake  the  second  element  of  treatment,  neglect- 
ing for  the  time  being  the  sj-mptom,  the  removal  of 
which  would  require  intervention  in  the  physiological 
activity  of  the  heart,  such  as  might  neutraUze  treat- 
ment directed  to  the  circulation  as  a  whole;  indeed, 
there  is  often  much  harm  done  in  such  cases  by 
violent  attacks  upon  symptoms. 

Most  writers  on  circulatory  disease  have  passed 
over  with  scant  consideration  the  management  of 
cases  with  general  edema  and  steadily  progressive 
symptoms,  which,  if  not  checked,  uniformly  lead  to  a 
fatal  termination.  It  is  unscientific  to  disregard  these 
cases  in  considering  various  forms  of  treatment  at 
length,  dismissing  them  with  a  single  clause.  This  is 
frequently  done  in  speaking  of  the  Nauheim  treat- 
ment, progressive  cases  being  usually  spoken  of  as 
unsuitable.  There  is  always  the  possibility  in  any 
particular  case  that  we  may  be  mistaken  in  our  esti- 
mate of  it,  and  the  patient  is  entitled  to  the  treat- 
ment even  at  the  risk  of  discrediting  the  system  by  the 
limitation  of  results  because  of  tiie  severity  of  the 
case. 

In  primary  low  arterial  tension  the  heart  muscle  is 
in  a  position  to  recover  its  tone  if  depleted  by  acute 
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disease,  or  to  develop  a  compensatory  hypertrophy  if 
overtaxed  by  defective  valves.  In  secondary  low 
arteriid  tension  the  heart  has  already  for  the  time 
being  exhausted  its  power  of  compensatory  hyper- 
trophy, and  while  the  tendency  to  resistance  in  the 
arteries  persists,  there  is  no  adequate  response  on  the 
part  of  the  heart. 

Little  is  gained  symptomatieally  in  extreme  cases 
by  the  use  of  vasodilators,  because  the  blood-pressure 
is  already  low.  Little  is  gained  by  digitalis,  because 
the  heart-muscle  is  not  in  a  position  to  respond.  The 
combination  of  drugs  of  the  digitalis  group  with 
drugs  of  the  nitrite  group  produces  a  certain  amount 
of  symptomatic  response,  but  in  the  end  does  not 
produce  permanent  results  unless  combined  with 
measures  that  will  hold  the  advantage  gained. 
Excessive  drugging  is  a  mistake.  A  single  large 
dose  of  digitalis  at  night  is  often  better  than  divided 
doses.  A  good  fluid  extract  put  into  a  capsule  and 
swallowed  at  bedtime,  the  dose  being  determined  by 
experiment,  has  often  proved  very  satisfactory.  At- 
tention to  the  digestive  organs  is  of  the  utmost  impor- 
tance. Milk  is  often  badly  borne  and  should  be 
replaced  with  the  most  nutritious  food  that  will  agree 
with  the  patient. 

As  often  as  possible,  these  patients  should  be  put 
upon  a  regimen  directed  to  the  improvement  of 
nutrition  and  to  the  healthfulness  of  the  body  in 
general,  such  as  hydrotherapy  in  the  form  of  warm 
saline  baths,  a  nutritious  diet,  planned  to  exclude  a 
multiplicity  of  proteins,  but  not  Umiting  the  quantity 
of  such  as  are  known  to  be  safe  for  the  individual, 
and  exercise  in  the  open  air  up  to  the  point  where 
dyspnea  interferes. 

We  are  deahng  often  enough  with  dangerous  condi- 
tions, and  it  is  not  possible  to  compare  the  result  in  a 
particular  case  with  what  it  would  have  been  under 
other  circumstances.  A  man  must  be  of  limited 
experience  indeed  who  has  not  seen  such  a  patient  do 
better  when  disregarding  advice  that  planned  treat- 
ment of  such  a  condition  by  prolonged  rest  in  bed, 
restricted  diet,  and  excessive  drug  therapy. 

Secondary  low  arterial  tension  is  the  final  result  of 
many  causes  acting  along  the  line  of  those  forces  which 
tend  to  the  termination  of  hfe  in  the  natural  course  of 
events,  hence  it  is  to  be  combated,  not  by  drugs  alone, 
but  by  all  those  methods  that  are  known  to  remove 
cachexia,  and  restore  tone  to  the  blood  and  solid 
tissues.  Louis  Faug^res  Bishop. 

Blood  Root. — See  Sanguinaria. 

Blood  Stains. — The  identification  of  blood  stains  is 
a  matter  of  interest  chiefly  in  a  medicolegal  aspect. 
While  the  methods  employed  in  legal  tests  are  practi- 
cally the  same  as  those  in  u.se  in  general  medical  diag- 
nosis, the  elaborate  precautions  necessary  to  prevent 
errors  make  it  impossible  to  use  in  the  former  some 
of  the  simplified  procedures  of  the  practitioner. 

In  criminal  cases  it  is  usually  the  custom  for  the 
officers  of  the  police,  the  coroner,  or  the  pubUc  pro.se- 
cutor  to  search  for  and  record  the  presence  of  blood 
stains  in  any  condition  in  which  their  presence  or 
identification  may  be  of  importance.  While  such  a 
procedure  is  .satisfactory  in  manj'  cases,  it  is  often  of 
the  utmost  importance  that  the  person  who  is  to  be 
called  upon  to  make  the  final  identification  of  the 
material  should  be  permitted  to  investigate  all  su.s- 
picious  stains  before  anything  at  the  site  of  the  acci- 
dent or  crime  is  disturbed.  Much  can  be  learned  by 
an  e.xpert  not  only  as  to  the  conditions  under  which  any 
blood  may  have  been  distributed  over  objects,  but 
also  as  to  the  substances  upon  which  such  blood  may 
have  fallen,  and  thus  the  obtaining  of  specimens 
contaminated  with  material  which  may  render  further 
tests  difficult  or  impossible  will  be  avoided. 

Under  conditions  which  necessitate  the  further 
study  of  blood  stains  in  order  to  determine  whether 


the  suspected  material  is  human  or  animal  blood,  the 
stains,  especially  the  finger  prints,  sliould  bo  carefvdly 
photographed,  the  photograph  inchiding  a  milh- 
inetric  scale  and  also  a  label  written  in  black  ink  giv- 
ing the  exact  .site  of  the  stain  and  the  material  upon 
which  it  has  fallen.  Such  a  record  is  more  valuable 
than  the  most  volumino\is  notes.  Small  articles  on 
which  blood  has  fallen  should  be  inclosed  either  in 
clean  writing-paper,  the  parcel  being  promptly 
lalK'lled  and  sealed  with  .sealing-wax,  or,  what  is 
better,  in  gla.ss  bottles  or  clean  paper  boxes,  the.se 
containers  being  sealed  and  labelled  also.  News- 
paper is  not  a  satisfactory  material  for  this  purpose. 
Under  no  circumstances  should  an  inexperienced  per- 
son be  allowed  to  attempt  the  removal  of  blood  stains 
from  the  underlying  material,  if  biological  or  other 
tests  are  to  be  carried  out  upon  the  blood  at  a  later 
time. 

Stains  on  furniture,  floors,  steps,  or  boards  of  any 
sort  should  be  removed  by  sawing  out  a  considerable 
area  about  the  suspected  spots;  the  piece  should  then 
be  wrapped  in  clean  white  paper,  sealed,  and  marked 
as  above.  Stains  on  plaster  should  be  chiseled  out 
and  sent  as  quickly  as  po.ssible  to  an  expert,  as  the 
lime  in  the  plaster  rapidly  alters  the  blood  so  that 
biological  tests  cannot  be  applied.  Cutting  instru- 
ments should  be  fastened  to  a  piece  of  board  with  the 
stains  uppermost,  and  carefully  wrapped.  Clothing, 
especially  if  of  a  dark  color,  should  have  any  sus- 
picious stains  marked  by  passing  a  pin  near  but  not 
through  the  spot,  and  should  then  be  wrapped  and 
sealed.  The  reason  for  this  marking  is  that  blood 
spots  which  are  at  first  of  a  fairly  bright  red  may 
change  in  color  owing  to  the  action  of  light  and  air, 
or  of  the  substratum  upon  which  they  lie,  and  in  a 
short  time  become  nearly  invisible  if  on  a  brown  or 
other  dark  surface. 

In  case  the  blood  is  spattered  upon  walls  or  objects 
so  heavy  that  they  cannot  be  moved,  it  may  be 
necessary  to  scrape  samples  of  the  spots  from  the 
surface,  using  a  perfectly  clean  knife  blade  and 
thoroughly  cleaning  the  blade  for  each  set  of  spots 
removed,  in  order  to  avoid  the  possibility  of  mixing 
two  different  specimens,  and  the  specimens  so  re- 
moved should  be  preserved  in  clean  glass-stoppered 
bottles  or,  less  satisfactorily,  in  clean  glazed  paper.* 

Fluid  blood,  as,  for  example,  from  a  case  of  illumi- 
nating gas  poisoning,  should  be  collected  and 
transported  either  in  new  clean  preserve  jars  or  in 
glass-stoppered  bottles. 

If  fresh  fluid  blood  is  found  soaked  up  by  soil, 
sawdust,  or  other  material,  either  a  considerable 
amount  of  the  contaminated  substance  is  coUected 
and  placed  in  clean  glass  receptacles,  or  clean  white 
filter  paper  is  pressed  against  the  mass  so  as  to  absorb 
some  of  the  fluid  and,  after  drying  in  the  air,  is  in- 
closed in  clean  envelopes  and  properly  labelled,  care 
being  taken  to  furnish  e.xact  details  as  to  the  material 
from  which  the  blood  was  obtained,  for  such  informa- 
tion may  be  of  the  greatest  importance  if  biological 
tests  are  to  be  made. 

Prelimin.\ry  Examination  of  Suspected  Mate- 
rial.— The  specimens  submitted  for  study  should  be 
most  carefully  scrutinized  in  order  to  obtain  suitable 
material  for  e.xamination  and  to  avoid  the  commission 
of  serious  errors  in  the  complicated  tests  now  so  largely 
employed  in  the  identification  of  blood  stains.  Each 
suspected  blood  fleck  should  be  scrutinized  with  a 
lens  in  order  to  see  whether  or  not  stains  due  to  other 
substances  are  present.  It  is  well  known  that  sahva, 
perspiration,  albuminous  urine,  menstrual  fluid,  feces, 

*  An  example  of  the  danger  of  allowing  untrained  persons  to 
remove  specimens  for  examination  was  shown  in  a  case  where  some 
specimens  gave  precipitin  reactions  for  both  human  and  chicken 
blood.  \Mien  the  site  was  reexamined  two  sets  of  blood  stains 
were  found,  one  of  which  gave  the  reactions  for  human  blood,  the 
other  a  perfectly  clear  reaction  for  chicken  blood  A  mixture  of 
the  scrapings  had  evidently  occurred. 
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pus,  and  similar  body  excreta  may  give  a  precipitin 
reaction,  though  much  less  intense  than  that  of  blood 
itself,  and  some  of  these  fluids  give  recognizable  stains. 
If,  however,  biological  tests  are  to  be  employed  in  the 
identification  of  blood  stains,  the  material  for  such 
tests  should  be  if  possible  selected  from  areas  where 
the  Ukehhood  of  such  contamination  is  the  least.  As 
such  tests  are  at  present  conducted,  only  a  fluid  whose 
albumin  content  approximates  that  of  the  blood 
itself  is  likely  to  cause  the  shghtest  confusion,  but  it  is 
better  not  to  have  to  explain  such  facts  in  court,  and 
much  trouble  can  he  avoided  in  medicolegal  cases  by 
care  in  the  selection  of  the  material  for  the  test. 

Eust  marks  on  steel  instruments  are  often  difficult 
to  distinguish  from  spots  of  blood,  and  occasionally 
brown  or  dark  red  paint  maj'  be  confusing.  In  exam- 
ining steel  instruments  it  should  be  constantly  held  in 
mind  that  fresh  blood  can  be  easily  and  completely 
removed  by  wasliing,  even  though  the  process  is 
hastily  carried  out.  The  writer  has  seen  a  club  with 
numerous  superficial  cracks  on  the  surface  which  was 
used  to  inflict  a  series  of  deep  scalp  wounds,  and  yet 
after  a  hastj'  rinsing  in  water  no  blood  stains  could  be 
found  upon  the  instrument. 

If  spots  are  found  which  seem  suspicious  a  sheet  of 
white  glazed  paper  should  be  spread  in  a  place  free 
from  draughts,  and  some  of  the  suspected  material 
scraped  off  with  a  clean  sharp  scalpel.  Stains  on 
cloth  should  be  partially  cut  out  with  sharp  scissors, 
lea^^ng  a  portion  for  identification  in  court  or  as 
material  for  further  tests  should  a  repetition  of  any 
procedure  be  necessarj'.  The  samples  so  obtained 
should  be  preserved  in  small  glass-stoppered  bottles 
and  kept  in  a  dark  cool  place  until  examined. 

Idextiftcation  of  Suspected  Material  as 
Blood. —  Before  carrying  out  anj-  of  the  complex 
biological  tests,  the  suspected  material  must  be  shown 
to  be   blood.     There  are  a  large  series  of  reactions 


Fig.  814.- 


-Hemin  Crystals  Produced  by  the  Acid-alcohol  Method. 
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which  are  available  for  this  purpose,  but  only  those 
should  be  employed  which  are  recognized  by  the 
standard  authorities  as  reasonably  free  from  error. 
It  is  especiallj'  important  not  to  use  the  modern  color 
reactions  for  blood,  such  as  those  with  benzidin  or 
phenolphthalein,  for  there  are  so  many  fallacies  in  the 
application  of  these  reagents,  that  the  reactions  are 
utterly  unsuitable  for  presentation  in  a  court  of  law 
as  fulfilling  the  requirements  of  legal  proof. 

One  test  which  does  fulfiU  all  requirements  is  that  of 
Teichmann,  the  only  drawback  being  that  it  is  often 
difficult  to  obtain  ttus  from  blood  which  has  long  been 
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in  contact  with  iron,  plaster,  soaps,  fats,  or  other 
organic  material,  especiaUy  if  putrefaction  has 
occurred.  Therefore,  while  a  positive  Teichmann 
reaction  occurs  with  no  other  substance  than  hemo- 
globin, a  negative  reaction  does  not  prove  the  ab£«nce 
of  blood. 

Teichmann  Test. — .\  very  small  fragment  of  the 
substance  to  be  tested  is  scraped  from  the  stain  or  if  it 
has  been  deposited  upon  cloth  a  few  fibers  are  teased 
free  from  the  edge,  and  moistened  with  a  drop  of 
physiological  salt  solution  on  the  surface  of  an  ordi- 
nary microscopic  slide.     The  preparation  is  allowed 


Fig.  815. — Hemin  Crj'^tals  Produced  by  the  Strzyzowski  Method 
with  Hydriodic  Acid.      X  300. 

to  dry  spontaneously  or  the  drying  is  aided  by  very 
gentle  heat,  and  when  it  is  perfectlj-  desiccated  it  is 
covered  with  a  drop  of  glacial  acetic  acid  and  a  thin 
cover-glass.  The  preparation  is  then  genth"  warmed 
until  the  acid  is  seen  to  assume  a  brownish  color,  after 
wliich  the  heating  is  continued  at  a  lower  temperature 
until  the  acid  has  evaporated.  A  Uttle  water  is  then 
run  under  the  cover  and  the  preparation  is  examined 
with  a  magnification  of  about  .300  diameters.  If  the 
test  is  positive,  small  rhomboidal  crystals  of  hemin 
will  be  seen,  having  a  brownish  color  and  angles  of 
approximately  60°  for  the  acute  and  120°  for  trie  ob- 
tuse angle.  The  crystals  frequently  show  rounded 
corners  and  even  clubbed  ends,  however.  If  the  quan- 
tity of  blood  is  very  small,  regular  crystals  may  not  be 
obtained,  but  instead  a  crop  of  very  small  oat-shaped 
forms,  often  with  curved  outlines  and  no  sharp  an^es, 
will  be  seen.  Tliis  method  is  the  original  form  of  the 
test.  If  it  fails  there  are  two  modifications  which 
occasionally  are  more  successful. 

One  of  these  is  due  to  a  suggestion  of  Wachholi, 
who  recommends  the  emploj-ment  of  a  mixture  of 
equal  parts  of  95  per  cent,  alcohol  and  glacial  acetic 
acid  instead  of  pure  glacial  acetic  acid.  The  addition 
of  the  alcohol  reduces  the  boiUng-point  of  the  fluid  and 
increases  its  solvent  power  for  hematin,  so  that  this 
pigment  is  more  rapidly  brought  into  solution.  The 
final  evaporation  of  the  mixture  is  also  carried  out 
more  easily  owing  to  the  volatility  of  the  alcohol 
(Fig.  S14>. 

The  other  modification  is  that  of  Strzyzowski  in 
which  a  special  reagent  made  up  just  before  using  is 
employed.  The  reagent  is  composed  of  glacial 
acetic  acid,  water,  and  ninety-five  per  cent,  alcohol, 
1  c.c.  each,  to  which  are  added  three  to  five  drops  of 
hydriodic  acid  of  a  specific  gra\'ity  of  1.5.  The  sub- 
stance to  be  tested  is  placed  on  a  shde,  allowed  to 
dry,  and  then  covered  with  a  thin  cover-glass.  A 
few  drops  of  the  reagent  are  allowed  to  run  under  the 
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cover,  and  the  preparation  is  warmed  over  a  small 
flame  for  about  ten  seconds.  The  fluid  is  rephiced  as 
fast  as  it  evaporates,  and  brought  just  to  tin-  boiling- 
point.  The  preparation  is  aUowed  to  cool,  and  is 
then  examined  directly  with  a  power  of  at  least  300 
diameters  (Fig.  81.")).  H  no  crystals  are  found,  fresh 
solution  is  added,  and  the  heating  is  repeated.  This 
method  is  four  times  as  sensitive  as  the  original 
Tcichniann  test. 

A  somewhat  similar  method  of  identifying  blood 
pigment,  which  may  be  useful  when  the  Teiehmann 
test  or  its  modifications  fail,  is  by  the  production  of 
crystals  of  hemochromogen  (Heine).  The  technitjue 
of  the  method  is  as  follows:  The  suspected  material, 
which  should  be  reduced  to  a  fine  powder  and  sepa- 
rated as  much  as  possible  from  fiber,  especially  wool 
dyed  with  indigo,  rust,  plaster,  etc.,  is  placed  on  a 
slide.  A  drop  of  a  mixture  of  two  parts  of  pyridin 
and  three  parts  of  a  concentrated  watery  solution  of 
hydrazin  sulphate  is  added,  and  a  cover-glass  is  laid 
on.  The  preparation  is  now  very  gently  heated  over 
a  small  flame  until  a  few  air  bubbles  appear,  and  then 
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Fig.  816. — Hemochromogen  Crystals.  Two  different  types  pro- 
duced by  varying  rates  of  crystallization  and  concentration  of 
blood.     X  300. 

is  allowed  to  cool  gradually  on  an  asbestos  plate  or 
other  non-conducting  surface.  The  crj-stals  which 
appear  when  blood  is  present  in  the  preparation  are 
in  the  form  of  fine  needles  or  of  fairly  broad  lancinate 
figures.  They  maj'  be  rectilinear  or  curved,  and 
occasionally  thej'  show  brush-like  extremities.  They 
may  lie  singly  or  in  crossed  forms  or  in  sheaths  or 
rosettes.  The  longest  crj'stals  are  obtained  with 
fresh  blood.  Occasionally  some  ovoid  crystals 
rescmbhng  the  heni|)-seed  type  of  hemin  crystals 
may  be  noticed  (Fig.  816). 


If  the  blood  is  fluid  it  is  not  necessary  to  dry  it.  A 
drop  of  the  reagent  is  added  directly,  the  preparation 
is  heated,  and  the  crystals  are  ob.scrved.  The  prep- 
aration must  be  very  carefully  searched,  and  a  high 
magnification  nuiy  be  required,  even  a  j't  oil  immersion 
lens.  An  additional  means  of  identification  of  the 
crystals  hes  in  their  optical  properties.  They  are 
copper  red  in  color,  and  when  examined  with  a  polar- 
izing microscope  show  doulilc  refraction  and  pleo- 
chroism,  with  c  =  reddish  brown,  a  =  orange  red, 
and  Oa.  The  crystals  also  show  straight  extinction, 
liy  very  carefully  drying  them  and  immediately 
adding  a  drop  of  Canada  balsam,  permanent  prepara- 
tions ean  be  made. 

The  conditions  which  interfere  with  the  produetion 
of  hemochromogen  crystals  are  in  general  tno.se  which 
affect  the  production  of  hemin  crystals.  If  the  blood 
pigment  has  soaked  into  the  cloth  or  wood  it  is  much 
more  difhcult  to  obtain  the  crystals  than  if  a  erust 
can  be  scraped  off  of  the  material.  Sometimes, 
especially  with  old  specimens  which  have  undergone 
putrefaction,  it  is  impossible  to  get  satisfactory  prep- 
arations. With  fresh  blood,  on  the  contrary,  excellent 
results  can  usually  be  obtained.  Iron  rust  interferes 
less  with  the  formation  of  hemochromogen  crystals 
than  with  the  formation  of  hemin  crystals.  A  mix- 
ture of  soap  or  fat  does  not  interfere,  and  the  crystals 
can  be  obtained  from  fecal  or  gastric  matter.  Car- 
bon mono.xide  blood  maj'  or  may  not  furnish  crystals. 
When  the  blood  is  on  fibers  dyed  with  indigo,  indigo 
crystals  are  occasional!}'  obtained  in  doing  the  hemin 
test;  tliis  confusion  does  not  arise  with  the  hemochro- 
mogen method,  which,  therefore,  should  be  adopted 
under  these  conditions. 

Spectroscopic  Tests  for  Blood. — An  additional  and 
most  convenient  method  for  the  absolute  identifica- 
tion of  blood  pigment  is  by  the  use  of  the  spectro- 
scope. For  this  purpose  one  of  the  smaller  hand  or 
"pocket"  instruments  is  much  more  satisfactory 
than  a  spectroscope  of  high  dispersive  power  such  as 
is  usuall}'  seen  in  chemical  and  physical  laboratories. 
Wliile  the  so-called  "pocket"  spectroscope  is  cjuite 
sufficient  for  the  identification  of  blood  spectra,  a 
more  convenient  form  is  a  "comparison"  spectro- 
scope, in  wliich  by  a  pair  of  prisms  the  hght  from  two 
different  specimens  is  sent  through  the  same  sht  and 
the  spectra  are  superimposed  on  each  other.  In  one 
container  is  placed  the  solution  to  be  tested,  in  the 
other  a  known  dilution  of  blood.* 

When  very  small  quantities  of  blood  are  to  be  stud- 
ied a  microspectroscope  may  be  useful.  This  instru- 
ment fits  into  the  microscope  tube  in  place  of  the 
ocular,  and  if  a  sufficiently  high  power  objective  is 
used  is  extraordinarily  sensitive;  the  spectrum  from 
even  one  blood  corpuscle  can  be  identified.  A 
specimen  of  fresh  blood  or  one  wliich  has  dried  for  a 
snort  time,  when  dissolved  in  water,  shows  the  two- 
banded  spectrum  of  oxyhemoglobin,  the  ma.xima 
being  at  wave  length  58.3  and  548  (see  Fig.  817);  but 
after  the  blood  has  dried  for  a  longer  time,  especially 
if  the  stain  has  been  on  cloth,  the  pigment  is  cnanged 
into  a  substance  known  as  methemoglobin,  and  an 
aqueous  solution  of  the  particle  will  give  a  spectrum 
combining  methemoglobin  and  oxyhemoglobin  or  a 
pure  spectrum  of  methemoglobin  (see  Fig.  817).  This 
change  is  hastened  by  the  action  of  sunhght,  putre- 
faction, etc.  During  hfe  methemoglobin  may  occur 
in  the  blood  in  cases  of  poisoning  by  potassium  chlo- 
rate, phenacetin,  acetanilide,  nitrogen  tetro.xide  fumes, 
etc.,  and  these  possibiUties  should  be  taken  into  con- 
sideration. Inasmuch,  however,  as  both  the  oxy- 
hemoglobin and  the  methemoglobin  spectra  are  rather 
faint,  it  is  an  advantage  in  testing  small  quantities 
of  material  or  when  using  very  dilute  solutions  to 
convert  the  pigment  immediately  into  a  substance 

*  .\n  exceedingly  convenient  form  of  "  comparison  "  spectroscope 
is  made  by  Hans  Heele  of  Berlin,  carrying  two  test-tubes  for  the 
solutions  to  be  examined. 
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which  gives  a  much  greater  absorption  intensit)'. 
If  it  is  transformed  into  hemochromogen,  which  is 
easily  done  by  dissohing  a  particle  of  the  suspected 
pigment  in  pyridin  and  reducing  the  solution  so 
obtained  with  a  drop  of  yeUow  ammonium  sulphide, 
or  what  is  preferable,  with  the  same  amount  of  a 
saturated  solution  of  hydrazin  sulphate,  about  one 
part  of  blood  in  10,000  parts  of  water  can  be  detected 
if  a  layer  of  solution  one  centimeter  thick  is  examined.* 
For  the  examination  of  these  spectra  with  the  micro- 
spectroscope   the   fluid  is  conveniently  placed  in  a 
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Fio  .817. — Absorption  Spectra  of  Importance  in  the 
Identification  of  Blood. 


narrow  cylinder  made  by  cementing  a  piece  of  thick 
wall  glass  tubing,  one  or  two  centimeters  in  length, 
perpendicularly  on  an  ordinary  thick  microscopic  slid^ 
with  Canada  balsam,  or  temporarily  with  vaseline.  If 
the  lumen  of  the  tube  is  narrow  only  a  very  small 
quantity  of  fluid  is  required  to  give  the  necessary 
depth  for  the  absorption  bands. 

If  the  blood  is  on  cloth  which  has  been  boiled, 
washed  with  soap  and  water,  or  exposed  to  sunlight 
for  a  long  time,  the  pigment  may  be  altered  into  hema- 
tin which  is  insoluble  in  water  and  is  best  extracted 
by  the  use  of  ethyl  ether  to  which  one-third  volume 
of  glacial  acetic  acid  has  been  added.  Hematin  is 
soluble  in  this  fluid  as  acid  hematin,  the  spectrum  of 
which  can  often  be  recognized.  If  the  ether  is  allowed 
to  evaporate  and  a  drop  of  the  pyridin  and  hydrazin 
sulphate  mixture  mentioned  above  is  added,  the 
hematin  will  be  changed  into  hemochromogen,   the 

*  If  a  microspectroscope  13  not  available,  the  absorption  bands 
can  frequently  be  demonstrated  by  the  use  of  an  ordinary  band 
spectroscope  looking  down  through  the  microscope  either  with  or 
without  the  ocular. 
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absorption  of  which  is  much  more  intense  than  that  of 
hematin.  so  that  the  bands  are  much  more  easily  seen. 
If  the  solution  is  deeply  colored  by  extraneous  matter 
it  may  be  necessary  to  use  intense  hght  like  sunlight 
to  get  sufficient  illumination  through  the  fluid.  If 
turbid,  the  fluid  must  be  filtered  through  a  good 
qiiahty  of  filter  paper,  such  as  Schleicher  and  Schull 
No.  597,  or,  what  is  in  many  cases  preferable,  centrifu- 
galized  in  a  high-speed  centrifuge  until  all  sediment 
has  been  thrown  to  the  bottom  of  the  tube.  The 
supernatant  fluid  is  then  pipetted  off  into  a  glass  cell 
and  examined. 

If  the  blood  has  thoroughly  soaked  into 
a  dyed  cloth,  it   is    sometimes  extremely 
J  difficult  to  prevent  solution  of  the  dye  at 

the  same  time  that  the  blood  is  dissolved, 
and  this  is  especially  true  in  the  case  of  old 
blood  spots  where  the  longer  the  maceration 
necessary  to  dissolve  the  blood,  the  more 
pigment  goes  into  solution  from  the  cloth. 
It  is  often  quite  impossible  by  extraction 
with  pyridin  or  a  strong  alcoholic  solution 
of  potassium  hydrate  to  get  a  satisfactory 
hemochromogen  spectrum.  In  this  dilemma 
a  solution  of  the  cloth  and  stain  together 
can  be  obtained  by  maceration  of  the  cloth 
fragments  in  concentrated  sulphuric  acid, 
and  then  by  filtering  the  fluid  through  glass 
wool  and  diluting  the  filtrate  with  ten  to 
twenty  volumes  of  distilled  water;  the 
hematoporphyrin  formed  by  the  action  of 
the  acid  is  precipitated,  whereas  the  dye 
from  the  cloth  remains  in  solution.  After 
the  hematoporphyrin  has  settled,  it  is 
washed  with  several  changes  of  water, 
collected,  and  dissolved  in  warm  strong 
sulphuric  acid,  the  solution  giving  the  ab- 
sorption of  acid  hematoporphjTin.  If  the 
precipitate  is  dissolved  in  a  mixture  of 
equal  volumes  of  ten-per-cent.  sodium 
hydrate  and  alcohol,  or  in  pyridin,  the 
solution  will  give  the  absorption  of  alkahne 
hematoporphyrin. 

Full  directions  which  wiU  meet  all  con- 
ditions cannot  be  given  here.  It  must  be 
left  to  the  ingenuity  of  the  expert  to  de\-ise 
means  to  fit  special  cases.  Usuall}'  from 
the  specimens  submitted,  samples  of  the 
cloth  can  be  obtained  sufficient  to  allow  a 
series  of  experiments  as  to  the  effect  of  the 
various  extracting  fluids  upon  the  dye;  and 
then  smaU  blood  spots  can  be  made  on  the 
cloth  and  attempts  made  to  recover  the 
blood  pigment.  After  a  satisfactory  method 
has  been  de\-ised  it  can  be  appUed  to  the 
suspected  deposits. 
Examining  Stains  for  Cellular  Constituents  of 
Blood. — While  in  the  past  a  large  amount  of  medico- 
legal interest  has  centered  about  the  identification  of 
blood  corpuscles  in  blood  stains  and  the  careful  meas- 
urement of  such  corpuscles  when  properly  mounted, 
at  the  present  time  but  Utile  value  is  placed  upon  the 
results  so  obtained.  Leucocytes  can  be  demonstrated 
by  fi.xing  a  small  piece  of  the  clot  with  alcohol  or 
formalin,  staining  with  hematoxylin,  clearing,  and 
mounting,  just  as  in  the  methods  emploj'ed  in 
pathological  histology,  but  this  procedure  does  not 
give  us  facts  of  any  great  value.  Of  softening  solu- 
tions for  blood  stains  which  to  a  certain  extent  per- 
mit the  separation  of  the  red  corpuscles  and  their 
identification  microscopically,  the  most  important  are 
a  thirty-three-per-cent.  aqueous  solution  of  potassium 
hydrate  or  a  mixture  of  pepsin  and  strong  glycerin, 
which  can  be  purchased  from  Griibler.  In  general, 
the  thirty-three-per-cent.  caustic  potash  is  perfectly 
satisfactory.  A  little  of  the  stain  or  of  the  cloth  on 
which  it  lies  is  softened,  scraped  off,  and  placed  under 
a  microscope,   and   the  corpuscles  examined.     Inas- 
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much  as  the  rod  corpusflps  of  the  horse,  dog,  pip, 
guinea-pig,  rabbit,  and  mouse  liave  practically  the 
same  dimensions  as  human  red  corpuscles,  and  those 
of  cattle  are  but  little  smaller,  it  is  evident  that  even 
careful  measurement  of  the  corpuscles  is  of  little  value, 
especially  when  the  shrlidiage  due  to  drying  and  the 
swelling  following  re-solution  of  the  blood  are  taken 
into  consid<'ratiiin.  It  is  possible,  however,  to  recog- 
nize the  oval  and  nucleated  red  corpuscles  of  avian 
and  reptihan  blood. 

Florence  has  suggested  a  method  for  identifying 
corpuscles  without  recourse  to  the  softening  process, 
using  a  so-called  vertical  or  opaque  illuminator,  by 
which  a  strong  beam  of  light  is  reflected  downward 
through  the  objective  by  a  suitable  prism,  and  opa(|ue 
objects  thus  rendered  visible.  It  is  possible  with 
suitable  material  to  obtain  quite  satisfactory  jjhoto- 
micrographs  up  to  a  magnification  of  1300  diameters. 
The  chief  advantage  of  this  procedure  is  that  the  blood 
stain  is  not  destroyed,  and  it  is  always  possible  to 
use  the  whole  specimen  for  further  tests. 

All  of  these  methods,  however,  are  medicolegally 
of  no  importance  compared  to  the  highly  sensitive 
procedures  lately  discovered,  of  which  the  best  e,x- 
ample  is  the  precipitin  reaction.  This  will  form  the 
subject  of  the  next  section. 

Precipitin  Reaction  for  Identification  of 
Blood  Stains. — It  was  found  by  Bordet  and  Tchis- 
tovitch  about  1S97  that  certain  animals  when  in- 
jected with  blood  from  other  animals  developed,  after 
a  certain  definite  period,  the  power  of  precipitating  the 
blood  serum  of  the  animal  from  which  the  blood  for 
injection  was  originally  obtained.  For  example,  if 
human  blood  is  repeatedly  injected  into  a  rabbit,  the 
blood  serum  of  the  rabbit  finally  develops  the  power 
of  forming  a  cloud  in  human  blood  serum  in  very  high 
dilutions,  even  1  to  20,000.  This  reaction  is  quite 
specific,  antihuman  serum  giving  a  strong  precipitate 
with  human  blood,  only  a  faint  precipitate  with  the 
blood  of  the  higher  apes,  and  practically  none  at  all 
in  dilutions  of  1  to  1,000  with  the  blood  of  the  smaller 
monkeys.  Similar  group  reactions  have  been  noted 
among  other  animals  (Nuttall);  for  example,  an 
antiserum  prepared  by  injecting  chicken's  blood 
will  give  a  very  faint  precipitate  with  the  blood  of 
other  birds,  but  not  in  such  a  degree  as  to  interfere 
completely  with  the  medicolegal  value  of  the  test. 

Preparation  of  the  Antiserum. — The  rabbit  is  the 
animal  generally  employed  for  the  production  of 
antiserum,  and  large,  healthy,  long-eared  ones  should 
be  selected  for  the  purpose.  Young  animals  usually 
react  better  than  old  ones.  They  snould  be  well  fed 
and  kept  in  a  clean  dry  place. 

Fresh  sterile  human  blood  is  injected  in  quantities 
of  2  to  6  c.c.  into  the  ear  vein  of  the  animal.  If  tests 
to  determine  whether  the  blood  is  from  any  of  the 
domestic  animals  are  also  to  be  made,  specimens  of 
their  blood  may  be  obtained  from  slaughter  houses 
or  elsewhere.  If  blood  from  adult  human  beings  can- 
not be  obtained  it  is  possible  to  use  that  from  the 
placenta.  By  placing  the  placental  end  of  the  cord 
in  a  sterile  cylinder  and  causing  the  uterus  to  con- 
tract by  pressure,  a  number  of  cubic  centimeters  of 
sterile  blood  can  be  obtained.  Blood  may  also  be 
obtained  at  fresh  autop.sies  by  opening  the  heart. 
Even  dry  blood  has  occasionally  been  used  with  suc- 
cess, but  the  most  satisfactory  method  is  the  use  of 
perfectly  fresh  blood  drawn  from  a  vein  into  a  sterile 
syringe  and  immediately  injected  into  the  animal. 
The  amount  required  is  not  very  great  and  such 
blood  is  usually  obtained  easily  from  suitable  sub- 
jects. ^  If  there  are  any  doubts  as  to  the  sterility  of  the 
blood  it  is  an  advantage  to  heat  it  in  a  water  bath  at 
56°  C.  for  an  hour. 

As  stated  above  the  intravenous  method  of  in- 
jection is  preferable,  though  the  blood  may  be  in- 
jected subcutaneously  or  intraperitoneally.    "Usually, 


however,  the  quality  of  the  antiserum  in  the  latter 
ca.ses  is  inferior  to  that  obtained  by  intravenous  injec- 
tion. The  techni<|ue  of  injection  is  .sim|)le.  The  ear 
of  the  animal  is  shaved,  washed  with  s;  ap  and  hot 
water,  and  rubbed  with  alcohol.  This  will,  as  a  rule, 
eau.se  considerable  distention  of  the  veins  of  the  outer 
surface  of  the  ear,  and  if  t  h(>  ear  is  then  firndy  supported 
over  the  side  of  the  left  index-finger,  the  needk'  of  the 
syringe  can  be  easily  in.serted.  The  blood  sliould  be 
warm  and  should  be  injected  slowly.  The  animals 
seem  to  suffer  no  discomfort  from  the  injection. 

The  number  of  injections  re(|uired  to  produce  an 
antiserum  of  high  titer  varies  with  different  animals. 
In  some  it  is  absolutely  im))ossiblo  to  obtain  a 
satisfactory  serum,  and  they  have  to  be  discarded; 
w  hile  other  animals  quickly  give  a  .serum  of  1  to  4,000 
titer.  Different  workers  have  slightly  different 
methods  of  immunization.  Some  prefer  considerable 
quantities  given  on  three  successive  days,  the  animal 
being  bled  on  the  tenth  or  twelfth  day.  Others 
give  small  doses,  increasing  them  .slowly,  and  ad- 
ministering them  every  third  day,  bleeding  taking 
place  at  the  end  of  two  weeks.  Before  the  final 
bleeding  is  done,  however,  the  serum  should  be 
carefully  tested  with  known  dilutions  of  the  blood 
against  which  the  anti.serum  is  specific. 

Leers  thinks  that  the  best  results  are  obtained  by 
injecting  2  c.c.  of  blood  intravenously,  repeating  the 
injection  at  the  end  of  three  weeks,  ten  days  later 
drawing  about  10  c.c.  of  blood  and  testing  the  titer, 
and  then  reinjecting  another  2  c.c.  of  the  same  blood. 
In  this  way  he  usually  gets  an  antiserum  with  a  titer 
of  1  to  20,000.  He  tliinks  it  is  an  advantage  to 
use  for  the  injections  the  blood  from  the  same  person 
and  not  from  different  people. 

Obtaining  Samples  of  Blood  for  Tating. — The 
animals  should  be  starved  for  twenty-four  hours,  so 
that  the  serum  will  be  perfectly  fiee  from  fat  and 
clear.  The  ear  is  cleansed,  the  veins  are  dilated  by 
rubbing  with  ether,  xylol,  or  alcohol,  and  a  few  cubic 
centimeters  of  blood  are  drawn  off  in  a  small  syringe 
by  puncturing  the  vein,  or  by  making  a  V-shaped  cut 
with  a  pair  of  scissors  and  allowing  the  blood  to  run 
into  a  sterile  test-tube.  The  flow  is  freer  if  the  ani- 
mal is  kept  warm  on  a  hot  water  bag  and  the  head  is 
lowered;  or  the  ear  may  be  wanned  by  holding  it 
against  a  lighted  electric  bulb.  The  blood  is  caught 
in  small  sterile  tubes,  which  are  immediately  laid  in 
a  slanting  position  until  the  blood  coagulates  and  then 
set  vertically  in  a  cool  place  for  twenty-four  hours. 
The  separation  of  the  serum  does  not  take  place  as 
satisfactorily  in  the  ice  box  as  at  room  temperature. 
Testing  the  Titer  of  the  Antiserum. — Fresh  blood  of 
the  species  for  which  it  is  desired  to  test  is  obtained 
and  diluted  with  distilled  water  in  the  proportion 
of  1  to  500,  1  to  5,000,  and  1  to  10,000.  To  these 
dilutions  are  added  equal  volumes  of  1.7  per  cent, 
sodium  chloride  solution  so  as  to  bring  the  final  salt 
content  up  to  0.S5  per  cent.  Nine-tenths  cubic 
centimeter  of  each  of  these  dilutions  is  put  into 
smaU  perfectly  clean  test-tubes  with  a  lumen  of  about 
six  millimeters,  and  0.1  c.c.  of  the  antiserum  to  be 
tested  is  aUowed  to  run  down  the  side  of  the  tube. 
If  the  serum  is  satisfactory  it  will  usually  give  a  pre- 
cipitate in  the  1  to  10,000  dilution  within  a  couple  of 
minutes,  the  cloud  beginning  first  at  the  point  of 
contact  between  the  diluted  fluid  and  the  drop  of 
serum  which  has  fallen  to  the  bottom  of  the  tube,  and 
quickly  spreading  up  through  the  fluid  as  the  specific 
serum  diffuses  into  the  diluted  blood.  A  serum  giving 
a  precipitation  in  a  dilution  of  1  to  20,000  is  very 
rarely  obtained.  If  the  titer  is  below  1  to  1,000,  the 
serum  is  unsatisfactory  and  the  animal  should  receive 
a  few  more  injections  and  then  be  again  tested.  If 
a  titer  of  1  to  1,000  is  not  then  obtained,  the  animal 
must  be  rejected,  and  fresh  ones  immunized. 

Obtaining  the  Antiserum. — .\fter    the  blood  of  the 
animal  is  found  to  give  a  precipitate  in  sufficiently 
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high  dilutions,  the  serum  may  be  collected.  For  this 
purpose  the  animal  is  anesthetized,  the  neck  is  shaved 
and  sterilized,  and  either  a  glass  cannula  with  a  rubber 
tube  is  inserted  into  the  carotid,  or  the  needle  of  a  large 
glass  syringe  is  plunged  into  that  vessel,  care  being 
taken  to  have  loose  Mgatures  about  the  vessel  so  as  to 
check  hemorrhage  in  case  the  needle  or  cannula  slips. 
From  50  to  60  c.c.  of  blood  may  be  drawn  into  a  series 
of  Petri  dishes,  Erlenmeyer  flasks,  or  test-tubes,  the 
last  being  promptly  slanted  so  as  to  give  as  large  a 
surface  for  exudation  of  the  serum  as  possible.  The 
best  yield  of  serum  seems  to  be  from  the  large  Petri 
dishes.  The  blood  is  then  placed  in  a  cool  spot,  and 
as  soon  as  the  serum  collects  it  is  removed  in  a  sterile 
pipette  to  final  receptacles  for  storage.  These  may 
be  either  small  test-tubes  of  brown  glass  measuring 
12.5  centimeters  in  length  by  7  miUimeters  in  di- 
ameter, as  recommended  by  L'lilenhuth,  or  glass 
bulbs  with  long  narrow  tubes  on  either  side  through 
v.-hich  the  blood  is  sucked  up  into  the  bulb,  both  of 
the  tubes  then  being  sealed  off.  All  of  the  glassware 
must  be  thoroughly  sterilized.  The  serum  is  kept 
on  ice  in  the  dark,  but  even  with  these  precautions 
gradually  loses  its  precipitating  power. 

It  is  extremely  difficult  to  steriHze  this  antiserum 
^\^thout  altering  it  in  any  way,  and  the  utmost  care 
should  be  taken  in  all  procedures  to  keep  the  fluid 
absolutely  free  from  organisms.  If  it  is  necessary 
to  steriUze  it,  this  must  be  done  by  filtration  through 
a  Berkefeld  filter,  using  the  smallest  size  filter  and 
regulating  the  suction  so  that  not  more  than  one 
drop  carries  through  every  five  seconds.  Otherwise, 
bacteria  are  sucked  through  the  pores  of  the  filter. 

ilany  suggestions  have  been  made  for  the  preserva- 
tion by  desiccating  the  serum  in  a  vacuum  or  by  dry- 
ing it  on  filter  paper,  but  without  great  success.  The 
blood  of  the  animal  does  not  retain  its  high  precipi- 
tating power  for  any  great  length  of  time,  so  that  it  is 
impossible  to  keep  the  serum  so  to  speak  in  rivo.  A 
gradual  fall  takes  place  and  finally  the  precipitating 
qualities  disappear.  The  animals,  however,  can  be 
immunized  by  a  fresh  series  of  injections,  and  there- 
fore should  not  be  destroyed. 

The  separated  antiserum,  which  may  amount  to 
10,  20,  or  even  30  c.c.  from  a  single  large  rabbit,  is 
finally  most  carefully  controlled  by  dilutions  of  blood 
made  by  measuring  off  a  given  volume  of  fresh  animal 
or  human  blood,  and  laking  it  in  a  known  volume 
of  distiOed  water.  For  tliis  purpose  the  mixing 
pipettes  of  the  Fleischl-Miescher  hemoglobinometers 
are  useful.  After  laking,  exactly  double  the  amount 
of  0.85  per  cent,  sodium  chloride  solution  is  added,  so 
as  to  bring  the  salt  content  of  the  fluid  up  to  the 
norm  of  0.85  per  cent.  A  series  of  tubes  are  then  set 
up  containing  0.9  c.c.  of  blood  of  known  dilutions 
from  1  to  1,000  to  1  to  30,000,  and  0.1  c.c.  of  the  per- 
fectly clear  rabbit  serum  is  added.  In  order  to  be 
considered  satisfactory  the  reaction  must  occur  in  thes? 
tubes  within  five  minutes.  The  serum  may  be  used 
if  the  reaction  occurs  in  the  1  to  1,000  dilution  only, 
but  it  is  better  if  possible  to  obtain  a  liigher  value. 
One-tenth  cubic  centimeter  of  the  antiserum  is  mixed 
in  a  tube  with  0.9  c.c.  of  clear  sterile  salt  solution  as 
a  control,  and  in  other  tubes  tests  of  the  antiserum 
are  made  against  dilutions  of  dried  blood,  against 
the  serum  of  the  inoculated  animal,  in  this  case  the 
rabbit,  and  also  against  extracts  in  physiological  salt 
solution  of  the  substances  upon  which  or  in  which  the 
blood  is  found.  If,  for  example,  the  blood  is  on  cloth, 
an  extract  of  this  cloth  free  from  any  stain  should  be 
made.  When  the  antiserum  is  found  to  give  a  cloud 
only  with  the  specific  blood  against  which  it  is  to  be 
tested,  suitable  solutions  are  made  from  the  blood 
clot  and  tested  by  the  method  just  outhned. 

Final  Tests  and  Controls. — The  stain  is  cut  out 
of  the  cloth  or  other  substance  on  which  it  lies,  and 
tested  by  the  spectroscope  or  by  the  formation  of 
crystals  for  blood.     A  portion  is  then  dissolved  in 
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0.85  per  cent,  sodium  chloride  solution.  If  no  ap-  M 
parent  solution  takes  place,  distilled  water  may  be  T 
used,  but  it  may  take  hours  to  effect  solution  in  either 
of  these  substances.  In  case  the  process  is  slow, 
the  whole  may  be  transferred  to  the  ice  bo.x  and  left 
over  night.  The  solution  so  obtained  is  tested  with 
htmus  paper  and  rendered  exactly  neutral  with  sodium 
carbonate  or  tartaric  acid  as  may  be  necessary. 
Finally,  it  is  filtered  through  a  small  Sclileicher  and 
SchuU  filter  No.  597.  In  case  of  persistent  opales- 
cence it  may  be  necessary  to  centrifugalize  the  solu- 
tion in  a  high-speed  centrifuge.  The  concentratioa 
should  be  as  nearly  as  possible  1  to  1.000.  The  best 
way  to  judge  of  this  is  to  shake  a  small  quantity  of  the 
solution  in  a  test-tube,  when,  if  it  is  of  about  tlus  con- 
centration, it  will  foam;  it  wiU  also  give  a  very  sUght 
cloud  on  the  addition  of  one  drop  of  twenty-five  per 
cent,  solution  of  nitric  acid.  If  the  blood  is  more 
concentrated  than  tliis  the  formation  of  a  precipi- 
tate may  be  inhibited.  The  reaction  is  carried  out 
in  small  test  tubes  measuring  about  ten  centimeters 
long  and  eight  or  nine  millimeters  in  diameter. 
These  tubes  must  be  absolutely  sterile  and  clean. 
The  best  method  of  cleansing  is  to  soak  the  tubes  for 
some  time  in  a  mixture  of  one  volume  of  concentrated 
hydrochloric  acid  and  four  volumes  of  nin?ty-five  per 
cent,  alcohol.  The  tubes  are  then  rinsed  in  distilled 
water  to  remove  the  acid,  drained,  and  sterUized  in  a 
glass  container  by  dry  heat  at  150°  C. 

A  series  of  such  tubes  is  then  set  up  in  a  rack, 
numbered  with  a  wax  pencil,  and  filled  as  follows: 

1.  0.9  c.c.  of  a  1  to  1,000  solution  of  the  blood  to 
be  tested. 

2.  The  same. 

3.  0.9  c.c.  of  a  1  to  1,000  solution  of  fresh  nor- 
mal human  blood  in  0.85  per  cent,  sodium  chloride 
solution. 

4.  0.9  c.c.  of  a  1  to  1,000  solution  of  dried  humaa 
blood  in  0.85  per  cent,  sodium  chloride  solution. 

5.  0.9  c.c.  of  a  1  to  1,000  solution  of  horse  blood  la 
0.85  per  cent,  sodium  cMoride  solution. 

6.  The  same  of  chicken  blood. 

7.  The  same  of  dog  blood. 

8.  The  same  of  cat  blood,  and  so  on,  using  the 
blood  of  any  animal  wliich  may  be  suspected  as  the 
source  of  the  stain. 

9.  0.9  c.c.  of  sterile  0.85  per  cent,  sodium  chloriae 
solution. 

10.  0.9  c.c.  of  an  extract  of  the  cloth,  paper,  wood, 
or  other  substance  upon  which  the  stain  was  found.        i 

To  each   of  these  tubes,  with  the  exception  of  2,    I 
0.1  c.c.  of  the  antiserum  is  added  with  an  accurately    i 
graded  pipette.     To  tube  2  is  added  0.1  c.c.  of  clear 
normal  rabbit  serum. 

In  about  two  minutes  a  delicate  cloud  vriU  appear 
at  the  bottom  of  the  tubes  containing  human  blood, 
with  the  exception  of  2.  In  all  others  no  cloud  will 
appear.  The  tubes  should  be  placed  in  a  rack  so  that 
they  can  be  conveniently  held  against  a  dark  back- 
ground, preferably  black  velvet.  Under  these  con- 
ditions the  faintest  cloud  will  be  visible. 

Sources  of  Error. — In  some  cases  it  is  difficult  or 
impossible  to  obtain  a  satisfactory  biological  reaction. 
If  the  blood  has  been  exposed  to  sunhght  for  any 
time,  the  reaction  may,  for  some  unknown  reason, 
completely  fail.  If  the  blood  has  been  dried  on 
leather  the  results  are  less  reUable  because  the  tannin 
may  produce  spontaneous  precipitates  without  the 
addition  of  the  antiserum.  Stains  removed  from 
wall  paper  are  unsatisfactorj'.  The  starch  used  in 
laundry  work  may  interfere  considerably  with  the 
test.  Mortar,  fresh  plaster,  and  hme  destroy  the 
precipitable  substance  of  the  blood.  Acids  and 
alkaUes   also   interfere    considerably    with    the   test. 

As  can  easily  be  imagined,  with  so  .sensitive  a  test 
as  the  one  described  above,  many  difficulties  and 
much  confusion  may  arise  if  the  procedure  is  not 
carried  out  with  the  utmost  care.     In  the  first  place. 
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it  should  not  be  forgotten  that  an  antiserum  pro- 
duced by  the  use  of  blood  as  an  antigen  will  react  not 
only  with  blood,  but  also  with  milk,  spermatic, 
menstrual,  and  lochial  iluids,  pus,  sputum,  and 
muscle  protein,  in  fact  with  all  the  proteins  of  the 
organs  and  the  secretions  and  excretions  of  the  body. 
The  greatest  care  must  be  taken,  therefore,  to  .see 
that  the  blood  or  substance  tested  is  free  from  foreign 
mixtures.  It  must  be  ascertained  also  by  inc|uiry 
as  to  tlie  circumstances  of  tlie  case  whether  it  is 
possible  that  the  substance  which  is  suspected  of 
being  human  blood  may  be  mixed  with  or  may  be 
entirely  composed  of  the  blood  of  one  of  the  liigher 
apes.  Tills,  of  course,  can  occur  only  under  most 
unusual  circumstances,  in  the  neighborhood  of  a 
circus  or  of  zoological  gardens,  for  example,  but  it 
must  be  taken  into  consideration  from  a  strictl3' 
legal  aspect.  If  the  possibility  exists,  then  a  specific 
serum  must  be  made  bj'  injecting  a  rabbit  with  blood 
from  one  of  the  species  of  ape  suspected.  It  has  been 
suggested  that  by  mixing  an  antiserum  specific  for 
human  blood  with  the  blood  of  an  ape,  and  filtering  off 
the  precipitate  so  produced,  a  fluid  wiU  be  obtained 
whicn  is  specific  for  human  blood  only.  This  some- 
what complicated  procedure,  however,  has  not 
proved  useful. 

It  has  been  shown  that  mixtures  of  other  blood  do 
not  interfere  with  the  specific  reaction;  that  is, 
human  antiserum  will  produce  a  precipitate  in  a 
mixture  of  dog  and  human  blood. 

It  is  not  alwaj's  possible  to  state  that  a  specimen  of 
blood  wliich  has  been  tested  is  from  a  particular  one 
of  a  closely  related  group.  For  example,  it  is  very 
difficult  to  distinguish  between  sheep,  goat,  and  ox 
blood,  between  cliicken,  duck,  and  turkey  blood, 
between  rabbit  and  hare  blood,  between  dog  and  fox 
blood,  owing  to  the  relatively  close  biological  rela- 
tionsliip  between  the  members  of  these  different 
groups.  If  special  antisera  are  prepared  from  the 
blood  of  each  species,  such  separation  is  often  possible, 
but  only  with  considerable  difficulty;  and  in  medico- 
legal work  it  is  not  as  a  rule  required,  the  point  to  be 
determined  being  merely  whether  the  specimen  is  or 
is  not  human  blood.  Of  course,  bird  or  fish  blood  is 
easily  distinguished  by  morphological  examination 
showing  the  presence  of  nucleated  corpuscles,  and 
such  examination  may  in  some  cases  save  making  up 
antisera  for  these  special  bloods. 

In  reporting  the  results  of  tests  it  is  wise  to  state 
that  a  given  blood  is  either  that  of  a  human  being  or  of 
one  of  tne  liigher  apes.  Tliis  may  save  explanations  on 
cross  examination.  While  contamination  with  the  blood 
of  the  small  monkeys  must  often  be  thought  of,  yet  such 
blood  rareh'  gives  a  reaction  even  in  a  dilution  of  1 
to  1,000,  its  biological  relationship  with  human  blood 
being  much  less  close  than  that  of  the  higher  apes. 

Detection  of  Blood  by  Complement  Fixation. — 
A  further  biological  method  has  been  suggested  for  the 
identification  of  blood  based  upon  the  fixation  of 
complement  by  the  specific  antigen  under  certain 
conditions.  This  method,  while  it  has  been  success- 
fully appUed  by  "\\'asserniann  to  the  diagnosis  of 
sypliilis,  is  extremely  complicated,  and  the  habiUtj' 
to  error  is  greater  than  with  the  precipitin  test,  so 
that  in  its  present  development  the  method  cannot  be 
considered  as  sufficientlj^  reliable  for  medicolegal 
tests.  Francis  Carter  Wood. 
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Blood-vascular  System,  Origin  of. — The  whole 

circuhitory  system  of  tlie  vertelirates — the  heart, 
blood-ves.sels,  and  lymphatics — is  lined  by  a  layer  of 
thin,  flattened  cells,  known  as  the  vascular  endothe- 
lium. This  endothelium  constitutes  the  whole  wall 
of  the  capUlaries,  but  in  the  larger  vessels  and  the 
heart  it  is  covered  externally  by  various  layers  of 
muscle  fibers  and  connective  tissue. 

The  development  of  all  parts  of  the  system  begins 
with  the  formation  of  the  endothelium  and  the  other 
layers  are  added  afterward.  The  present  article 
deals  with  the  origin  of  the  endothelium  onlj-.  The 
endothelium  and  the  blood  corpuscles  have  a  common 
origin  in  certain  blood  cells  which,  in  the  vertebrates 
that  have  been  studied  at  a  sufficiently  early  stage, 
appear  to  arise  for  the  most  part  in  that  region  of  the 
embryo  or  the  blastoderm  where  the  ventral  mesoderm 
lies  upon  the  yolk-laden  cells  of  the  endoderm.  These 
primitive  blood  cells  form  collectively  the  rudiments 
of  the  whole  circulator^'  system — that  is,  the  endo- 
thelial channels  and  their  cellular  contents.  To  this 
fundamental  tissue  His  (1900)  has  given  the  name 
A7igioblast. 

At  its  earliest  recognizable  stage,  the  angioblast  is 
composed  of  solid  masses  of  cells  that  lie  in  the  cleft 
between  the  endoderm  and  mesoderm.  Some  prepara- 
tions seem  to  show  conclusively  that  these  cells  are  of 
endodermal  origin,  while  equally  good  specimens  of 
other  species,  or  even  other  parts  of  the  same  indi- 
vidual, demonstrate  with  equal  clearness  that  the 
blood  cells  are  differentiated  from  the  mesoderm.  It , 
is,  therefore,  still  an  open  question  whether  the  angio- 
blast is  of  endodermal,  mesodermal,  or  of  mixed 
origin. 

In  the  holoblastic  Ichthiopsida  (amphibia,  cyclos- 
tomes,  and  Dipnoi)  the  first  appearance  of  the  angio- 
blast is  a  broad  band  of  cells  extending  under  the  ven- 
tral mesoderm  along  the  midline  of  the  embryo  from 
the  anus  to  the  rudiment  of  the  liver.  This  band  is 
bifurcated  at  both  ends.  The  anterior  branches  ex- 
tend forward  on  each  side  of  the  rudiment  of  the 
liver  and  unite  with  the  paired  rudiment  of  the 
heart. 

The  endothelhim  of  the  heart,  according  to  Mollier 
(1906),  is  derived  from  paired  rudiments,  each  con- 
sisting of  a  chain  of  cells  appearing  between  the  endo- 
derm of  the  pharynx  and  the  splanchnic  mesoderm. 
These  rudiments  unite  in  the  middle  line  between  the 
oral  pouch  and  the  liver  diverticulum  (Fig.  S18).  The 
united  portion  which,  at  first,  is  wider  than  long,  is 
the  rudiment  of  the  endothelium  of  the  heart.  From 
this,  two  strands  of  cells  extend  forward,  one  on  each 
side  of  the  mouth  region.  These  are  the  rudiments 
of  the  mandibular  arteries,  or  first  aortic  arches.  In 
like  manner,  two  strands  of  cells  extend  backward 
around  the  hepatic  diverticulum.  They  are  the 
rudiments  of  the  omphalomesenteric  veins,  and 
connect  with  the  anterior  bifurcation  of  the  ventral 
band  of  the  angioblast. 

The  development  of  the  tubular  heart  presents 
three  stages:  (1)  The  solid  stage  when  the  rudiment 
consists  of  a  mass  of  loosely  connected  cells  of  irregular 
form;  (2)  the  mesenchymatose  stage,  when  the  cells 
become  separated,  forming  a  sync^-tial  network 
with  protoplasmic  bridges  and  irregular  spaces 
between;  (3)  tubular  stage  when  the  cells  have  ar- 
ranged themselves  in  a  single  layer  surrounding  the 
lumen  of  the  heart. 

In  the  triton  embryo,  according  to  Mollier  (1906), 
at  the  time  when  the  heart  is  in  its  earliest  stages, 
isolated  angioblast  cells  appear  between  endoderm 
and  mesoderm  at  various  places  along  the  sides  of 
tlie  embryo,  but  especially  near  the  boundary  between 
the  lateral  and  the  ventral  mesoderm. 

The  ventral  band  of  angioblast  is  the  so-called 
"blood  island."  The  cells  in  the  periplieral  portion 
of  this  band  develop  into  an  endothelial  tube,  the 
subintestinal   vein,   while  the  cells  that  are  enclosed 
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in  this  vessel  become  blood  corpuscles.  This  is  the 
sole  source  of  blood  in  the  j'oung  embryo.  All  the  rest 
of  the  angioblast  gives  rise  to  empty  vessels  which, 
by  anastomosis,  become  connected  with  the  subin- 
testinal  vein  and  receive  their  blood  from  it.  Ac- 
cording to  MoUier  the  angioblast  cells  that  form  the 
aorta  and  cardinal  veins  arise   in  silu   on  the  inner 


Fig.  818. — Frontal  Section  of  a  Triton  Embryo  with  Nine- 
teen Segments,  ag.  Anterior  branch  of  ventral  band  of  angio- 
blast; am,  mandibular  artery;  h,  heart;  I,  liver;  m,  mesoderm; 
pc,  pericardium;  p/i,  pharynx;  p,  omphalomesenttiric  vein.  (After 
MoUier.) 


surface  of  the  mesoderm,  and  have  not  wandered  in 
from  the  ventral  side. 

In  the  amphibia  and  other  vertebrates  that  have 
holoblastic  eggs,  the  whole  o\aim  develops  into  the 
embryo,  and  in  these  the  development  of  the  blood- 
vascular  system  is  of  the  primitive  type  that  has  just 
been  described.  In  contrast  with  this,  we  have  the 
type  found  in  the  animals  with  meroblastic  eggs 
(see  Segmentation  of  the  Ovum),  including  the 
majority  of  the  fishes,  the  reptiles,  and  the  birds, 
and  also  the  mammals  which,  although  having  usually 
holoblastic  eggs,  follow  the  Sauropsidian  type  of 
development.  In  these  animals,  the  blastoderm 
(q.v.)  is  divided  into  two  portions,  the  embryonic  and 
the  extraembryonic.  The  latter  portion  forms  the 
wall  of  the  yolk-sac  and  it  is  here  that  the  angioblast 
makes  its  first  appearance. 

In  all  of  these  vertebrates,  as  in  the  amphibia,  the 
angioblast  cells  are  differentiated  in  the  cleft  between 
the  inner  layer  of  the  mesoderm  and  the  endoderm. 
Moreover,  this  takes  place  under  that  part  of  the 
mesoderm  that  represents  the  ventral  mesoderm  of 


tlie  amphibia,  namely,  the  portion  surrounding  the 
posterior  end  of  the  primitive  streak. 

The  chick  may  be  taken  to  represent  the  typn  of 
development  of  the  higher  animals.  At  a  very  early 
stage,  when  the  blastoderm  shows  little  more  than  the 
primitive  streak,  the  beginning  of  the  angioblast 
formation  is  visible  at  the  semicircular  edge  of  the 
mesoderm  as  it  grows  backward  over  the  area  opaca. 
The  angioblast  makes  its  appearance  as  a  collection 
of  irregular  plates  of  cells  or,  rather,  a  network  with 
thickened  nodes  (Fig.  819).  In  section,  these  angio- 
blast plates  are  seen  to  be  two  or  three  cells  thick, 
and  to  be  composed  of  cells  that  are  more  compact  and 
rounded  than  those  of  the  undifferentiated  mesoderm. 
In  later  stages,  the  network  extends  forward  along 
the  sides  of  the  blastoderm.  The  plates,  or  nodes, 
become  thicker  and  are  known  as  blood  islands.  The 
blood  islands  are  confined  to  the  area  opaca,  or  very 
nearly  so.  They  are  connected  by  small  strands  of 
cells,  angioblast  cords  (Bremer,  1912),  which  also 
invade  the  area  pellucida  and  extend  into  the  embryo. 
The  connection  of  the  extraembryonic  angioblast 
with  the  body  of  the  embryo  begins  at  the  anterior 
end,  where  the  angioblast  network  of  the  area  pellu- 
cida is  connected  soon  with  the  rudiments  of  the 
heart. 

The  heart  of  all  vertebrates  begins  as  a  pair  of 
rudiments  which  pass  through  the  three  stages 
previously  described  and  eventually  unite  in  the  mid- 
line under  the  pharynx.  This  union  occurs  during 
the  solid  stage  in  Iclithiopsida,  during  the  meseuchy- 


FiQ.  819. — Blastoderm  of  a  Chick  with  Six  segments.  Blood 
islands  are  visible  as  irregular  dark  spots  forming  a  semicircle 
about  the  posterior  end  of  the  embryo  near  the  edge  of  the  area 
vasculosa.      X  20.     (.\fter  Ruckert.) 

matose  stage  in  the  Sauropsida,  and  in  the  tubular 
stage  in  Mammalia. 

When  the  chick  embryo  has  reached  the  stage  of 
seven  somites,  the  blood  islands  begin  to  acquire  a 
lumen.  Beginning  on  the  side  of  the  island  next  the 
yolk,  the  superficial  cells  become  fiattened  and  form 
an  endothelium  which  soon  becomes  separated  from 
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the  central  mass  of  cells.  The  latter  produce  hemo- 
globin, and,  aft«r  undergoing  certain  structural 
changes,  separate  as  blood-corpuscles.  The  blood 
islands  are  the  sole  source  of  blood  during  the  early 
part  of  embryonic  life.  At  the  same  time,  the  angio- 
blast  cords  are  changing  into  endothelial  tubes  and 
tliis  process  is  continued  through  the  cords  of  the  area 
jiellucida  to  the  embryo,  until  the  greater  part  of  the 
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Pio.  820. — Reconstruction  of  the  Angioblast  from  Sections  of 
the  Anterior  Two-thirds  of  the  Body  of  a  Rabbit  Embryo  with  Five 
Segments  (SJ  days).  The  angioblast  is  represented  as  seen  from 
the  endodermal  cavity  with  the  median  line  of  the  body  to  the 
left  and  the  solid  cords  growing  in  from  the  yolk  sac  to  the  right. 
Hollow  vessels  are  indicated  by  shading.  The  largest  of  these  is 
one  of  the  rudiments  of  the  heart.  Brackets  show  the  position  of 
the  somites  and  arrows  indicate  where  the  aortic  net  work  is  not 
yet  complete.      X  IIS.     (After  Bremer.) 

angioblast  is  converted  into  a  system  of  capillary 
blood-vessels,  including  the  blood  islands  and  the 
heart,  and  the  circulation  is  established.  The  change 
from  angioblast  cords  to  hollow  vessels  is  not,  however, 
always  a  continuous  process  (Riickert,  1906,  p.  1107). 
On  the  contrary,  hollow  spaces,  angiocysts  (Bremer, 
1912),  appear  here  and  there  in  the  network  and 
afterward  become  confluent 

Concerning  the  origin  of  the  blood-vessels  in  the 
body  of  the  embryo  of  the  higher  vertebrates,  there 


are  three  principal  theories;  (1)  The  theory  of  Hia 
(1900)  that  thev  are  formed  by  ingrowth  of  angioblast 
cords  from  the  "extraembryonic  plexus;  (2)  the  theory 
of  Kabl  that  the  entire  va.scular  system  is  derived 
from  outgrowth  from  the  rudiment  of  the  heart;  and 
(3)  the  theorv  of  P.  Mayer  and  Ruckert  and  MoUier 
(1906)  that  the  heart  and  principle  vessels  are  differ- 
entiated in  situ. 

Each  theory  has  its  adherents,  but  the  first  has 
received  important  confirmation  by  Bremer  (1912), 
who  has  shown  conclusively,  by  the  method  of  recon- 
struction, that,  in  the  rabbit  at  least,  the  whole 
vascular  svstem  of  the  body  including  the  endo- 
cardium is"  derived  from  angioblast  cords  that  grow 
in  from  the  extraembrvonic  plexus  (Fig.  820).  The 
paired  rudiments  of  the  heart,  "lateral  hearts," 
appear  as  angiocysts  in  the  network  of  angioblast 
cords  before  the  pharynx  is  folded  off  from  the  general 
endodermal  cavity  "and  are  subsequently  brought 
together  in  the  middle  line  by  development  of  the 
head  fold. 

Little  is  known  concerning  the  early  stages  of  the 
blnnd  vascular  svstem  of  man.  Spee's  embryo  von 
IlirtT  (see  Allantois,  Fig.  76)  has  well-developed  blood 
inlands  scattered  over  the  entire  ventral  surface  of 
the  }-oIk-sac,  and  in  the  connective  stalk  and  chorion 
there  is  a  network  of  cells  suggesting  angioblast  cords. 
Some  doubt,  however,  as  to  the  identification  of  the 
latter  is  caused  by  the  fact  that  similar  cells  are 
found  in  the  chorion  of  a  younger  embryo  described 
bv  Fetzer,  in  which  there  is  no  indication  of  blood 
islands.  If  these  cells  in  the  Fetzer  embryo  are 
angioblast,  we  have  in  man  a  remarkable  departure 
from  the  usual  order  of  development  of  the  blood- 
vessels. Spee's  embryo,  Gle  (see  Allantois,  Fig.  78), 
has  not  only  blood  islands  on  the  yolk-sac  and  angio- 
bast  in  the  connective  stalk,  but  also  typical  paired 
rudiments  of  the  heart  and  indications  of  angioblast 
cords  representing  umbilical  arteries.  The  Eternod 
embryo,  1.3  millimeters  long,  has  a  heart,  two  dorsal 
aortae,  and  a  pair  of  umbilical  veins.  Apparently  at 
this  early  stage  of  the  human  embryo  the  circulation 
is  already  established. 

That  tiie  h-mphatic  system  is  a  part  of  the  general 
vascular  svstem,  and  not  derived  from  tissue  spaces, 
was  demonstrated  by  Sabin  (1902)  when  she  dis- 
covered that  the  h-miDhatics  have  their  origin  in  out- 
growths from  the  "veins.  It  was  subsequently  shown 
(Lewis,  1906),  that  these  outgrowths  are  at  first 
capillars-  plexuses,  and  therefore,  the  whole  lym- 
phatic system  is  to  be  regarded  as  a  derivative  of  the 
angioblast.  Robert  Patxe  Bigelow. 
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Blood-vessels,  Histologj'  of. — The  blood-vessels 
form  a  continuous  branching  system  of  tubes,  which 
convej-  the  blood  from  the  heart  by  means  of  the 
arteries  and  capillaries  to  all  parts  of  the  body,  then 
back  again  bj-  the  veins  to  the  heart. 

More  recentl}'  the  name  of  precapillaries  has  been 
used  by  some  authors  to  designate  the  small  vessels 
which  pass  from  the  arteries  to  the  capillaries  and 
from  the  capillaries  to  the  veins  and  which  were 
formerlj-  known  as  arterioles  and  venules. 

The  Arteries. — An  arterj-  consists  of  three  coats 
which,  named  from  their  relative  position,  are  the 
inner,  the  middle,  and  the  outer.     The  structure  and 


Fig.  821. — Section  of  Human  Kadial  Arterj-.  A,  Intima;  B. 
media;  C,  adventitia;  a.  endothelium;  b,  subendothelial  tissue: 
c,  internal  elastic  membrane;  d,  involuntary  muscle;  e,  elastic 
tissue;/,  external  elastic  membrane:  ff,  fibroelastic  tissue;  h,  rasa 
vasonim. 

relative  thickness  of  these  coats  vary  in  vessels  of 
large,  medium,  and  small  caliber.  A  medium-sized 
artery,  such  as  the  radial,  shown  in  the  accompanying 
illustration  (Fig.  S21),  has  been  taken  as  the  type  and 
first  described  in  detail,  the  structural  peculiarities  of 
the  larger  and  smaller  vessels  being  subsequently 
noticed. 

The  inner  coat,  or  tunica  intima,  is  the  thinnest 
coat  of  the  arterj'  and  consists  of  three  distinct 
structures:  (a)  an  endothelial  lining;  (h)  a  layer  of 
subendothelial  connective  tissue,  and  (c)  an  internal 
elastic  membrane. 

(a)  The  endothelial  lining  consists  of  a  single  layer 
of  flat  endothelial  cells,  each  containing  a  centrally 
situated  nucleus  of  round  or  oval  form.  When  ex- 
amined in  a  transverse  section  of  the  vessel,  in  which 
the  cells  are  seen  in  profile,  the  endothelial  plates  are 
inconspicuous,  the  nucleus  often  being  the  only  part 
of  the  cell  readiij-  made  out.  Examined  from  the 
surface,  after  staining  with  silver  nitrate,  the  boun- 
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daries  of  the  individual  cells  are  clearlj-  defined  by 
the  darkly  tinted  cement  substance  which  unites  the 
endothelial  plates.  In  such  preparations  the  lining 
cells  appear  spindle-shaped  or  lanceolate  in  form, 
their  long  axes  corresponding  with  that  of  the 
blood-vessel.  Careful  examination  of  the  outlines 
of  the  cell  shows  these  to  be  serrated  or  sinuous, 
contrasting  with  the  more  regular  lines  of  apposi- 
tion in  epithelial  tissue.  The  lining  cells  of  blood- 
vessels were  first  described  by  Kolliker  and  others 
as  epithelium;  later.  His  applied  to  them  the  name 
endothelium  as  more  appropriate  for  elements  de- 
rived from  mesoderm  and  closely  related  to  serous 
surfaces.  In  principle,  endothelial  cells  are  modified 
connective-tissue  elements. 

(6)  The  subendothelial  layer  consists  of  bundles  of 
white  fibrous  connective  tissue  interwoven  with  a  deli- 
cate network  of  elastic  fibers,  and  meagerly  distributed 
branched  connective-tissue  corpuscles  lying  withia 
the  Ij-mph  spaces  of  the  tissue. 

(c)  The  internal  elastic  membrane  appears  in  arte- 
ries of  medium  size  as  a  structureless,  glistening,  corru- 
gated band  that  stands  out  as  the  most  conspicuous 
structure  of  the  intima.  It  constitutes  the  most  ex- 
ternal layer  of  the  latter  and  forms  a  sharp  line  of  de- 
marcation between  the  narrow  and  faintly  stained  in- 
tima and  the  broad  and  more  deeply  tinted  media. 
While  apparently  a  homogeneous  membrane  in  the 
smaller  arteries,  in  vessels  of  large  size  the  internal 
elastic  membrane  is  represented  by  a  number  of  deh- 
cate  lamelliE  of  elastic  tissue,  which  are  pierced  by 
apertures  of  varying  size.  The  entire  structure  in 
these  cases  has  been  appropriately  named  the  fenes- 
trated membrane  of  Henle,  in  recognition  of  the  anato- 
mist who  called  attention  to  Its  peculiar  arrangement. 
The  majority  of  the  elastic  fibers  forming  this  re- 
ticulated network  run  longitudinally,  but  are  inter- 
mingled with  some  oblique  fibers  as  well  as  a  limited 
number  of  branched  connective-tissue  corpuscles. 

The  middle  coat,  or  tunica  media,  is  the  thickest 
coat  of  the  artery.  It  consists  of  circularly  disposed 
lameUse  of  involuntary  muscle  (d)  intermingled  with 
connective  tissue  in  which  elastic  fibers  (e)  are  con- 
spicuous. The  individual  muscle  cells  are  irregularly 
spindle-shaped,  often  with  ragged  outlines,  and 
possess  the  characteristic  rod-shaped  nuclei.  The 
muscle  cells  of  the  media  are  shorter  and  thicker  than 
the  slender  and  more  elongated  corresponding  ele- 
ments in  other  localities.  The  individual  cells,  held 
together  bj-  interstitial  cement  substance,  are  grouped 
into  iUy  defined  bundles,  which  are  closely  associated 
with  small  spiral  bundles  of  white  fibrous  and  elastic 
connective  tissue,  the  whole  forming  the  most  com- 
pact coat  of  the  artery.  The  elastic  fibers  are  very 
numerous,  and,  in  ordinary  preparations  being  almost 
unstained,  stand  out  in  marked  contrast  among  the 
more  deeply  stained  masses  of  involuntary  muscle. 

The  external  coat,  or  tunica  adventitia,  is  composed  of 
closel}-  felted  bundles  of  white  fibrous  and  elastic  tissue 
ig)  arranged  in  fine  wa^'y  masses.  Manv  of  these 
bundles  have  a  longitudinal  direction,  wliUe  others 
pursue  an  oblique  course.  Connective-tissue  cells 
are  present  in  considerable  quantity.  While  looser 
in  te.xture  and  apparently  of  less  strength,  the  adven- 
titia is  nevertheless  more  resistant  than  either  of  the 
other  coats,  and  is  the  tunic  upon  which  the  integrity 
of  a  ligature  chiefly  depends.  The  walls  of  the  arteries 
are  nourished  by  a  special  system  of  minute  vesseb, 
the  vasa  vasorum  (A),  which  enter  the  adventitia  and 
penetrate  the  media.  The  vasa  vasorum  do  not 
spring  from  the  vessels  which  they  supply,  but  are 
usuall}-  derived  from  neighboring  arteries,  the  blood 
flowing  through  the  larger  vessels  having  as  a  rule 
no  direct  relation  with  that  within  the  vasa  vasorum. 

The  differences  distinguishing  the  coats  of  a  large 
artery  from  those  of  a  vessel  of  medium  size  consist, 
in  general,  of  an  increase  in  the  thickness  of  the  vari- 
ous tunics,  as  shown  in  the  accompanying  Fig.  S22. 
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Tho  inimcdiato  lining  of  cvon  tlio  largest  arteries 
.■onsists  of  a  single  layer  of  endothelial  eells;  the  sub- 
endothelial  tissue,  however,  is  greatly  thickened  not 
(inly  relatively  but  also  absolutely.  Tho  suben- 
dotiieliul  l)und"les  of  white  fibrous  tissue  are  coarser, 
and  llie  elastic  tissiie  is  present  in  greater  amount 
and  constitutes  the  fenestrated  clastic  nienibrano  of 
Henle.     The  media  likewise  is  thicker,  the  increase, 
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Fig.  822. — Section  of  Human  Aorta.  A,  Intima;  B,  media; 
C,  adventitia:  a,  endothelium;  6,  subendotlielial  tissue;  c,  internal 
elastic  membrane;  rf,  involuntary  muscle;  e,  elastic  tissue;  /.ex- 
ternal ela-stic  membrane;  g,  fibroelastic  tissue. 

however,  being  due  not  .so  much  to  the  greater  amoimt 
of  involuntary  muscle  as  to  the  addition  of  fibro- 
elastic tissue,  which  here  bears  a  much  greater  pro- 
portion to  the  muscular  tissue.  This  increase  of 
fibroelastic  tis.sue  is  responsible  for  the  diminution  of 
elasticity  and  the  increa.sed  stiffness  which  character- 
ize the  walls  of  the  larger  arteries.     The  elastic  tissue 


of  tho  media  in  the  latter  ves.sels  is  often  condensed  to 
form  an  external  idasiic  membrane  (/),  whicli  defines  the 
boundary  between  the  media  and  the  adventitia. 
The  adventitia  is  also  thicker,  but  the  increase  in  this 
tunic  is  proportionat<'ly  less  than  that  affecting  tho 
intima  and  media.  The  adventitia  of  small  arteries, 
in  relation  to  the  other  two  coats,  is  thicker  than  that 
of  the  large  art<'ries. 

The  small  arteries  and  arterioles,  on  the  other  hand, 
differ  from  tho  medium-sized  ves.sels  by  a  reduction  in 
the  thickness  of  their  coats.  The  subendothelial 
tissue  almost  entirely  disappears,  while  the  involun- 
tary muscle  of  the  media  is  reduced  to  an  attenuated 
layer  of  muscle  cells,  with  little  or  no  admixture  of 
fibroelastic  connective  tissue.  The  adventitia  con- 
sists of  a  few  longitudinal  bundles  of  fibrous  tissue, 
with  often  an  ab.sence  of  elastic  fibers. 

.■\morig  the  structural  peculiarities  of  certain  arteries 
maj-  be  mentioned  tho  slight  develojiment,  or  even 
complete  absence,  of  the  subendothelial  connective 
tissue  in  the  celiac,  the  external  iliac,  the  mesenteric, 
the  renal,  and  the  uterine  arteries  of  young  individuals. 
The  aorta  possesses  a  marked  development  of  the 
subendothelial  connective  tissue,  as  well  as  the 
presence  of  longitudinal  muscle  cells  within  the 
intima.  Longitudinally  dispo.sed  muscle  is  present 
in  the  media  of  the  subclavian  artery  and  in  the 
adventitia  of  the  iliac,  the  superior  mesenteric,  the 
splenic,  the  renal,  and  the  dorsalis  penis,  as  well  as  in 
the  umbilical  arteries  of  the  fetus.  Some  arteries, 
notaldy  the  ve.ssels  within  the  cranial  cavity  and  the 
vertebral  canal,  possess  coats  which  are  very  thin  in 
proportion  to  their  caliber.  In  these  vessels,  however, 
it  is  the  media  and  the  adventitia  that  suffer  reduc- 
tion, the  intima  remaining  almost  unaffected. 

Capillaries. — The  capillaries  are  microscopic  ves- 
sels establishing  communication  between  the  arteries 
and  the  veins.  In  the  tips  of  the  fingers,  the  tips  of 
the  toes,  the' tip  of  the  nose,  the  splenic  pulp,  and  the 
erectile  or  cavernous  tissue  of  the  genital  organs  the 


Fig.  823. — rapillary  Blood- Vessels  from  Mesentery  of  Dog. 
X  240.  1,  Capillary;  2,  nuclei  of  endothelial  plates;  3,  connective- 
tissue  cells. 

arteries  communicate  directly  with  the  veins.  In  the 
horny  epithelium  of  skin  and  in  cartilage,  especially 
in  the  hyaline  variety,  no  capillaries  are  present,  while 
in  the  splenic  pulp  the  existence  of  true  capUlaries  is 
also  doubted  by  most  authorities.  Minot  suggests 
the  name  of  sinusoids  to  the  vascular  spaces  present 
in  tlie  erectile  ti.ssue,  maternal  placenta,  coccygeal 
gland,  parathyroids,  and  certain  fetal  tissues  including 
tlie  liver;  in  all  of  which  vascular  spaces  are  present 
that  are  comparable  to  the  capillaries  in  structure, 
but  not  in  diameter  or  extent. 

A  capillary   (Fig.  823)  consists  of  a  single  layer  of 
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nucleated  endothelial  cells  united  by  a  small  amount 
of  intervening  cement  substance.  By  reason  of  the 
character  of  their  thin  walls,  they  are  virtually  pro- 
toplasmic tubes  admirably  adapted  to  facilitate  the 
distribution  of  nutritive  iiuids  to  the  tissues  or,  as  in 
the  pulmonary  alveoli,  to  the  interchange  of  gases. 
As  the  capillaries  become  larger  a  delicate  tunica  ad- 
ventitia  is  superadded,  which  is  formed  of  a  delicate 
network  of  fine  fibrUs,  composed  of  the  processes  of 
stellate  cells  lying  directly  upon  the  vascular  walls. 
Each  of  these  stellate  cells  consists  of  a  large  elongated 
nucleus,  invested  by  an  extremelj*  delicate  layer  of 
protoplasm.  The  protoplasm  of  which  the  cells  are 
composed  is  always  more  abundantlj-  and  distinctly 
granular  toward  the  center  and  around  the  nucleus, 
w^hQe  near  the  margin  it  is  cjuite  clear,  and  thins  off 
to  a  delicate  border.  The  capillaries  by  their  union 
constitute  the  capillar)-  plexuses,  retia  capillaria, 
which  are  more  or  less  constant  in  the  different  organs. 
The  forms  presented  in  these  plexuses  depend  to  some 
extent  upon  the  disposition  of  the  elementary  parts, 
and  are  also  in  some  degree  dependent  upon  the  energy 
of  the  function.  There  are  in  many  organs  certain 
tissues  into  which  vessels  never  penetrate — as  tlie 
transversely  striped  muscular  fiber,  the  nerve  fibers, 
cells  of  all  kinds,  gland  acini — and  which,  therefore, 
according  to  their  form,  trace  out  definite  courses  for 
the  capillaries,  so  that  they  sometimes  present  elon 
gated  meshes,  sometimes  rounded,  narrower,  or  wider 
reticulations. 

The  mode  in  which  the  capillaries  pass  into  the 
larger  vessels  is  interesting.  On  the  arterial  side  it 
is  found  that  the  capillaries,  as  they  become  wider, 
present  more  closely  placed  nuclei,  and  are  then 
invested  externally  with  a  structureless  tunica  adven- 
titia  and  solitary  muscle  cells,  the  whole  structure 
exhibiting  the  aspect  of  arterioles.  On  the  venous 
side  the  transitionary  vessels  are  less  characteristic 
for  a  greater  length.  The  first  thing  that  is  super- 
added, on  this  side,  to  the  capillary  wall  is  an  external, 
homogeneous  nucleated  layer,  which  may  be  regarded 
as  a  sort  of  connective  tissue — the  tunica  adventitia — 
forming  a  distinctly  laminated  structure,  the  venule. 
Besides  the  finest  capillaries,  which,  however,  always 
admit  the  passage  of  very  flexible  blood  corpuscles, 
some  observers  have  admitted  the  existence  of  still 
finer  vessels,  the  so-called  vasa  serosa,  which  no  longer 
allow  of  the  passage  of  blood,  but  only  of  its  plasma. 
Hyrtl  thinks  that  it  is  necessar)'  to  admit  of  the  exist- 
ence of  vessels  of  this  kind  in  the  cornea. 

The  Vf.ixs. — X  typical  vein,  as  shown  in  the  accom- 
panying drawing  (Fig.  824)  has  thinner  walls  and  a 
larger  lumen  than  the  corresponding  artery;  to  this 
rule,  however,  the  pulmonary  veins  are  exceptions, 
since  thej'  are  of  the  same  capacity  as,  or  of  less 
capacity  than,  the  pulmonary  arteries.  The  consti- 
tution of  the  coats  of  a  vein  is  less  constant  than  it  is 
in  an  artery,  variations  in  the  arrangement,  propor- 
tion, and  amount  of  the  component  tissues  being  very 
frecjuently  encountered. 

The  inner  coat,  or  tunica  inttma,  consists  of  (a)  endo- 
thelial cells,  (b)  subendothelial  connective  tissue,  and 
(c)  elastic  fibers.  The  endothelium  is  composed  of  a 
single  layer  of  cells  held  together  by  interstitial  cement 
substance.  Tlie  cells  are  shorter  and  wider  than  the 
corresponding  lanceolated  elements  of  the  artery. 
The  subendothelial  connective  tissue  is  very  scanty  in 
the  majoritv  of  veins  and  rudimentary  or  even  entirely 
absent  in  tlie  smaller  ones.  The  elastic  tissue,  often 
represented  by  a  few  longitudinal  bundles,  is  less 
developed  and  does  not  form  a  fenestrated  membrane. 

The  middle  coat,  or  tunica  media,  is  much  thinner 
and  loo.ser  than  in  the  artery,  chiefly  on  account  of  the 
admixture  of  connective  tissue  a.ssociated  with  the 
circularly  disposed  involuntary  muscle  cells.  The  elas- 
tic fibers,  so  conspicuous  in  the  media  of  the  artery, 
are  very  few  in  tlie  vein. 


The  external  coat,  or  tunica  adventitia,  is  the  thick- 
est coat  of  the  vein,  reaching  often  twice  or  even  three 
times  the  breadth  of  the  media.  It  consists  of  wavy 
bundles  of  white  fibrous  tissue,  usuaUy  following  a 
circular  direction,  among  which  a  few  longitudinal 
fibers  may  be  found;  the  greater  number  of  the  latter 
fibers  are  of  the  elastic  variety.  Connective-tissue  cells 
are  present  in  considerable  number.  The  walls  of 
the  vein  are  nourished  by  vasa  vasorum  similar  to 
those  supplying  the  arteries. 

Many  veins,  especially  those  of  the  lower  extremi- 
ties, are  provided  with  valves;  these  are  crescentic 
folds  of  the  intima,  which  are  brought  into  apposi- 
tion by  the  dilatation  of  the 
pockets  formed  between  the  at- 
tached portion  of  the  valve  and 
the  wall  of  the  vessel.  The  valve 
consists    of    an    extension    and 
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Fig.  824. — Secton  of  Human  Hadial  vein.  A,  Intima;  B,  media; 
C,  adventitia;  a,  endothelium;  b,  subendothelial  tissue;c,  internal 
elastic  membrane;  d,  involuntary  muscle;  e,  elastic  tissue;  p, 
fibroelastic  tissue. 

thickening  of  the  fibroelastic  tissue  of  the  intima, 
covered  on  each  side  by  endothelial  cells.  The  free 
edge  of  the  valve  is  thicker  than  the  attached  border. 
The  variations  in  the  structure  of  veins  depend 
largely  upon  modifications  of  the  muscular  tissue. 
The  involuntary  muscle  is  best  developed  in  the  media 
of  veins  of  the  inferior  extremities;  in  the  veins  of  the 
gravid  uterus  involuntary  muscle  occurs  in  the  adven- 
titia as  well  as  in  the  intima.  -Additional  longitudi- 
nally disposed  bundles  of  muscle  are  present  in  the 
inner  part  of  the  media  in  the  mesenteric,  the  iliac, 
the  femoral,  and  the  umbilical  veins.  Involuntary 
muscle  is  sometimes  encountered  in  the  adventitia, 
in  the  abdominal  cava,  the  axillary,  the  hepatic,  the 
external  iliac,  the  superior  mesenteric,  the  renal,  the 
splenic,  the  spermatic,  and  the  azygos  major  veins.  The 
presence  of  striated  muscle  in  the  pulmonary  veins  and 
cardiac  ends  of  the  vena  cava  is  to  be  regarded  as 
an  extension  of  the  striped  muscular  tissue  of  the 
auricular  wall.  Robert  Formad. 


BIood=\essels,  Pathological  Anatomy  of  the. — 

The  CUpillaries. 

The  capillaries  are  less  independent  structures  than 
the  arteries  and  veins,  and  the  pathological  changes 
in  the  capillary  wall  are  intimately  connected  with 
lesions  in  trie  surrounding  tissues.  The  important  role 
plaj-ed  by  the  capillaries  in  the  different  forms  of  in- 
flammation is  discussed  in  the  article  on  Inflammation. 

All  tissue  prohferation,  whether  inflammatory  or 
non-inflammatorv,  is  almost  without  exception 
associated  with  the  new  formation  of  capillary  vessels 
by  processes  of  budding  of  preexisting  capillary  endo- 
thelium, and  these  changes  are  described  in  the  article 
on  Regeneration. 
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The  iixpillary  aiigioiiiiita  ami  telaiiKioctasias  of  con- 
genital iir  aoqiiireii  origin  form  mostly  flat  tumors  of 
the  skin  and  subcutaneous  tis>ue,  of  a  briglit  red  color 
and  a  soft  feel;  tlie  capillaries  in  them  have  thick 
cellular  walls,  and  there  is  abundant  evidence  that 
new  capillaries  have  been  formed.  Similar  changes 
occur  in   capillaries  in   other   tumors    (see    Tiinidr.i). 

Long-continued  congestion  will  result  in  dilatation 
of  the  capillaries,  capillary  eetasis  or  capillary  aneu- 
rysm; this  is  shown  well  in  passive  congestion  of  the 
lungs. 

H;/aline  degeneration  of  the  capillary  walls  is 
frequently  observed  in  the  brain,  especially  in  para- 
lytic dementia,  but  also  in  the  kidney,  tlie  conjunctiva, 
tlie  lymph  glands,  and  in  various  tumors.  Hyaline 
degeneration  of  the  glomeruli  is  an  important  alter- 
ation in  clironic  nephritis,  especially  tlie  interstitial 
form.  In  certain  tumors  mucoid  degeneration  of  the 
capillary  walls  may  take  place. 

Mallory  in  his  studj-  of  colloid  or  hyaline  changes  in 
the  brain  shows  that  the  material  is  always  deposited 
in  the  vessels;  in  the  larger  vessels  the  middle  coat  is 
earliest  and  most  affected.  The  hyaline  material  has 
a  marked  tendency  to  calcification,  and  in  some  cases 
the  capillary  network  of  the  central  cortex,  the  den- 
tate nucleus,  and  the  granular  layer  of  the  cerebellum 
undergoes  hyaline  change  with  calcification;  this 
causes  atrophy  of  the  included  nervous  tissue  and 
leads  to  the  formation  of  sand-Uke  deposits  and  of 
stone-like  concretions. 

Fa'li/  changes  in  the  capillary  cells  occur  frequently, 
especially  in  the  nervous  system  and  in  various  toxic 
and  infectious  states.  The  lesions  in  the  capillaries 
that  may  underlie  the  tendency  to  spontaneous 
hemorrhage  in  the  hereditary  and  acquired  hemor- 
rhagic diathesis  have  not  been  cleared  up;  in  these 
conditions  it  is  difficult  to  determine  wliether  the 
hemorrhages  result  from  diapedesis  or  from  rhexis. 
The  relations  of  the  capiUaries  to  thrombosis  and 
embolism  are  described  in  the  articles  dealing  with 
those  subjects. 

Calcareous  infiltration  of  the  capillary  walls  occurs 
in  the  brain  of  old  people;  generally  calcification  is 
preceded  by  hj'aline  degeneration.  Calcification  of 
the  capillaries  also  takes  place  in  certain  tumors, 
especially  psammoma. 

Amyloid  degeneration  is  an  important  change  in 
the  capillary  walls,  observed  always  in  the  capillaries 
of  the  spleen,  kidneys,  hver,  etc.,  in  general  amy- 
loi  iosis.  The  amj'loid  material  appears  first  in  the 
deHcate  capillary  sheath  outside  of  the  endothelium, 
which  is  soon  crowded  to  one  side,  closing  the  lumen. 

The  Arteries  .\nd  Veixs. 

.\b  N  o  R  M.\  L I  Ti  E.s. — Congenital  abnormalities  of 
blood-vessels  may  concern  width,  thickness  of  wall, 
origin,  and  course.  Deviations  from  the  normal  in 
these  respects  on  the  part  of  the  smaller  and  medium- 
sized  vessels  are  considered  to  best  advantage  in  con- 
nection with  the  normal  anatomy  of  blood-vessels. 

The  congenital  defects  and  anomaUes  of  the  piil- 
vmnary  artery  and  aorta  are  closely  associated  with 
defects  and  anomalies  of  the  heart.  Among  the  im- 
portant irregularities  of  the  primary  vessels  is  trans- 
position of  the  aorta  and  the  pultnonary  artery. 
This  may  occur  in  hearts  that  are  not  otherwise  defect- 
ive or  in  association  with  developmental  anomalies 
of  the  heart.  Transposition  of  the  vence  cav^  and  the 
pulmonary  vein  may  occur.  In  nearly  aU  cases  of 
this  kind  the  foramen  ovale  is  open  to  a  greater  or 
lesser  extent  and  generally  the  ductus  arteriosus  is  also 
pervious.     Death  occurs  in  early  infancy. 

The  septum  between  the  aorta  and  pulmonary 
artery  may  be  defective.  In  an  instance  of  this  kind 
that  I  examined  there  was  an  oval  defect  about  1..5 
centimeter  in  its  greatest  diameter  between  the  pul- 
monan,^  artery  and  the  aorta,  so  that  the  beginning 
of  the  aorta  and  pulmonary  artery  had  a  common 


trunk  from  which  emerged,  in  the  usual  places,  tho 
right  and  left  pulmonary  arteries  and  the  branches  of 
the  arch  of  the  aorta.  The  ductus  arteriosus  was 
patent  and  large,  the  aorta  distal  to  the  duct  wider 
than  that  proximal  to  the  duct.  The  foramen  ovale 
was  widely  open.  The  large  veins  and  the  heart 
were  normal. 

Aortas  with  double  arches  occur.  According  to 
Lee  Shaw,  Hommel,  in  1737,  w-as  the  first  to  record 
this  anomaly.  In  his  case  the  two  divisions  united 
after  encircling  the  trachea,  and  passed  downward 
on  the  left  side  of  the  vertebral  column.  In  another 
case  (Malacarne)  five  valves  guarded  the  aortic  open- 
ing of  the  left  ventricle  and  the  arterial  trunk  immedi- 
ately divided  into  two  branches,  which  before  unit- 
ing embraced  the  pulmonary  artery,  trachea,  and 
esophagus;  from  each  division  was  given  off  in  succes- 
sion a  subclavian,  an  external,  and  an  internal  carotid 
artery.  In  Welch's  case,  the  posterior  branch  passed 
between  the  trachea  and  esophagus,  and  from  each 
division  arose  a  common  carotid  and  a  subclavian 
artery.  On  the  posterior  branch  was  found  an  aneu- 
rysm from  whicn  the  right  common  carotid  took 
origin.  Lee  Shaw's  specimen  differs  from  all  of  those 
described  except  Malacarne's,  in  that  the  two  divi- 
sions imite  behind  the  esophagus.  It  differs  from 
all  in  that  the  right  branch  is  the  larger,  the  junction 
of  the  two  branches  is  on  the  right  side,  and  the  de- 
scending aorta  passes  downward  on  the  right  side, 
to  the  upper  border  of  the  eighth  dorsal  vertebra. 
This  arrangement  not  only  resembles  the  vascular 
arrangement  in  the  reptile,  but  also  more  closely 
follows  the  distribution  in  the  bird  than  it  does  that 
in  the  mammal. 

Premature  obliteration  of  the  ductus  arteriosus  has 
been  described  as  cau.sing  an  abnormal  smaUness  of 
the  pulmonary  arterj-.  The  pulmonary  artery  may 
divide  at  a  point  lower  than  usual,  or  arise  by  two 
distinct  roots,  instead  of  continuing  into  the  aorta  as 
the  ductus  arteriosus;  it  may  form  the  left  subclavian 
artery.  Supplementary  or  vicarious  branches  dis- 
tributed to  the  lungs  may  arise  from  the  aorta  as  far 
down  as  the  ceUac  axis. 

In  narrowing  or  obliteration  of  the  aorta  after 
having  given  off  the  vessels  to  the  head  and  upper 
extremities,  the  inferior  parts  of  the  body  are  sup- 
plied with  blood  from  the  pulmonarj'  artery  through 
the  ductus  arteriosus;  the  descending  aorta  is  said  to 
be  given  off  from  the  pulmonary  artery.  Xow  if  the 
degree  of  constriction  of  the  aorta  be  but  sUght  at 
the  time  of  birth,  the  ductus  arteriosus  may  be- 
come closed.  Later  in  life  great  narrowing  and 
even  complete  obliteration  of  the  aorta  niaj'  take 
place  (Fig.  825). 

The  theory  usually  offered  in  explanation  of  the 
pathogenesis  of  this  condition  was  first  broached  by 
Skoda  in  1S55.  The  narrowing  is  made  dependent 
upon  the  presence  in  the  walls  of  the  aorta  of  embry- 
onal connective  tissue  connected  with  the  ductus  ar- 
teriosus; the  postnatal  involutional  changes  then  lead 
to  varying  degrees  of  stenosis  of  the  lumen  of  the 
aorta,  .\berrant  vestiges  of  duct  tissue  maj'  occur  in 
the  aortic  walls.  Thombosis  of  the  aorta  beginning 
in  the  ductus  arteriosus  may  end  in  complete  aortic 
obhteration  (Rauchfuss). 

Of  1 13  cases  of  narrowing  and  closure  of  the  aorta  at 
or  near  the  opening  of  the  ductus  arteriosus  studied 
by  Wadstein,  atresia  was  present  in  twenty.  In  16.4 
per  cent,  the  maximum  narrowing  was  above  the  duct, 
in  33.8  per  cent,  on  a  level  with  the  duct,  and  in  44.8 
per  cent,  below  it.  The  narrowing  is  sometimes 
double.  In  about  a  third  of  the  cases  the  aorta  was 
sclerotic,  and  generally  more  so  on  the  proximal  side 
of  the  narrowing.  The  most  important  secondary 
changes  are  hypertrophy  of  the  left  ventricle  and  the 
formation  of  collateral  circulation,  the  blood  reaching 
the  lower  portion  of  the  body  through  the  intercostals 
and    the    abdominal    aorta,    through  the  superficial 
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epigastric  and  long  thoracic  arteries  and  the  deep 
epigastric,  and  through  the  anastomoses  of  the  in- 
tercostals  with  the  iliolumbar  and  circumflex  iliac 
arteries. 

The  ductus  arteriosus  is  as  a  rule  completely  ob- 
literated witliin  from  one  to  two  weeks  post  partum. 
The  obliteration  is  accomplished  by  contraction  and 
endarterial  proUferation.  The  resulting  scar  in  the 
wall  of  the  aorta  often  becomes  calcified.  Incom- 
plete involution  of  the  ductus  arteriosus  may  become 
the  occasion  for  thrombosis;  the  thrombus  may  pro- 
ject into  the  aorta  and  into  the  pulmonary  artery  and 
give  rise  to  embolism  (Klob). 


Flo.   825.- 


-Stenosis    uf  tliL-  .Vorta  at  the  Ductus  Arteriosus 
Oloditied  from  Cruveilhier.) 


Transposition  of  the  Zarje  veins  occurs  in  connection 
with  cardiac  abnormities.  There  may  be  two  ascend- 
ing or  two  descending  vense  cavse,  in  the  first  case  due 
to  failure  of  union  of  the  canals  oif  Cuvier;  less  than  or 
more  than  four  pulmonary  ^■eins,  wliich  may  be  in- 
serted into  the  superior  vena  cava,  into  the  left 
innominate  vein,  or  into  the  ventricles.  Either  of  the 
venae  cavoe  may  be  absent.  An  apparent  reduphca- 
tion  of  the  inferior  vena  cava  results  from  the  union 
of  the  hepatic  veins  in  one  stem,  which  may  empty 
into  the  vena  cava  above  or  below  the  diaphragm,  or 
directly  into  the  right  auricle.  The  union  of  the  ihac 
veins  may  take  place  higher  than  usual,  the  right  and 
the  left  iliac  vein  continuing  upward  on  each  side  of 
the  aorta,  sometimes  as  far  up  as  the  hver. 

Coronary  Arteries. — Abnormities  of  the  coronary  ar- 
teries have  been  described  (Hepburn,  Turner,  Brooks, 
and  others).  The  most  frequent  deviation  from  the 
normal  is  an  increase  in  number  and  irregularities  in 
branching.  Brooks  describes  the  origin  of  a  coronary 
artery  in  the  right  anterior  sinus  of  Valsalva  of  the  pul- 
monary artery;  this  abnormal  coronarj-  anastomosed 
with  the  right  coronary  and  acted  as  a  vein  owing  to 
the  greater  pressure  in  the  aorta.     In  another,  more 
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complicated  case.  Brooks  found  an  artery  originating  in 
the  beginning  of  the  pulmonary  artery,  anastomosing 
with  the  aortic  coronaries  and  the  left  subclavian 
artery;  it  entered  into  intimate  relations  with  a  cirsoid 
mass  at  the  base  of  the  pulmonary  artery.  This 
vessel  also  acted  as  a  vein,  emptying  \ts  blood  into 
the  pulmonary  artery. 

Aplasia  or  hypoplasia  of  an  organ  or  part  of  the 
body  is  associated  with  absent  or  diminished  develop- 
ment of  the  corresponding  vessels.  Abnormal  origin 
and  course  of  ves.sels  are  of  greater  surgical  than 
chnical  interest,  because  it  is  rare  that  such  abnor- 
malities cause  symptoms.  The  origin  of  the  right 
subclavian  artery  to  the  left  of  the  left  subclavian 
artery  and  its  coursing  in  front  of  or  behind  the 
esophagus  as  it  passes  over  to  the  right  side  may  caus3 
difficulties  in  swallowing,  according  to  Eppinger. 
Differences  in  the  size  of  trie  radial  arteries  and  in  the 
relative  depths  of  their  situation  frequently  give  rise 
to  apparent  differences  in  the  pulse  on  the  strength 
of  which  the  existence  of  aortic  aneurysm,  for  instance, 
maj'  be  erroneously  diagnosticated. 

Vascular  Hypoplasia. — Congenital  smaUness  of  the 
entire  cardiovascular  system  is  an  interesting  condi- 
tion. The  walls  of  the  aorta  are  thin,  the  intinia  is 
the  seat  of  wavy  lines,  and  the  lumen  scarcely  admits 
the  little  finger  at  a  period  when  the  aorta  usually 
is  twice  or  more  as  wide.  The  condition  is  fre- 
quently associated  with  arrested  development  of  the 
reproductive  organs  and  of  the  sexual  character- 
istics of  the  body.  Apparently  the  anomaly  is 
more  frequent  in  the  female  than  in  the  male  sex. 
Mrchow  urges  that  the  arrest  of  development  causes 
the  chlorosis  found  in  such  cases  but  this  explanation 
is  not  satisfactory.  "  That  a  disorder  so  common  and 
for  the  most  part  so  curable  should  depend  upon  a 
malformation  so  grave  and  so  incurable  as  this  aortic 
and  general  vascular  hypoplasia  is  on  the  face  of  it 
highly  improbable"  (Clifford  Allbutt).  While  hypo- 
plasia of  the  aorta  usually  is  associated  with  hj-po- 
plasia  of  the  heart,  the  latter  may  be  hypertrophied. 

The  developmental  defects  in  the  vessels  in  hemo- 
philia are  considered  under  the  latter  heading. 

Retrogressive  C  h  .\.  n  g  e  s  in  Blood-vessels. — 
Atrophy. — In  chronic  anemia  and  marasmus,  senile 
and  otherwise,  simple  atrophy  takes  place  in  the  walls 
of  the  blood-ves.sels,  especially  in  the  muscular  and 
elastic  coats.  Atrophj'  of  individual  organs  is  fol- 
lowed by  or  associated  with  atrophy  of  the  cor- 
responding vessels.  When  an  extremity  is  removed 
the  arteries  and  the  veins  that  nourished  the  part 
decrease  in  size  by  an  atrophj-  that  may  be  called 
adaptive;  the  vessels  become  less  and  less  until  they 
earn,'  no  more  blood  than  necessary  for  the  nutrition 
of  the  remaining  tissues  (Fig.  826).  In  the  beginning 
this  adaptation  is  favored  by  contraction  of  the 
arteries  and  a  httle  later  by  the  development  of  new 
connective  tissue  in  the  intima,  so  that  the  lumen  of 
the  arteries  is  reduced  in  size.  Similar  processes 
occur  in  phj-siological  atrophy  seen  in  involution  of 
the  ductus  arteriosus,  the  umbiUcal  vessels,  etc.,  the 
lumen  closes  and  the  elastic  and  muscular  elements  in 
the    wall    become    replaced    with    connective  tissue. 

Fatly  Changes. — Changes  in  the  blood  or  disturl>- 
ances  of  circulation  may  induce  fatty  changes  in  the 
walls  of  otherwise  healthy  blood-ves.sels,  especially 
in  the  endothelial  cells,  the  subendothelial  layers,  and 
the  muscle  cells  of  the  arteries.  Fattj'  changes  are 
of  common  occurrence  in  arteriosclerosis.  A  vessel 
the  seat  of  fatty  change  presents  upon  its  surface 
opaque,  white  or  yellowish-white  patches  and  irregular 
lines,  running  longitudinally  or  forming  a  network, 
sometimes  striated,  sometimes  of  a  uniform  color. 
The  surface  is  no  longer  smooth  but  velvety.  The.<!e 
appearances  are  due  to  fatty  granules  and  drops  of 
fat  in  and  between  the  endothelial  cells.  The  change 
occurs  also  in  the  cells  of  capillaries.     Cells  may  ac- 
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(•iiimiUite  around  and  in  areas  of  fatty  cliangc,  taking 
up  I  lie  oily  detritus,  and  proliferation  of  cells  also 
occurs. 

Disintegration  of  the  degenerated  areas  results  in 
small  defects  ("fatty  iilc<'rs'')  which  may  become  the 
starting  i)oirit  of  throml)osis  or  traumatic  and  dis- 
secting aneurysms;  on  supervention  of  trauma  or 
severe  strain  llie  deejier  layers  of  the  intinui  are 
ruptured  ami  the  blood  current  makes  its  way  between 
the  layers  of  the  wall.  According  to  Paget  fatty 
degeneration  of  the  media  is  responsible  for  many 
instances  of  cerebral  apoplexy.  Fatty  changes  in  the 
media  are  common  in  various  intoxications  and  are 
frequently  followed  by  calcareous  infiltration. 


FiQ.  826.- 


-Atrophy  of  the  Left.  Iliac  Artery  after  Amputatioa 
of  the  Thigh.     (Two-fifths  natural  size.) 


Fatty  changes  occur  most  commonly  in  the  aorta 
and  the  pulmonary  artery,  and  then  in  the  arterioles 
and  capillaries,  especially  of  the  brain;  the  veins  are 
not  as  frequently  affected  as  the  arteries. 

Amijloid  Degeneration. — The  vascular  .system  is 
especially  prone  to  amyloid  change,  which  takes  its 
beginning  in  the  media  of  the  arterioles  of  parenchy- 
matous organs.  It  also  develops  in  the  intima  of  the 
larger  arteries,  appearing  as  fine  strise  and  points, 
which  are  difficult  to  recognize  with  the  naked  eye 
unless  first  subjected  to  the  action  of  Lugol's  solution 
(see  Amyloid  Degeneration). 

Hyaline  Degeneration. — Hyaline  degeneration  of 
the  smallest  ve.s.sels  and  of  capillaries  is  frcquentl_y 
observed  in  the  spleen,  the  lymph  glands,  the  renal 
glomeruli,  and  elsewhere.  The  endothelium,  at  first 
intact,  is  finally  destroyed  and  the  lumen  narrowed 
and  occluded.  In  larger  ve.s.sels  hyaline  degeneration 
appears  first  in  the  intima,  and  it  forms  an  early  step 
in  the  complicated  degeneration  of  arterio.sclero.sis. 
Hyaline  material  tends  to  become  calcified.  A  good 
examjjle  of  a  hyaline  degeneration  of  the  mus- 
cular coat  is  seen  in  the  pial  arteries  in  tuberculous 
leptomeningitis. 

Caleareous  Infiltration. — Calcareous  particles  in 
glistening  granules  and  as  compact  mas.ses  are  fre- 
quently dej)osited  in  hyaline  and  fatty  areas;  it  prob- 
ably does  not  occur  as  an  isolated  primary  process, 
and  is  most  frequent  and  most  exten.sive  in  senile 
arterio.sclerosis.  Gazert  found  that  in  a  normal  aorta 
the  amount  of  earthy  material  is  0.43  per  cent.;  in  a 
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sclerotic  and  calcified  aorta  the  calcareous  material 
(Miualled  S.79  per  cent,  of  the  dry  residue. 

In  old  persons  calcification  may  take  place  in  the 
media  of  the  arteries  of  the  extremities;  calcareous 
rings  and  tubes  may  form;  usually  fatty  changes  pre- 
cede the  calcareous  deposition. 

Metastatii^  calcification  as  a  result  of  resorption  in 
bone  is  said  to  involve  especially  th(!  al)dominal 
vfvs.sels,  large  calcareous  ])lafes  forming  which  are 
.separable  from  the  surrounding  ti.ssues. 

In  some  instaiu'cs  true  lione  has  formed  in  the  walls 
of  arteries  the  .seat  of  petrifaction. 

Desquamation,  of  the  Eiulolheliiim. — In  microscopic 
sections  the  epithelium  of  the  vessels,  both  arteries 
and  veins,  is  often  found  to  have  separated  from  the 
intima,  the  peculiar  epithelial  cells  lying  curled  up  in 
tlie  lumen.  This  condition  is  not  constant,  and  the 
peculiar  circumstances  under  which  it  occurs  have  not 
l)een  established.  The  loo.scned  endothelial  cells 
have  been  mistaken  for  sarcomatous  emboli. 

Hypehtrophy  and  Hypf,rplasi.\. — Hypertrophy 
and  hyperplasia  of  arteries  are  observed  in  connection 
witii  various  forms  of  overgrowth,  e.g.  the  uterus  in 
])regnancy,  large  tumors,  and  the  adaptive  hyper- 
trophy of  one  kidney  in  case  of  extensive  di.sease  or 
absence  of  the  fellow  kidney.  Obstruction  to  the 
blood  current  and  increased  arterial  tension,  as  in 
cases  of  hypertrophy  of  the  heart  and  of  chronic  neph- 
ritis, produce  more  or  le.ss  hypertrophy  of  the  mus- 
cular coat  of  the  arteries.  The  power  of  the  arteries 
and  veins  to  adapt  themselves  to  new  conditions 
is  best  shown  by  the  changes  that  take  place  in 
the  development  of  collateral  circulation.  Indeed, 
this  is  one  of  the  richest  fields  for  the  study  of 
]5athological  adaptation.  Ves.seis  and  vascular  sys- 
tems adjust  them.selves  with  wonderful  precision  to 
changes  in  pressure,  in  velocity,  and  in  quantity  of 
circulating  blood.  Readjustment  is  accompli.shed 
by  virtue  of  the  va.somotor  nervous  mechanism  and 
the  physical  properties  of  the  arterial  walls,  aided  under 
special  conditionsby  structural  changes.  The  physio- 
logical prototj'pe  of  collateral  circulation  is  .seen  in 
the  changes  that  occur  in  the  fetal  circulation  after 
birth.  The  ea.se  w-ith  which  the  important  rearrange- 
ments to  the  conditions  of  extrauterine  life  are 
accomplished  indicates  that  the  mechanisms  for 
adaptive  changes  on  the  part  of  the  circulatory  sys- 
tem are  good;  as  in  almost  all  jjathological  adaptations, 
the  mechanisms  are  in  better  working  order  in  the 
young  than  in  the  adult  and  the  old. 

The  extent  of  the  changes  incidental  to  the  develop- 
ment of  collateral  circulation  will  depend  naturally 
upon  the  location  of  the  obstruction  and  upon  the 
size  and  the  number  of  the  collateral  branches.  For- 
merly it  was  taught  that  the  increased  pressure  above 
the  obstruction  was  the  cause  of  the  development  of 
collateral  circulation;  increased  pressure  is  now 
regarded  as  a  factor  of  little  consequence.  Nothnagel 
has  shown  that  there  is  really  no  rise  of  pressure  in 
the  vessels  above  the  obstruction  or  ligature  unless 
they  stand  in  communication  with  branches  below 
the  obstruction.  As  advanced  by  von  Reckling- 
hausen, the  increase  in  the  extent  of  the  capillary 
bed  of  the  collateral  branches,  through  which  the 
blood  flows  into  the  capillaries  of  the  obstructed 
vessel,  results  in  increased  rapidity  of  the  current; 
and  Thoma  claims  that  increa.sed  rapidity  of  the  cur- 
rent is  followed  by  a  widening  of  the  lumen  of  the 
vessels,  increased  thickness  of  the  wall,  and  growth 
in  length.  In  this  way  the  need  of  the  ti.ssues  for 
blood  is  satisfied.  The  structural  changes  that  take 
place  in  the  walls  of  the  collaterals  may  be  regarded 
as  the  expression  of  a  work-hypertro])hy.  And  con- 
versely, the  gradual  thickening  of  the  intima  of  the 
occluded  vessel  as  far  ijack  as  the  nearest  collaterals 
is  to  be  regarded  as  the  result  of  diminished  need  of 
work. 
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In  obstruction  to  the  portal  circulation  by  cirrhosis 
of  the  liver  the  dilatation  and  hypertrophy  of  the  veins 
through  which  collateral  circulation  is  gradually 
established  may  become  marked.  In  exceptional 
cases  the  esophageal  veins  become  enlarged  to  many 
times  their  normal  size  and  afford  so  complete  escape 
for  the  portal  blood  that  the  congestions  and  the 
ascites  of  cirrhosis  fail  to  appear  and  the  clinical 
picture  of  the  disease  is  masked. 

Inflammation  (Angiitis,  Vasculitis). — Inflam- 
mation may  affect  principally  the  adventitia,  the 
media,  or  the  intima  (periarteritis  and  periphlebitis, 
mesarteritis  and  mesoplebitis,  endarteritis  and  en- 
dopMebitis).  On  account  of  the  structure  of  the 
venous  wall,  these  distinctions  are  not  as  marked  in 
veins  as  in  arteries.  Angiitis  may  assume  various 
types,  such  as  productive,  suppurative,  tuberculous, 
and  syphilitic.  Angiitis  may  result  from  the  ex- 
tension of  inflammatorj'  processes  in  the  neighborhood 
(consecutive  angiitis);  it  may  be  cau.sed  by  woimds 
of  arteries  or  veins  and  by  other  forms  of  trauma, 
such  as  tearing  and  cru.shing  (traumatic  arteritis  and 
phlebitis):  it  develops  as  a  result  of  infections  (pyo- 
genic, syphilitic,  and  tuberculous)  and  of  intoxications; 
in  angiosclerosis  arteritis  and  phlebitis  are  observed 
as  consecutive  proce.sses,  secondary  to  nutritive  and 
mechanical  disttirbances  in  the  vessel  wall.  Ar- 
teritis and  phlebitis  sustain  a  double  relation  to  throm- 
bosis inasmuch  as  thrombo.sis  induces  inflammation 
(thromboarteritis,  thrombophlebitis)  while  angiitis 
not  uncommonly  leads  to  thrombosis.  The  causes  of 
infectious  or  toxic  angiitis  may  reach  the  part  of  the 
vascular  waU  first  involved  through  either  the  vasa 
vasorum,  the  lymph  stream,  or  the  main  blood  stream 
within  the  lumen  of  the  vessel,  or  they  may  come 
directly  from  without. 

It  was  the  custom  of  pathologists  in  the  early  part 
of  this  century  to  look  upon  imbibition  and  reddening 
of  the  tunica  intima  as  evidences  of  acute  inflamma- 
tion; in  18-17  Virchow  proved  the  incorrectness  of 
this  view. 

Because  the  same  agent  may  produce  more  than 
one  form  of  arteritis  and  phlebitis,  and  because  the 
same  form  of  angiitis  may  result  from  more  than 
one  cause,  it  becomes  rather  difficult  to  make  at  once 
a  comprehensive  yet  simple  classification  of  arteritis 
and  phlebitis.  When  we  omit  from  consideration 
periarteritis  nodosa  and  the  specifically  tuberculous 
and  syphilitic  varieties,  then  the  remaining  forms 
belong  to  one  of  two  large  groups,  the  suppurative  and 
destructive  or  the  productive,  the  first  characterized 
by  disintegration  and  the  formation  of  pus,  the 
second  bj'  the  production  of  new  tissue. 

Suppurative  Angiitis;  Suppurative  Thromhoar- 
teritis. — The  form  of  disease  of  the  arterial  wall 
induced  by  thrombosis  or  by  the  lodgment  of  emboli 
is  determined  by  the  nature  of  the  thrombus  or 
embolus.  In  the  case  that  pyogenic  bacteria  are 
present  in  their  interior,  purulent  inflammation  is  set 
up  in  the  walls  of  the  artery,  resulting  in  a  more  or  less 
extensive  and  destructive  panarteritis  and  periarteri- 
tis, the  final  outcome  being  an  abscess.  This  is  what 
occurs  in  the  development  of  metastatic  embolic 
abscesses  in  the  lungs.  At  other  times  the  destruc- 
tive action  of  the  bacteria  in  infected  emboli  may  be 
more  limited  in  its  extent,  thereby  producing  a  local 
weakening  of  the  arterial  wall,  at  which  point  aneim^s- 
mal  bulging  occurs  and  there  results  a  so-called 
embolic  or  mycotic  aneurysm  (Goodhart,  Eppinger). 
Mycotic  embolism,  the  result  of  embolic  suppurative 
arteritis,  is  observed  most  frequentlj-  in  the  cerebral 
arteries.  Purulent  thromboarteritis,  with  or  without 
mycotic  aneurysm,  is  liable  to  result  in  hemorrhage 
from  the  weakening  and  destruction  of  the  vessel  wall. 

Suppurative  Thromhophlehitis. — This  may  result 
from  the  extension  of  a  suppurative  process  about  a 
vein  to  the  adventitia,  media,  and  intima,  which  is 


more  frequently  the  ca.se  than  thrombosis  upon  the 
basis  of  a  primary  mycotic  endophlebitis.  In  either 
case  the  resulting  thrombo.sis  undergoes  purulent  or 
purulent  and  putrid  softening  imder  the  influence  of 
the  microbes  that  gain  entrance  into  it  from  the  walls 
of  the  vein.  Beginning  with  John  Hunter,  in  1793 
who  described  inflammation  of  the  Inner  walls  of 
veins  after  blood-letting  and  in  the  uterine  and  femo- 
ral veins  of  women  in  the  puer])cral  period,  it  gradually 
became  established  clearly  that  pyemia  commonly 
depends  upon  suppurative  thrombophlebitis,  the 
circulating  blood  being  the  medium  of  transference  of 
infected  particles  from  the  thrombus  to  various  parts 
of  the  bodj%  the  emboli  on  lodgment  producing 
metastatic  abscesses.  Among  veins  that  are  liable 
to  suppurative  thrombophlebitis  may  be  mentioned 
the  umbilical  veins  in  the  new-born.  Infection  taking 
place  at  the  navel;  the  lateral  and  other  .sinuses  of  the 
dura  mater  in  suppurative  mastoiditis  and  middle- 
ear  disease;  the  mesenteric  veins  in  appendicitis  and 
ulcerative  processes  in  the  intestines,  the  process 
giving  rise  by  extension  or  embolism  to  suppurative 
pj'lephlcbitis  and  abscesses  of  the  liver;  the  subcuta- 
neous veins  in  the  vicinity  of  foci  of  infection,  etc. 
Suppuration  originating  in  a  diverticulum  of  the 
esophagus  has  extended  to  the  superior  vena  cava 
and  given  rise  to  suppurative  thrombophlebitis  in 
this  vein. 

Mycotic  and  Toxic  Endangiitis. — Acute  verrucose 
and  ulcerative  endangiitis,  similar  to  acute  endocardi- 
tis, most  frequently  occurs  in  the  aorta  and  the 
pulmonary  artery  and  is  usually  associated  with 
endocarditis  of  the  semilunar  valves.  It  has  also 
been  described  in  the  larger  and  medium-sized 
branches  of  the  aorta  and  the  pulmonary  artery. 
The  lesions  usually  assume  the  form  of  warty  emi- 
nences, composed  of  a  cellular  and  vascular  granulation 
ti.ssue  and  capped  bj'  thrombotic  deposits.  There  is 
more  or  less  cellular  infiltration  into  the  vessel  wall 
near  such  warty  outgrowths,  and  at  times  the  process 
assumes  more  of  an  ulcerative  and  destructive  type. 
Osier  has  described  an  instance  of  multiple  mycotic 
aneurysms  of  the  aorta  the  result  of  infective  endaor- 
titis  as.sociated  with  acute  infective  endocarditis,  and 
the  sudden  development  of  aneurysms,  one  upon  the 
radial  artery  and  one  upon  the  posterior  tibial, 
in  acute  rheumatism,  has  been  observed.  Such 
aneurysms,  although  not  embolic,  belong  etiologically 
in  the  .same  category  as  aneurysms  caused  by  embolic 
destructive  arteritis. 

It  is  now  recognized  that  acute  and  chronic  forms 
of  arteritis  occur  in  various  infectious  diseases — 
typhoid  fever,  smallpox,  scarlet  fever,  measles,  acute 
articular  rheumatism,  influenza,  pneumonia,  sj'phQis, 
tuberculosis,  and  lopro.sy.  In  the  acute  forms  cellular 
infiltrations,  generally  circumscribed,  are  found  in  the 
outer  coats  of  the  vessels  together  with  more  or  less 
extensive  proliferation  of  the  subendothelial  connect- 
ive tissue  of  the  intima.  Nodular  and  more  diffuse 
accumulations  of  lymphoid  and  epithelioid  cells 
occur  beneath  the  endothelium.  These  changes  are 
explained  as  due  to  the  circulation  in  the  blood  of  the 
microbes  and  the  toxic  products  of  the  di.seases 
mentioned.  ^\'hen  the  endarterial  changes  result  in 
destruction  of  the  endothelium  thrombosis  takes 
place,  and  if  it  is  in  a  larger  vessel  a  tj'pical  verrucose 
endarteritis  may  be  established.  These  changes 
occur  probably  more  frequently  in  the  veins  than  in 
the  arteries.  Arterial  thrombosis  in  the  di.seases 
mentioned  is  often  referable  to  infectious  arteritis. 

In  many  instances  of  multiple  venous  thrombosis 
it  is  not  unlikely  that  an  infectious  or  toxic  endo- 
phlebitis is  the  primary  change  in  the  ves.sel  wall. 
In  typhoid  fever,  diphtheria,  variola,  influenza,  and 
other  infectious  diseases  there  is  found  a  nodular, 
sometimes  a  more  diffuse,  accumulation  of  lymphoid 
and  endothelioid  cells  in  the  intima,  even  more  fre- 
quently than  in  the  arteries.     Many  of  the  large  cells 
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in  such  foci  seem  to  have  marked  phagocytic  prop- 
erties (Mallory).  The  aceuinvilated  cells,  as  well  as 
the  endothelium,  may  underRo  necrosis  and  become 
the  starting-point  of  a  thi<>nil)us.  Inasmuch  as 
bacteria  are  often  absent,  it  would  seem  that  the 
vascular  lesion   may   be   caused   by   toxic  products. 

Lancereaux  and  others  believe  that  there  is  a 
malarial  aortitis  which  occurs  in  the  form  of  gelatin- 
ous plaques,  situated  generally  in  the  ascending  part 
of  the  arch  of  the  aorta;  the  lesion  is  described  as 
beginning  in  the  adventitia  with  cellular  infiltrations 
which  result  in  atrophy  of  the  media  and  an  adapta- 
tivc  thickening  of  the  intima.  Saccular  aneurj'sms 
may  result.  There  would  be  great  difficulty  in 
distinguishing  between  this  malarial  aortitis  and 
nodular  sclerosis  from  other  causes. 

Experimentally  aortitis  has  been  produced  by  the 
i?ijcction  of  various  microbes — B.  ti/pliosus,  B. 
diphtheria!,  .streptococcus,  pneumococcus,  etc. — some- 
times with  and  sometimes  without  previous  trauma- 
tism to  the  artery  by  means  of  a  probe  inserted  through 
the  carotid.  In  some  cases  the  lesions  were  vegeta- 
tive, in  others  gelatinous  plaques  due  to  endarterial 
proliferation  resulted.  Infiltrations  about  the  vasa 
vasis  were  often  present.  Nodular  thickenings  are 
described  as  following  the  injection  of  toxic  substances, 
of  lead,  urate  of  soda,  and  phloridzin,  with  or  without 
l)receding  injury.  In  their  later  stages  the  lesions 
might    be    identical    with    nodular    arteriosclerosis. 

Metastatic  abscesses  in  the  walls  of  arteries  are  rare. 
Virchow  observed  one  in  the  beginning  of  the  pul- 
monary artery;  and  Eppinger  describes  an  abscess,  the 
size  of  a  walnut,  in  the  posterior  wall  of  the  aorta  just 
distal   to   the   origin   of   the   left   subclavian   artery. 

Consecutive  Exudative  and  Suppurative  Angiitis. — 
While  blood-vessels  po.sse.ss  considerable  resistance 
against  the  invasion  of  suppuration  from  without,  so 
that  in  large  abscesses  it  is  not  unusual  to  find  the 
vessels  wholly  freed  from  the  surrounding  tissue  and 
bathed  in  pus,  yet  periarterial  and  periphlebitic  in- 
filtration and  proliferation  are  common  consecutive 
lesions.  This  occurs  in  the  vessels  at  the  base  of  the 
heart  in  acute  pericarditis,  pleuritis,  and  mediastinitis; 
the  adventitia  is  then  the  seat  of  an  edema  and 
infiltration.  And  .suppurative  and  necrotic  processes 
around  blood-vessels  may  extend  not  to  the  adven- 
titia only,  but  aLso  to  the  media  and  the  intima,  causing 
necrosis  of  the  endothelial  lining  and  secondary 
thrombosis.  In  this  way  also  may  develop  sup- 
purative thromboarteritis  and  thrombophlebitis. 
The  weakening  of  the  wall  of  arteries  caused  by  the 
purulent  disintegration  of  the  media  sometimes 
results  in  another  form  of  aneurysmal  dilatation — 
erosion  aneurj'sm  produced  by  a  kind  of  hernia  of  the 
inner  coats  at  the  point  of  least  resistance.  This 
result  of  consecutive  peri-  and  mesarteritis  is  espe- 
cially frequent  in  the  branches  of  the  pulmonary 
artery  that  are  expo.sed  upon  the  floor  and  the  tra- 
beculae  of  phthisical  cavities.  The  aneurysmal  bulg- 
ing takes  place  upon  the  side  of  the  artery  that  is 
lea.st  supported  by  surrounding  tissue,  namely,  that 
toward  the  lumen  of  the  cavity.  Freciuently  an 
obliterating  thrombosis  prevents  the  formation  of 
aneurysm  and  removes  the  danger  of  hemorrhage 
under  the.se  conditions.  Suppuration  in  a  wound,  or 
in  an  amputation  stump,  may  destroy  the  granulation 
ti.ssue  formed  by  the  intima  in  the  process  of  definitive 
closure  of  an  artery,  cau.se  purulent  disintegration 
of  any  thrombus  present,  and  thus  give  ri.se  to  the 
much-dreaded  secondary  hemorrhage  of  the  preasep- 
tic  times. 

Perforation  of  the  inferior  vena  cava  has  been 
observed  in  amebic  abscess  of  the  liver. 

On  subsidence  of  acute  inflammatory  lesions  of  this 
nature,  vascular  granulation  appears  in  the  walls  of  the 
vessel,  producing  more  or  less  exten.sive  fibrous 
thickening  of  the  various  coats  with  narrowing  of  the 
lumen;  in  case  thrombosis  has  taken  place,  the  sub- 


stitution of  the  thrombus  by  connective  tissue  may 
cause  occlusion  of  the  vessel.  Terminal  fibrous 
changes  of  this  kind  do  not  difl'er  microscopically 
from  the  lesions  of  many  primarily  productive  forms 
of  angiitis. 

Productive  Angiitis. — Inflammation  of  blood-ves- 
sels resulting  in  the  product  ion  of  new  tissiie  is  frequent. 
In  productive  or  obliterating  endarteritis  and  en- 
dophlebitis  there  occurs  a  ])rnliferation  of  the  intima, 
which  leads  to  thickening,  ccccnlric  narrowing  of  the 
lumen,  and  perhaps  to  complete  occlusion.  This 
process  is  observed  under  a  variety  of  conditions.  The 
occlusion  after  birth  of  the  ductus  arteriosus  and  the 
umbilical  vein  and  arteries  is  accomplished  by  the 
formation  of  connective  tissue  by  the  intima;  as  the 
pressure  of  the  blood  in  these  vessels  fails,  a  degree  of 
contraction  ensues  that  favors  the  filling  of  the  va.sa 
vasorum;  in  the  narrowed  lumen  a  small  thread-like 
thrombus  may  form  which  is  finally  substituted  by 
fibrous  tissue.  Similar  changes  occur  in  occlusion  fol- 
lowing ligature,  and  in  the  narrowing  of  the  lumen  of 
vessels  the  capillary  bed  of  w'hich  has  been  restricted 
(amputations,  indurative  processes  in  the  lungs,  etc.). 
In  these  conditions  there  is  usually  atrophy  of  the 
media.  A  ligated  vessel  may  be  occluded  by  intimal 
proliferation  without  thrombosis  taking  place;  in 
many  cases  a  thrombus  forms,  which  is  then  replaced 
by  granulation  tissue.  In  the  old  and  feeble,  es- 
pecially when  the  arteries  are  sclerotic,  the  intima 
may  have  lost  its  power  of  proliferating  and  then  there 
is  danger  of  secondary  hemorrhage. 

Productive  Thromboarteritis. — The  presence  in  an 
artery  of  a  thronibus,  whatever  the  cause  of  the 
thrombosis,  or  of  an  embolus,  is  sooner  or  later 
followed  b)"-  reactive  changes  on  the  part  of  the 
vessel  wall,  which  result  in  the  production  of  a  vascu- 
lar granulation  ti.ssue,  provided  destructive  infection 
does  not  occur.  The  plug  becomes  infiltrated  with 
phagocytes  and  with  fibroblasts.  The  amount  of 
new  tissue  and  the  rapidity  with  which  it  is  formed 
will  depend  more  or  less  upon  the  age  of  the  patient 
and  upon  the  previous  condition  of  the  walls  of  the 
artery  in  question.  The  vessels  of  the  aged,  the 
walls  of  aneurysms  and  of  sclerotic  arteries  are  often 
so  changed  and  degenerated  that  but  slight  or  no 
reactive  proliferation  takes  place  under  conditions 
that  in  young  healthj'  arteries  are  followed  bj'  vigor- 
ous growth  of  new  tissue.  The  ves.sels  present  in  the 
new  tissue  result  in  part  from  ingrowths  from  the 
vaso  vasorum,  in  part  from  the  endothelial  cells  of  the 
intima.  In  case  the  lumen  of  the  artery  is  but 
partially  occluded,  then  the  tissue  replacing  the 
thrombus  or  embolus  gives  ri.se  to  various  forms  of 
flattened  elevations,  projecting  ridges  and  bands,  cord- 
like networks.  Complete  occlusion  of  the  artery  may 
be  followed  by  cicatricial  obliteration  of  the  lumen,  or 
the  new  tissue  may  be  so  traversed  bj'  vascular  .spaces 
that  the  continuity  of  the  lumen  in  some  measure  is 
restored.  (For  further  details  concerning  connec- 
tive-tissue substitution  of  thrombi,  see  article  on 
Circulation,  Pathology  of  the.) 

In  the  liealing  of  wounds  of  arteries  and  veins  a 
thrombus  composed  of  blood  plates  and  of  fibrin  first 
forms,  which  is  subsequently  replaced  by  new  fibrous 
tissue. 

Productive  Thrombophlebitis. — Productive  inflamma- 
tory changes  occur  in  the  walls  of  veins  after  thrombo- 
sis. The  process  pursues  the  same  general  course 
as  thromboarteritis.  It  is  observed  especialh-  in  the 
periuterine  veins,  the  veins  of  the  lower  extremities, 
the  pelvic  veins,  and  the  sinuses  of  the  dura,  which  con- 
stitute tho.se  parts  of  the  venous  system  that  are  most 
frequently  the  seat  of  thrombosis.  The  residues  of 
connective-tissue  replacement  of  a  venous  thrombus 
may  be  fibrous  bands  coursing  across  the  lumen,  the 
interior  of  the  vein  resembling  that  of  a  dural  sinus, 
more  diffuse  intimal  thickenings,  and  great  shrinking 
of  the  part  of  the  vein  involved,  with  complete  oblitera- 
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tion  of  the  lumen.  Such  changes  may  occur  also  in 
the  larger  veins,  such  as  the  vente  cavse. 

Obliterating  Etidophlehitis  of  the  Hepatic  Veins. — 
An  obliterating,  proliferative  phlebitis  occurs  in  the 
main  stems  of  the  hepatic  veins.  This  process  has 
recentlj'  been  studied  by  Chiari.  In  seven  cases 
collected  by  him  there  were  periphlebitic  proliferative 
processes  or  thrombosis  followed  by  productive 
thrombophlebitis.  He  describes  three  instances  of 
an  apparently  primary  obliterating  phlebitis  of  the 
main  stems  of  this  vein,  which  on  account  of  the  re- 
sulting circulatory  disturbances  became  the  cau.se  of 
death.  The  endophlebitic  process  was  situated  in 
the  proximal  portions  of  the  veins  with  peripheral 
extension  in  one  case.  The  tendency  to  obliteration 
was  marked,  leading  to  mechanical  obstruction  and 
fateful  secondarj'  thrombosis.  The  condition  is 
undoubtedly  a  peculiar  one,  possibly  of  sj-philitic 
origin;  in  one  case  it  was  associated  with  similar 
changes  in  the  coronar3'  arteries. 

Consecutive  Productive  Angiitis. — Inflammation, 
acute  and  chronic,  generally  takes  place  in  the  walls 
of  all  arteries  that  lie  in  tis.sue  the  scat  of  inflamma- 
tory processes.  In  this  case  cellular  infiltration  and 
proliferation  extend  into  the  vessel  wall  from  without 
inward,  and  all  tlie  coats  may  in  time  become  fibrous; 
the  thickening  of  the  intima  is  generally  pronounced 
and  complete  obliteration  of  the  lumen  may  take 
place.  In  many  instances  the  formation  of  fibrous 
tissue  in  the  intima  of  vessels  in  organs  the  seat  of 
chronic  fibrous  processes  in  some  measure  may  be  the 
result  also  of  obliteration  of  portions  of  the  capillar}'- 
districts  of  the  vessels  (Thoma),  the  resulting  narrow- 
ing of  the  lumen  partaking  of  an  adaptative  nature. 
Changes  of  this  character  are  seen  in  chronic  inter- 
stitial inflammations  and  fibrotic  proces.ses  in  the 
parenchymatous  organs,  as  in  interstitial  nephritis, 
orchitis,  etc.   (Fig.  827).     They  are  well  marked  in 


Fig.  827. — Obliterating  ICntlarteritJ.s  in  Cbronic  Salpingiti?. 
(Hematoxylin  and  eosin.      X  100.) 

the  specific  granulomatous  processes,  and  the  resulting 
arterial  lesions  need  not  necessarily  present  any  spe- 
cific characteristics.  The  acute  stages  can  be  studied 
nicely  in  the  pial  arteries  in  tuberculous  leptomenin- 
gitis. There  is  leucocytic  infiltration  of  the  adventitia, 
extending  into  the  media  and  intima;  the  cells  are  seen 
making  their  way  between  the  fibers  of  the  media  and 
through  the  fenestrations  of  the  internal  elastic  coat, 
the  nuclei  being  drawn  out  long  so  as  to  pa.ss  through 
narrow  .spaces;  the  elastic  coat  at  times  becomes 
broken  tlirough  by  the  cells  which  may  accumulate 
under  the  epithelium;  simultaneously  fibroblasts 
appear,  especially  in  the  subendothelial  laj'ers  (Fig. 
S2S).  Similar  changes  of  a  more  chronic  but  non- 
specific character  are  seen  also  in  the  walls  of  arteries 
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and  veins  in  chronic  tuberculous  areas  and  cavities  in 
the  lungs.  Great  narrowing  of  the  lumen  and  evea 
closure  may  result  from  the  newh'  formed  fibrous  tis- 
sue in  the  intima.  Quite  similar  changes  occur  in 
syphilitic  lesions,  and  it  is  probable  that  an  isolated, 
primary,  histologicalh'  non-specific,  productive  en- 
darteritis is  often  caused  by  syphilis.  In  productive 
endarteritis  of  whatever  cau.se,  fibrillar  connective 
tissue  interspersed  with  elastic  elements  is  formed  ia 
the  intima.  At  times  a  distinct,  new,  elastic  membrane 
develops;  it  is  generall}'  thinner  than  the  original 
elastic  laA'er,  the  general  course  of  which  it  imitates, 
and  it  forms  the  inner  boundary  of  the  new,  greatly 
narrowed  lumen. 
But  the  process 
is  not  tnereby 
brought  to  a 
standstill,  as  new 
filjrous  tissue  msty 
again  form  and 
completely  oc- 
clude the  vessel. 

The  perivascular 
changes  that  de- 
velop in  connec- 
tion with  produc- 
tive angiitis  of 
diffuse  character 
lead  to  obliteration 
of  the  perivascular 
lymph  spaces  and 
obstruction  of  the 
l.vmph  flow,  which 
in  some  tissues,  as 
for  instance  the 
brain,  may  pro- 
duce disturbances 
of  the  function  and 
the  structure. 

Acute  endarter- 
itis in  time  may 
give  rise  to  fibrous 
nodules  upon  the  intima  and  to  dLffu.se  thickening. 
Fenger  describes  an  exten.sive  poh-poid  fibrous 
endarteritis  of  the  pulmonary  artery  associated  with 
valvular  endocarditis.  The  polypoid  outgrowths, 
which  almost  closed  the  lumen,  sprang  from  the  deeper 
layers  of  the  intima. 

Elastic  Fibers  in  Endarterial  Proliferations. — ^The 
methods  of  staining  elastic  fibers  have  resulted  in 
the  demonstration  that  thej'  are  present  to  a  greater 
extent  in  the  endarteritic  proliferations  than  was 
formerly  thought.  In  arteriosclerosis  the  newly 
formed  elastic  fibers  in  the  intima  have  the  same 
general  course  as  the  fibers  of  the  media  (see  Fig.  829). 
Jores  holds  that  elastic  fibers  are  formed  in  two  ways: 
the  one  is  due  to  the  splitting  up  of  the  internal 
elastic  layer  into  several  lamelke,  some  of  which  may 
appear  as  quite  independent  bands.  This  process 
occurs  especially  in  arteriosclerosis  and  probably  to 
some  extent  under  normal  conditions.  But  the  new 
formation  of  fine  fibers  is  bj'  far  the  most  important. 
Jores  favors  the  theory  that  these  fibers  are  formed  by 
the  secretory  activity  of  the  young  connective-tissue 
celLs,  although  it  cannot  be  said  that  the  origin  of 
elastic  elements  from  chemical  changes  in  the  col- 
lagenous intercellular  substances  has  been  wholly 
disproved.  In  intimal  proliferations  Weigert's  elas- 
tic-fiber stain  shows  that  the  new  fibers  appear  first 
as  finer  granular  lines  that  surround  the  cells  as  a  fine 
network.  The  endothelial  cells  do  not  seem  to  play 
any  part  in  this  process,  inasmuch  as  elastic  fibers 
never  ajipear  between  the  individual  endothelial  cells, 
but  are  always  confined  to  the  subendothelial  layers. 
From  observations  on  ligated  vessels  Jores  found  that 
new  elastic  fibers  are  formed  more  numerously  in 
vessels  subjected  to  the  pressure  of  the  circulating 
blood  than  in  parts  enclosed  between  two  ligatures 


Fig.  828. — Ohronie  Endarteritis 
Chronic  Tuberculous  Meningitis. 
Blood-spaces.      X  150. 
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or  ill  vessels  the  scat  of  thruinboartoriti.s.  Hoiico  ho 
iL'garils  tho  now  foiination  of  clastic  fibers  as  compen- 
satory in  character. 

Oh'litcrdthuj  EndartcrilU  and  Spontaneous  Ganqrcne. 
— The  occurrence  of  oliliteratins  endarteritis  in  an 
independent,  primary  form  has  not  been  established 

upon  a  satisfac- 
tory basis.  Its 
occurrence  as  a 
secondary  proc- 
ess in  indura- 
tive processes,  in 
the  organization 
of  thrombi,  and 
as  the  result  of 
consecutive  and 
specific  arteritis 
is  generally  rec- 
ognized. Heul  - 
ner  interpreted 
endarteritis  of 
the  cerebral 
vessels  as  alwaj's 
a  specific  syphi- 
litic lesion,  but 
Baumgarten  in- 
sists that  not  en- 
darteritis obliterans  is  the  specilic  form  of  syphilitic 
vascular  disease,  but  gummous  arteritis,  in  which 
the  changes  in  the  advent  it  ia  arc  equally  if  not 
more  prominent  than  those  in  the  intima.  The 
endarteritis  oijlitcrans  observed  as  the  cause  of  spon- 
taneous gangrene  in  the  middle-aged  and  the  young  is 
regarded  by  many  as  a  distinct  and  primary  disease. 
This  opinion  is  based  largely  upon  the  fact  that  pre- 
monitory symptoms,  indicative  of  gradual  occlusion 
of  the  arteries,  may  exist  a  long  time  before  cuhninat- 
ing  in  gangrene,  the  more  prominent  sj'mptoms  being 
pain,  cyanosis,  and  coldness.  In  some  cases  the  com- 
plex of  symptoms  called  by  C'liarcot  "intermittent 
claudication"  has  been  present.  The  arteries  more 
frequently  involved  are  those  of  the  foot,  leg,  and 
forearm.  The  endarteritis,  which  is  described  as 
typical,  with  vascularization  of  the  new  tissue  in  the 
intima  and  reduplication  of  the  elastic  coat,  begins 
in  the  peripheral  branches.  The  adventitia  may  be 
greatly  thickened,  and  in  some  cases  the  neighboring 


Fia.  S29. — Dififuse  Arteriosclerosis.  Renal 
artery.  WoJKert's  elastic-fiber  stain.  I, 
Iiitinia  with  new  elastic  fibers;  M,  media, 
the  seat  of  hyaline  degeneration:  no  elastic 
elenients;  \,  adventitia  with  increased  num- 
ber of  elastic  fibers.      X  150. 


Fio.  S.'JO. — Sclerosis  of  -\nterJor  Tibial  .Vrterj-.  Gangrene  of 
foot  from  thrombosis.  I.  Fibrous  intima;  K,  elastic  lamina;  il. 
media  with  hyaline  degeneration  and  calcification;  A,  adventitia; 
D,  beginning  degeneration  in  intimal  thickening.  Hematoxyhn 
and  eosin.      X  100. 

veins  and  nerves  were  found  extensively  involved  in 
the  perivascular  sclerosis.  In  many  cases  throm- 
bosis or  jjigmentation,  the  probable  result  of  throm- 
bosis, was  present,  and  Thoma,  who  does  not  believe 
there  is  a  special  form  of  obliterating  endarteritis, 
holds  that  tlie  endarteritic  changes  in  this  form  of 


gangrene  result  from  the  rejilacemcnt  by  connective 
tissue  of  thrombi  in  sclerotic  ves.sels.  Others  hold 
similar  views.  Goebel  attributed  spontan(M)us  gan- 
grene in  a  child,  one  and  a  half  years  old,  to  thrombosis 
at  the  bifurcation  of  tlie  pojjliteal  artery  ()roduced 
by  the  presence  of  snuiU  globular  elevations  com- 
posed largely  of  elastic  elements  and  caused  by  a 
local  endarteritis  of  ob.scure  origin.  The  conditions 
that  may  produce  spontaneous  gangrene  not  cau.«ed 
either  by  embolism  and  .secondary  thrombosis  or 
by  arteriosclerosis  and  thrombosis  are  consequently 
rather  complicated.  Undoubtedly  many  instances  re- 
sult fnim  arterial  thrombosis  secondary  to  the  end- 
art  rrial  iiilhimmatory  changes  that  occur  in  various 
infectious  diseases  (scs  Gangrene). 

.\ngiosci.erosis. — Definition. — .'VngiORclerosis  is  a 
complex  process  that  appears  under  different  condi- 
tions, in  varying  stages,  and  with  varying  distribution. 
The  general  idea  conveyed  by  the  term  is  iibrous 
thickening  and  other  changes  in  the  intima  together 
with  alterations  of  a  degenerative  nature  in  the  media 
of  arteries  and  veins.  When  the  process  affects  ar- 
teries, and  that  is  by  far  its  more  prominent,  more 
important,  and  more  frequent  localization,  it  is 
arteriosclerosis;  sclerotic  changes  in  veins  constitute 
phlebosclerosis.  The  changes  of  sclerosis  in  the  aorta 
and  larger  vessels  arc  described  clearly  by  Morgagni 
and  their  relation  to  sudden  death  and  to  other  results 
were  recognized  in  the  early  parts  of  the  nineteenth 
century.  The  term  arteriosclerosis  was  introduced  by 
Lobstein  over  fifty  years  ago  and  has  come  into  more 
general  use  than  tlie  terms  endarteritis  chronica 
deformans  s.  nodosa  (Virchow),  and  arteriocapillary 
fibrosis  used  by  Gull  and  Sutton  in  their  imjjortant 
paper  on  the  relation  of  contracted  kidney  to  arterial 
changes  (1S72).  Atheroma  is  used  sometimes  as 
synonymous  with  arteriosclerosis,  but  is  more  strictly 
applicable  to  late  changes  of  the  process  in  the  aorta 
and  large  branches  in  old  persons. 

Theories  as  to  Genesis. — Through  the  work  of 
Thoma  especially,  angiosclerosis,  in  some  of  the  phases 
of  its  genesis,  was  placed  upon  the  same  basis  as  cer- 
tain processes  that  occur  in  the  vessels,  especially  the 
arteries,  under  physiological  conditions. 

The  physiological  paradigm  of  angiosclerosis  was  seen 
in  the  changes  that  take  place  in  the  aorta  immedi- 
ately after  birth.  At  birth  there  is  no  connective  tissue 
in  the  intima  of  the  aorta.  Immediately  after  birth 
the  circulation  in  the  umbilical  arteries  ceases;  a  part 
of  the  territory  of  the  aorta  is  cut  away,  the  aorta  is 
now  too  large  in  comparison  with  the  area  it  supplies 
with  blood,  and  the  circulation  in  it  becomes  .slower. 
L'nder  these  circumstances  connective  tissue  develops 
in  the  intima  of  the  aorta,  and  in  this  waj'  its  lumen  is 
reduced  to  a  size  commensurate  with  tho  rate  of 
blood  current  best  suited  to  the  needs  of  the  tis.sues. 
Later  in  life  similar  changes  are  said  to  occur  in  the 
carotid,  for  instance,  because  from  the  eighth  to  the 
tenth  year  the  growth  in  strength  of  this  artery  does 
not  keep  pace  with  that  of  other  vessels;  hence  it 
dilates,  its  lumen  becomes  so  largo  that  .slowing  of  the 
circulation  takes  place,  and  new  tissue  develops  in  the 
intima  imtil  the  current  reaches  the  normal  flow. 
Similar  changes  are  believed  to  take  place  in  arteries 
after  amputation  and  in  arteries  whose  capillary  area 
is  destroyed  by  disease.  The  connective-tissue  forma- 
tion in  these  ca.ses  is  compensatory,  calculated  to 
reduce  the  lumens  of  the  arteries  to  proper  size. 

Froin  these  and  other  ob.servations  the  general 
theory  was  deduced  that  slowing  of  the  blood  current 
not  completely  remedied  by  a  proportionate  con- 
traction of  the  media,  leads  to  a  new  growth  of  con- 
nective tissue  in  the  intima,  which  narrows  the 
lumen  of  the  affected  vessel,  and  restores  the  normal 
swiftness  of  the  current  more  or  less  completely 
(Poabody),  the  compen.sating  endarteritis  being  re- 
garded as  the    result  of    mechanical    and    chemical 
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changes  in  the  intima.  Ivlotz  and  others,  however, 
hold  that  the  theory  of  compensatory  intimal  hyper- 
plasia cannot  be  maintained  and  that  proliferative 
changes  in  the  intima  are  not  uniformly  secondary 
to  weakening  of  the  media,  but  the  result  not  of  one 
but  of  many  factors  which  act  on  both  intima  and 
media  at  the  same  time. 

Histogenesis. — The  principal  change  in  the  media 
in  arteriosclerosis  is  a  granular  disintegration  of  the 
elastic  fibers,  which  begins  first  in  the  inner  parts  of 
the  media  in  the  network  between  the  elastic  lamellae. 
Later,  changes  appear  in  the  lamellae,  which  break  up 
into  irregular  pieces.  The  chemical  nature  of  the 
elastic  elements  changes  in  some  way  and  they  be- 
come basophilous.  These  are  the  earliest  changes  in 
the  vessels  and  occur  especially  in  advancing  years. 
At  the  .same  time  nodules  or  more  diffuse  thickenings 
appear  in  the  intima,  composed  of  fibrous  tissue  and 
new  elastic  elements  arranged  either  as  lamellae  or  as 
networks  of  fine  elastic  fibers;  this  new  formation 
easily  undergoes  degeneration  (atheromatous  changes), 
so  that  in  arteriosclerosis  there  is  degeneration  of  and 
new  formation  of  elastic  fibers.  Foci  of  inflammation 
and  proliferation  in  the  adventitia  and  the  media  also 
lead  to  destruction  of  the  elastic  fibers  in  their 
vicinity.  Periarterial  and  me.sarterial  inflamma- 
tory infiltrations  about  the  vasa  vasorum  were  re- 
garded as  of  great  importance  by  Koster  and  others. 
The  etiology  of  such  foci  is  probably  to  be  sought 
in  toxic  and  infectious  influences.  Certain  French 
writers  go  so  far  as  to  advocate  that  the  degenerative 
(atheromatous)  changes  in  the  large  arteries  are  the 
result  of  sclerosis  of  the  vasa  vasorum. 

At  all  events  the  new  tissue  in  sclerosis  is  not  able 
to  maintain  its  integrity  in  the  face  of  the  constant 
strain  of  the  intravascular  pres.sure  and  of  the  inade- 
quate nutrition.  Hyaline  and  fatty  changes  take 
place  in  the  deeper  layers  of  the  intimal  thickening  and 
in  the  inner  layers  of  the  media.  Complete  dis- 
integration into  fatty  and  granular  debris  mixed 
with  cholesterin  tablets  and  crystals  of  fatty  acids 
gives  rise  to  smaller  and  larger  foci  of  softening  often 
termed  "atheromatous  abscesses."  By  extension 
the  overlying  tissue  may  be  destroyed,  and  defects 
arise  in  the  intima — "atheromatous  ulcers" — upon 
the  rough  surface  of  which  fibrin  may  be  deposited. 
Petrifaction  often  takes  place  in  the  degenerated 
tissue  and  calcareous  plates  and  irregular  masses 
form  in  the  intima  and  inner  layers  of  the  media. 
True  bony  tissue  also  may  develop.  It  is  to  this  de- 
generative stage  of  sclerosis,  which  is  seen  best  in 
the  aorta  and  its  larger  branches,  that  the  term 
atheroma  is  frequently  applied.  In  advanced  cases 
the  sclerotic,  degenerative,  and  petrifying  changes  are 
present  in  varying  degrees  and  produce  great  de- 
formity, unevenness,  and  changes  in  the  normal 
color  of  the  intima  and  irregular  dOatations  of  the 
vcs.sels.  The  relation  of  arteriosclerosis  to  aneurysm 
and  of  phlebo.sclerosis  to  varicosity  of  the  veins  is 
elaborated  under  those  headings. 

Etiology. — The  etiological  relations  of  angiosclero- 
sis  are  ill  defined.  According  to  Edgren's  statistics, 
sj'philis,  alcoholism,  and  old  age  are  the  predomi- 
nating factors  in  the  production  of  arteriosclerosis. 
Henschen  points  out  that  the  source  of  the  material 
for  such  studies  must  be  carefully  scrutinized  because 
conclusions  based  upon  the  presence  of  arterio- 
sclerosis in  the  inmates  of  institutions  that  har- 
bor especially  syphilitics,  alcoholics,  or  old  people 
naturally  are  misleading.  Such  studies  usually 
have  taken  no  note  of  the  form  of  arteriosclerosis 
present. 

."^ngiosclerosis  in  advanced  years  is  so  common 
that  it  is  generally  regarded  as  a  sort  of  involutional 
change;  this  is  true  especially  of  the  senile  form. 
According  to  Thoma  a  moderate  degree  of  thickening 
of  the  intima  is  frequent  after  the  thirty-si-xth  year, 
especially  in  the  peripheral  arteries,  and  this  statement 
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is  surely  in  harmony  with  the  observations  of  patholo- 
gists in  general. 

The  period  of  life  at  which  a  well-marked  arterio- 
sclerosis appears  and  the  extent  that  it  may  assume 
are  believed  to  be  dependent  upon  the  natural 
resisting  power  of  the  arterial  wall  and  upon  the 
amount  of  wear  and  tear  to  which  the  vessels  are 
subjected.  "A  man  is  as  old  as  his  arteries."  The 
tendency  seen  in  certain  families  to  the  early  develop- 
ment of  arterio.sclerosis  is  explained  as  due,  at  least  in 
part,  to  an  inherited  weakness  of  the  arterial  walls. 
This  theoretical  conclusion  has  received  as  yet  no 
confirmation  in  the  form  of  demonstrable  anatomical 
deviations  from  the  normal  in  the  structure  of  the 
arteries  of  such  individuals.  On  the  other  hand, 
there  are  rare  cases  recorded  in  the  literature  of  cen- 
tenarians with  smooth  and  normal  vessels. 

Numerous  instances  have  been  recorded  of  ar- 
teriosclerosis in  children  and  j'oung  persons  and  it 
would  seem  very  doubtful  whether  the  sclerotic 
changes  here  depend  upon  a  general  primary  weaken- 
ing and  lo.ss  of  elasticity  and  contractility  of  the 
media.  Special  toxic  and  infectious  infiuences  may 
be  at  work  in  such  cases,  the  sclerosis  being  the  result 
of    inflammatory   and    other    lesions    in    the    media. 

Sratistics  seem  to  show  that  men  are  more  fre- 
quently affected  with  advanced  angiosclerosis  than 
women.  Edgren's  statistics  give  twenty-one  per  cent, 
of  arteriosclerosis  in  women  and  seventy-nine  per  cent, 
in  men.  Arteriosclerosis  apparently  develops  later  in 
life  in  women  than  in  men.  This  is  ascribed  to  the 
fact  that  women  live  quieter  and  with  less  stress  and 
strain  than  men. 

Chronic  intoxications  and  infections  of  various 
kinds  are  regarded  as  playing  an  important  part  in 
the  etiology  of  angiosclerosi.s,  but  so  far  it  has  not  been 
pos.sible  to  make  any  etiological  subdivisions  of  the 
disease.  Among  the  intoxications  those  due  to 
alcohol,  lead,  and  gout  are  regarded  as  of  the  first 
importance.  Tobacco  is  regarded  by  clinicians  as  not 
entirely  free  from  deleterious  action  upon  the  arteries; 
Huchard  thinks  it  exercises  a  special  influence  upon 
the  coronary  arteries.  The  precise  mode  of  action 
of  these  substances  can  hardly  be  more  definitely 
specified  than  that  under  the  toxic  infiuences  de- 
generative changes  develop  in  the  arterial  wall,  es- 
pecially the  media.  Tea  and  coffee  have  been  ac- 
cused of  causing  arteriosclerosis,  but  there  is  no  evi- 
dence that  they  do  so. 

Infectious  diseases  in  general  appear  to  exercise  a 
harmful  influence  upon  the  muscular  and  elastic  parts 
of  the  walls  of  blood-vessels.  Evidences  of  arterial 
clianges  are  present  in  a  large  percentage  of  the  bodies 
of  children  dead  of  acute  infections.  The  closure  of 
the  vasa  vasorum  by  inflammatory  changes  in  the 
adventitia  and  the  outer  layers  of  the  media  would 
surely  interfere  with  the  proper  nutrition  of  the  inner 
layers  of  the  wall.  Of  the  chronic  infections  syphilis 
is  the  most  important  (see  Sj-philis  of  the  Vessels). 

The  overfilling  of  the  vascular  system  due  to  ex- 
cessive eating  and  drinking  and  the  increa.sed  pres- 
sure and  strain  upon  the  arteries  in  mu.scular  work 
constitute  another  group  of  causes.  According  to 
Huchard  and  Edgren  arteriosclerosis  is  inseparably 
connected  with  the  pathogenesis  of  increa,sed  pressure. 
The  relation  of  angiosclerosis  to  the  intravascular 
pressure  is  .seen  in  the  distribution  of  the  disease  in  the 
vascular  .system. 

Arteriosclerosis  sustains  a  double  relation  to  renal 
disease.  An  exi.sting  sclerosis  of  the  renal  and  per- 
ipheral arteries  may  interfere  with  the  nutrition  of  the 
renal  parenchyma  to  a  degree  that  parenchymatous 
degeneration  and  connective-ti.ssue  overgrowth  result. 
On  the  other  hand,  a  primary  interstitial  nephritis 
by  raising  arterial  pressure  or  in  other  ways  may  lead 
to  connective-tissue  growth  in  the  intima. 

Osier  summarizes  our  conceptions  of  the  etiology  of 
arteriosclerosis  as  follows:     "  Etiologically,  then,  there 
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are  three  groat  groups  of  artoriosclcrosis:  first,  the 
involutionary,  in  which  the  degcneratiop  is  caused  by 
the  ordinary  wear  and  tear  of  life,  and  which  is  as 
natural  as  gray  hair  and  failing  eyesight ;  secondly,  the 
toxic  group,  in  which  the  degenerations  are  caused 
directly  by  the  poisons  of  acute  and  chronic  infections 
and  of  the  intoxications;  thirdly,  the  hyperpietic 
grouj),  in  wliich  the  degeneration  follows  persistent  higli 
arterial  tension.  Practically  in  a  given  case  of  arterio- 
sclerosis, in  a  man  of,  say,  fifty-five,  two  or  all  three 
of  these  factors  nuiy  be  present,  and  it  is  exceedingly 
difficult  to  assign  to  each  their  relative  value." 

Experimentally  sclerotic  changes  have  been  pro- 
duced by  the  injection  of  bacteria  and  bacterial  tox- 
ins. Changes  in  the  intima  of  a  productive  luiture 
have  been  obtained  after  injections  of  typhoid  bacilli 
and  of  streptococci  and  other  bacteria  (Klotz,  Salty- 
kow),  while  injections  of  diphtheria  toxin  have  caused 
changes  in  the  media.  .A.drenalin  produces  medial 
degenerations  followed  by  calcification  (Monckeberg's 
sclerosis,  the  form  usually  present  in  the  radials  in 
clinical  arteriosclerosis). 

The  Forms  of  Arteriosclero/tis. — There  is  some  con- 
fusion in  the  classification  of  arteriosclerosis.  The 
various  anatomical  forms  often  are  found  connected 
by  transitional  stages.  Thoma  recognized  two  main 
forms,  diffuse  or  secondary,  nodular  or  primarj-. 
The  former  he  regarded  as  due  mainly  to  primary 
changes  in  the  peripheral  vessels  and  the  capillaries 
and  as  consecutive  to  the  increased  peripheral  resist- 
ance. The  latter  he  regarded  as  the  result  of  primary 
changes  of  a  degenerative  nature  in  the  media,  and  as 
localized  especially  in  those  regions  where  the  pulse 
wave  is  high  and  strong.  Councilman  holds  that  the 
difTu.se  form  is  a  distinct  disease  associated  with  wide- 
spread changes  in  the  media,  and  he  distinguished 
a  third  form,  the  senile  arteriosclerosis,  in  whicli  the 
lesions  are  mainly  degenerative,  hyperplasia  in  the 
intima  being  but  little  marked. 

Senile  Arteriosclerosis. — In  this  form  the  process  is 
largeh'  one  of  degeneration  and  calcification  with  but 
little  thickening  in  the  intima.  It  represents  the 
general  atrophy  and  degeneration  of  senilit.v  as  they 
affect  the  arteries  when  even  connective  tissue  has 
lost  much  of  its  power  of  proliferation.  In  this  form 
the  heart  is  not  always  hypertrophied;  atrophy  of 
internal  organs  may  be  marked.  The  aorta  and  its 
larger  branches  are  dilated  irregularly,  tortuous  and 
elongated,  the  walls  in  general  thinner  than  normal, 
stiff,  and  covered  by  calcareous  plates  or  the  .seat  of 
cavities  containing  graj-ish-yeUow,  grumous  material 
— the  detritus  of  degenerated,  necrotic  muscular  and 
fibrous  tissue.  The  cavities  are  sometimes  called 
atheromatous  absces.ses;  frequently  the  thin  internal 
membrane  is  ruptured  and  rough  spots  and  areas 
arise  ("atheromatous  ulcers")  in  the  floor  of  which 
calcification  may  take  place  or  thrombotic  material 
accumulate.  In  typical  cases  the  aorta  and  other 
large  vessels  are  changed  into  rigid  calcareous  tubes, 
the  inner  surface  being  rough,  frequently  fissured,  and 
covered  by  fibrinous  masses.  The  intima  has  lost  its 
glistening  appearance. 

The  relations  of  -senOe  arteriosclerosis  to  throm- 
bo.sis,  senile  gangrene,  cerebral  softening,  and  other 
con.secutive  changes  in  the  bod}'  are  dLscussed  fully 
elsewhere. 

Diffuse  Arteriosclerosis. — Here  the  lesions  are  widely 
distributed,  embracing  all  the  arteries  of  the  body. 
The  .subjects  of  diffuse  arteriosclerosis  are  generally 
in  the  prime  of  life.  In  twenty-seven  ca.ses  studied 
by  Councilman,  the  youngest,  a  negro,  gave  his  age 
as  twenty-three;  the  oldest  was  sixty.  Most  of  the 
cases  ranged  between  forty  and  forty-five;  fourteen 
were  white  and  thirteen  colored.  The  negro  seems 
dispo.sed  to  this  disease.  Most  of  the  subjects  who 
come  to  autopsy  are  strongly  built,  well-nourished, 
muscular  individuals.  Heart  hypertrophy  is  always 
present  and  may  reach  an  extreme  degree.     In  two 


of  Councilman's  cases  in  which  there  were  no  valvular 
lesions  whatever,  the  heart  in  one  weighed  S.iO,  and 
in  the  other  820  grams.  The  average  weight  was 
over  400  grams.  Clo.se  examination  often  shows 
.some  degree  of  fibrous  myocarditis,  this  depending 
on  the  degree  of  involvement  of  the  coronary  arteries 
in  the  general  trouble.  The  cardiac  hj'pertrophy 
may  be  confined  to  the  left  ventricle,  but  in  most  cases 
it  is  always  a.s.sociated  with  so  much  dilatation  that 
the  right  ventricle  al.so  becomes  hypertroijhiod.  The 
dilatation  may  affect  the  integrity  of  all  the  valves. 
.\natomical  lesions  of  the  valves  are  usually  absent. 
There  may  be  some  extension  of  the  aortic  di.sease 
to  the  aortic  valves  or  to  the  aortic  segment  of  the 
mitral  valve,  but  the  thickening  so  produced  is  not 
generally  sufficient  to  interfere  with  the  functions  of 
the  valves.  The  most  marked  changes  are  found  in 
the  aorta  and  tlie  large  arteries  given  off  from  this. 
The  large  arteries  are  more  or  less  dilated,  the  dilata- 
tion in  some  cases  starting  in  the  aortic  orifice  and  ex- 
tending throughout  the  aorta  and  large  arteries. 
The  branches  of  the  arch  are  sometimes  relatively 
more  dUated  than  the  aorta.  There  is  elongation  of 
the  vessels  as  well.  The  aorta  makes  lateral  curves 
and  the  normal  curves  of  other  arteries  are  greatly 
accentuated.  In  addition  to  the  dilatation  there  is  a 
general  diffuse  thickening  of  the  arteries,  which  is 
often  relatively  greater  in  arteries  the  .size  of  the  radial 
than  in  the  large  ves.sels.  In  the  large  arteries  the 
intima  is  roughened  by  projecting  elevations,  which 
are  frequently  distinguished  by  differences  in  color  and 
consistency.  They  may  be  of  a  pearly,  tran.sparent 
color  and  very  hard,  in  both  color  and  consistency 
similar  to  cartilage.  They  may  be  of  an  opaque, 
whiti-sh-yellow  color,  and  the  center  soft  and  pultace- 
ous.  On  incising  such  places  a  soft,  white,  mortar- 
like  mass  may  appear.  We  may  find  irregular, 
ragged  excavations,  often  covered  with  fibrin,  show- 
ing that  the  softening  has  extended  through  the  in- 
tima of  the  vessel  during  life.  Similar  areas  of  soften- 
ing and  degeneration  may  be  found  in  the  diffusely 
thickened  intima.  There  may  be  more  or  less  calci- 
fication which  is  usually  confined  to  the  projecting 
elevations,  but  this  never  reaches  the  same  extent  here 
as  in  the  senile  form.  There  are  frequently  longitudi- 
nal folds  and  puckering  of  the  intima  as  though  due 
to  the  contraction  of  the  ves.sel  after  death. 

The  two  essential  alterations  are  various  degenera- 
tive changes  in  the  media  and  a  growth  of  tissue  in  the 
intima.  The  degenerations  in  the  media  are  shown 
in  various  ways.  Sections  of  the  fresh  artery  show 
some  fatty  degeneration,  but  this  does  not  play  the 
chief  part.  The  most  common  change  .seems  to  be 
necrosis  and  hyaline  degeneration  (Figs.  829  and  830). 
The  muscle  cells  lose  their  nuclei  and  the  whole 
muscular  coat  is  changed  into  a  homogeneous  mass. 
The  elastic  fibers  between  the  muscle  laminae  are 
frequentlj'  broken  up  and  di.sappear;  these  changes 
probably  appear  early  in  the  process.  In  some  sec- 
tions of  the  dilated  carotid,  for  instance,  the  media 
as  such  may  not  be  recognized,  the  whole  arterj'  being 
changed  into  a  dense,  thick  mass  of  sclerosed  connec- 
tive tissue.  The  tissue  composing  the  intima  consists 
of  thick  layers  of  dense  connective  tissue,  which  is  prone 
to  degenerative  changes.  The  tendency  to  degenera- 
tive changes,  however,  is  not  so  marked  here  as  it  is 
in  the  senile  form. 

This  diffu.se  arteriosclerosis  agrees  best  with  the 
form  which  Thoma  has  described  as  secondary  arterio- 
sclerosis, and  in  which  he  con.siders  that  the  changes 
in  the  large  arteries  are  due  to  the  resistance  to  the 
circulation  that  the  diseased  smaU  arteries  cause.  In 
a  paper  on  the  conditions  of  the  vessels  in  Bright's 
di.sease,  Thoma  holds  that  there  is  an  opposition  to 
the  passage  of  the  blood,  which  is  due  primarily  not 
to  a  narrowing  of  the  caliber  of  the  vessels  by  the 
thickening  of  the  intima,  but  to  an  increased  per- 
meability of  the  vessel  walls,     \\ith  this  disease  of 
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the  vessels  there  is  an  increase  in  the  connective 
tissue  and  destruction  of  large  numbers  of  capillaries, 
still  further  diminishing  the  size  of  the  vascular  bed, 
and  then  comes  a  disparity  between  the  caliber  of  the 
artery  and  the  territory  to  be  supplied,  followed  by  a 
compensating  growth  of  connective  tissue.  Council- 
man would  rather  take  the  view  that  the  changes  in 
the  aorta  and  in  the  minute  arteries  are  due  to 
the  same  cause;  that  diffuse  endarteritis  is  a  dis- 
ease primarily  due  to  a  degeneration  of  the  muscular 
fibers  of  the  media.  On  this  the  growth  of  the  intima 
follows,  which  is  due  to  the  same  cause  acting  in  two 
■ways:  in  one,  by  the  well-known  law  of  connective- 
tissue  growth,  to  supply  a  defect,  in  this  case  the  de- 
generation of  the  media;  and  in  the  other,  possibly 
acting  under  the  law  of  Thoma,  a  compensating 
endarteritis  to  restore  the  abnormally  dilated  vessel 
to  a  normal  caliber. 

Nodular  A  rleriosclerosis. — In  the  nodular  or  primary 
form   of   arteriosclerosis  there  are  flat,   button-like, 


Fig.  8.31. — Xodular  Sclerosis  nf  .\orta  with  Beginning  Aneurysm.  Hematoxylin  and 
Weigert's  elastic-fiber  stain.  The  intima  (I)  is  thickened,  contains  parallel,  wa'\'j-, 
elastic  fibers,  except  at  the  point  of  the  bulging:  the  media  (M)  is  thinned,  degen- 
erated, the  elastic  broken  up:  A,  adventitia.      X  150. 


hemispherical,  yellowish  or  yellowish-white  pro- 
jections above  the  intima,  e.speciaUy  about  the  orifices 
of  the  arterial  branches.  This  is  generally  regarded 
as  the  result  of  the  greater  strain  that  this  part  of  the 
artery  is  exposed  to.  The  areas  consist  of  new  con- 
nective ti.ssue  and  new  elastic  fibers  in  the  intima, 
the  underlying  media  being  either  fibrous,  calcareous, 
or  degenerated  and  necrotic.  Thoma  claimed  that 
the  cast  after  filling  the  ves.^el  with  melted  paraffin 
injected  under  the  same  pressure  as  that  of  the  blood 
came  out  smooth,  showing  that  in  the  tense  vessel 
the  intimal  nodules  fill  defects  in  the  media.  Klotz 
w-as  not  able  to  confirm  this  result.  The  weakening 
in  the  wall  is  liable  to  result  in  aneurysm  (Fig.  831). 


The  new  tis.sue  soon  becomes  hyaline,  fatty  changes 
take  place,  and  eventually  disintegration  into  fat 
drops,  cholesterin,  granular  detritus  gives  rise  to 
softening.  The  degeneration  begins  in  the  outer 
layers  of  the  sclerotic  thickening,  but  may  extend  in- 
ward until  the  epithelium  lining  the  ves.sel  is  destroyed 
and  a  larger  or  smaller  rough  area  due  to  loss  of  sub- 
stance is  formed.  Calcareous  infiltration  may  take 
place.  More  or  less  leucocytic  and  round-cell  infiltra- 
tions occur  around  softened  areas.  Tlie  adventitia 
may  be  unchanged,  fibrous,  or  the  seat  of  foci  of  cell 
accumulations. 

This  form  is  possibly  due  to  local,  circumscribed 
areas  of  degeneration  and  weakening  in  the  media 
produced  by  strain,  by  toxic  and  infectious  lesions. 
Several  investigators  have  produced  apparently  simi- 
lar plaques  in  the  aorta  of  animals  by  injection  into 
the  circulation  of  bacteria,  bacterial  toxins,  and  other 
substances,  such  as  lead,  etc.,  with  or  without  pro- 
ducing traumatic  lesions  of  the  ve.s.sel  waU.  In  .some 
cases  of  this  kind  the  lesions  seemed 
to  be  the  result  of  proliferation  in  the 
intima;  in  others  there  were  mesar- 
terial  and  periarterial  inflammatory 
foci  about  the  vasa  vasorum. 

In  goiter  of  all  forms,  Jones  found 
degenerative  and  sclerotic  changes  in 
the  arteries  of  the  thyroid  and  its 
capsule.  The  ciianges  occurred  apart 
from  general  arteriosclero.sis.  The 
\-essels  were  abnormally  friable.  The 
internal  elastic  coat  was  granular, 
broken  across,  and  calcified;  in  one 
case  it  had  changed  into  a  calcareous 
plate;  connective-ti-ssue  thickening  of 
the  intima a.ssociafed  with  the  forma- 
tion of  new  elastic  fibers  had  resulted, 
followed  by  hyaline  degeneration. 

The  Distribution  of  Aiigiosclerosis. 
— The  relative  frequency  of  angio- 
sclerosis  in  the  different  parts  of 
the  circulatory  system  has  been  studied  by  Breg- 
mann.  Sack,  and  others.  The  arteries  are  more  fre- 
quently involved  than  the  veins,  although  the  study 
of  phlebosclerosis  has  been  rather  insignificant  as 
compared  with  the  amount  of  attention  paid  to 
arteriosclerosis. 

Arteriosclerosis  in  general  is  more  frequent  in  the 
ve.s.sels  of  the  extremities  than  in  the  aorta  and  its 
branches  of  the  first  and  second  order;  it  is  most  fre- 
quent in  the  arteries  of  the  leg  and  forearm,  beginning 
first  of  all  in  the  anterior  tibial.  This  is  explained  on 
the  score  of  the  lateral  pressure  to  which  these  vessels 
are  exposed  on  account  of  posture  in  addition  to  the 
general   hydrodynamic  pressure.     Sclerosis    is    often 
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Bregmann's  Table  Showing  Relative  Frequency  of  Arteriosclerosis  in  DiprEBENT  Arteries. 

The  Figures  Represent  Percent.^ges. 


nal. 


Slight  degree. 


Medium  degree. 


Severe  degree. 


\\'ithout 
distinction  in  degree. 


Brachial 45 

Iliac,  external 42 

Aorta,  abdominal :56 

Aorta,  ascending 33 

Carotid,  common 32 

Femoral,  superficial. ..  .  31 

Axillary 29 

Carotid,  external 22 

Pophteal 21 

Solenic 18 

Radial 14 

Carotid,  internal 13 

Cerebral 13 

Subclavian 12 

Tibial,  anterior 7 

Ulnar 6 


Radial 56 

Carotid,  cxtemal 56 

Cerebral 54 

Ulnar 52 

Splenic 46 

Tibial,  anterior 4.5 

Femoral 44 

Popliteal 44 

.\orta.  ascending. ...  41 

Brachial 40 

Hiac,  external -  38 

Axillao' 34 

Carotid,  common.. .  .  31 

.Subclavian 29 

Carotid,  internal.  .  -  .  26 

Aorta,  abdominal.  .  .  21 


Carotid,  internal. ...  48 

Subclavian 47 

Ulnar 39 

Tibial,  anterior 37 

Axillary 36 

Splenic 29 

Carotid,  common.. . .  28 

Radial 27 

Popliteal 25 

Aorta,  abdominal.  .  24 

Iliac,  external 19 

Cerebral 18 

Femoral -  .    -  17 

Carotid,  external. ...  16 

Brachial 15 

.\orta,  ascending. ...  13 


Aorta,  abdominal. .  .  16 

Cerebral 15 

Carotid,  internal.  ...  13 

Aorta,  ascending. ...  13 

Subclavian 12 

Tibial,  anterior 11 

Popliteal 10 

Carotid,  common.. .  .  9 

Femoral 18 

I  Splenic 7 

I  Carotid,  external. ...  6 

Radial 3 

Ulnar 3 

'  Axillary 1 

Iliac,  external 1 

Brachial 0 


Ulnar 94 

Tibial,  anterior 92 

.Subclavian 88 

Cerebral 87 

Carotid,  internal 87 

Radial 86 

Splenic 82 

Popliteal 79 

Carotid,  external 78 

Axillary 71 

Femoral 69 

Carotid,  common 68 

.\orta,  ascending 67 

.\orta,  abdominal.  ...  64 

Iliac,  external 58 

Brachial 55 


In  this  table  no  distinction  is  made  as  regards  the  kind  of  arteriosclerosis. 
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Sodular  Form. 


Ordkh  of  Fhequency  of  Nodtlar  and  Ijiffl'se. 

Arteriosclerosis  in  Different  Arteries. 

(.Breginann.) 

Diffuse  Form  (in  Thomas 
Sense) . 
Radial. 
Ulnar. 

.\nterior  tibial. 
Popliteal. 
Splenic 

Superficial  femoral. 
.'\xillary. 
External  iliac. 
Brachial. 
Subclavian. 
External  carotid. 
Cerebral. 
Internal  c.irotid. 
.\scending  aorta. 
Common  carotid. 
Abdominal  aorta. 


Abdominal  aorta. 

Common  carotid. 

Di^sccndiug  Uioracic  aorta. 

Internal  carotid. 

Ascending  aorta. 

Arch  of  the  aorta. 

Cerebral. 

Subclavian. 

Common  iliac. 

Celiac. 

Superior  mesenteric. 

Inferior  mesenteric. 

Henal. 

Coronary, 

Popliteal. 

External  carotid. 

.*<plenic. 

.Vxillarj'. 

( ■.)minon  femoral. 

I'Alernal  iliac. 

Po,<terior  tibial. 

Superficial  femoral. 

Deep  femoral. 

Internal  iliac. 

Brachial. 

Anterior  tibial  (below). 

Ulnar. 

.\nterior  tibial  (above). 

Radial. 


much  more  advanced  in  ."jome  arteries  than  in  other.'? 
— those  of  the  brain  may  be  stiff  and  hard  or  the 
coronaries  may  be  extensively  changed,  while  those  in 
other  regions  may  be  smooth. 

-Arteriosclerosis  of  the  jjulmonar}'  artery  is  exceed- 
ingl)'   rare  as  compared  with   the  frequency  of   the 

firocess  in  the  aorta.  In  chronic  tuberculosis  of  the 
ungs,  emphysema  and  other  diseases  resulting  in 
atrophy  and  destruction  of  lung  tissue  give  rise  to 
more  or  less  endarteritis.  In  Saune's  thesis  are 
collected  twelve  cases  of  sclerosis  of  the  pulmonary 
artery;  in  seven,  emphy.sema  was  present.  It  is  sug- 
gested bj'  Laache  that  the  carbonic  dioxide  may  tend 
to  prevent  the  development  of  arteriosclerosis,  al- 
though, the  mode  of  action  is  not  clear;  probably  the 
more  important  factor  is  the  low  pressure  in  the  pul- 
monary artery  as  compared  with  that  of  the  aorta 
(Laache,  Saune). 

Laache  has  described  an  instance  of  sclercsis  with 
atheroma  of  the  pulmonary  artery  that  clinically 
presented  the  symptoms  of  congenital  heart  disca.se 
("morbus  cceruleus");  there  were  hypertrophj-  of  the 
right  ventricle,  marked  nodular  condition  of  the  iu- 
tinia,  and  dilatation  of  the  pulmonary  artery. 

Huchard  and  von  Schrotter  describe  each  a  case  of 
scbrosis  in  the  pulmonary  artery  associated  with 
pressure  upon  it  by  an  aortic  aneurysm. 

Consequences  of  Arteriosclerosis. — In  consequence 
of  the  I0.SS  of  resistance  and  elasticity  in  sclerotic 
arteries  dilatations  niay  take  place  and  aneurysms 
may  develop,  especially  in  the  aorta;  smaller  arteries 
(.splenic,  coronary,  temporal)  become  convoluted  and 
also  dilated.  The  dilatation  of  the  aorta  and  its 
branches  may  lead  to  hypertrophy  of  the  left  ven- 
tricle. Sclerotic  changes  in  the  beginning  of  the  aorta 
may  lead  to  a  relative  insufficiency  of  the  aortic  valves 
or  by  extension  to  organic  steno.sis  and  insufficiency 
with  their  conseciuences;  the  orifices  of  the  coronary 
arteries  may  also  become  involved.  In  smaller 
vessels  sclerosis  causes  narrowing  and  occlusion  often 
a.s.sociated  with  thrombosis  so  that  the  nutrition  of 
the  organs  sujiplied  is  interfered  with. 

Phlebosclerosis. — The  early  observations  on 
sclerosis  of  the  veins  were  made  by  Hodgson,  Roki- 
tansky,  Virchow,  and  others.  Lobstein  introduced 
the    term     phlebosclerosis.      Rokitansky    described 


thickening  of  the  intima  and  of  the  adventitia  of 
the  veins  involved  in  varicose  aneurysm;  and  Virchow 
called  attention  to  chronic  endophlebitis  in  long-con- 
tinued pa.<sive  congestions;  in  both  cases  the  influence 
uf  mechanical  causes  is  quite  evident. 

.Vccording  to  the  studies  of  Sack  the  localization 
of  phlebosclerosis  is  determined  largely  by  the  same 
factors  as  that  of  arteriosclerosis,  and  the  tendency  has 
been  to  regard  phlebosclerosis  as  due  to  general  nutri- 
tional disturbances  resulting  in  weakness  of  the  middle 
coat.  But  it  may  appear  as  a  local  disease  in  con.se- 
quenceof  local  venous  congestions,  as,  for  instance,  in 
the  portal  system  in  atrophic  cirrhosis  of  the  liver,  and 
in  the  pulmonary  veins  in  mitral  stenosis.  As  will  be 
.seen  from  the  adjoining  table,  phlebosclerosis  attacks 
especially  those  vascular  pro^^nces  in  which  the  ve- 
nous pressure  varies  greatly  in  different  positions  of  the 
body,  and  in  which  the  activity  of  the  voluntary 
muscles  favors  the  venous  flow  to  relatively  but  a 
.slight  extent.  Now  every  obstruction  to  the  venous 
flow  hinders  also  the  arterial  flow,  though  in  a  much 
.smaller  degree,  and  possibly  phlebosclerosis  in  some 
cases  precedes  arteriosclerosis.  Sack  showed  by  the 
.■statistical  method  that  the  two  diseases  are  clo.sely 
related.  There  is  need  of  further  study  cf  these 
((uestions. 


Sack's  Table  Showing  the  Distribution  of 
Philerosclerosis. 


Number 

Frequency 

bodies 
examined. 

with 
phlebo- 
sclerosis. 

of  disease 
in  per- 
centages. 

jugrularls  interna. , 

20 

3.5% 

brachialis 

00 

4 

7 

cephalica 

fi 

3 

50 

basilaris. . .  . 

7 

4 

o/ 

radialis 

r--~f 

0 

0 

ulnaris 

."i.S 

0 

0 

iiiaca  externa  , 

t;i 

•23 

38 

femoralis 

(>7 

SI 

76 

Doplitealis 

-■~t 

M 

90 

saphena  maffna 

.»-! 

.in 

fll 

saphena  parva 

11 

I.-! 

93 

tibialis   anterior 

•S.S 

24 

27 

Sclerotic  veins  are  elongated  and  of  varj'ing  caliber. 
They  present  constrictions  and  dilatations,  the  dilata- 
tions amounting  in  some  cases  to  well-marked  pouches 
filled  and  distended  with  blood.  In  the  severer  forms 
of  the  disease  the  ves.sels  are  curved  upon  themselves, 
and  if  superficial,  they  can  be  rolled  under  the  finger 
like  a  cord. 

The  valves  are  insufficient,  either  from  retraction 
of  their  leaflets  or  from  adherence  to  the  side  of  the 
vein.  When  the  vein  is  cut  open  its  walls  show 
differences  iii  thicknes.s,  at  one  point  being  strong 
enough,  perhaps,  to  gape  open  like  an  artery,  at  another 
collapsing  as  a  vein  usually  does.  At  times,  portions 
of  the  veins  show  calcified  plates  and  ulcerous  spots, 
resembling  in  each  case  those  so  freciuenth'  found  in 
arteriosclerosis.  The  most  marked  changes  take 
place  in  the  intima  and  the  inner  part  of  the  media. 
Tlie  coats  are  thickened  and  present  points  of  fatty 
changes  and  of  necrosis  often  infiltrated  with  lime 
salts;  at  other  points  atheromatous  debris  may  have 
formed. 

Syphilis. — Some  of  the  earliest  ob.servations  on 
sj-philis  of  the  blood-vessels,  as  it  affects  the  arteries 
at  the  base  of  the  brain,  were  made  by  Virchow  and 
Lancereaux.  A  good  anatomical  description  of 
.syphilitic  arteritis  was  given  by  Allbutt  in  1S68.  In 
1S74  Heubner  published  a  study  of  fiftj'  cases  of 
syphilis  of  the  cerebral  vessels,  in  which  he  endeavored 
to    establish    a    primary    endothelial    proliferation 
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("arterioma")  as  the  specific  form  of  arterial  sj^jhilis, 
the  virus  acting  directly  on  the  intima.  In  this  he 
was  opposed  by  Baumgarten,  who,  while  not  denying 
that  syphilis  causes  endarteritis,  3'et  claimed  that  the 
only  arteritis  anatomically  characteristic  of  syphilis 
begins  in  the  lymph  spaces  of  the  adventitia  and 
results  in  a  gummatous  periarteritis.  Koster,  and 
others  support  Baumgarten's  view,  and  Friedlknder 
regarded  Heubner's  endarterial  proliferation  as  in- 
distinguishable from  endarteritis  obliterans  in  general. 
According  to  this  \'iew  the  \-irus,  i.e.  the  Treponema 
pallidum,  acts  principally  upon  the  adventitia  through 
the  vasa  vasormn  and  the  lymph  vessels,  the  inflam- 
matory process  extending  inward. 

Syphilis  of  the  Smaller  Vessels. — At  the  present 
time  the  general  teaching  is  that  syphilis  of  the  smaller 
vessels  occurs  either  as  an  independent  process  or  as 
part  and  parcel  of  a  local  syphilitic  infiltration.  In 
the  primary  form  the  vessels  involved  usually  present 
yellowish-white  or  grayish  thickening  of  the  adventitia 
and  the  intima.  A  smaller 
ve.ssel,  such  as  a  cerebral 
artery  for  example,  may  be 


Fig.  S32. — Gummous  .\rteritis.  Great  intimal  thickening  vrith  small  cellular  areas — gummata.  At 
a,  perivascular  infiltration  of  intima.  (From  Xothnagel's  "Specielle  Pathologie  und  Therapie," 
XV.,  p.  147.) 

studded  with  translucent  or  whitish,  circumscribed 
patches,  more  or  le.ss  cartilaginous  in  consistency  and 
non-calcified;  or  a  certain  length  of  the  vessel  may  be 
transformed  into  a  whitish  cord.  The  tendency  to 
fibrous  obliteration  of  the  lumen  is  pronounced,  but 
in  the  earlier  stages  the  proliferation  in  the  intima 
is  richly  cellular  and  vascular.  The  occurrence  of 
obliterating  endarteritis  in  circumscribed  form  in 
youthful  persons  is  regarded,  as  in  the  majority  of 
cases,  the  result  of  sj-philis.  It  is  unquestionably 
sj-philitic  when  associated  with  gummous  nodules. 
The  new  tissue  in  the  intima  may  contain  vascular 
spaces.  The  elastic  layer  is  greatly  thickened  and 
folded  and  bands  of  elastic  fibers  appear  in  the  thick- 
ening. The  elastic  elements  do  not  appear  to  dia'er 
in  their  behavior  from  that  seen  in  endarteritis  oblit- 
erans in  general. 

At  other  times  the  vessels  are  surrounded  either 
with  nodular,  cellular  infiltrations  or  dense  cicatricial 
tissue.  In  the  primary  syphilitic  lesion  there  is  marked 
periarterial  infiltration,  which  is  surrounded  by  an 
external  ring  of  elastic  elements,  probably  part  of  the 
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walls  of  the  perivascular  lymph  spaces  in  which  the 
cellular  proliferation  takes  place.  In  later  syphilitic 
foci,  when  the  granulation-tissue  formation  is  in  the 
recent  stage,  there  is  cellular  infiltration  in  the  adven- 
titia, media,  and  intima.  Distinct  gummous  nodules, 
either  purely  cellular  (lymphoid  and  epithelioid  cells) 
or  with  a  granular,  necrotic  center  and  a  ceUulo- 
fibrous  periphery  with  giant  cells,  may  be  found  in  the 
vessel  wail  (Baumgarten's  gummous  arteritis),  mc^t 
frequently  in  the  adventitia.  This  is  the  only  form 
of  sj-philitic  arteritis  that  is  anatomically  specific 
(.Fig.  S32). 

The  gummata  develop  especially  in  the  adventitia, 
more  rarely  in  the  media  and  the  intima.  Occasion- 
ally a  single  cross-section  may  show  a  series  of  nodules 
in  the  various  lajers  of  the  wall.  Later,  when  fibrous 
transformation  takes  place,  all  the  coats  become 
fibroid,  the  media  atrophic. 

Gummous  periarteritis  and  productive  endarteritis 
are  often  more  or  less  intimately  associated,  especially 
when  they  occur  as  consecutive  processes  in  the  midst 
of  sjT>hilitic  foci.  The  difi'erent  appearances  so  often 
observed  are  explainable  in  a  measure  by  the  degree 

and  the  duration  of  the 
disease.     Syphilitic  arte- 
ritis differs'  from  arteri- 
osclerosis by  its  circum- 
scribed   occurrence  and 
by  the  tendency  to  or- 
ganization and  oblitera- 
tion; fatty  changes  and 
calcification      are      not 
characteristic  of  syphilis. 
Most  of  the  investiga- 
tions on  syphilis  of  the 
smaller  arteries  concern 
the   cerebral.      The  ap- 
parent   frequency    with 
which  the  cerebral  ves- 
sels,   especially    at    the 
base,     are    affected    by 
these    processes    is    ex- 
plained  as  in  part    the 
outcome  of  the  great  in- 
terest that  clinicians  take 
in  all  the  phases  of  cere- 
i^ral   syphilis,    and    per- 
haps  also    because    the 
basal    vessels    are    con- 
stantly bathed   in   cere- 
brospinal  lymph.      The 
an  erior  cerebral  arteries 
— the  cerebral  branches 
of  the  internal  carotid — 
are    the   ones  especially 
involved.    But  s\-philitic 
vasculitis   as   an   independent   process    occurs    else- 
where.     In  the  spinal  cord  both  arteries  and  veins 
may  be  involved.     The  coronary  arteries,  the  arteries 
of  the  extremities,  the  splenic,  the  retinal,  the  mesen- 
teric, and  the  adrenal  may  be  diseased  more  or  less 
extensively  as  well.     Sj-phUitic  changes  in  the  coro- 
nary arteries  may  be  primary  or  consecutive,  the  left 
coronary  artery  being  affected  more  frequently  than 
the  right. 

Haga  and  others  describe  syphilitic  arteritis  of  the 
extremities.  In  Hagas  case  the  vascular  disease  re- 
sulted in  spontaneous  gangrene;  tliis  form  of  sponta- 
neous gangrene  seems  comparatively  frequent  in 
Japan.  Haga  reports  thirteen  cases,  in  all  of  which  the 
vessels  of  the  affected  extremities  presented  the  same 
changes.  The  vascular  lumen  was  obliterated  either  as 
the  result  of  successive  intimal  thickenings,  due  to  the 
production  of  a  vascular  new  tissue  solely,  or  from 
thrombosis.  The  media  was  tliickened.  In  nine  of  the 
thirteen  cases  there  were  focal  accumulations  of  round 
cells  about  the  vasa  va.sorum,  and  in  some  instances 
cellular  nodules  were  present  in  the  media  and  the 
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intima   (guminous  arteritis).     Quite  similar  cIuuircs 
wero  obsorvod  in  the  veins. 

Si//)/i(7/.s  <>/  Ihc  Aorta  and  Larger  Vessels. — Lsolatcd 
instances  of  large  gnnmias,  in  the  walls  of  the  larger 
arteries,  espeeially  the  pulmonary,  have  been  described 
by  Weber,  Wagner,  \irclio\v,  and  others.  Weljcr 
describes  a  gumma  as  large  as  a  bean  in  the  pulmonary 
artery,  beginning  in  the  media  under  tlie  intact 
intima  and  causing  great  narrowing  of  the  lumen. 

Wagner  and  otlicrs  described  a  primary  syijhilitic 
mesiiortitis  which  Ileiberg  was  the  first  to  intcrjirct 
as  syjjhilitic  in  its  nature  bceau.se  he  found  in  the 
lesions  miliary  gummas.  The  intima  may  present 
circmn.scribed',  fissured  and  furrowed  areas  and  de- 
pressions which  occur  in  groups,  especially  at  the  be- 
ginning of  the  aorta  and  near  the  origin  of  the  larger 
vessels.  Elsewhere  the  intima  may  be  smooth  and 
normal  or  the  seat  of  ordinary  sclerotic  clianges. 
Bollinger  has  described  a  gununou.s  form  of  endarter- 
itis, and  irregular  aortic  ulcerations  with  callous 
margins  have  been  regarded  also  as  of  syphilitic 
origin.  In  the  circumscribed  areas  of  fibrous  attenua- 
tion of  the  aortic  wall,  the  media  may  be  necrotic 
and  degenerated,  almost  wholly  absent,  or  replaced  by 
a  thin  layer  of  scar  tissue.  Microscopically  there  is 
proliferation  about  the  vasa  vasorum  which  may  show 
oblitcrative  changes  and  there  may  be  more  or  less 
distinct  gummas  with  necrotic  centers  as  well  as 
cicatricial  areas  with  thickening  of  the  intima  and 
retractions  giving  the  peevdiar  linear  and  circular 
pit-like  depressions  that  are  regarded  as  characteristic 
of  syphilitic  mesaortitis.  Foci  of  small  round-celled 
infiltration  as  well  as  diffuse  fibrous  changes  occur  in 
the  intima.  Benda  holds  that  the  more  advanced 
changes  always  represent  terminal  stages  of  aortic 
gummas.  Wright  and  Richardson  and  others  have 
demonstrated  the  presence  of  the  spirochetes  in  the 
more  cellular  and  necrotic  lesions  just  outlined.  Of 
other  facts  pointing  to  the  syphilitic  nature  of  these 
lesions  may  be  mentioned  that  Chiari  found  .such  le- 
sions in  one-half  of  the  syphilitics  and  paretics  which 
he  had  occasion  to  examine  after  death  and  Straub 
found  them  in  eighty-two  per  cent,  of  the  paretics 
that  he  examined;  furthermore,  that  there  are  often, 
as  would  be  expected,  distinctly  syphilitic  lesions  in 
other  organs.  The  changes  are  observed  not  rarely 
in  rather  young  persons  and  it  is  on  the  ba.sis  of  such 
changes  that  aneurysms  in  syphilitics  often  develop. 
It  may  be  recalled  that  the  percentage  of  syphilis 
in  patients  with  aortic  aneurysms  greatly  exceeds 
that  of  sj'philis  in  the  general  population.  Syphi- 
li-i  is  also  regarded  as  playing  an  etiological  role  of  a 
more  general  nature  or  of  greater  importance  in  the 
ordinary  form  of  arteriosclerosis,  but  on  account  of 
the  many  complicating  factors  concerned,  the  exact 
role  of  syphilis  in  the  causation  of  arteriosclerosis  is 
hard  to  define. 

Syphilitic  Phlebitis. — Mucli  that  has  been  said  of 
syphilis  of  the  arteries  is  applicable  to  syphilis  of  the 
veins  especially  as  regards  the  secondary  changes  that 
occur  in  smaller  veins  in  the  midst  of  larger  sj'phOitic 
foci. 

Oedmanson  and  others  have  described  diffu.se  and 
circumscribed  endophlebitis  of  the  umbilical  veins  of 
congenital  syphilitics.  Scliiippel  has  described  a 
g\unmous  pylephlebitis  in  congenital  sj'philis,  and 
Bowman  attributes  certain  ca.ses  of  thromljosis  of  the 
stem  of  the  portal  vein  to  .syphilitic  periphlebitic 
changes.  Huber  found  intimal  thickening  with  petri- 
faction in  the  veins  of  the  extremities  of  a  syphilitic 
girl  twenty-two  years  old. 

The  vascular  changes  of  the  lesions  of  congenital 
syphilis  in  the  internal  organs  resemble  tho.se  of  the 
acquired  disease.  Diffuse  and  localized  arterial 
lesions  may  occur,  sometimes  earlj',  sometimes  as  a 
late  manifestation  in  syphilis  hereditaria  tarda 
(Osier).  Virchow  ob.served  an  o-ssifying  endaortic 
process  in  a  girl  of  eighteen  with  congenital  syphilis. 


Reference  has  been  made  to  Scriba's  view  that  spon- 
taneous gangrene  may  be  caused  by  an  arterites  of 
congeuitally  syphilitic  origin. 

TunEnoTiLosis. — Older  pathologists,  such  as  Roki- 
tansky  and  \'irchow,  regardetl  the  blood-ve.s.sels  as 
immime  to  tubercido.sis.  The  demonstration  by 
\\'eigert  in  1S77  that  acute  general  miliary  tuber- 
culosis results  from  the  tuberculous  invasion  of  either 
a  l)lood-vesscl  or  the  thoracic  duct  put  an  end  to 
this  view.  Ho  thoroughly  did  Weigcrt  demonstrate 
this  course  of  events  that  when  the  tubercle  germ  was 
discovered  a  few  j'oars  later  he  could  say  truthfully 
that  it  was  necessary  only  to  substitute  bacilhis  for 
jxiison  in  order  to  make  the  report  of  his  investigations 
conform  fully  to  the  new  rer|uirements. 

Tuberculosis  of  the  walls  of  blood-vessels  may 
resvdt  from  tlie  extension  of  the  process  from  adjacent 
tuberculous  foci.  This  may  occur  in  the  arteries  and 
veins.  In  case  the  lumen  is  not  closed  by  productive 
endovasculitis  and  thrombosis,  the  infiltration  in  the 
vessel  wall  on  caseation  and  disintegration  may  give 
off  tuberculous  material  and  bacilli  to  the  circulating 
blood.  This  leads  to  embolic  or  miliary  tuberculosis 
of  the  corresponding  capillary  district.  In  the  case 
of  the  pulmonary  vein,  the  general  circulation  becomes 
infected;  in  the  case  of  a  systemic  vein,  miliary  tuber- 
culosis of  the  lungs  residts;  and  if  it  concerns  an  artery, 
miliary  tubercles  may  spring  up  in  its  capillary  dis- 
trict. Tuberculous  and  suppurative  destruction  from 
without  of  the  branches  of  the  pulmonary  artery 
exposed  in  tuberculous  pulmonary  cavities  may  so 
weaken  the  wall  that  aneurysmal  dilatations  develop 
("erosion  aneurysm").  Many  of  the  copious  hemor- 
rhages in  advanced  pulmonary  phthisis  result  from 
the  rupture  of  aneuiysms  of  this  nature. 

Dittrich  and  others  have  described  tuberculosis 
of  the  wall  of  the  aorta  due  to  direct  extension.  In 
Dittrich's  ca.se  an  adherent  lymph  gland  communi- 
cated the  di.sease  to  the  thoracic  aorta,  the  intima  of 
which  presented  an  oval  defect  with  elevated  ridges, 
a  continuous  tuberculous  process  traversing  the 
aortic  wall.  Kamen's  case  was  of  .similar  origin,  the 
ve.s.sel  presenting  a  dilatation  with  rupture  of  the  wall. 
In  Sigg's  case  a  tuberculous  lung  was  adherent  to 
the  aorta,  which  presented  a  bulging  corresponding 
to  the  caseous  replacement  of  its  wall,  the  caseous 
area  being  covered  internallj'  by  a  thrombus. 

When  tubercle  bacilli  reach  the  circulating  blood 
they  .sometimes  become  implanted  upon  the  intima 
of  larger  vessels  such  as  the  aorta.  Weigert,  Flexner, 
Blumer  and  others  have  described  pinhead-sized 
intimal,  aortic  tuberculous  mas.ses.  Blumer  describes 
.two  instances  of  intimal  tuberculosis  of  the  abdominal 
aorta;  in  one  of  the  cases  there  w-ere  several  minute 
nodules  of  characteristic  structure.  The  sclerosis 
of  the  aorta  present  in  both  cases  did  not  play  any 
part  in  determining  this  localization.  In  all  of  these 
cases  the  infection  took  place  directly  upon  the  intima 
and  not  through  the  vasa  vasorum  or  the  lymphatics 
of  the  walls  of  the  artery.  The  tuberculous  masses 
ajipcared  as  if  they  had  been  fastened  upon  the 
intima.  The  surface  of  such  areas  may  contain 
tubercle  bacilli  in  large  numbers. 

According  to  Cad^ac  tuberculous  aortitis  is  not 
uncommon  in  cattle.  I  have  studied  a  tuberculosis 
of  the  aorta  in  a  dog.  A  large  nodule  developed  in 
the  wall  of  the  aorta  near  the  heart,  producing  such 
weakening  that  a  small  bulging  had  resulted. 

The  relation  of  tuberculosis  of  the  blood-vessels  to 
general  miliary  tuberculosis  is  discu.ssed  elsewhere. 
At  this  time  it  is  sufficient  to  say  that  tuberculosis 
of  the  intima  of  blood-vessels  or  of  the  thoracic  duct 
or  tuberculous  endocarditis  constitutes  an  essential, 
intermediate  stage  in  the  development  of  acute  general 
miliary  tuberculo.sis.  It  is  in  the  tuljerculous  areas 
that  result  from  infection  of  the  intima  (and  of  the 
endocardium)  tliat  the  germs  multiply  so  freelj'  that 
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Fig.  833. — Perforation  of  the 
Elastic  Layer  by  Caseous  Intimal 
Focus,  Infiltration  into  Media  and 
Adventitia.  and  Beginning  Aneu- 
rj-smal  Bulging.  Xote  beginning 
subendothelial  proliferation  in  oppo- 
site wall  from  tuberculous  lepto- 
meningitis. (Hektoen,  The  Journal 
of  Experimental  Medicine,  vol.  i.) 


masses  are  thrown  into  the  general  circulation  and 
produce  on  lodgment  in  the  internal  organs  the 
numberless  nodules  characteristic  of  general  miliary 
tuberculosis.  There  being  no  satisfactory  evidence 
that  tubercle  bacilli  multiply  in  the  blood  miliary 
tuberculosis  means  the  setting  free  in  the  circulation 

at  one  time  of  large 
numbers  of  bacilli 
(Weigert,  Benda,  Gaj-- 
lord). 

The  vascular  changes 
in  tuberculous  lepto- 
meningitis are  interest- 
ing and  well  marked. 
There  is  a  tuberculous 
endarteritis  character- 
ized by  the  formation 
of  in  t  imal  t  ubercles  a  nd 
a  diffuse  subendothelial 
intimal  proliferation 
(Figs.  833  and  So4), 
probably  induced  by 
the  implantation  of 
tubercle  bacilli  from 
the  blood.  From  the 
intima  the  infiltration 
may  spread  into  the 
muscular  coat  and  the 
adventitia  and  the 
whole  wall  may  un- 
dergo ca.seous  and  hj-aline  degeneration.  Occasion- 
ally, though  rarely,  the  intimal  process  so  weakens 
the  wall  that  small,  local  dilatations  take  place — a 
species  of  mycotic  aneurysm.  Proliferation  in  the 
adventitia  may  invade  the  media  and  the  intima  and 
the  whole  wall  of  the  arterial  segment  may  undergo 
degeneration.  In  tuberculous  leptomeningitis  the 
muscularis  often  presents  the  hyaline  degeneration 
described  by  Guarnieri  and  others.  The  epithelioid 
cells  that  constitute  such  a  prominent  feature  of  the 
intimal  proliferation  undoubtedly  originate  from  the 
subepithelial  connective  tissue  rather  than  from  the 
epithelial  lining,  which  appears  to  remain  intact  until 
caseation  takes  place.  Plasma  cells  and  phagocytic 
cells  are  also  present. 

In  this  form  of  tuberculosis  adjacent  estravascular 
and  arterial  foci  frequently  extend  to  the  veins 
(Fig.  83.5). 

Banti  describes  a  case  of  general  tuberculosis  in 
which  nearly  the  whole 
length  of  the  .superior 
vena  cava  was  com- 
pletely filled  b5'  a  mass 
of  neoplastic  tubercu- 
lous tissue  which  pro- 
jected into  the  right 
auricle. 

ACTTN-OMTCOSIS. As 

actinomycosis  spreads 
through  the  ti.ssues  by 
direct  extension;  no 
anatomical  structure  is 
secure  from  invasion,  not 
even  the  blood-vessels. 
In  metastatic  actinomj^- 
cosis  the  fungus  gains 
entrance  into  the  circu- 
lation by  the  direct  in- 
volvement of  the  walls 
of  the  blood-vessels  in 
the   vicinity   of  a  local 

process.  In  the  ca.ses  in  which  the  point  of  invasion 
of  the  vascular  system  has  been  directlj'  demonstrated 
it  concerns  some  of  the  larger  veins  and  cerebral 
sinuses. 

The  meningeal  sinuses  and  veins  are  frequently 
attacked  in  craniocerebral  actinomycosis.     In  many 


Fig.  834. — Siibendothelial  In- 
timal Proliferation  with  Multi- 
nuclear  Giant  CelL  From  tuber- 
culous leptomeningitis.  (Hektoen, 
The  Journal  of  Experimental  Medi- 
cine, vol.  i.) 


ca.ses  of  actinomycotic  phlebitis  the  generalization  of 
the  process  is  undoubtedlj'  prevented  or  delaj-ed  by 
consecutive  thrombosis. 

Ponfick  describes  an  actinomycotic  proliferation 
which  projected  button-like  into  the  lumen  of  the  in- 
ternal jugular  vein;  this  invasion  became  the  direct  or 
indirect  source  of  secondary  foci  in  the  heart,  lungs, 
spleen,  and  brain. 

In  a  case  of  primary  pulmonary  actinomycosis  with 
extension  through  the  diaphragm  and  into  the  spleen, 
Paltauf  found  the  splenic  vein  infiltrated  and  throm- 
bosed, the  thrombosis  extending  into  the  portal  vein ; 
there  were  metastatic  foci  in  the  liver  and  in  the 
brain.  Others  describe  perforation  in  the  hepatic 
vein  in  a  secondary  actinonwcosis  of  the  liver.  In 
pulmonary  actinomycosis  with  extension  to  the 
pleura  and  pericardium  Habel  found  the  base  of  the 
heart  and  the  larger  vessels  surrounded  bj'  a  spongj- 
tis.sue;  just  above  the  entrance  into  the  auricle  the 
superior  vena  cave  presented  a  circumscribed  area 
in  which  the  normal  wall  was  substituted  by  a  nodular 
mass  of  pale  yellow  color;  the  jugular  veins  were 
thrombotic.  Actinomy- 
cotic perforation  of  the 
inferior  vena  cava  has 
been  observed  (Ab6e). 
Beginning  in  the  esopha- 
gus the  process  spread  out 
in  the  prevertebral,  medi- 
astinal, and  peripleural 
tissue,  and  invaded  the 
diaphragm  and  the  spinal 
column.  The  infiltration 
between  the  right  lung  and 
the  diaphragm  surrounded 
the  inferior  vena  cava  in 
the  form  of  a  layer,  three 
to  four  centimeters  thick, 
of  a  reddish,  soft  tissue 
riddled  with  confluent  ab- 
scesses. At  the  point 
where  the  vein  entered  the 
auricle  its  lumen  was  ma- 
teriallj-  narrowed,  the  in- 
tima roughened,  covered 
bj'  parietal  thrombi  and  perforated  by  numerous 
yellowi.sh  suppurative  foci;  below,  therein  was  par- 
tially filled  with  a  large  softened  thrombus.  There 
were  numerous  metastatic  actinomycotic  abscesses  in 
\arious  parts  of  the  body. 

Leprost. — Leprous  nodules  sometimes  occur  in 
the  walls  of  the  veins  in  leprosy  of  the  extremities. 

PERi.iRTERiTis  NoDos-1.. — This  remarkable  disease 
was  described  by  Kussmaul  and  Maier  in  1866.  Cases 
had  been  observed  pre\'iously  by  Pelletan  in  ISIO  and 
by  Rokitansky,  but  their  descriptions  were  confined 
to  the  macroscopic  appearances.  Since  Kussmaul 
and  Maier  fastened  attention  upon  the  disease  addi- 
tional instances  have  been  recorded,  so  that  the  total 
number  of  cases  now  is  thirty-one  (Kimne,  1910). 
The  disease  appears  to  attack  young  persons  mostly 
between  twenty  and  thirty;  it  occurs  al.so  in  children. 
The  male  sex  has  so  far  furni.shed  more  cases.  The 
symptoms  are,  generally  speaking,  those  of  a  more  or 
less  severe  polyneuritis  and  polj'myositis  with  con- 
stitutional and  digestive  disturbances,  abdominal 
pain,  renal  .symptoms,  etc.  In  several  cases  the  diag- 
nosis has  been  chronic  nephritis.  In  many  ca.«es  there 
has  been  observed  a  moderate  leucocytosis.  In 
nearly  all  cases  anemia  and  general  weakness  have  been 
recorded.  The  whole  course  of  the  disease  as  a  rule 
takes  from  six  to  twelve  weeks,  the  termination  as 
far  as  known  being  always  fatal.  In  a  few  cases  the 
patients  lived  from  four  months  to  one  or  two  years. 
In  Kussmaul  and  Maier's  instance  minute  nodules 
were  present  in  the  skin  of  the  face,  neck,  and  upper 
extremity.     It  is  quite  likely  that  in  the  future  the 


Fig.  835. — Focal  Tuberculous 
Infiltration  with  Giant  Cell,  Ex- 
tending through  Wall  of  Veio 
with  Secondary  Thrombosis, 
Caused  by  Extension  in  Tuber- 
culous Leptomeningitis.  (Hek- 
toen, The  Journal  of  Experi- 
mental Medicine,  vol.  i.) 
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disoaso  will  be  diagnosed  during  life,  especially  in 
instances  with  subi-utanemis  nodules  wliieii  niiglit  be 
excised  and  e\aniin(>d  niicroseopically.  A  eiirrect  diag- 
nosis, sul)stantiated  liy  liistological  examination  of 
nodules,  has  been  made  only  twice  during  life,  once  by 
Schmorl  and  once  liy  Heiu'clict.  In  both  cases  the  diag- 
nosis was  made  from  an  examination  of  an  excised 
subcutaneous  nodule  (Eongcopc).  In  these  cases  the 
disease  lasted  almost  two  years  and  its  course  seemed 
to  be  influenced  by  iodide  of  potassium.  Clinical 
observation  has  not  brought  out  any  common  or 
•striking  etiological  conditions.  Syjjhilis  has  been 
present  in  some  cases  and  definitely  excluded  in 
others.  Liipke  has  described  a  disease  like  periar- 
teritis nodosa  in  stags. 

The  vascular  lesions  consist  of  nodular,  excentric, 
and  more  diffuse  thickenings  of  arteries  of  the  general 
size  of  the  coronaries  and  hepatic  and  smaller;  the 
swellings  are  grayish  and  grayish-white  in  color,  vary 
in  size  from  pinhead  to  j)ea  and  larger,  occur  especially 
at  the  branchings,  but  also  in  the  course  of  the  arteries 
both  when  free  and 
i  n  t  ra  p  a  renchymat- 
ous.  The  distribution 
and    number    of    the  i 

s  w  e  11  i  n  g  s ,    usually  '  — 

present  in  great  num- 
Imm's,  vary  somewhat 
in  different  cases 
(\Veichselbaum  and 
Thompson);  the  fa- 
vorite locations  arc; 
the  mesenteric  (in- 
cluding the  intrapa- 
rietal  branches  of  the 
gastrointestinal 
tract),  and  the  coro- 
nary, then  the  mus- 
cular, intraneural, 
renal,  hepatic,  splenic, 
bronchial,  and  subcu- 
taneous. Cooke  ob- 
served a  case  In  a 
Russian,  nineteen 

years  old,  in  Philadel- 
phia, in  which  there 
was  an  acute  hemor- 
rhagic and  glomerular 
nephritis  and  in  this 
case  the  arterial 
changes  were  most 
marked  in  the  kid- 
neys. Nodules  have 
also  been  described  at 
the  origins  of  the  in- 
teroo.stal  branches  of 
the  aorta  and  of 
branches  of  the  crural  and  popliteal  arteries.  It  is 
noteworthy  that  up  to  this  time  the  veins  have  not 
been  involved  (Fig.  S36). 

The  histogenesis  of  the  arterial  lesions,  which 
are  of  an  inflammatory  nature  associated  at  times 
with  aneurysmal  dilatations,  fibrous  tissue  forma- 
tion and  thrombosis,  is  not  agreed  upon.  Fletcher, 
von  Kahlden,  and  Freund  regard  the  process  as 
primarily  inflammatory,  due  to  the  action  of  some 
unknown  substance,  which  reaches  the  ves.sel  by  waj' 
of  the  vasa  vasorum.  This  view  is  .supported  by 
the  presence,  in  Fletcher's  case,  of  nodttles  upon  the 
\a.sa  vasorum  and  by  the  microscopic  apjiearances 
in  the  early  stages  of  the  process  (Freund).  Ac- 
cordingly, the  inflammatory  infiltration,  which 
appears  to  bo  of  a  non-specific  type,  begins  in  the 
advi'utitia  and  extends  through  the  media  to  the 
Ultima,  producing  in  the  last  marked  cellular  ac- 
cumulations between  it  and  the  media.  As  a  re- 
.sult  of  the  inflammation  the  muscular  coat  under- 
goes   a    circumscribed    hyaline    degeneration,    and 
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Fig.  836. — Periarteritis  Nodosa.  Lonfritudinal  section  of  a  small  mu.scular 
branch,  (-\fter  Freund.)  o,  .-Vdventitia,  greatly  infiltrated  with  cells;  b, 
foci  of  especially  dense  cell  accumulations  in  adventitia;  c,  normal  media; 
d,  degenerated  media;  e.  external  elastic  lamina,  bulging  outward;  /.internal 
elastic  layer;  ij,  remnants  of  internal  elastic  layer;  h^  proliferating  intima. 


hyaline  material,  probably  of  exudative  origin, 
also  appears  in  the  subepithelial  layers.  (Kiinne 
regards  the  changes  in  the  media  as  prinuiry.) 
There  are  not  nuiny  polymorphomiclear  cells  in 
the  cellular  infiltration,  wdiich  consists  largely  of 
si)indle-shaped  cells  with  large  nuclei.  Freund  did 
not  find  proliferation  in  the  intima  when  the  media 
was  normal.  Eventually  the  internal  elastic  coat 
and  the  media  are  so  thinned  and  destroyed  that 
circumscribed  aneurysmal  bulgings  of  the  ves.sel 
wall  may  occur,  but  the  formation  of  aneurysms 
is  not  constant  because  the  develojjment  of  fibrous 
tissvio  may  prevent  dilatation.  Li)ngco[)e  holds  that 
perivascular  acciunulations  of  small  round  cells  con- 
constitute  the  earliest  stages  of  the  process. 

Others,  like  Weich.selbaum  and  Chvostek,  hold  that 
the  process  is  primarily  an  endarteritis,  which  extends 
to  the  outer  coats.  In  the  ca.se  of  smaller  arteries 
and  of  vasa  vasorum  this  would  seem  to  be  the  fact 
])robably.  Others  again  believe  that  the  process 
begins  in  the  media  with  edema  and  degenerations 

(lien  da,     Ferarri, 
etal.). 

It  has  been  sug- 
gested that  periarte- 
ritis nodo.sa  is  a  pri- 
marily multiple  tumor 
of  the  nature  of  lym- 
phoma, begiiming  in 
the  adventitia.  Cir- 
cumscribed accumu- 
lations of  cells  occur 
in  the  adventitia  that 
resemble  lympho- 
mata;  but  the  singu- 
lar fact  that  the  proc- 
ess is  confined  to 
arteries  speaks 
against  this  view. 
The  subsequent  form- 
ation of  fibrous  tissue 
is  also  incon.sistent 
with  this  theory. 

M  e  y  e  r  regarded 
tears  in  the  media  as 
the  essential  cau.se, 
and  Eppinger  has 
elaborated  the  theory 
that  periarteritis 
nodosa  is  the  result  of 
the  formation  of 
multiple  aneurysms 
on  account  of  rup- 
tures of  the  elastic 
elements,  which  are 
congenitally  weak 
and  imperfect.  Ep- 
pinger proposes  to  call  the  disease  congenital  aneurysm. 
Tiie  proliferation  observed  in  the  adventitia  and 
intima,  which  constitutes  such  a  striking  feature  of 
the  lesions,  is  regarded  by  him  and  the  supporters 
of  the  aneurysmal  theory  as  secondary;  and  the 
thrombi  and  hard  fibrous  masses  sometimes  ob- 
served are  similarly  explained.  Aneurysms  are  not 
observed  in  every  instance  of  periarteritis  nodosa; 
in  some  cases  they  are  marked.  In  Pelletan's  case 
sixty-three  aneurysms  were  present.  The  develop- 
ment of  aneurysms  is  consistently  explained  on  the 
score  of  more  marked  inflammatory  and  degenera- 
tive weakening  of  the  arterial  wall  in  some  nodules 
than  in  others  in  which  these  processes  were  not 
so  rapid.  Any  evidence  of  anatomical  nature  of  a 
congenital  structural  imperfection  of  the  arteries 
in  periarteritis  nodosa  has  not  been  furnished. 
Eppinger's  theory  does  not  satisfactorily  explain 
the  relative  infrequency  of  involvement  of  the 
cerebral  arteries,  which  would  seem  to  be  as  liable 
to  aneurysmal   dilatations  as  other  arteries,  if  not 
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more  so.  The  clinical  course  of  the  disease  is  also 
against  this  view. 

The  appearances  and  the  genesis  of  the  changes  as 
explained  by  Freund  and  others  favor  the  view  that 
periarteritis  nodosa  is  a  primarily  inflammatory  proc- 
ess in  the  further  course  of  which  aneurj-sms  fre- 
quently develop;  but  further  studies  are  essential  be- 
fore the  question  of  the  nature  of  this  disease  can  be 
definitely  established.  Microorganisms  have  not  been 
found  in  the  lesions.  Sj-philis  has  been  suggested  as 
the  underlying  conditiori.  The  absence,  in  some  cases 
of  periarteritis  nodosa,  of  all  history  of  syphilis  and 
the  freedom  of  other  organs  from  s^-philitic  lesions  and 
their  consequences  are  also  against  the  specific 
theorj^;  and  it  does  not  appear  that  the  vascular 
lesions  of  periarteritis  nodosa  ever  present  nodular 
foci  of  cell  accumulations  with  central  necrosis  such 
as  occur  in  the  gummous  form  of  syphilitic  arteritis. 
All  attempts  to  demonstrate  Treponema  pallidum  in 
the  nodules  have  failed.  The  fever,  the  leucocytosis, 
the  inflammatory  nature  of  the  changes,  and  the  renal 
lesions  all  point  to  an  infectious  origin. 

Manj'  of  the  clinical  symptoms  are  evidently  due  to 
secondary  lesions  in  the  internal  organs.  Although 
the  intramyocardial  branches  of  the  coronary  arteries 
are  generally  involved,  the  myocardium  itself  usually 
presents  but  slight  changes.  Whether  bronchitis  and 
other  inflammatorj' changes  in  the  lungs  are  directly 
secondary  to  changes  in  the  bronchial  arteries,  the 
pulmonarj'  being  usually  free  (von  Schrotter),  cannot 
be  stated.  The  mucous  membrane  of  the  gastroin- 
testinal tract  has  been  found  to  be  the  seat  of  multiple 


Fig.  837, — Growth  of  Carcinoma  into  the  Gastric  and  Portal  Veins  and  the  Radi- 
cles of  the  Latter.  Secondary  to  Carcinoma  of  the  Pylorus,  The  posterior  surface  of 
the  stomach,  which  is  turned  so  that  the  pylorus  is  to  the  left,  is  exposed.  A,  Cut 
end  of  gastroduodenal  vein. 

ulcers  and  hemorrhages;  the  ulcers  in  the  stomach  be- 
ing more  of  the  nature  of  erosions  while  those  in  the 
intestines  may  resemble  tj^hoid  ulcers.  These  changes 
are  regarded  as  the  result  of  circulatory  disturbances 
in  the  areas  nouri.shed  by  the  affected  branches, 
many  of  which  become  entirely  occluded  by  throm- 
bosis. Enlargement  of  the  mesenteric  glands  is  usu- 
ally present.  The  spleen  may  be  the  seat  of  infarcts, 
in  various  stages  of  absorption,  caused  again  by  the 
occlusion  of  terminal  arteries.  Pressure  of  the  nodules 
in  the  intrahepatic  branches  of  the  hepatic  artery  on 
the  bile  ducts  may  cause  jaundice.  Severe  changes 
are  produced  in  the  kidneys.  Multiple  ischemic 
necrosis  results  from  thrombosis  of  the  affected  arter- 
ies. Degeneration  of  the  glomeruli,  glomerulitis,  hem- 
orrhages,   parenchymatous   and  interstitial   changes 


develop,  due  either  to  extension  of  the  vascular  changes 
or  to  the  action  of  toxic  sub.stances  in  the  blood.  The 
changes  in  the  peripheral  nerves  and  in  the  skeletal 
mu.scles  explain  well  the  nervous  and  muscular  phe- 
nomena observed  clinicaUy.  The  pressure  of  changed 
arteries  upon  adjacent  nerves  may  cau.se  degenerations, 
and  in  Freund's  case  foci  of  degeneration  in  the  nervei 
were  found  to  correspond  to  nodules  upon  intraneural 
arterial  branches.  The  development  of  nodules  upon 
the  intramuscular  arteries  gives  rise  to  granular  and 
fattj' disintegration  of  the  muscle  fibers  and  to  waxy 
changes. 

In  Weichselbaum's  case  the  rupture  of  an  aneurysm, 
two  centimeters  in  diameter  (the  largest  so  far  re- 
corded in  periarteritis  nodosa),  upon  the  arteria 
profunda  cerebri  gave  rise  to  hemorrhage. 

Tumors. — The  primary  tumors  composed  of  blood- 
vessels— the  various  forms  of  angioma — are  described 
in  the  article  on  Tumors.  Here  is  described  also  the 
part  that  blood-vessels  play  in  the  general  dissemina- 
tion of  the  malignant  tumors.  Primary  tumors 
rareiy  develop  in  the  walls  of  blood-vessels.  Brod- 
owski  has  described  a  primary  sarcoma  of  the  thoracic 
aorta,  which  started  in  the  advent itia  and  extended 
through  the  muscular  coat  and  into  the  intima;  the 
sarcomatous  infiltration  of  the  intima  produced  a 
marked  thickening  of  the  latter. 

I  have  described  an  interesting  pedunculated  out- 
growth of  the  intima  of  the  basilar  artery,  which  at 
that  time  was  regarded  as  a  fibroma.     It  is  possible, 
however,    that    the    outgrowth    in    reality   was   the 
result  of  an  endarteritic  proliferation 
of  inflammatory  nature. 

Several  instances  of  mj-oma,  fibroma, 
and  sarcoma  have  been  described  as 
primary  in  veins  (Orth). 

Secondary  tumors  occasionally  oc- 
cur in  the  walls  of  the  blood-vessels. 
Broca  described  a  cancer  at  the  root 
of  the  aorta  with  rupture  into  the 
pericardium,  Friedrich,  metastatic 
nodules  of  a  papillarj-  cystocarcinoma 
of  the  ovary  in  the  wall  of  the  thoracic 
and  abdominal  aorta  and  the  renal 
artery;  here  the  metastases  evidently 
occurred  through  the  vasa  vasorum. 
The  nodule  in  the  thoracic  aorta 
ruptured  into  the  lumen  of  the 
vessel. 

Extensive  intravascular  growth  of 
malignant  tumors,  especially  in  the 
veins,  takes  place  in  the  case  of  sar- 
coma of  various  kinds,  notably  of  the 
bones,  in  adrenal  tumors  of  the  kid- 
neys, etc.  Intravascular  growth  of 
this  kind  has  extended  from  the  renal 
vein,  for  instance,  to  the  heart. 

In  carcinoma  of  the  stomach  I  have 

observed    an    extensive    intravenous 

growth   of   the   tumor  resulting  in  a 

kind  of  carcinomatous  injection  of  all 

the  veins  about  the  lesser  curvature  of  the  stomach 

and  of  the  portal  vein  (Fig.  837).     Orth  observed  the 

entire  venous  plexus  of  the  dorsum  of  the  foot  filled 

with  .'larcomatous  masses. 

Norica  and  Haret  describe  a  carcinoma  of  the 
stomach  with  metastases  in  the  mesenteric,  mediasti- 
nal, and  deep  cervical  glands,  followed  by  carcinoma- 
tous invasion  and  thrombosis  of  the  superior  vena 
cava,  the  two  brachiocephalic,  subclavian,  and  inter- 
nal jugular  veins.  There  was  dilatation  of  the  sub- 
cutaneous veins  on  the  right  side.  In  1SS5  Oulmont 
collected  nineteen  cases  of  obliteration  of  the  superior 
vena  cava.  He  distinguished  two  groups,  namely, 
obliteration  bv  pressure  and  obliteration  by  concre- 
tion. The  first  group  comprised  five  cases  due  to 
cancer  of  the  mediastinum  or  of  the  lung,  two  eases 
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duo  to  tiiljcrculoiis  lymph  glands,  and  four  cases  due 
tu  aortic  aneurysm.  Tlip  secotul  group  included  five 
cases  of  thrombosis  and  three  cases  of  cancerous 
invasion.  Comliy  anil  Rendu  each  report  a  clinical 
case  in  which  anemysmof  tlie  aorta  was  thought  to  be 
the  cause.  I  have  examined  post  mortem  a  case 
in  which  an  ancuiysm  of  the  a.scending  aorta  com- 
pres.sed  the  superior  vena  cava,  which  was  wholly 
obliterated  by  the  formation  of  fibrous  tissue  in  the 
intima.  The  occlusion  took  place  gradually  and 
resulted  in  a  great  dilatation  of  the  subcutaneous 
thoracic  and  abdominal  veins  which  for  years  furnished 
routes  for  collateral  circulation.  Letulle  lays  stress 
on  occlusion  of  the  large  veins  of  the  neck  and  medi- 
astinum on  account  of  propagation  of  carcinomata 
of  the  glands,  the  thyroid,  and  the  thymus. 

LUDVIG   IIektoen. 
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Blount  Springs. — Blount  County,  Alabama. 
P0.ST-0FFICE. — Blount  Springs.     Hotel. 

.\ccEs.s. — On  the  Louisville  and  Nashville  Rail- 
road, thirty-five  miles  north  of  Birmingham. 

The  waters  of  Blotmt  Springs  may  be  clas.sed  as 
.saline  sulphureted.  The  principal  .springs  are  .six  in 
number.  Red  Sulphur,  White  Sulphur,  Sweet  Sulphur. 
Arsenic-lithia,  Hepatic,  and  Freestone,  and  are  located 
in  a  triangular  valley  1,580  feet  above  the  sea  level. 


One  United  States  Gallon   Contains: 


Solids. 


Magnesium  carbonate. 
Calcium  carbonate.  .  .  . 

Barium  carbonate 

Ir»  II  carbonate 

Sodium  carbonate 

M:ii;nesiuni  sulphate. .  . 

Calcium  sulphate 

Sodium  sulphate 

Calcium  phosphate. . . . 
Pot;issium  chloride...  . 

SodiuTii  rliloritle 

-MaKnesium  chloride. .  . 

Iodides 

Magnesium  iodide 

Mngnesium  bromide. . . 

Lithium 

.'\iumitui        1 

Silica  / 

Sulphur 


Tot.al 

Gases. 

Carbonic  acid 

Sulphureted  hydrogen. 

Oxygen 

Nitrogen 


No.  1  Red 
Spring. 


Grains. 
3.67 
7.23 


0.28 
0.89 


29.86 

0.78 

Trace. 


3.00 
2.01 


47.72 

Cu.  in. 

6.00 

14.96 


Sweet 

Spring. 

Brumby. 


Grains. 
3.60 
4.48 


1.12 
2.40 


30.88 


42.48 

Cu.  in. 

6.00 

12.56 


Spring 

No.  4. 

Summcra. 


Grains. 

9.40 

5.72 

.91 

3.19 


1.27 


Trace. 

7.07 
23.21 

2.04 


.14 
.16 

Trace. 

Trace. 
2.44 


55.55 

Cu.  in. 

4.72 

30.67 

7.08 


Sulphur  in  the  Red  Spring  is  equal  to  about  five 
cubic  inches  to  the  gallon.  The  water  is  recommended 
for  diseases  of  the  stomach,  liver  and  kidnej^s,  and  is 
a  powerful  alterative  tonic.  Emma  E.  W.a.lker. 

Blow  Fly. — Flies  of  the  genus  CalUphora,  family 
MiiscidiT,  also  known  as  "blue-bottles."  They 
commonly  enter  dwellings.  The  larvaj  live  on 
carrion  or  decaying  e.xcrementitious  matters.  See 
Insects,  poisonus.  A.  S.  P. 

Blue  Babies. — See  Cyanosis. 

Blue  Hill  Mineral  Spring. — Hancock  County,  Maine. 

Post-office. — Blue  Hill.     Hotels. 

Access. — Via  steamer  from  Portland,  also  by  stage 
from  Ell.sworth,  fourteen  miles  distant. 

The  Blue  Hill  Mineral  Spring  is  located  two  and 
one-half  miles  northwest  of  Blue  Hill  village,  and 
about  600  feet  in  perjjendicular  height  above  the 
ba.se  of  Blue  Hill  Mountain.  Its  situation  a.ssures 
freedom  from  all  surface  impurities.  The  existence 
of  the  .spring  was  noticed  by  Dr.  Charles  T.  Jackson  in 
his  second  report  of  the  geology  of  the  State  of  Maine, 
published  in  18:^8.  It  was  not  until  recently,  how- 
ever, that  improvements  were  made.  A  handsome 
and  commodious  building  has  been  erected  for  the 
comfort  of  tourists  and  visitors  at  the  springs,  and  a 
large  bottling  ])lant  established. 

The  follow'ing  is  an  analysis  of  the  water  by  Prof. 
William  P.  Ma.son,  of  the  Rensselaer  Polytechnic 
Institute  of  Troy,  N.Y.: 

Pot.T.ssium  chloride 0.99 

Sodium  chloride 5.00 

Sodium  nitrate 0.91 

Sodium  sulphate 5.3.3 

Calcium  sulphate 5.61 

Manganese  carbonate 0.45 

Iron  carbonate 6.62 

Silica 20.. 56 

Alumina 1 .89 

Magnesium  carbonate .      6.09 

Calcium  carbonate 25.16 

78.61 

239 


Bine  Hill  Mineral  Spring 


REFERENCE    H.\NDBOOK    OF    THE    MEDICAL    SCIENCES 


Taste None. 

Odor None. 

Sediment None. 

Turbidity None. 

Chlorine  in  chlorides 3.05 

Nitrogen  in  nitrates 0. 15 

Nitrogen  in  nitrites None. 

"Required  oxygen" 1 .75 

Free  animonia 0 .  067 

Albuminoid  ammonia '-    .  0.05 

Bacteria  per  cubic  centimeter .11. 

Bacillus  coli  communis .* .     None. 

Gas-forming  bacteria Absent. 

This  is  an  excellent  table  water,  and  it  aLso  posse.sses 
mild  diuretic  and  tonic  properties.  It  is  .said  to  be  of 
value  in  disorders  of  the  kidney  and  bladder.  The 
water  is  used  coniniercialh'.         Emm.\  E.  Walker. 

Blue  Lick  Springs.^Nicholas  County,  Kentucky. 

Post-office. — Blue  Lick  Springs. 

These  .springs  are  located  ten  miles  from  Carlisle, 
Kentucky,  on  the  Louisville  and  Nashville  Railroad. 
They  are  also  situated  on  the  Maj-sville  and  Lexington 
State  Turnpike.  The  village  is  on  the  Licking  River, 
forty-eight  miles  northeast  of  Lexington,  and  is  a 
watering-place. 

The  following  analysis  was  made  in  190.5  by  the 
ITnited  States  Department  of  Agriculture,  Bureau  of 
Chemistry,  Washington,  D.  C: 

Parts  in  1.000 

Ammonium  chloride 0022 

Lithium  chloride .0109 

Potassium  chloride 1331 

Sodium  chloride 6.9040 

Magnesium  chloride 7090 

Calcium  chloride 1827 

Potassium  bromide 0342 

Potassium  iodide 0017 

Calcium  sulphate 4822 

Sodium  nitrate 0030 

Calcium  bicarbonate 5468 

Ferric  oxide  and  alumina 0014 

Mangano-mauganic  oxide 0181 


9.0234 

Blue  Lick  is  a  natural  aperient  water.  The  water 
is  beneficial  in  affections  of  the  liver  and  kidneys,  and 
in  dyspepsia,  chronic  constipation,  rheumatism,  gout, 
and  cutaneous  diseases.  Emm.\  E.  W.\lker. 

Blue  Lick  Springs. — Saline  County,  Missouri. 
Post-office. — Marshall.     Cottages  at  .spring. 


Access. — Via  Chicago  and  Alton  road  to  Marshall, 
thence  eight  miles  by  stage  south  to  springs. 

Saline  County,  Missouri,  is  entitled  to  eminent 
distinction  as  a  water-producing  district.  Thou- 
sands of  clear,  pure-water  .springs  of  more  or  less 
volume  are  well  distributed  over  its  surface.  They 
are  found  in  large  ninnbers  along  the  Missouri, 
Blackwater,  and  Salt  River  bluffs,  and  at  the  base 
of  the  minor  hills  in  all  parts  of  the  county,  and  are 
unfailingat  all  periods  of  the  year.  The  most  remark- 
able natural  resources  of  the  coimty,  however,  are  its 
mineral  waters,  which  for  volume,  variety,  and  medic- 
inal value  are  among  the  finest  in  the  country.  Not 
less  than  2,000  mineral  springs,  some  of  them  of  im- 
men.se  flow,  are  found  in  the  limits  of  the  county. 
Some  of  these  springs  will,  no  doubt,  take  a  prominent 
place  among  the  health  resorts  of  the  country  when 
they  shall  have  been  properly  developed.  At  the  Blue 
Lick  Springs  are  more  than  thirty  distinct  fountains 
in  a  pretty  valley  at  the  base  of  picturesriue  wooded 
bluffs.  The  largest  of  the  group,  known  as  the 
"  Gum"  Spring,  is  an  immense  .salt  fountain  of  57°  F., 
which  was  formerly  the  site  of  extensive  salt  works, 
but  is  now  the  center  of  a  large  bathing  establishment. 
Nearby  is  the  "Blue  Lick"  Spring,  the  most  impor- 
tant of  the  group.  Then  there  are  numerous  black 
sulphur,  magnesian,  chalybeate,  and  sweet  springs, 
besides  uncoimted  saline  .springs.  Many  of  these  have 
been  analyzed  by  State  Chemist  Pavil  Schweitzer: 

Lithium  has  been  found  in  White  Sulphur  Spring, 
Sweet  Spiing,  Magnesia  Spring,  Salt  Spring,  and  Red 
Sulphur  Spring. 

It  will  be  seen  that  the  waters  are  very  similar 
to  those  of  the  Blue  Lick  Springs  of  Kentucky, 
for  which  these  .springs  are  named. 

The  water  is  well  adapted  for  the  treatment  of 
constipation,  especially  when  due  to  engorgement 
of  the  portal  system.  On  the  other  hand,  it  is 
also  said  to  act  beneficially  in  many  eases  of  chronic 
diarrhea.  It  acts  with  advantage  in  many  of  the 
conditions  due  to  a  .sluggish  liver,  such  as  hemor- 
rhoids and  jaundice.  Being  a  very  efficient  diuretic, 
the  water  is  useful  in  certain  renal  and  bladder 
disorders.  It  is  useful  al.so  in  disorders  of  the 
stomach,  and  in  rheumatism.  Within  .sixty  steps  of 
the  Blue  Lick  Spring  are  three  black  sulphur  springs; 
250  yards  south  is  the  Sweet  Spring,  which  has  been 
found  to  be  a  very  efficient  diaphoretic  and  diuretic. 
It  is  entirely  free  from  sulphur  and  forms  a  very 
pleasant  beverage.  Emm.\  E.  Walker. 
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Solids 

Blue 

Lick 
Spring. 

Baden 
Spring. 

White 
Sulphur 
Spring. 

Sweet 
Spring. 

Rock 
Haven 
Spring. 

Mag- 
nesia 
Spring. 

Black           „„„ 
IS      S^p^g. 

Salt 
Spring. 

Red 
Sulphur 
Spring. 

Silica 

Grains 

8.16 

10.23 

Grains 
3.50 

Grains 
3.74 

Grains 
2.69 

Grains 
0.57 
0.10 

Grains 
2.69 
1.60 

Grains 
0.54 
0.06 

Grains 
0.41 

Grains 
0.88 

Grains 
3.62 

4.74 

0.04 
41.75 

Calcium  carbonate 

57.84 

37.02 

56.22 

29.10 
39.33 
32.54 

57.02 
51.49 
24.55 

73.63 
88.28 
44.56 

44.30 
112.51 
102.31 

64.99 

113.00 

85.89 

42.32 
107.05 

57.82 

2.29 

12.53 

6.70 

2.48 

175.93 

4.16 

■     17.60 

5.88 

1.86 

212.43 

Magnesium  sulphate 

Magnesium  chloride.  ...'.- 

26.13 

10.94 

.64 

493.88 

2.48 

4.61 

46.08 

55.75 

21.76 

555.52 

89.52 

113.27 

116.17 

11.80 

1289.17 

148.37 

14.61 

30.96 
0.30 

410.89 

945.49 

1280.59 

1292.11 

Total 

Temperature  of  air,  48.3'* 
(of  springs) 

610.30 

76.39 

54.2°  F. 

245.46 
54. 5°  F. 

300.84 

54.4°  F. 

558.61 
56. 3°  F. 

770.38 

54.5°  F. 

1242.08 
58.9°  F. 

1653.39 
61. 7°  F. 

1681.90 
62.6°  F. 

■1670.54 
62. 6°  F. 

Gases. 

Cu.  in. 
53  22 

Sulphureted  hydrogen 

Not 
estimated. 

Absent. 

Trace. 

Absent. 

Present. 

Absent. 

Present. 

Present. 

Present. 

Present. 
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Blue  Ridge  Springs. — Botpfourt  County,   \'iigiiiia. 

PosT-OKFicE. — Blue  Ridge  Springs.  Hotel  and 
cottages. 

Access. — Via  Norfolk  and  Western  Railroad. 
The  hotel  i.s  located  near  the  railroad  station. 

This  resort  has  a  pietures(|ue  location  in  the  midst 
nf  the  Blue  Ridge  Mountains,  the  elevation  being 
ahout  1,'SOO  feet  above  the  .sea  level.  The  springs 
yield  about  120  gallons  of  water  per  hour,  having  a 
"temperature  of  'y2°  F.  the  year  round.  Tlic  water 
has  been  analyzed  by  I'rof.  Henry  Froehling,  with 
the  following  results: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Magnesium  sulphate 47.01 

Calcium  sulphate. .  .  .    100.13 

Sodium  sulphate .  .           ..37 

Pota.ssium  sulphate .fi!y 

Magne-sium  carbonate. .     .  I  .  'U 

Calcium  carbonate ;i .  'tti 

Strontium  carbonate ..:'■* 

Barium  carbonate ."_' 

Manganese  carbonate .OJ 

Nickel  and  cobalt  carbonate  , .    Trace. 

Iron  (ferrous)  carbonate. ...  .  .           .11 

Lead  carbonate Trace. 

Copper  carbonate .  .     Trace. 

.Sodium  chloride .1.26 

Lithium  chloride .  .           .04 

Sodium  arsenate .  .    Trace. 

Sodium  iodide .  .    Trace. 

Sodium  bromide -  .     Trace. 

Calcium  fluoride .  .     Trace. 

Magnesium  nitrate. .  .  .  .           .35 

.Ammonium  nitrate.  .  .03 

Aluminum  phosphate .  .          .02 

Aluminum  silicate ...          .15 

Silicic  acid ...       1.35 

Total 157.37 

Carbonic  acid  combined 2.57 

Gases.  Cu.  in. 

Carbonic  acid  (free) 3S.20 

Sulphureted  hj'drogen 3.00 

The  water  is  used  commercially.  It  is  pleasant 
to  drink  and  bears  tran.sportation  w^ell.  It  is  use- 
ful in  dyspepsia,  especiallj'  when  attended  by  aciditj-, 
and  it  seems  to  act  as  a  corrigent  or  regulator  of 
secretion,  being  efficacious  both  in  diarrhea  and  in 
constipation.  It  is  u.sed  in  disorders  of  the  kidnej-s 
and  in  rheumatism.  The  water  also  possesses  excellent 
tonic  properties.  Emm.a.  E.  Walker. 

Blumenbach,  Johann  Friedrich. —  Born  at  Gotha, 
Germany,  May  11,  17.52.  He  received  his  degree  of 
Doctor  of  Medicine  from  the  University  of  Goettingen 

in  177.5,  and  was  ap- 
pointed, first.  Pro- 
fessor Extraordi- 
nary of  Medicine  in 
1776,  and  then  Pro- 
fessor in  Ordinary 
in  177S.  He  died  at 
Goettingen,  Janu- 
ary' 22,  1S40. 

Blumenbach  is 
known  to  posteritj' 
chiefly  as  an  anthro- 
pologist. His  earlier 
published  writings 
treated  of  topics  re- 
lating to  physiolog}- 
and  comparative 
anatomy,  and  they 
passed  through 
many  editions;  but 
his  great  work  on 
a  n  t  h  r  o  p  ology — of 
which  science  he  has  been  justly  called  the  founder — 
boar."!  the  title  "Collectionis  su»  craniorum  diversarum 


Fig.  83S. — Johann  Friedrich 
Blumenbach. 


gentium  illustrata;  decades"  (Goettingen,  1790-1828) 
and  contains  the  description  of  sixty  human  crania. 
He  divided  the  human  race  into  five  varieties  or 
families:  the  Caucasian  or  white  race,  the  Mongolian 
or  yellow,  the  Malayan  or  brown  race,  the  Negro  or 
black  race,  and  the  .\merican  or  red  race;  and  this 
cla.ssification  is  the  one  which  is  still  generally 
accepted.  A.  H.   B. 

BNA. — See  A  natomical  Nomenclature,  the  Basle. 

Bobbs,  John  Stough. — Born  at  Greenvillage,  Penn- 
sylvania, on  December  2S,  1S09.  He  received  the  de- 
gree of  Doctor  of  -Medicine  from  Jefferson  Medical  Col- 
lege, Philadeljihia,  in  ISoO,  and  began  active  practice 
in  Indianapolis,  Indiana.  According  to  Stone,  from 
whose  'Biography  of  Eminent  .Vmerican  Pliysicans 
and  Surgeons"  the  present  account  has  been  com- 
piled. Dr.  Bobbs  had  already  in  18.50  attained  the 
position  of  Professor  of  Surgerj'  in  the  Indiana  Central 
Medical  College,  and  Dean  of  the  Faculty.  The  follow- 
ing report  of  the  professional  riualifications  of  Prof. 
Bobbs  is  from  the  pen  of  the  late  Hon.  J.  W.  Gordon, 
one  of  his  former  students  and  a  personal  friend: 
"His  descriptions  of  healthy  and  diseased  action  and 
the  changes  from  the  one  to  the  other,  have  never 
been  surpassed  in  point  of  clearnes.s,  accuracy,  and 

graphic  force The  student  who  did  not  carry 

away  in  his  memory  such  a  portrait  of  each  disease  de- 
scribed by  the  professor  as  would  enable  him  to  detect 
the  original  when  presented  for  examination,  must  have 
lacked  some  mental  endowment  essential  for  success 
in  his  profession.  Nor  was  he  less  remarkable  for 
self-possession,  steadiness,  rapidity,  and  accuracy  in 
the  use  of  the  knife He  always  held  his  pro- 
fession sacred,  high  above  all  trickery  and  fjuackery, 
and  labored  with  incessant  diligence  to  place  it  in  public 
estimation  upon  the  same  footing  it  held  in  his  own 

regard To  the  poor  and  needy  he  was  always 

wisely  kind  and  beneficent.  \\'hen  called  upon  pro- 
fessionally to  attend  the  sick  of  this  clas.s,  he  was 
known  in  innumerable  instances  to  furnish,  be- 
sides gratuitous  service  and  neces.sary  medicine,  the 
means  of  life  during  their  illness."  Dr.  Bobbs,  it 
appears,  was  the  first  surgeon  in  this  country  to 
perform  the  operation  of  cholecj'stotomy.  Dr. 
Kemper,*  who  gives  a  detailed  account  of  the  opera- 
tion, speaks  of  Dr.  Bobbs'  achievement  in  the  fol- 
lowing terms:  "  When  the  operation  of  cholecystot- 
omy  shall  have  been  placed  on  a  firm  and  scientific 
basis,  and  recognized  and  acknowledged  by  our  pro- 
fession— as  assuredly  it  will — and  its  literature  fully 
considered,  the  luster  of  no  name  on  its  roll  shall 
exceed  that  of  Dr.  Bobbs." 

Dr.  Bobbs  died  at  Indianapolis  on  Maj'  1,  1S70. 

A.  H.   B. 


Bocconia. — .\  powerfully  medicinal  and  poi.sonous 
genus  of  plants  in  the  Papaveracete  or  Poppy  family. 
■B.  cordata  Willd.,"  more  properlj'  Madaija  cordala 
(Willd.)  R.  Br.,  of  China  and  Japan,  is  a  stout  peren- 
nial herb,  largely  cultivated  as  an  ornamental  plant, 
the  roots  of  which  are  used  medicinally.  It  contains 
at  least  three  alkaloids  (n'rfe  Schlotterbeck),  namely, 
prot  opine  in  large  amount,  ;?-homochelidonine,  and 
cheicrj-thrine,  and  possiblj'  sanguinarine  also.  B. 
arborea  Watson,  of  Mexico,  and  B.  frutescens  L.  and 
B.  integrifolla  Kunth.  of  tropical  America,  are  small 
trees  or  large  shrubs,  the  bark  of  which  is  used 
similarly.  These  barks  are  rich  in  alkaloids  and 
resinous  matter.  The  alkaloids  have  been  isolated 
and  somewhat  studied  in  the  Instituto  Medico 
Nacional  of  Mexico,  and  names  assigned  them;  but 
apparently  in.sufficient  care  was  taken  in  comparing 
them  with  known  alkaloids  of  other  members  of  the 

*  Transactions  of  the  Indiana  State  Medical  Society  for  1868. 
See  also  vol.  ii.  page  118,  of  the  first  edition  of  this  Handboos. 
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family,  notably  of  sangulnaria.  If  they  are  not  abso- 
lutely identical  with  the  latter,  they  are  at  least  very 
similar  in  phj-siological  action,  as  well  as  chemically. 
These  drugs  have  been  very  little  studied  in  any  way. 
but  richly  deserve  it.  The  writer  has  found  the  leaves 
of  B.  frutescens  highlj-  prized  among  the  Indians  of 
South  America,  but  their  uses  there  give  little  clue 
to  their  special  properties.  H.  H.  Rusby. 


Bodo. — Cijstomonas.  A  genus  of  para,sitie  Pro- 
tozoa, family  Bodidce,  class  Mastigophora.  These 
flagellates  have  no  undulating  membrane  and  one  of 
the  flagella  is  usually  bent  backward  and  kept  close 
to  the  body.  One  species,  B.  iiruwria,  has  been 
observed  in  human  urine.     See  Protozoa.      A.  S.  P. 


Boerhaave,  Hermann. — Born  Dec.  31,  16(38,  in 
Voorhout,  near  Leyden,  Holland.  Already  at  the 
age  of  eleven  he  had  become  thoroughly  grounded  in 
Latin  and  Greek.  At  about  this  time  an  ulcer  devel- 
oped on  one  thigh,  and  it  was  not  until  seven  years 
later  that  it  finally  cicatrized.  Every  surgical 
measure  had  been  tried  in  the  hope  of  effecting  a  cure 

of  this  lesion,  but  all 
in  vain;  the  desired 
result  was  finally 
obtained  after  the 
frequent  emploj'- 
ment  of  lotions  con- 
sisting of  urine  to 
which  salt  had  been 
added.  The  sugges- 
tion to  use  this  ex- 
traordinary remedy 
was  made  by  the 
boy  hiuLself,  and  it 
was  doubtless  the 
success  thus  ob- 
tained which  led  him 
event  uall_v  to  choose 
medicine  as  his  vo- 
cation. Up  to  1690 
Boerhaave 's  educa- 
tion was  based  upon 
the  idea  that  he 
would  follow  the  career  of  a  theologian,  but  in  that 
year  he  began  seriously  to  study  the  anatomical 
treatises  of  Vesalius,  of  Fallopius,  and  of  Bartho- 
linus,  and  lie  also  followed  a  course  of  dissection 
under  the  guidance  of  the  anatomist  Xuck.  To 
these  studies  he  soon  added  that  of  the  practice  of 
medicine,  his  favorite  authors  being  Hippocrates  and 
Sydenham;  and,  later  still,  he  devoted  a  great  deal  of 
time  and  much  thought  to  chemistry  and  botany,  in 
both  of  which  departments  of  knowledge  he  became 
thoroughly  well  versed.  In  1693  he  received  the 
degree  of  "Doctor  of  Medicine;  and  sixteen  years  later, 
in  1709,  the  L'niversitj-  of  Lej'den  made  him  Professor 
of  Medicine  and  Botany.  Students  flocked  to  his 
lectures  from  all  parts  of  Europe.  His  two  principal 
treatises — the  one  entitled  "Institutiones  rei  medico? 
in  usus  annuse  exercitationis  domestics"  (Leyden, 
170S),  and  the  other  "Aphorismi  de  cognoscendis  et 
curandis  morbis,  in usum  doctrinse medicinte"  (Leyden, 
1709) — furnished  the  basis  of  his  lectures;  and,  in  ad- 
dition, he  conducted  clinical  courses  very  much  like 
those  of  the  present  day.  As  a  practitioner  of  medicir.e 
Boerhaave  was  also  remarkably  successful,  and  his 
clientele  came  from  every  part  of  Europe.  A  story 
is  told  that  he  received  from  a  mandarin  in  China  a 
letter  addressed  to  "M.  Boerhaave,  phy.sician  in 
Europe."  He  died  in  Leyden  on  September  23, 
1738,   from  an  affection  of  the  heart. 

The  influence  e.xerted  by  Boerhaave  upon  the 
science  of  medicine,  both  during  his  lifetime  and  for 
many  years  after  his  decease,  was  very  great.     This 
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Fig.  S39. — Hermann  Boerhaave. 


influence  must  be  attributed,  not  to  anything  spe- 
cially original  in  his  teachings,  but  to  the  clear  and 
systematic  manner  in  which  he  both  wrote  and 
spoke,  and  to  a  certain  charm  of  manner.  His 
knowledge  of  European  languages  is  said  to  have 
been  remarkable.     (Diet.  Hist,  de  la  Med.) 

A.  H.   B. 


Boerne,  Texas,  is  a  town  of  about  1,000  inhabitants 
situated  in  tlie  southwestern  part  of  the  State,  thirty 
miles  northwest  from  the  city  of  San  Antonio.  Its 
altitude  is  about  1,670  feet,  which  gives  it  somewhat 
the  characteristics  of  a  mountain  resort  of  moderate 
elevation.  The  soil  is  composed  of  gravel  and  sand 
with  occasional  streaks  of  adobe,  and  a  substratum  of 
porous  limestone.  The  drainage  is  good,  both  on  ac- 
count of  the  slops  and  on  account  of  the  porous  charac- 
ter of  the  soO. 

Dr.  I.  M.  Cline  (Solly's  "Jledical  Climatology," 
1897),  who  had  charge  of  the  Texas  weather  service, 
describes  the  countrv  in  which  Boerne  lies  as  follows: 
"Between  latitude  29°  4.5' and  .30°  and  to  the  100th 
meridian  on  the  west,  the  elevation  changes  rapidly 
from  one  thousand  to  two  thousand  feet,  with  consid- 
erable irregularity,  and  is  broken  with  deep  ravines 
and  small  creeks,  and  along  the  western  border,  as  the 
two-thousand-foot  line  of  elevation  is  reached,  it  is 
much  sculptured  by  erosion.  The  soil  between  these 
elevations  is  very  irregular  in  its  formation,  but  is  to 
a  great  extent  of  the  black,  stiff  soil  over  the  eastern 
portion,  and  then  blends  toward  the  west  with  black 
and  red  sand  and  red  loam,  with  a  pebbly  soil  in 
some  parts;  it  is  also  crossed  here  and  there  by  strips  of 
v.-hite,  sandy  land,  with  a  growth  of  scrub  post-oak." 

The  monthly  mean  temperature  for  eight  years, 
arranged  by  seasons,  is  given  by  Solly  as  follows: 
Winter,  50°;  spring,  69°;  summer,  79°;  autumn,  65°; 
Mean  for  Januarj',  49°;  for  July,  81°;  for  the  year,  65°. 
The  total  seasonal  rainfall,  based  on  nine  years' records, 
is  given  by  the  same  authority  as  follows:  Winter,  5.9 
inciies;  spring,  9.6 inches;  summer,  6.4inches;  autumn, 
4.9  inches.  Annual  mean,  27  inches.  The  mean  rela- 
tive humidity  is  from  sixtj--six  to  seventy-two  per 
cent.  Occasionally  during  the  winter  months  there  is 
a  sudden  fall  in  temperature  during  the  prevalence 
of  a  "norther";  this  faU  depends  on  the  velocity 
of  the  wind  and  ranges  from  5°  to  25°  F.,  and  lasts 
from  a  few  hours  to  three  or  four  days.  The  windfall 
is  light,  the  prevailing  winds  blowing  from  the  south 
and  southeast,  the  velocit}'  ranging  from  four  to 
seven  miles  an  hour,  and  occasionally  increasing 
to  from  fourteen  to  twenty-five  mUes  during  a 
"norther."  "From  the  fact,"  saj's  Miller  ("Boerne 
and  Adjacent  Country,"  by  Dr.  William  Miller, 
Resident  Phj-sician),  "that  the  wind  passes  over  miles 
of  land  covered  with  grass  and  trees  before  reaching 
Boerne,  it  is  not  accompanied  with  clouds  of  dust  or 
sand,"  which,  as  Dr.  Miller  adds,  is  a  very  important 
matter  with  persons  suffering  from  diseases  of  the 
respiratory  organs. 

There  are  a  few  light  morning  fogs  in  the  late  autumn 
and  winter,  not  exceeding  a  total  of  eigiit  days  in  the 
year.  The  average  number  of  sunny  days  is  277,  and 
of  cloudy  eighty-eight.  The  number  of  da3-s  in  which 
there  is  more  or  less  sunshine,  and  in  which  an  invalid 
can  be  out  of  doors,  is  355.  In  Boerne  and  the  adjacent 
country  there  are  no  prevailing  diseases  of  a  con- 
tagious or  epidemic  nature.  The  whole  of  this  ele- 
vated district  is  above  the  j-ellow-fever  line  ^Miller). 

The  water  supply  is  chiefly  obtained  from  wells  of 
an  average  depth  of  thirty-five  feet,  and  the  water 
is  considered  fairly  good  for  drinking  purposes. 
Ci.stern  water  is  also  used.  About  three  miles  from 
Boerne  are  the  Indian  Mineral  Springs,  so  named  from 
the  fact  that  they  were  visited  periodically  l)y  various 
Indian  tribes,  who  came  bringing  their  sick  with  them. 
This  water  is  also  used  as  a  table  water.     The  anal- 
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ysis  made  by  C.  F.  Chaiuilor,  Ph.D.,  of  New  York,  is  as 
follows: 

One  United  States  Gallon  Contains; 

iSolids.  Grains. 

Chlorine  in  chlorides O.-'ilS 

Ktiuivalent  to  sodium  chloride .844 

Oxides  of  iron  and  uluniinum .093 

Lime 45.832 

M.lffiiesia 6.43.'> 

Sulphuric  acid  (SO3)  in  sulphate.^,  G7.216 

Silica '. .35.'> 

SoHds  of  evaporation 138. 388 

There  are  several  fairly  good  hotels  and  boarding 
liouscs  in  the  town  or  near  by.  Jioarders  are  also  re- 
eeived  in  the  ranch  houses  in  the  neighborhood.  I,iv- 
ing  is  said  to  be  inexjieiisive.  The  attractions  are 
riding,  driving,  hunting,  and  fishing,  and  there  are 
various  pleasant  excursions  in  the  vicinity.  The 
class  of  diseases  which  this  climate  is  likely  to  benefit 
are  pulmonary  tuberculosis,  chronic  rheumatism,  renal, 
nervous,  and  malarial  diseases. 

When  one  con.siders  the  low  relative  humidity,  the 
equable  climate,  and  especially  the  very  large  number 
of  sunny  days  in  the  year  (277),  the  Inference  is  war- 
ranted that  Boerne  is  admirably  fitted  for  the  open-air 
treatment  of  pulmonary  tuberculosis,  in  the  early  or 
moderately  advanced  stages.  While  exporienco  has 
verified  this  conclusion,  the  fact  still  remains  that  here, 
as  in  so  many  other  climatically  excellent  health 
resorts  in  this  country,  there  is  lacking  the  certainty 
of  finding  such  hygienic  conditions  as  the  consumjitive 
requires.  Climate  is  only  one  of  the  factors  in  the 
cure  of  phthisis,  and  it  will  often  prove  an  illu.sory  one 
imless  those  other  factors  are  also  present,  viz.,  care- 
ful medical  supervision  and  opportunities  for  obtain- 
ing proper  food,  well-ventilated  sleeping  apartments, 
and  means  for  the  rest  cure.  Boerne  is  off  the  beaten 
track  and  in  consequence  has  not  received  such 
general  recognition  as  a  health  resort  as  its  excellent 
climate  deserves.  Edward  O.  Otis. 


Boil. — Definition. — A  boil  or  furuncle  is  the  result 
of  an  acute  phlegmonous  inflammation  of  the  skin  and 
underlying  connective  tissue  surrounding  a  skin  gland 
or  follicle,  which  is  followed  by  suppuration  and  the 
extrusion  of  a  central  slough  or  core. 

Symitoms. — A  boil  begins  with  a  certain  amount 
of  infiltration  around  a  skin  gland  or  follicle,  which 
soon  manifests  itself  as  a  small,  somewhat  itchy, 
and  slightly  painful  pimple.  Very  soon  the  lesion 
a.ssumes  a  conical  shape,  becomes  more  tender, 
and  is  surrounded  by  a  zone  of  reddened  skin.  The 
boil  increases  in  size  with  considerable  rapidity 
until  about  the  tliird  or  fourth  day,  when  it  reaches  its 
full  development.  The  pain  likewise  grows  in  in- 
tensity, becoming  a  dull  ache,  and  there  is  much 
throbbing  with  a  sensation  of  tension.  All  of  these 
symptoms  are  intensified  at  night.  The  area  of 
the  furuncle  varies  considerably,  depending  upon 
the  density  of  the  skin  in  the  affected  part,  and  the 
consequent  facility  with  which  the  infiltration  may 
spread.  I'^inallj',  at  the  apex  of  the  boil  a  point 
of  suppuration  appears,  and  in  a  week  or  ten  days 
the  lesion  matures  or  becomes  "ripe."  If  pressure 
is  made  over  a  boil  before  it  is  quite  mature  a  little 
pus  or  bloody  serum  may  be  made  to  exude;  but 
later,  either  spontaneously  or  as  the  resuit  of  sur- 
gical interference,  the  core  escapes,  although  not 
always  very  readil}'.  The  e.xpulsion  of  the  core 
exposes  to  view  a  small  cavity  which  quickly  heals, 
to  be  followed  in  turn  by  a  purplish  discoloration 
and  ultimately  by  a  minute  scar.  Lymphangitis 
and  swelling  of  the  lymphatic  glands  frequently 
occur  in  connection  with  boils,  and  sometimes 
constitutional  sj-mptoms  are  marked.  When  a 
core  does  not  form,  as  occasionally  happens,   it  is 


called  a  blind  boil.  Boils  may  occur  singly  or  in 
groups;  often  they  come  out  in  succes.sive  crops, 
and  keep  on  appearing  for  long  periods,  constituting 
the  condition  known  as  furunculosis.  The  so- 
called  "furuncular  diathesi.s, "  especially  as  seen 
in  children,  may  produce  great  restlessness,  sleep- 
lessness, anorexia,  and  emaciation  due  to  pain  and 
the  free  discharge  of  pus.  It  may  be  of  interest 
in  this  connection  to  mention  that  under  the  name  of 
"hidradenitis  suppurativa"  I'ciUilzcr  has  called  at- 
tention to  a  suppurative  inflammation  of  the  sweat 
glands  which  results  in  their  destruction  and  the 
production  of  scars.  It  is  the  same  condition  origi- 
nally described  by  Verneuil. 

SiTu.vTioN. — While  boils  may  develop  anywhere 
on  the  general  surface,  except  the  palms  and  soles, 
they  show  a  marked  predilection  for  the  back  of 
the  trunk  and  neck.  They  also  occur  in  the  arm- 
pits and  at  the  borders  of  the  lids  (styes)  and  in 
the  external  auditory  canal,  in  which  latter  situation 
they  excite  great  pain. 

r.vTHOLOoY  AND  Etiology. — It  is  now  conceded 
that  boils  are  due  to  the  entrance  of  pus  cocci 
iSlaphylococcus  aureus  or  albus)  into  the  openings 
of  skin  glands  or  hair  follicles.  According  to  the 
researches  of  Bockhardt,  if  the  microorganisms 
do  not  ])enetrate  into  the  cutis,  simple  impetigo 
results;  if  they  pass  vaguely  into  the  cutis  through 
some  lesion  in  the  epidermis,  a  skin  abscess  will 
occur;  but  if  they  pass  along  the  duct  of  a  sweat 
gland  or  penetrate  the  lumen  of  a  hair  follicle, 
the  process  of  suppuration  is  more  acute  and  a 
furuncle  results,  the  suppurating  gland  or  duct 
representing  the  core.  Direct  inoculation  or  ex- 
perimental cultures  show  conclusively  the  contagious 
natvire  of  boils,  as  was  pointed  out  long  ago  by 
Startin.  According  to  Melsome,  it  is  not  possible 
to  obtain  cultures  in  the  edematous  area  surround- 
ing a  boil;  however,  when  a  furuncle  is  large,  or 
is  rapidly  followed  by  others  in  its  immediate  vicinity, 
the  pus  cocci  pass  through  the  abscess  walls  ancl 
travel  along  the  lymphatics,  producing  swelling  of 
the  lymph  glands,  and  in  severe  cases  they  may 
even  gain  access  to  the  general  circulation  and  induce 
septicemia. 

It  is  .said  that  women  are  less  subject  to  boils 
than  men,  and  that  while  boils  are  not  uncommon 
in  infants,  they  are  most  frequent  in  boys  and  young 
men.  Solitary  boils  are  often  found  to  be  due  to 
.some  local  irritation,  e.g.  chafing  of  rough  or  frayed 
garments,  decubitus,  etc.,  the  irritated  skin  more 
readily  allowing  the  penetration  of  pus  organisms. 
A  condition  of  furunculosis  of  the  back  of  the  neck 
is  not  infrequent  as  the  result  of  infection  from  the 
fingers  of  barbers  and  the  use  of  the  dirty  implements 
of  their  trade. 

Sweaters  and  other  garments  worn  by  young 
men  in  training  and  in  athletic  games  frequently 
become  infected  and  give  rise  to  boUs  in  otiierwise 
singularly  healthy  persons. 

It  is  a  matter  of  common  experience  that  fur- 
uncles complicate  many  disorders  of  a  depressing 
character,  e.g.  diabetes,  variola,  typhoid  fever, 
etc.  Severe  pruritic  diseases  are  also  often  complicated 
or  followed  by  boils;  for  example,  eczema  in  children. 
In  the  hot  summers  experienced  in  tliis  country  the 
very  common  prickly  heat  is  frequently  followed  by 
boils,  both  in  children  and  adults. 

The  condition  known  as  furunculosis,  or  recur- 
rence of  boils  in  crops,  is  due  to  local  reinoculation 
and  not  to  the  state  of  the  blood,  although  it  is 
undoubtedly  true  that  the  nutrition  of  the  soil 
will  have  much  to  do  with  the  pathogenetic  action 
of  the  pus  cocci. 

With  our  present  knowledge  of  the  pathology 
of   boils   it   may   be   readily    understood   how    boils 
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sometimes     occur     quasi-epidemically     in     faniilies 
and  schools. 

Diagnosis. — A  boil  Is  to  be  distinguished  from 
a  carbuncle  by  its  conical  shape  and  its  single  sup- 
purating point;  a  carbuncle,  on  the  other  hand, 
is  larger  and  flatter  than  a  boil,  has  several  openings, 
and  is  surrounded  by  a  much  more  brawnj' induration. 
The  difference  really  is  one  of  degree,  the  carbuncle 
being,  however,  clmicall3-,  a  much  more  formidable 
affection. 

Tre.4^tment. — In  aJ  cashes,  especiall)'  when  the 
eruption  has  existed  for  a  long  time,  it  is  advLsable. 
in  addition  to  the  local  measures  presentlj'  to  be 
described,  to  look  into  the  hygienic  surroundings 
and  general  health  of  the  patient.  The  urine  should 
be  examined  for  albumin  and  sugar,  and  if  these 
are  discovered  the  proper  treatment  for  those  con- 
ditions should  at  once  be  adopted.  All  local  sources 
of  irritation  and  possible  infection  should  be  dili- 
gently sought  and  removed.  Old  smoking  jackets, 
.sweaters,  etc.,  should  be  regarded  with  su.spicion. 
A  proper  disinfection  of  barber's  tools  should  be 
insisted  upon. 

Now  that  the  specific  character  of  the  furuncle  is 
better  understood  there  is  less  insistence  upon  the 
administration  of  the  host  of  remedies  that  are  sup- 
posed to  be  "good  for  boils." 

Among  such  remedies  maj-  be  mentioned  yeast  in 
doses  of  a  half-wineglassful  morning  and  night,  and 
the  sulphide  of  calcium  so  highh-  praised  by  Ringer. 
It  is  quite  possible  that  the  sulphide  of  calcium  may 
possess  some  germicidal  properties,  but  it  must  be 
given  in  much  larger  doses  than  those  usuall3'  recom- 
mended. Dilute  sulphuric  acid  in  ten  to  twenty 
drop  doses,  well  diluted,  every  three  or  four  hours, 
is  highly  esteemed  by  some  physicians.  Medicines 
that  improve  the  general  nutrition,  thus  rendering 
the  individual  less  su.sceptible  to  local  infection,  are 
of  undoubted  value  in  f  uruneulosis;  for  example,  iron, 
arsenic,  cod-liver  oO,  the  hj-pophosphites,  and  the 
syrup  of  the  lacto-phosphate  of  Ume  may  be  pre- 
scribed with  hope  of  benefit  in  suitable  cases.  The 
treatment  of  boils  bj'  means  of  the  bacterial  suspen- 
sion, or  the  so-caUed  bacterial  vaccine,  has  in  many 
cases  proved  highly  satisfactory,  and  it  is  probable 
that  in  no  disease  is  it  of  more  value.  While  on 
theoretical  grounds  the  autogenous  preparation 
would  seem  the  more  desirable,  results  equally  satis- 
factory are  obtained  with  the  stock  suspension. 

An  emulsion  representing  a  single  tj-pe  of  the 
staphj'lococcus  (e.g.  Staphylococcus  aureus)  may  be 
employed,  or  one  containing  mixed  organisms. 

The  irtitial  injection  may  contain  100,000,000 
staphylococci,  the  dosage  being  increased  at  intervals 
of  one  week,  until  the  injection  of  500,000,000  or 
1,000,000,000  is  reached.  A  cure  is  usually  effected 
within  at  least  ten  injections,  and  one  or  two  may 
be  sufficient. 

As  regards  the  direct  treatment  of  the  boil  itself  an 
effort  should  be  made  to  prevent  if  possible,  or  at 
least  limit,  the  suppuration.  Very  often  a  boil  may 
be  aborted  by  the  application  of  a  salicj-lic  acid 
plaster,  as  after  L.  Heitzmann's  formula : 

R.    Acidi  salicylici o  ij. 

Emplastri  saponin 5  iJ. 

Empiastri  diachyli  .  .  3  *■ 

M.     S.  Spread  on  cloth. 

Other  remedies  of  this  class  are  iodine,  boric  acid 
in  saturated  solution,  and  ichthyol.  Halle  and 
Jamieson    advise  the  following  application: 

H.    Tincturre  iodi 5  ». 

^cidi  tannic! 5  ss. 

Pulveris  acaciip 5  s-*^. 

M.     S.     Apply  externally. 

A  few  drops  of  carbolic  acid  injected  into  the  apex 
of  a   boil   will  often  cause  it  to  abort.     An  elect  ro- 
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lytic  needle  will  do  the  same  thing.  If  a  hair  occupies 
the  center  of  a  furuncle  it  is  best  to  extract  it. 

Unna's  mercuric-carbolic  plaster  often  succeeds 
in  aborting  a  boil;  but  if  suppuration  has  already 
begun,  nothing  succeeds  so  well  in  hastening  it.  A 
hole  should  be  cut  in  the  center  of  the  plaster  corre- 
sponding to  the  apex  of  the  boil.  When  boils  are  very 
painful  the  common  practice  is  to  apply  a  hot  flax- 
seed poultice,  but  unless  it  is  rendered  antiseptic 
by  the  addition  of  carboUc  acid  it  is  apt  to  prove 
mischievous  bj-  favoring  reinfection  in  the  vicinity. 
The  following  ointment  serves  all  the  purposes  of  a 
poultice,  does  not  encourage  reinfection,  and  allays 
pain  most  decidedly: 

R.    Xeroformi gr.  xJ\-iii. 

Vaselini, 

Lanolini aa   5  J. 

M.     S.     Spread  on  patent  lint. 

Bowen  recommends  the  following  ointment  as  a 
suitable  application  spread  on  cotton  or  lint  and  kept 
in  place  by  a  bandage. 

R.    .\cidi  borici. 

Sulphuris  pnecip aa    5i. 

Vaselini  (carbolisati) oi. 

M.     S.     Spread  on  lint. 

The  internal  administration  of  appropriate  doses  of 
acetphenetidin  will  usually  secure  sleep  at  night.  If 
incisions  are  imperativelj'  demanded  the  parts  may 
be  rendered  insensible  by  a  spray  of  ethyl  chloride. 
It  is  an  absolute  necessity,  especially  where  boils  are 
multiple,  to  smear  the  intervening  and  surrounding 
skin  with  a  paste  made  of  equal  parts  of  oxide  of 
zinc  and  vaseline  and  four-per-cent.  boric  acid. 
Washing  the  skin  with  green  soap  and  warm  water 
and  mopping  on  a  solution  of  bichloride  of  mercury 
1  to  1,000  often  puts  a  stop  to  reinoculation.  Clean 
underclothes  should  be  put  on  frequentlj-  and  the 
patient  warned  against  carrying  infection  to  other 

fiarts  with  his  fingers.  Squeezing  and  other  minipu- 
ation  of  a  boil  should  be  avoided,  .\fter  the  boil 
has  burst  the  resulting  cavity  should  be  treated  on 
ordinary  surgical  principles.        W.  A.  H.vrdawat. 

Boldo. — The  leaves  of  Petnnit^  boldus  ilolino  (fam. 
Monimiacea:}.  This  is  a  large,  much-branched  shrub 
or  small  tree  of  Chile,  evergreen  and  highlj'  aromatic, 
the  leaves  opposite,  the  flowers  smaO,  white,  panicled, 
diecious.  The  leaves  usually  dry  of  a  brownish  color. 
They  are  coriaceous  and  verj-  thick,  ovate  or  oval- 
ovate,  blunt  or  emarginate,  entire,  rough,  papUlose, 
and  steUate-hairy.  They  contain  numerous  large 
oil  vesicles,  and  have  a  strong,  somewhat  turpentine- 
like odor  and  an  aromatic,  burning  taste. 

Boldo  contains  about  two  per  cent,  of  a  powerful 
volatile  oil,  with  resin,  a  little  tannin,  three  per  cent, 
of  the  glucoside  boldin  or  boldoglucin  and  one-tenth 
per  cent,  of  the  alkaloid  boldine.  The  statements 
concerning  the  properties  of  the  constituents  are 
very  discordant.  According  to  Merck,  the  hepatic 
properties  reside  in  the  glucoside,  the  dose  of  which 
is  0.065  to  0.2  gram  (gr.  i.  to  iij.),  and  the  hypnotic 
properties  in  the  alkaloid,  the  dose  of  which  is  0.002 
to  0.0065  gram  (gr.  J^  to  -jVI- 

The  properties  of  the  leaves  are  very  marked,  and 
it  seems  strange  that  the  drug  should  not  have  ac- 
quired a  higher  repute.  Its  original  use  was  that  of 
an  alterative,  with  special  reference  to  the  liver. 
Marked  sedative  properties  were  encountered,  and  it 
has  been  considerably  used  as  a  hj-pnotic  in  insomnia. 
For  the  latter  purpose  the  dose  should  be  two  to  four 
grams  (5  ss.  to  i.),  for  the  former  a  fourth  as  much. 
The  drug  should  be  systematically  investigated.  It 
is  now  very  little  used.  H.  H.  Rcsbt. 

Bolus. — A  bolus  is  a  piU-like  mass,  containing 
medicinal  agents;   it  is  larger  than  a  pill,  generally 
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BoDC,  nistoloKv  and  lletelop- 
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weighs  from  five  to  ton  grains,  is  used  chiefly  in  veteri- 
nary jiractice.  Tlie  bolus  is  not  otRcial  in  either  tlie 
r.  8,  I',  or  the  ]J.  P.  When  sugar-coated,  the  bolus 
is  called  a  dragee.  R.  J.   E.  S. 

Ronduc. — Bnnduc  Nut;  Nicker  Tree. 

The  seeds  of  Cirsaliiinia  bonduceUa  (L.)  Roxb.  and 
of  C.  bondiir  Roxb.  (fani.  Lr<iiiminos<r). 

These  plants  are  not  only  abundant  in  India,  where 
fhcy  are  native,  but  have  been  very  largely  introduced 
to  most  trojiica!  countries.  The  seeds  have  the  shape 
of  a  smooth  pea,  but  are  one-half  or  three-fourlhs  inch 
in  diameter,  and  smooth  and  shining.  Those  of 
C.  hniiiliirrlla  are  of  a  peculiar  gray  lea<l-color,  those 
of  C  !>())i'/«c  j'ellowish-browu.  The  former  especially 
are  cla.ssical  in  the  medical  history  of  India,  the  uses 
being  numerous  and  varied,  and  some  of  them  doubt- 
less ignorant.  Its  chief  reputation  appears  to  have 
been  in  the  treatment  of  malaria,  and  careful  trial  has 
shown  it  to  pos.sess  antiperiodic  properties  of  some 
importance.  The  .seeds  contain  twent)'-five  per  cent. 
of  fixed  oil,  which  has  been  expres.sed  and  used  like 
other  fixed  oils.  They  also  contain  about  two  per 
cent,  of  an  amaroid,  which  is  a  white  powder,  ami 
apparentl)'  the  active  constituent.  Like  all  seeds  of 
their  cla.ss,  they  are  rich  in  protein.  The  shell  con- 
tains tannin.  The  antiperiodic  do.se  of  the  bitter 
principle  is  0.1  to  0.2  gram  (gr.  iss.  to  iij.). 

H.  H.  RusBY. 

Bone,  Chemistry  of. — See  Cariihige,  Bones,  and 
Teeth,  CheinUtrij  of. 

Bone,  Histology  and  Development  of. —  Bone  ti.s.sue 
is  clo.sely  allied  in  genesis  and  in  many  of  its  struc- 
tural features  to  the  other  members  of  tfie  connective- 
tissue  group,  the  most  evident  difference  between 
it  and  other  ti.ssues  of  the  same  class  consisting  in  the 
solidity  and  firmness  of  the  basement  substance.  For 
in  this,  as  in  other  connective  tissues,  we  have  to  con- 
sider the  cells  and  the  basement  substance  and  the  way 
in  which  they  are  arranged  to  form  the  different  varie- 
ties of  tissue.  The  solidity  of  the  basement  substance 
of  bone  depends  largely  upon  the  deposition  within 
it  of  calcium  phosphate  and  carbonate,  with  small 
amounts  of  calcium  fluoride,  sodium  chloride,  and 
salts  of  magnesium.  These  inorganic  salts,  which  form 
about  two-thirds  of  the  weight  of  the  bone,  are  de- 
posited in  an  organic  matrix  in  such  a  condition  of 
minuteness  that  they  are  not  recognizable  as  particles 
even  with  high  powers  of  the  microscope.  They  may 
be  dissolved  out  of  the  bone  with  dilute  acids,  leav- 
ing a  translucent  flexible  material  beliind,  which  pre- 
serves the  shape  and  general  structural  features  of 
the  bone. 

The  soft  matrix  which  is  left  after  the  extraction 
of  its  inorganic  salts  may  be  converted  into  gelatin  by 
boiling  in  water.  It  is  sometimes  called  the  cartilage 
of  bone,  or  ossein;  but  there  is  no  sufficient  rea.son  for 
u.sing  these  names,  since  the  matrix  is  really,  both  in 
chemical  nature  and  in  minute  structure,  clo.sely  allied 
to  the  basement  substance  of  fibrillar  connective 
tissue. 

The  varied  gross  appearances  which  different  bones 
or  different  parts  of  the  same  bone  present  have  given 
rise  to  the  names  compact  bone  tissue  and  cancel- 
lous bone  tissue  or  spongy  bone.  But  the  essential 
structure  of  the  tissue  is  the  same  in  both,  the  differ- 
ence consisting  largelj'  in  the  arrangement  of  the  bone 
tissue  proper,  and  its  abundance  in  proportion  to  the 
marrow  spaces  or  vascular  canals  which  it  encloses. 
The  compact  bone  tissue  is  in  general  found  in  the 
outer  portions  of  the  bones,  while  the  cancellous  tissue 
is  situated  internallj',  either  entirely  filling  the  central 
portions  or  bordering  the  marrow  cavities. 

Bones  are  surrounded  bj-  a  layer  of  vascular  connec- 
tive tissue  called  the  periosteum,  and  contain,  either  in 
large  central  cavities  or  in  the  smaller  spaces  with 


which  they  are  everywhere  permeated,  a  delicate 
vascular  ti.ssuc  called  marrow.  We  have,  then,  to 
consider:  1.  bone  tissue  proper;  2.  the  periosteum; 
.5.  the  marrow. 

1.  Banc  Tissue  Proper. — If  wc  remove  the  inorganic 
salts  from  one  of  the  long  bones,  by  soaking  it  in  dilute 
chromit!  or  |)icric  acid  (.se(!  article  on  Ilintologienl  2'ccA- 
nique),  and  then  make  a  thin  longitudinal  section,  mi- 
croscopical examination  with  a  low  power  of  these  sec- 
tion.s,  stained  with  eosin  and  mounted  in  glycerin,  re- 
veals a  pic'ture  like  that  represented  in  Fig.  S40.  The 
more  solid  ])c)rtions  of  the  bono  show  a  series  of  narrow 
canals,  running  in  a  direction  in  general  jjarallel  with 
the  long  axis  of  the  bone,  and  in  frequent  communica- 
tion with  one  another  by  similar  short  trans ver.so  or 
oblique  canals.  These  are  the  so-called  Haversian 
canals,  and  contain  blood-vessels,  and,  depending  upon 
their  size,  few  or  many  variously  shaped  cells.  Along 
these  Haversian  canals  the  basement  substance  wiU 
bo  seen  arranged  in  a  series  of  lamella?,  while  in  and 
between  these  lamells  lie  small,  elongated   cavities 


Fig. 


S40. — Longitudinal  Section  of  Human  Tibia,  Decalcified  and 
Mounted  in  Glycerin.     ( X  about  20  and  reduced.) 


called  lacunae,  in  which  are  the  bone  cells.  Trans- 
ver.se  sections,  however,  through  the  middle  of  a  long 
bone,  reveal  with  more  distinctness  the  arrange- 
ment of  the  lamell®  of  the  basement  substance  (Fig. 
841).  The  Haversian  canals,  which  are  cut  trans- 
versely or  obliquely  across,  are  surrounded  by  a  .series 
of  concentric  lameUre.  These  Haversian  lamellae, 
with  their  enclo.sed  lacuna^  together  with  the  canals 
and  their  contents,  form  tlie  so-called  Haversian 
systems.  Filling  the  larger  and  smaller  irregular  areas 
between  the  Haversian  systems  are  other  parallel 
lamellae,  which  run  in  various  directions,  and  which 
are  called  intermediary  systems.  Beneath  the  peri- 
osteum, at  the  external  surface  of  the  bone,  is  a  thinner 
or  thicker  .system  of  lamellae  called  circumferential  or 
general  lamella',  which  cover  over  large  numbers  of  the 
Haversian  S3'stems  and  surround  the  entire  bone. 
Sometimes  similar  but  less  well-defined  general  systems 
of  lamellae  border  the  marrow  cavity,  but  more  often 
the  internal  surface  of  the  compact  bone  is  beset  with 
a  series  of  projecting  bony  trabecule,  consisting  of 
lamelhe  similar  to  those  forming  the  systems  of  the 
compact  bone,  and  inclosing  large,  irregular  spaces. 
This  is  the  cancellous  tissue  bordering  the  marrow 
cavity.  In  the  heads  of  long  bones,  and  in  most  short 
or  irregular-shaped  bones  the  cancellous  tissue  oc- 
cupies the  entire  central  portion. 

If,  now,  we  study  more  closely  the  minute  structural 
features  of  the  bone,  we  find  in  the  first  place  that  the 
Haversian  canals,  as  seen  in  transverse  sections  of  the 
bone,  vary  con.siderably  in  size  and  shape.  Some  are 
large,  others  small;  some  are  round,  othersoval,  others 
irregular  in  shape.  In  many  cases,  however,  the  oval 
shape  of  the  Haversian  canals  and  of  their  .systems  of 
lamellae  appears   to   be   due   to   the  obliquity  of  the 
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section.  In  some  cases  the  canals  lie  in  the  center  of 
the  systems,  in  others  near  the  side.  Sometimes  the 
Haversian  sj'stems  are  complex,  one  set  of  concentric 
lamellsE  seeming  to  have  encroached  upon  the  space 
formerly  occupied  by  another  (Fig.  S41).  Further- 
more, the  borders  of  many  of  the  Haversian  systems. 
where  these  abut  on  one  another  or  upon  the  inter- 
mediary sj'stems,  appear  scolloped  or  jagged.  This 
appearance  will  be  explained  below,  when  we  consider 
the  growth  of  the  bone. 

Turning  now  to  the  bone  cells  and  the  spaces  in 
which  they  lie — the  lacunae — we  find  that  some  other 
mode  of  preparation  is  necessary  than  that  of  mount- 
ing sections  of  decalcified  bone  in  glycerin,  because 
the  whole  extent  of  the  cell  spaces  is  not  revealed,  on 
account  of  their  partial  filling  by  the  moimting 
medium. 

If,  however,  we  take  a  bone  which  has  been  macer- 
ated and  dried,   to  remove   the  fat  and  other  soft 


Ik 


Fig.  S41. — ^Transverse  Section  of  a  Bone  (the  Ulna)  Deprived 
of  Its  Earth  by  Acid.  (Sharpey.)  Magnified  20  diameters. 
Haversian  systems  of  /'annk  and  concentric  lamellae. 

tissues,  and  prepare  thin  sections  by  grinding  and 
polishing  them,  and  then  mount  them  in  hard  balsam, 
which  is  melted,  and,  after  the  section  is  enclosed, 
cooled  so  quickly  that  it  does  not  have  time  to  pene- 
trate far  into  the  tissue,  the  full  extent  of  the  ceU 
cavities  is  revealed.  For  all  the  spaces  are  now 
filled  with  air,  which  gives  them  a  dark  appearance 
bj'  transmitted  light.  In  a  section  thus  prepared 
(Fig.  S42),  it  will  be  seen  that  the  lacuna  are  elon- 
gated, mostly  fusiform,  irregular  cavities,  lying  be- 
tween and  in  the  lamelli,  and  that  from  these  minute 
branching  canals,  called  canaliculi,  pass  off,  piercing 
the  lamelte  and  forming  frequent  communications 
with  the  canaliculi  of  neighboring  lacunae.  The 
canaliculi  which  pa.ss  out  from  the  lacuna  lying  near 
the  Haversian  canals  pierce  the  walls  of  the  latter 
and  open  into  them.  The  canaliculi  of  neighboring 
Haversian  systems,  however,  do  not,  as  a  rule,  com- 
municate with  one  another. 

In  the  lacuna,  as  may  be  seen  in  carefully  prepared 
thin  sections  of  decalcified  bone,  lie  the  flattened  and. 
in  some  cases,  branching  bone  cells.  To  what  extent 
the  branches  of  the  cells  pass  into  the  canaliculi  is 
not  yet  fully  establi-shed.  The  bone  cells  have  large 
nuclei  and  finely  granular  bodies. 
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According  to  von  Ebener,  Sharpey,  and  others, 
the  ba.sement  substance  of  bone  is  not  homogeneous, 
but  is  permeated  by  exceedingly  minute  decussating 
fibrils,  similar  to  those  of  the  basement  substance  of 
ordinary  fibrillar  connective  tissue.     Certain  of  the 
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Fig.  S-t2. — Transverse  Section  of  Compact  Tissue  of  Humerus. 
Magnified  about  150  diameters  and  then  slightly  reduced. 
(Sharpey.)  Three  of  the  Haversian  canals  are  seen,  with  their 
concentric  rings;  also  the  lacun:E,  with  the  canaliculi  extending 
from  them  across  the  direction  of  the  lamelbe.  The  Haversiaa 
apertures  had  become  filled  with  air  and  debris  (from  the  grind- 
ing), and  therefore  appear  black  in  the  figure,  which  represents 
the  object  as  viewed  mth  transmitted  light. 

lamellse,  particularly  those  of  the  circumferential 
and  intermediary  systems,  are  pierced  by  bundles 
of  delicate  fibrils,  which  pass  perpendicularly  or  ob- 
liquely through  them.  These  fiber  bundles,  called 
Sharpey's  fibers,  may  be  seen  projecting  from  the 
inner  side  of  small  bits  of  bone  torn  forcibly  away 
from  one  another,   near  the  surfaces  of  decalcified 
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Fig.  84.3. — Section  through  the  External  Table  of  a  Decalcified 
Human  Parietal  Bone,  a,  Sharpey 's  fiber?  in  their  natural 
position;  b,  fibers  which  have  been  pulled  out  of  the  underlying 
basement  substance,  c.     (After  H.  Muller.) 

bones  (Fig.  S43)  as  well  as  in  very  thin  sections. 
These  Sharpey's  fibers,  as  will  be  seen  when  we  come 
to  the  development  of  bone,  are  the  remains  of  the 
old  fibrillar  connective-tissue  matrix  in  which  the 
bone  is  formed. 
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During  tlu-  jmst  ton  years  and  even  much  earlier 
attempts  liax'e  been  made  to  distinguish  histologieally 
liuman  eompai^t  Ixirie  from  tlie  same  tissue  wlien 
of  animal  origin.  In  11)10,  W.  tieyer  wrote  a  gradu- 
ation thesis  (Jena)  on  this  suljjeet.  The  differences 
must,  of  course,  lie  in  the  llav(\rsian  systems  of  the 
respective  animals  inchuling  man,  as  shown  in  cross- 
section.  Attempts  at  differentiation  have  been  based 
on  the  number  and  width  of  the-  Haversian  lamelhn, 
the  number,  size  and  grouping  of  tlie  bone-corpuscles, 
the  distances  between  the  llaversian  canals,  etc. 
That  notal)le  differences  exist  among  the  bone  tissues 
of  certain  sjiecics  of  animals  is  very  evident,  as  is  also 
the  fact  that  all  these  tissues  tend  to  follow  some 
particular  tj'pe  of  Haversian  system.  But  thus  far 
no  such  distinctions  have  been  established  as  would 
serve  for  forensic  ends,  despite  allegations  to  the  con- 
trary (Gej'cr). 

12.  The  Periosteum  is  a  fibrous  sheath  surrounding 
the  bones,  except  over  their  articular  surfaces.  It 
consists  of  moderately  dense  layers  of  fibrillar  con- 
nective tissue  containing  numerous  blood-vessels, 
which  ramif_v  in  the  outer  portions  and  finally  enter 
the  bone  through  the  Haversian  canals.  There  is  a 
consi<lerable  number  of  elastic  fibers  in  the  inner 
portions  of  the  periosteum,  and  it  contains  an  abun- 
dant sj'stem  of  lymphatic  vessels.  In  the  growing 
bone  irregular  layers  of  large  granular  cells,  called 
osteoblasts,  lie  in  the  inner  layers  of  the  periosteum, 
and  between  it  and  the  bone.  The  periosteum  con- 
tains a  few  nerves,  which  chiefly  pass  from  it  into  the 
bono  tissue. 

3.  The  Marrow  is  a  complex  tissue  which  fills  the 
largo  central  cavities  in  the  shafts  of  the  long  bones, 
the  spaces  in  the  cancellous  tissue,  and  the  larger 
Haversian  canals.  Marrow  tissue  varies  considerably 
in  its  appearance  and  structure  in  adults  and  in  the 
young,  as  well  as  in  different  bones  in  the  adult.  In 
the  adult  the  marrow  in  the  shafts  of  long  bones  con- 
sists of  blood-vessels  and  a  delicate  connective-tissue 
reticulum  which  supports  a  great  abundance  of  fat 
cells  and  a  varying  number  of  small  spheroidal  cells 
scattered  between  the  fat  ceils.  Such  marrow  has  a 
yellow  appearance  from  the  fat  which  it  contains. 


Fio.  844. — Cells  of  the  Red  Marrow  of  the  Ouinea-Pig.  Highly  magnified.  (Schafer.) 
o,  A  large  cell  the  nucleus  of  which  appears  to  be  partly  divided  into  three  by  con- 
strictions; 6,  a  cell  the  enlarged  nucleus  of  which  shows  an  appearance  of  budding  into 
a  number  of  smaller  nuclei;  c,  a  so-called  giant  cell  or  myeloplaxe  with  many  nuclei; 
(1,  a  smaller  myeloplaxe  with  three  nuclei ;  e-i,  proper  cells  of  the  marrow. 


In  the  cancellous  tissue  of  both  long,  irregular- 
shaped,  and  short  bones  in  the  adult,  and  in  all  of  the 
bones  in  yoiuig  animals,  the  marrow  is  red  in  color, 
and  contains  comparatively  few  fat-cells.  Red  mar- 
row consists,  like  the  yellow  marrow,  of  blood-ves.sels, 
lymph  vessels,  and  a  delicate  reticular  framework 
whose  meshes  are  more  or  less  filled  with  cells.  These 
cells  are  of  several  kinds  (see  Fig.  S44).  There  are 
abundant  small  spheroidal  cells  with  nuclei,  which 
are  very  large  in  proportion  to  the  size  of  the  cell 
body;  and  between  these  and  considerably  larger 
cells,  also  with  large  and  often  irregularly  shaped  and 


sometimes  double  nuclei,  there  are  numerous  inter- 
mediate forms.  All  of  the  above  forms  are  very 
abundant  in  red  marrow,  and  constitutes  the  marrow 
cells  proper  (Fig.  S-11).  Then  we  find,  much  less 
frequently,  and  in  varying  nundjcrs  in  different 
bones  of  the  .same  aninud,  and  in  the  bones  of  different 
animals,  much  largcM',  usually  multinucleated  cell.s, 
the  so-called  miicloplaxcs  or  giant  cells  (Fig.  844). 
These  niyeloplaxes,  although  always  large,  vary 
considerably  in  size  and  shape,  and  in  the  number 
of  tlnur  nuclei.  The  nuclei  are  apt  to  be  collectefl  in 
a  coni|)act  mass  near  the  center  of  the  cell,  and  often 
present  tpiite  bizarre  and  indi^scribablo  .sliapes. 
Finally,  retl  marrow  contains,  in  varying  number, 
small  nucleated  cells,  which  bodies  have  the  color 
and  general  appearance  of  red  blood  cells,  the  .so- 
called  nucleated  red  blood  celln,  and  small  spheroidal 
cells  whose  bodies  contain  larger  and  sin.aller  particles 
of  pigment,  and  a  moderate  number  of  fat  cells. 

The  Deviclopment  op  Bone. — It  will  be  possible 
within  the  limits  of  this  article  to  give  only  a  very 
brief  general  descrijition  of  the  .somewhat  complex 
way  in  which  bone  is  formed.  It  is  customary  to 
describe  the  development  of  bone  as  occurring  in 
three  ways,  or,  speaking  more  correctly,  to  describe 
three  phases  of  bone  development.  These  are  intra- 
rartilaginous,  intramembranous,  and  subperiosteal. 
It  should  be  borne  in  mind,  however,  that  the  essential 
nature  of  the  process  is  the  .same  in  all. 

Intracartilaginous  Ossification. — Most  of  the  long 
and  irregular-shaped  bones  in  the  body  consist,  at 
an  early  period  of  life,  of  ma.sses  of  hyaline  cartilage, 
which  present,  in  a  general  way,  the  shape  of  the 
future  bone.  The  transformation  of  these  cartilage 
mas.ses  into  bones  is  intracartilaginous  ossification. 
This  is  always  associated  with  a  certain  amount  of 
subperiosteal  o.ssification  in  the  manner  to  be  de- 
scribed below.  Macewen  ("Growth  of  Bone,"  1012) 
insists  that  the  periosteum  is  not  an  osteogenetic 
structure,  and  that  there  is  no  evidence  that  it  either 
produces  or  reproduces  bone.  It  is  only  a  limiting 
membrane  which  prevents  the  highly  vegetative 
osteoblasts  from  invading  the  surrounding  tissues 
during  development.  Bone  does  not 
die  beeau.se  bereft  of  periosteum  and 
bare  bone  is  not  necessarily  dead  bone. 
Subperiosteal  ossification  is,  of  course, 
an  assured  fact,  but  according  to 
Macewen  tlte  periosteum  plays  no 
active  role  therein.  It  only  provides 
by  its  protection  and  limitation  a 
suitable  nidus  for  the  genesis  of  the 
e.xternal  lameOte  of  bone. 

If  we  look  at  one  of  the  cartilage 
ma.s.ses  which  is  to  be  converted  into 
a  long  bone — at  one  of  the  bones  of 
the  finger  or  toe,  for  example  (Fig. 
845) — at  a  period  when  the  process  of 
ossification  is  about  to  commence,  we 
notice  that  at  the  central  portion 
of  the  mass  the  cartilage  cells  are 
larger  than  in  other  parts,  and 
closer  together,  and  that  the  base- 
ment substance  between  them  is  finely 
granular  from  the  deposition  in  it  of 
While  this  preliminary  calcification  of 
the  cartilage  and  the  enlargement  of  its  cells  are  going 
on,  a  shell  of  bone  is  forming  around  the  middle  of  the 
shaft  beneath  the  periosteum,  and  as  the  cartilage  near 
the  ends  continues  to  grow  and  expand  at  the  sides,  the 
entire  mass  assumes  somewhat  of  an  hour-glass  shape. 
Now  the  blood-vessels  from  the  perichondrium — which 
has  l^ecome  a  periosteum  on  account  of  the  above- 
mentioned  .shell  of  bone  which  has  been  formed 
around  the  shaft — begin  to  advance  in  the  central 
portion  of  the  cartilage,  and  this  becomes  channelled 
out  in  irregular  branching  canals  in   the  region   of 

247 


salts  of  lime. 


Bone,  Histology  and  Develop- 
ment of 


REFERENCE    HANDBOOK    OF   THE    MEDICAL    SCIENCES 


the  enlarged  cartilage  cells,  so  that  after  a  time  a 
considerable  portion  of  the  central  part  of  the  shaft 
of  the  bone  is  permeated  by  a  series  of  vascular 
canals.  The  general  appearance  of  the  bone  at  this 
time  is  seen  in  Fig.  846. 

A  closer  examination  at  this  period  will  show:  (1) 
that  the  cartilage  cells  which  lie  in  tlie  region  just 
beyond  the  advancing  vascular  canals  have  assumed 
a  peculiar  arrangement  and  are  large;  (2)  that  the 
basement  substance  of  the  cartilage  in  the  same 
ragion  is  calcified;  and  (3)  that  tliin  layers  of  new 
bone  are  beginning  to  form  along  the  edges  of  the 
vascular  canals  in  the  central  portion  of  the  shaft. 


Fio.  845. — Section  of  Phalangeal  Bone  of  Human  Fetus,  at  the 
Time  of  Commencing  Ossification.  (Schafer.)  The  cartilage  cells 
in  the  center  are  enlarged  and  separated  from  one  another  by  dark- 
looking  calcified  matrix;  zm,  layer  of  bone  deposited  underneath 
the  periosteum;  o,  layer  of  osteoblasts  by  which  this  layer  has  been 
formed.  Some  of  the  osteobla:^ts  are  already  embe<lded  in  the 
new  bone  as  lacunae.  The  cartilage  cells  are  becoming  enlarged 
and  flattened  and  arrayed  in.  rows  above  and  below  the  calcified 
center.  At  the  ends  of  the  cartilage  the  cells  are  small  and  the 
groups  are  irregularly  arranged;  the  fibrous  periosteum  is  not 
sharply  marked  off  from    the  cartilage. 

If  we  look  at  a  similar  bone  at  a  somewhat  later 
period,  we  find  that  while  a  layer  of  subperiosteal 
bone  tissue  of  considerable  thickness  has  been 
formed  round  the  shaft,  the  central  portions  of  the 
structure  are  also  filled  with  irregular  bonj'  trabeculie, 
between  which  lie  the  vascular  canals  or  marrow 
cavities  (Fig.  846);  and,  furthermore,  that  the 
cartilage  cells  toward  the  ends  of  the  bone,  in  the 
region  just  in  front  of  the  advancing  marrow  cavities, 
are,  as  before,  large  and  arranged  in  rows  and  lie  in  a 
calcified  basement  substance. 

It  is  now  necessary  to  look  more  closely  at  the 
changes  in  the  cartilage  which  precede  the  ossifica- 
tion,  and   to  study   the  exact  way   in  which   bone 
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tissue  is  formed  along  the  walls  of  the  advancing 
marrow  cavities. 

If  we  look  with  a  high  power  at  a  thin  section  of  a 
carefully  preserved  and  decalcified  bone  in  the  process 


Fig.  846. — Lon^tudinal  Section  through  the  Upfjer  Half  of  the 
Decalcified  Humerus  of  a  Fetal  Sheep,  ilagnified  about  30  dia- 
meters. (Schafer.)  ic.  The  part  of  the  shaft  which  was  primaril>' 
ossified  in  cartilage.  One  long,  straight  vessel  (fer)  passes  in 
advance  of  the  line  of  ossification  far  into  the  cartilaginous  head; 
most  of  the  others  loop  round  close  to  the  cartilage.  At  one  or 
two  places  in  the  older  parts  of  the  bone,  elongated  groups  of 
cartilage  cells  (c)  maV  still  be  seen  which  have  as  yet  escaped 
absorption;  im,  the  part  of  the  bone  that  has  been  ossified  in 
membrane,  that  is  to  say,  in  the  osteoblastic  tissue  under  the 
periosteum.  The  subperiosteal  layer  is  prolonged  above  into  the 
thickening  (p),  which  encroaches  upon  the  cartilage  of  the  head 
of  the  bone,  and  in  which  are  seen,  among  numerous  osteoblasts 
and  a  few  blood-vessels,  the  straight,  longitudinal  osteogenic 
fibers  (of),  and  some  other  fibers  (pf)  crossing  them,  and  perhaps 
representing  fibers  of  Sharpey. 

of  development,  confining  our  attention  for  a  moment 
chiefly  to  that  region  which  lies  along  the  ends  of 
the  above-described  advancing  marrow  cavities,  and 
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Flo.  847.  —  Bony  Trabcrulii  fr(.iin  (he  Lower 
Jaw  of  a  C;ilf  Embryo,  with  Howship's 
foveoUp  and  giant  cells  at  the  ends  where  ab- 
sorption ia  proceeding  and  osteoblasts  cover- 
ing the  sides  where  bone  is  being  deposited. 
(KoUiker.) 


for  a  short  distance  on  cither  sido,  we  find  a  condi- 
tion similar  to  that  represented  in  Fig.  84S.  At  some 
distance  toward  the  end  of  the  bone  from  the  medul- 
lary cavities  the  cartilage  cells  become  flattened  and 
are  arranged  in  irregular  rows,  b;  nearer  the  ossifying 
portions  of  the  bone  the  cartilage  cells  are  larger  aiul 
nior('  closely  packed  together;  and  iinally,  just  beyond 
the  ends  of  the  advancing  marrow  canals,  large 
cartilage  cells  are  seen  lying  in  elongated  cavities  in 
the  basement  substance,  c.  Each  cavity  contains 
several  cells,  whicii,  in  many 
cases,  arc  separated  from  one 
another  by  narrow  partitions 
of  cartilage  basement  sub- 
stance, jiere  and  there  along 
this  region  it  will  bo  seen  that 
the  marrow  canals  with  their 
contained  blood-vessels  have 
opened  into  and  become  con- 
tinuous with  the  spaces  con- 
taining the 
large  cartilage 
cells,  and  the 
latter  have 
either  disap- 
peared or  have 
assumed  some 
different  form. 
This  occurs 
sooner  or  later, 
and  usually  at 
about  tlie  same 
time,  all  along  this  region,  .so  that  the  advancing 
blood-vessels  convert  the  spaces  originally  contain- 
ing cartilage  cells  into  vascular  canals  or  marrow 
cavities. 

If  we  look  now  at  the  region  near  the  ends  of  the 
marrow  canals,  wo  find  that  these  canals  contain  thin- 
walled  blood- ves.sels,  numerous  small  spheroidal  cells, 
and  larger  cuboidal,  ovoidal,  or  ftisiform  granular 
cells,  which  are  apt  to  be  arranged  along  the  sides  of 
the  canals.  These  latter  cells  are  the  so-called 
osteoblasts,  under  whose  influence  the  bone  tissue  is 
formed. 

The  exact  way  in  which  the  bone  tis.sue  is  depo.sited 
under  the  influence  of  the  osteoblasts  may  be  readily 
seen  in  very  thin  sections  through  the  zone  of  o.ssiii- 
cation,  which  have  been  stained  double  with  hema- 
toxylin and  eosin  (see  article  on  Histological  Tech- 
nique) and  moimted  in  balsam.  A  small  portion 
of  such  a  .section  made  transver.sely  across  the  bone  is 
represented  in  Fig.  847.  Just  beneath  the  osteo- 
blasts which  lie  along  the  edges  of  the  marrow 
canals  thin  crescentic  shells  of  strongly  refractile 
calcareous  material — the  basement  substance  of 
bone — are  formed.  The.se  shells  grow  thicker  and 
thicker,  and  ri.se  up  around  the  sides  of  the  osteoblasts. 
They  are  pierced  by  delicate  canals,  which  are  to 
form  the  canaliculi.  Gradually  the  entire  osteo- 
blast, which  has  become  somewhat  flattened  and 
jagged  in  outline,  is  enclo.sed  by  the  bony  ba.sement 
substance  and  becomes  a  bone  cell.  This  process 
goes  on  around  the  osteoblasts,  which  lie  side  by  side 
all  along  the  walls  of  the  marrow  spaces,  so  that  the 
latter  are  presently  enclosed  by  an  irregular  wall  or 
encasement  of  new  bono.  Upon  this,  new  layers 
are  deposited,  so  that  gradually  the  marrow  spaces 
grow  narrower  and  narrower,  and  finally  contain 
only  blood-vessels  and  a  few  marrow  cells.  This 
gradual  bony  thickening  of  the  walls  and  narrowing 
of  the  marrow  spaces  may  be  seen  by  following  the 
tissue  in  a  longitudinal  section  from  the  line  where 
ossification  commences,  near  the  distal  ends  of  the 
marrow  spaces,  toward  the  center  of  the  bone  where 
the  process  is  oldest. 

The  fragmentary  remains  of  the  old  basement  sub- 
stance of  the  hyaline  cartilage  persi.st  for  some  time, 
surrounded  by  the  new-formed  bone:  but  they  grow 
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smaller  and  smaller  as  more  bone  is  forme 
finally  absorbed  and  altogether  disappear. 

Thus  the  ossification  of  the  cartilage  advances 
toward  their  ends,  preceded  always  by  a  rearrange- 
ment and  proliferation  of  the  cartilage  cells,  and  by 
calcification  of  its  basement  substance.  \\'hat  the 
e.xact  purpose  is  of  the  temjiorary  calcification  of  the 
cartilage  basement  substance  just  in  advanc(^  of  the 
ossification  line  we  do  not  know,  nor  is  it  certain  what 
beconii's  of  the  cartilage  cells  wlien  the  vascular  canals 
finally  open  into  the  sjiaces  in  which  they  lie.  Some 
observers  believe  that  they  disintegrate  and  are  ab- 
sorbed; other.s,  that  they  become  osteoblasts,  or  other 
marrow  cells.  Ei(ually  unci-rtain  is  the  origin  of  the 
osteoblasts,  and  tlie  consideration  of  the  more  or  less 
well-fountled  conjectures  as  to  their  genesis  would 
li\id  us  beyond  the  scope  of  this  article. 

.\fler  a  time  new  centers  of  ossification  are  formed 
near  the  cntls  of 
the  long  bones,  in 
the  epiphyses, 
from  which  bone 
formation  pro- 
ceeds in  the  man- 
ner above  d  e  - 
scribed.  Atlength 
the  zones  of  ossifi- 
cation in  the  epiph- 
yses and  diaph- 
y.ses  approach 
one  another,  and 
are  .separated  only 
by  a  narrow  band 
of  cartilage,  which 
finally  itself  be- 
comes ossified,  and 
the  epiphysis  and 
d  i  a  p  h  y  s  i  s  are 
joined  to  form  a 
single  bone. 

Iniramcmhranous 
and  S  lib  periosteal 
Ossification  vary 
only  in  details  froin 
the  intracarti- 
laginous.  In  the 
former  case,  the 
ti.ssue  in  which 
bone  is  to  form 
is  fibrous  and 
vascular;  osteo- 
blasts appear  alon  f 
the  bundles 
fibers  which  be- 
come calcified,  and 
bone  is  formed 
around  them  in 
the  above-de- 
.scribed  manner, 
.^ome  of  the  fibrous 
bundles  persist 
within  the  new- 
formed  bone,  as 
Sharpey's  fibers. 
The  bone  tissue 
which  is  at  first 
formed  is  arranged 
in  irregular  trabec- 
uhce,  which  cross 
and  interlace  as 
did  the  connective- 
tissue  fibers  which  it  replaces,  and  enclo.ses  irregular 
vascular  spaces  or  marrow  cavities,  which  become 
smaller  and  smaller  as  successive  layers  of  bone  are 
formed  around  their  sides.  After  a  time  the  irregular 
trabeculie  and  their  enclosed  marrow  spaces  become 
covered  in  by  more  uniform  layers  of  bone.  These, 
in  the  long  bones,  are  the  circumferential  lamclkr,  and 
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Fig.  8-lS.— Part  of  a  Longitudinal 
Section  of  the  Developing  Femur  of  the 
Rabbit.  Magniiied  about  350  diameters. 
(Kleiu  and  Noble  Smith.)  a.  Hows  of 
flattened  cartilage  cells;  b,  greatly  en- 
laigert  cartilage  cells  close  to  the  aovanc- 
ing  bone,  the  matrix  between  being  partly 
calcified:  c,d,  already  formed  bone;  the 
osseous  trabeculre  being  covered  with 
osteoblasts  (ct,  except  here  and  there, 
where  a  giant  cell  or  osteoclast  (/)  is 
seen,  eroding  parts  of  the  traheculae; 
g,  h,  cartilage  cells  which  ha\e  become 
shrunken  and  irregular  in  shape. 
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in  the  flat  bones,  such  as  those  of  the  skull,  are  the 
compact  external  and  internal  tables  which  enclose 
the  diploe. 

A  pure  intramembranous  ossification  is  seen  in  the 
early  stages  of  the  formation  of  the  flat  bones  of  the 
skuU.  The  subperiosteal  ossification,  on  the  other 
hand,  occurs  as  above  indicated,  simultaneously  with 
the  intracartilaginous  formation  in  the  long  bones, 
as  well  as  at  a  later  stage  in  the  formation  of  bones 
which  are  originally  laid  down  as  membranes. 

Ghowtii  of  Bone.— The  growth  of  bones  when  they 
are  once  formed,  either  in  membranes  or  cartilages  or 
beneath  the_ periosteum,  is  a  somewhat  complex  proc- 
ess. They  increase  in  thickness  by  a  continued  sub- 
periosteal ossification.  The  increase  in  length  of  long 
bones  goes  on  by  the  ossification  in  cartilage  until,  as 
above  stated,  the  epiphysis  is  finally  joined  to  the 
diaphysis. 

The  large  central  marrow  cavity  of  long  bones, 
which  in  the  adult  bone  is  itself  much  larger  than  the 
entire  bone  at  an  early  stage  of  development,  is  formed 
bj'  the  absorption  of  the  earlier  developed  intra- 
cartilaginous and  subperiosteal  bone.  This  absorption 
occurs  under  the  influence  of  large,  irregular-shaped, 
freciuently  multinuclear  granular  cells,  called  osteo- 
clasts. Around  these  cells,  as  they  lie  against  the  bone 
tissue,  the  latter  becomes  absorbed  in  some  way,  so  that 
little  pits  are  formed  in  which  they  lie.  These  pits  or 
depressions,  which  are  of  various  sizes  and  shapes,  are 
called  Hoioshtp's  lacunte.  On  the  side  of  the  osteo- 
cl.asts  which  lie  against  the  bone  there  is,  according 
to  KoUiker,  a  shining  striated  border.  The  exact 
nature  of  the  influence  by  which  the  osteoclasts  induce 
the  absorption  of  the  bone  is  not  well  understood. 

Not  only  are  thfe  central  marrow  cavities  formed 
under  the  influence  of  the  osteoclasts,  but  by  an  absorp- 
tion of  the  bone  in  various  places,  and  a  subsequent 
new  formation  of  it  over  the  absorbed  surfaces,  a  re- 
modeling of  the  bone  may  occur,  inducing  the  vari- 
ous changes  in  shape  which  growing  bones  present. 
This  process  of  absorption  and  redeposition  of  bone 
goes  on,  not  only  on  the  surfaces,  but  in  the  substance, 
even  of  compact  bone,  during  early  and  adult  life, 
inducing  the  minor  changes  which  occur  at  this 
period.  The  intermediary  systems  of  lamell:E,  above 
described,  as  seen  in  transverse  sections  of  long  bones 
(Fig.  S4S),  are,  in  many  cases  at  least,  the  remains  of 
Older  lamella  which  have  been  partially  absorbed;  the 
absorption  spaces  having  been  afterward  filled  in  by  new 
Haversian  systems.  What  the  conditions  are  whose 
fulfilment  deternunes  now  an  absorption  and  again  a 
new  formation  of  bone,  or  exactly  what  the  origin  of 
the  osteoclasts  is,  and  what  their  relation  to  the  osteo- 
blasts, we  can,  in  the  present  state  of  exact  knowledge, 
do  little  more  than  conjecture. 

Consult,  for  the  bibliography  of  the  histology,  devel- 
opment, and  growth  of  bone,  Quain's"  Anatomy,"  vol. 
i.,  part  ii.,  tenth  edition,  and  the  "  Index  Catalogue  cf 
the  Library  of  the  Surgeon-General's  Office,  U.  S.  A." 
T.  Mitchell  Pbudden. 


Bone,  Inflammation  of. — Inflammation  of  bone 
may  be  induced  by  simple  traumatism — as  a  fracture 
or  stripping  away  the  periosteum,  by  thrombosis  or 
embolism  of  a  nutrient  artery,  by  extension  from  a 
periostitis,  by  extension  froni  arthritis,  by  exposure 
to  cold  or  to  the  action  of  certain  poisons" — as  phos- 
phorus and  mercury,  by  syphilis,  by  pressure — as  the 
rarefying  osteitis  of  aneurysm,  by  the  eruptive  fevers, 
and  especially  by  tyjihoid  fever.  While  these  fevers 
may  possilily  act  as  primary  causes,  it  is  quite  certain 
that  they  predispose  to  the  development  of  an  osteitis. 
Lastly,  certain  germs  play  an  important  part  in  the 
causation  of  an  osteitis.  They  are  either  introduced 
through  compound  injuries,  or  else  thev  are  carried 
to  the  bones  by  way  of  the  circulation.     The  emphasis 
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which  should  be  laid  upon  this  last  factor  in  the  causa- 
tion of  osteitis  cannot  be  exaggerated. 

Osteitis. — It  is  of  little  clinical  value  to  classify 
the  inflammations  of  bone,  from  an  anatomical  stand- 
point, into  osteitis,  osteomyelitis,  and  periostitis, 
since  primary  periostitis,  with  the  exception  of  the 
traumatic  and  the  s.\-pliilitic  varieties,  is  very  rarely 
observed;  and,  on  the  other  hand,  every  case  of  mye- 
litis leads,  sooner  or  later,  either  rapidly  or  slowly, 
to  involvement  of  the  periosteum  in  the  inflammatory 
process. 

Regarding  the  firm  bony  substance  itself,  when 
compared  with  the  marrow  and  the  periosteum,  it 
may  be  truly  said  not  to  take  any  active  part  in  in- 
flammation; and  therefore  osteitis,  in  a  narrower  sense 
of  the  worfi,  as  compared  with  myelitis  and  periostitis, 
is  unimportant.  The  firm  bone,  however,  is  passively 
affected,  as  we  shall  subsequently  notice;  and  clinic- 
ally the  death  of  the  bone,  or  of  a  part  of  it,  may  prove 
to  be  an  affair  of  the  greatest  gravity.  So  much  is 
this  true  that  it  has  been  customary  to  study  acute 
osteitis  under  the  title  of  one  of  its  most  frequent  re- 
sults— necrosis — and  a  certain  form  of  chronic  osteitis 
under  the  heading  of  caries. 

Periostitis. — Periostitis,  like  osteomyelitis,  may 
originate  from  traumatism,  either  simple  or  compound, 
and  in  character  may  be  simple  (that  is,  aseptic)  or 
septic  (from  the  presence  of  microorganisms).  The 
syphUitic  variety  of  the  disease  should  be  classed 
under  this  latter  heading,  its  microbic  cause  being  the 
spirochaeta  pallida.  The  periosteum  is  first  affected 
during  the  secondary  stage  of  syphilis,  that  is,  the 
stage  of  invasion  following  the  incubation  of  the  syphi- 
litic ^•irus  in  tlie  system.  Those  bones  which  are 
sulicutaneous  seem  especially  liable  to  periostitis — 
for  example,  the  tibia,  sternum,  and  ulna;  but  the 
others  are  not  exempt.  In  severe  cases  there  some- 
times appears  to  Ije  a  simultaneous  involvement  of 
most  of  the  bony  sheaths  of  the  body,  with  conse- 
quent almost  unbearable  osteocopic  pains.  These 
pains  are  distinctly  worse  at  night,  and  seem  to  be 
increased  by  warmth;  but  I  am  inclined  to  think  that 
sufferers  from  osteitis  and  periostitis  of  other  than 
syphflitic  origin  also  complain  most  at  night. 

The  syphilitic  periosteum  is  quite  tender,  and  I 
have  niany  times  noticed  pitting  on  pressure.  In 
this  disease  it  is  rare  for  the  periosteum  to  become 
separated  from  the  bone  by  exudations;  and  conse- 
quentl J-  necrosis,  from  failure  of  the  superficial  blood 
supply,  is  very  infrequent  in  this  form  of  periostitis. 

In  the  later  or  "tertiary"  stages  of  .syphUis,  nodes, 
usually  flat,  and  of  sharply  defined  extent,  sometimes 
make  their  apjiearance.  They  are  caused  by  infiltra- 
tion of  the  periosteum  with  small  round  cells,  and, 
like  all  gummata,  tend  to  soften  and  l)reak  down. 
Their  course,  and  the  probability  of  bone  involvement, 
seem  influenced  for  the  worse  if  the  medical  attendant, 
finding  fluctuation,  u.se  the  knife  instead  of  rapidly 
pushing  the  iodides  or  other  appropriate  medicines. 
Should  a  gumma  be  opened,  the  best  mode  of  handling 
it  thereafter  is  to  remove  as  much  of  the  broken  down 
tissue  as  possible  and  then  swab  the  walls  of  the  cavity 
very  thoroughly  with  tincture  of  iodine  and  provide 
drainage. 

In  acute  periostitis,  when  accompanied  by  free 
exudation  of  fibrin,  serum,  and  pus,  tlie  cortical  lam- 
ella; of  the  Haversian  systems  may  be  separated  from 
their  vascular  supply;  and  unless  the  surgeon  promptly 
realizes  the  state  of  affairs,  and  makes  free  incisions 
down  through  the  dense,  unyielding  periosteum  to  the 
bone,  a  necrosis  of  more  or  less  superficial  character 
may,  and  often  does,  result. 

The  clinical  picture  of  acute  periostitis  is  best 
.studied,  as  it  will  be  later,  together  with  osteomyel- 
itis; for  these  two  diseases  are  commonly  associated 
together. 

A    rather   rare    concomitant    of   an    acute    osteo- 
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myelitis,  usually  of  a  mild  type,  is  a  periostitis  with 
exudation  of  a  simple  serous  character  between  the 
periosteal  sheatli  and  the  bone.  Hecause  of  the 
abundance  of  albumin  in  this  fluid,  Oilier  here  adopted 
the  tile  of  "osteitis  albuminosa." 

Chronic,  non-infective  periostitis  may  be  either 
fibrous  or  ossifying  in  character.  In  the  former  there 
is  nuich  increase  in  the  amount  of  connective  ti.ssue, 
and  the  thickened  membrane  adheres  usually  closely 
to  the  bone.  In  the  latter  we  have  as  a  result  an 
ossific  deposit,  which  may  go  on  increasing  for  months 
or  even  years,  iiltimately  producing  exostoses  or 
osteopliytes.  The  new  bone  of  inflammatory  origin 
is  not  deposited  in  a  regular  system  of  lamella?, 
probably  owing  to  faulty  nutrition;  and  it  is  some- 
times absorbed,  and  disappears,  the  abnormal  activity 
of  the  osteoblasts  cea.sing.  This  variety — ossifying 
periostitis — may  be  associated  TNith  either  rarefying 
or  condensing  osteitis. 

\\'ith  regard  to  tuberculous  periostitis  I  may 
state  that  it  is  especially  apt  to  appear  in  the  subjects 
of  the  so-called  scrofulous  diathesis,  and  in  the  poorly- 
nourished,  and  to  be  accompanied  by  tuberculous 
osteitis.  The  discussion  of  its  symptoms,  course,  and 
treatment  need  not  be  dissociated  from  that  of  the 
latter  disease. 

OsTEOM^-ELiTis. — The  terms  osteitis  and  osteo- 
myelitis will  here  be  considered  as  one.  Where  the 
vascular  changes  greatly  predominate,  where  pus, 
fibrin,  and  serum  are  abundantly  produced,  where  the 
brunt  of  tlie  inflammation  is  felt  by  the  marrow  and 
contents  of  the  Haversian  spaces,  the  latter  term  may 
be  applied  with  especial  propriety.  And,  on  the  other 
hand,  those  cases  in  which  changes  in  the  firm  bony 
structure  itself  form  the  prominent  feature,  may 
properly  be  designated  as  cases  of  osteitis.  However, 
the  two  go  hand-in-hand.  Changes  in  the  relative 
density  of  the  bony  structure  can  occur  only  through 
cellular  activity  in  the  marrow  spaces  and  vascular 
canals,  and  in  the  canaliculi  and  lacunae.  These 
changes  are  of  two  kinds:  osteoporosis,  or  rarefying 
osteitis,  and  osteosclerosis,  or  condensing  osteitis. 
In  the  former  the  character  of  the  bone  changes  from 
compact  to  cancellous,  and  if  the  process  continue  the 
bone  may  even  entirely  disappear,  its  place  being 
taken  by  a  mass  of  granulation  tissue.  This  variety 
of  osteitis  is  very  common.  It  is  one  of  the  essential 
phenomena  in  tuberculous  osteitis;  it  is  the  process 
by  which  the  rough,  ossified  callus  following  fractures 
is  rounded  off;  and  when  a  bone  is  subjected  to  pre.s- 
sure — as  by  a  growing  aneurysm — it  is  a  rarefying 
osteitis  by  which  it  is  eroded. 

In  osteosclerosis  on  the  other  hand,  the  bone  grows 
more  compact,  and  may  even — as  may  be  observed 
in  some  exostoses — become  as  dense  as  ivory. 

It  often  happens  that  both  osteoporosis  and  osteo- 
sclerosis are  going  on  at  one  and  the  same  time  in 
different  parts  of  the  same  bone:  an  osteoporosis 
within,  for  example,  and  an  ossifying,  even  condensing, 
periostitis  externally;  and  as  a  result  the  bone  may 
become  widely  expanded,  although  it  is  a  mere  shell 
filled  with  granulations  or  -n-ith  inflammatory  deposits. 

Or,  again,  following  an  osteoporosis,  the  opposite 
process  may  be  inaugurated,  and  the  cavities  caused 
by  the  former  morbid  process  may  become  filled  with 
new  bony  deposit,  perhaps  of  even  abnormal  density. 
We  do  not  yet  know  why  inflammation  of  bone  termi- 
nates sometimes  in  one  and  sometimes  in  the  other 
of  these  conditions.  It  is  supposable  that  in  condens- 
ing osteitis  the  osteoblasts  have  an  undue  activity. 
In  rarefying  osteitis  the  absorption  of  bone  is  thought 
by  some  pathologists  to  be  caused  by  the  presence  of 
certain  large,  multinucleated  cells— the  myeloplaxes 
of  Robin;  cells  which  are  also  by  reason  of  the  power 
which  they  are  supposed  to  possess  called  osteoclasts. 
In  siibacute  osteomyelitis  ragged  holes,  opening  from 
the  marrow  spaces  and  Haversian  canals,  are  formed 


in  the  solid  bone.  These  cavities  are  known  as  the 
caverns  or  lacunaj  of  Howship.  They  contain  many 
of  the  so-called  osteoclasts,  which,  if  not  the  cause, 
are  certainly  the  witnesses  of  the  osteoporosis. 

Other  pathologists  repudiate  the  idea  that  these 
large  cells  po.sses  any  such  power,  and  attribute  the 
absorption  to  the  influence  of  the  new  graniilation 
tissue  which  is  jiresent  in  these  cases,  and  which  lies 
in  contact  with  the  bone.  In  agreement  with  Bill- 
roth they  hold  that  just  as  a  granulating  synovial 
fringe  erodes  the  articular  cartilage  against  which  it 
rests,  "like  ivy  climbing  over  a  ruin,"  so  here  in  bone 
the  granulations  possess  a  similar  disintegrating  power. 

In  acute  osteomyelitis  the  vascular  changes  are  of 
the  deepest  import,  since  obstruction  of  the  nutrient 
arteries  means  death  of  the  bone  en  masse.  Let  us 
study  the  common  cases  of  apparently  spontaneous 
origin.  Here  the  marrow  tissue  is  at  first  of  a  deeper 
rod,  from  intense  congestion.  Sometimes  it  is  mot- 
tled with  hemorrhagic  spots.  Later,  a  grayish  hue  ap- 
pears, due  to  the  presence  of  great  numbers  of  pus 
cells ;  and  occasionally  little  medullary  abscesses  de- 
velop. In  bad  cases  not  only  does  thrombosis  of  the 
nutrient  vessels  occur,  but  gangrene  of  the  marrow 
and  of  the  contents  of  the  Haversian  canals  also  takes 
jilace,  with  rapid  liquefaction.  The  bone  cells  being 
no  longer  nourished  die.  The  infection  may  spread 
rapidly,  involving  the  whole  length  oi  the  bone,  or,  in 
the  milder  cases,  it  may  remain  limited  to  a  compara- 
tivel}'  small  area. 

L'sually  the  process  begins  in  the  bone,  and  extends 
thence  along  the  course  of  the  nutrient  vessels  to  the 
periosteum,  which  then  becomes  involved.  Some 
surgeons  think  that  the  infection  spreads  also  through 
the  canaliculi  from  bone  cell  to  bone  cell,  and  from 
center  to  surface. 

Sometimes  the  reverse  is  the  case,  the  periosteum 
being  first  attacked.  Inflammatory  products — pus, 
fibrin,  and  serum — rapidly  strip  the  swollen  and 
edematous  periosteimi  from  the  bone,  inducing  the 
most  frequent  form  of  necrosis,  that  of  the  superficial 
lamellae. 

The  pressure  caused  bv  the  exudations  is  very  great; 
so  much  so  that  fat  contained  in  the  medullary  tissues 
may  be  forced  out,  and  can  sometimes  be  seen  in  glob- 
ules upon  the  surface  of  the  pus  (Roser). 

The  pus  finally  breaks  through  the  periosteum  at 
some  point  of  softening  and  disintegration;  it  enters 
the  intermuscular  connective  tissue,  and  may  finally 
reach  the  surface.  In  that  case  the  pus  can  sometimes 
be  seen  to  pulsate  from  its  contact  with  the  richly 
vascular  medullary  substance. 

When  the  osteomyelitis  is  near  a  joint,  the  articular 
lamella  may  become  involved  by  extension;  perfora- 
tion through  the  cartilage  may  occur  at  some  i^oint, 
and  the  most  dreadful  arthritis  ensue.  In  the  very 
young,  separation  of  the  epiphysis  from  the  shaft  may, 
after  a  week  or  two,  occur.  The  cartilaginous  epiphy- 
sis, from  its  comparative  lack  of  vascularity,  is  not 
so  subject  to  attack  as  is  the  adjacent  bone;  yet  even 
this  may  die. 

Those  parts  of  the  bone  which  are  cut  off  from  their 
blood  svipply  die  in  consequence;  and  this  necrosed 
bone,  upon  its  subsequent  separation,  is  called  a  se- 
questi-um.  Next  in  frequency  to  the  cortical  seques- 
trum is  the  central  seque^jtrum — that  composed  of  the 
bone  surrounding  the  main  medullary  canal.  In 
extreme  cases  the  whole  tliickness  of  the  bone,  or  even 
the  whole  bone,  may  die.  This  separation  of  living 
from  dead  bone  occurs,  however,  only  at  a  much  later 
period.  On  an  average  from  three  to  five  months  is 
required  for  the  complete  separation  in  the  case  of  a 
young  adult.  The  length  of  this  period  of  time  also 
varies  according  to  the  extent  of  the  involvement  and 
the  degree  of  vascularity.  In  the  elderly,  the  same 
separation  may  need,  perhaps,  as  long  a  period  as  one 
year  for  its  accomplishment. 

Along  the  line  of  demarcation  between  living  and 
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dead  bone,  granulations  spring  up ;  they  start  from  the 
blood-vessels.  The  granulation  tissue  seems  to  pos- 
sess the  power  to  erode  and  absorb  tlie  dead  bone  v\-ith 
which  it  is  in  contact,  until  at  last  the  sequestrum  lies 
loose  upon  a  bed  of  granulations  springing  from  the 
sound  bone.  In  the  process  of  solution  of  the  dead 
osseous  substance,  ■whereby  separation  is  effected, 
certain  salts — such  as  calcium  phosphate — which  are 
not  soluble  in  an  alkaline  medium,  are  dissolved  and 
disappear.  Hence  it  is  thought  that  the  granulations 
evolve  an  acid.  Formerly  it  was  believed  that  lactic 
acid  was  the  solvent.  Tillmanns'  later  researches 
seem  to  show  that  it  is  the  active,  nascent  carbonic 
acid  contained  in  the  blood  which  dissolves  the  dead 
bone  tissue;  and  that,  in  the  accomplishment  of  this, 
aid  is  derived  from  the  activities  of  the  osteoclasts. 

Unfortunately,  this  process  of  absorption  is  ex- 
tremely slow,  so  that  we  can  hardly  hope  for  the 
complete  disappearance  of  even  a  moderate-sized  se- 
questrum. Evidences  that  a  certain  amount  of  ab- 
absorption  has  already  taken  place  are  foiuid,  how- 
ever, upon  almost  all  loose  pieces  of  dead  bone. 

When  a  sequestrum  lies  near  the  surface  of  the  body, 
nature  is  sometimes  able  to  extrude  it,  and  new  bone, 
the  inrolucrum,  is  formed  from  the  granulation  tissvie, 
and  pushes  the  sequestrum  out.  More  commonly, 
however,  it  cannot  escape.  The  greatest  growth  of 
involucrum  springs  from  the  periosteimi,  save  in 
those  cases  in  which  the  bone-forming  layer  of  the 
periosteum  has  been  destroyed  by  the  suppurative 
process;  and  this  new  bone  of  periosteal  origin,  while 
it  strengthens  the  shaft  as  a  whole,  prevents  the  escape 
of  the  secjuestrimi.  The  reason  for  the  failure  of  a 
central  sequestrum  to'  be  ejected  is  obvious. 

For  mechanical  reasons,  therefore,  nature  cannot, 
as  a  rule,  complete  a  cure  after  separation  of  the  se- 
questrum. Consequently,  if  the  surgeon  does  not 
intervene,  there  will  continue  to  be,  for  an  indefinite 
length  of  time,  a  discharge  of  pus  through  more  or  less 
tortuous  openings,  called  cloacce.  As  regards  the  kind 
of  intervention  which  is  needed,  I  will  simply  state 
briefly  that  the  surgeon  must  chisel,  saw  or  drill 
through  the  ensheathing  involucrum  (invoh-ing  the 
transverse  diameters  as  little  as  may  be)  and  release 
the  imprisoned  dead  bone.  It  is  very  unwise  to  delay 
interference  after  the  cast-off  bone  is  found  to  be  loose 
In  its  cavity,  since  the  patient  is  thereby  subjected  to 
serious  danger  from  exhausting  suppuration,  from 
amyloid  degeneration  of  the  viscera,  from  involvement 
of  the  neighboring  joints  in  the  inflammation,  and 
from  hemorrhage,  through  mechanical  erosion  of  some 
large  luitrient  vessel  by  the  jagged  secjuestrum. 

Causation. — Although  we  have  discussed  to  some 
extent  the  pathology  of  acute  suppurative  osteomye- 
litis, we  have  not  as  yet  dealt  with  its  true  cause.  The 
question  arises.  Have  we  not  here  to  deal  with  mi- 
crobes? Numerous  accurate  investigations  of  the  pus 
obtained  either  directly  from  the  medullary  canal  or 
from  the  depth  of  the  tissues  immediately  in  contact 
with  the  bone,  and  subsequent  pure  cultivations,  have 
settled  this  question  definitely.  "It  is  not  due  to  a 
specific  poison,  however,  as  was  believed  to  be  the 
case  for  a  long  time,  but  it  may  be  caused  by  any  kind 
of  microorganism  which  excites  acute  inflammation 
and  suppuration"  (Tillmanns).  Among  these  the 
variety  most  frequently  found  in  cases  of  this  nature  is 
Staphylococcus  pyogenes  aureus;  less  often  Staphylococ- 
cus albus  and  Staphylococcus  citreus;  and  rarely  the 
pneumococcus,  the  Bacillus  call,  Eberth's  bacillus,  the 
tjTjhoid  bacillus,  the  Bacillus  pyogenes  fcetidus  and 
pyocyaneus  and  the  micrococcus  pyogenes  tenuis  and 
tetragenus,  and  the  streptococci.  Although  I  mention 
the  pyogenic  streptococci  last,  they  are  far  from  being 
the  least  in  importance.  They  are  found  chiefly  in  the 
osteomyelitis  of  young  children,  and  this  type  of  the 
infection  is  very  apt  to  prove  promptly  fatal  from  sepsis. 

How  are  we  to  ex])lain  the  entrance  of  germs  into 
the  bone  without  an  apparent  traumatism  as  a  door- 
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waj'?  The  only  plausible  assumption  seems  to  be  that 
they  pass  into  the  blood  through  slight  abrasions  of 
the  mucous  or  other  tegumentary  surfaces  of  the  body 
and  eventually  find  lodgment  in  the  bone.  Clinical 
facts  support  the  theory  that,  preceding  osteomyelitis, 
patients  will  be  found  to  have  suffered  from  bronchitis, 
enteritis,  etc.  (Kocher). 

The  majority  of  cases  of  this  disease,  with  the  ex- 
ception of  suppurative  myelitis  in  connection  with 
compound  fracture,  occur  during  the  time  of  the  de- 
velopment of  the  skeleton — i.e.  during  childhood  and 
adolescence.  One  is  inclined  to  think  that  the  physi- 
ological growth  of  the  bone  predisposes  to  inflamma- 
tory processes.  This  theory  finds  support  in  the  fact 
that  in  most  cases  of  acute  and  chronic  myelitis  the 
disease  is  found  to  be  near  the  epiphyseal  cartilage,  and 
therefore  in  the  most  newly  formed  bone.  It  further- 
more seems  to  appear  with  greatest  frequency  in  that 
end  of  a  long  bone  which  furnishes  the  greatest  amoimt 
of  gro-w-th,  and  in  which  the  current  of  blood  is  least 
active.  It  is  commonest  in  the  upper  end  of  the  tibia 
and  the  lower  end  of  the  femur;  and  in  the  upper  end 
of  the  humerus  and  the  lower  end  of  the  radius  and 
ulna.  It  will  be  remembered  that  the  nutrient  arteries 
of  the  long  bones  of  the  lower  extremity  run  a  way  fron> 
the  knee;  and  in  the  upper  extremity  they  run  loward 
the  elbow.  A  simple  way  of  helping  to  remember 
these  facts  of  such  practical  bearing  is  as  follows: 
Seated,  if  one  flexes  every  member  sharply  upon  the 
trunk — even  the  first  row  of  knuckles  \ippermost — 
then  every  nutrient  artery  runs  toward  the  ground. 

The  selection  of  the  yoimgest  bone  tissue  as  the  fa- 
vorite nidus  of  the  microbes  seems  dependent  unon  the 
peculiar  form  of  the  developing  blood-vessels.  It  will 
be  found  upon  investigation  that  the  sprouting  blood- 
vessels of  the  growing  long  bone  correspond  to  wide, 
hollow  spaces  close  to  the  epiphyseal  cartilage.  It 
will  be  easily  seen  that  the  blood  current  grows  less 
rapid  in  these  lacuna',  where  the  capillaries  enlarge, 
thus  giving  the  cocci  contained  in  the  blood  a  better 
opportunity  to  precipitate  and  remain.  It  is  further 
stated  (Hover,  Rindfleisch)  that  the  blood  of  the  med- 
ullary canals  flows  unenclosed  by  any  tunic  in  these 
spaces,  and  thereby  the  cocci  are  brought  into  direct 
contact  with  the  bone. 

Schiller  has  demonstrated  by  a  series  of  experiments 
that  coloring  matter  introduced  into  the  circulation  is 
retarded  in  its  course  and  deposited  in  the  blood-vessels 
of  the  youngest  bone  tissue;  thus  showing,  as  Heuter 
says,  that  there  is  a  tendency  for  the  cocci  contained  in 
the  blood  to  be  left  at  this  point  as  a  sediment.  This 
being  so,  we  can  readily  understand  how  the  infection 
of  the  young  medidlary  substance  occurs. 

Clinical  Picture. — Sometimes  exposure  to  cold,  a 
wrench  or  a  blow,  exhaustion  from  eruptive  fevers, 
etc.,  may  act  as  predisposing  causes,  determining  eitlier 
the  time  or  the  seat  of  the  attack,  or  both.  Or,  again, 
no  cause  whatever  may  be  discoverable.  In  any  case 
of  acute,  suppurative  osteomyelitis  the  actual  and 
exciting  cause  is  doubtless  always  bacterial. 

The  disease  usually  begins  with  one  or  more  chills, 
followed  by  fever,  which  is  often  very  high.  In  a 
child  delirium  is  common,  and  the  little  sufferer  may 
not  be  able  to  point  out  the  seat  of  pain,  which,  how- 
ever, rapidly  becomes  severe. 

With  the  intensity  and  mode  of  infection,  and  the 
degree  of  vital  resistance  possessed  by  the  patient,  the 
symptoms  vary.  He  may  even  die  within  a  day  or 
two,  overwhelmed  by  the  poison.  To  rather  less 
severe  cases,  from  a  resemblance  in  the  violence  of 
their  onset  and  symptoms,  Chassaignac  has  given 
the  title  "typhus  cies  membres."  Later,  and  in  more 
insidious  cases,  typhoid  fever  may  be  simulated. 
There  may  be  some  slight  resemblance  to  a  cellular 
erysipelas.  In  not  a  few  instances,  owing  to  the  fact 
that  the  constitutional  manifestations  alone  were 
taken  into  account,  a  dozen  other  diagnoses — some  of 
them  quite  absurd — have  been  made. 
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Kcpoatoil  rigors  and  pyt'inif  toinpcraturos  may 
l)oinl.  to  the  involvoiiu'iit  of  more  tluui  one  l)oiie,  or  to 
aitilitional  foci  in  tlie  same  Ixme,  or  to  suppurating  foei 
elsewhere;  and  pyenda,  septicenda,  idcerativo  endo- 
carditis, etc.,  may  develop  in  tlie  worst  cases,  espe- 
cially in  the  absence  of  jjronipt  surgical  intervention. 

DidgnosU. — The  disease  with  which  that  under  con- 
sideration is  most  often  confounded  is  acute  articular 
rlieuMiatism,  and  this  Tui.stake  is  especially  likely  to 
occur  when  more  than  one  long  hone  is  attacked.  The 
local  symptoms,  however,  will  soon  clear  up  the  diag- 
nosis, unless,  owing  to  delirium  of  the  i>atieut,  or  to 
the  fact  that  he  is  too  young  for  speech,  attention  is 
not  called  to  the  real  seat  of  suffering.  Rather  near 
the  articular  end  of  the  bone,  as  a  rule,  a  distinct  swell- 
ing is  soon  ob.served.  This  is  caused  first  by  the  great 
congestion  and  edema  of  the  periosteTim  and  adjacent 
tissues,  and  later  by  the  separation  of  the  periosteum 
from  the  bone  by  inflammatory  products.  While  the 
tenderness  over  this  swelling  is  very  marked,  it  does 
not  extend  beyond  the  limits  of  the  tumor.  Further- 
more, unlike  wliat  is  observed  in  acute  rheumatism, 
motion  of  the  neighljoring  joint  is  not  specially  painful. 
The  skin  over  the  swelling  is  not  reddened  at  this  time; 
it  may  even  be  paler  than  normal.  Later,  when  the 
pus  is  about  to  escape  through  some  disintegrating 
point  of  its  dense  sheath,  the  skin  becomes  reddened, 
softi'ned,  and  gives  awa.v. 

Trcatmcnl. — In  the  management  of  a  case  of  acute 
osteom.velitis  in  its  incipient  stages,  it  must  be  borne 
in  mind  that  the  inflammation,  in  a  case  of  this  nature, 
has  already  produced,  or  is  soon  to  produce,  pus,  and 
that  this  pus  is  confined  beneath  dense,  unyielding 
tissues.  The  indication  is  therefore  plain;  the  knife 
must  be  used,  and  that  too  with  as  little  delay  as  pos- 
sible. A  free  cut  shoidd  be  made  through  the  peri- 
osteum, clear  down  to  the  bone;  and  with  a  dressing 
forceps  entered  closed  and  withdrawn  opened,  the 
wound  should  be  enlarged  for  free  drainage.  Then 
it  should  be  irrigated  with  some  antiseptic  solution — 
bichloride  of  mercury  1  to  2,000,  for  example — and, 
if  the  incision  has  been  made  through  deep  tissues, 
a  drainage  tube  is  to  be  inserted  down  to  the  bone. 
Otherwise  the  wound  may  be  packed  loosely  with  wet 
antiseptic  absorbent  gauze. 

When,  in  1854,  Chassaignac  and  other  French  .sur- 
geons advocated  a  similar  free  incision,  their  advice 
was  followed  by  disastrous  results;  generally  Ijy 
pyemia  and  death.  That  was  before  the  days  of 
antisepsis.  To-day,  any  surgeon  who  knows  what 
surgical  cleanliness  means  can  make  such  an  incision 
without  threatening  the  life  of  his  patient;  and  it  is, 
in  fact,  his  duty  to  employ  the  knife.  Whether  this 
incision  alone  will  be  of  much  value  will  depend  upon 
whether  the  infective  nidus  was  situated  in  the 
periosteum,  or  whether  that  membrane  was  only 
secondarily  involved  by  extension  of  inflammation  from 
the  niarrow.  The  latter  supposition  is  in  most  cases 
the  correct  one,  and  may  be  considered  almost  a  cer- 
tainty if  drops  of  free  oil  be  observed  between  the 
periosteum  and  the  bone — it  evidently  having  been 
forced  out  by  the  treraendous  pressure  witliin  the 
bone. 

It  is  well  to  wait  a  very  few  hours  after  cutting  down 
to  the  bone,  rather  than  to  penetrate  at  once  to  tlie 
marrow;  unless  indeed  the  violence  of  the  onset  seems 
to  the  operator  disprojjortionate  to  the  amount  of 
trouble  thus  far  discovered,  in  which  ca.se  delay 
would  add  to  the  peril.  If,  at  the  end  of  this  period 
of  delay,  the  local  and  general  symptoms  seem  aggra- 
vated, or  at  least  not  diminished  in  intensit.v,  showing 
that  the  trouble  is  w-ithin  the  bone,  and  not  mainly 
p^riosteal,  then  the  trephine  should  be  used,  or  the 
l>urr  or  chisel,  and  the  marrow  should  be  exposed 
and  treated  as  follows: 

The  effective  handling  of  cases  of  osteomyelitis  of 
the  long  bones,  whether  acute,  subacute  or  chronic, 
has  heretofore  left  much  to  be  wished  for.     When  the 


infection  is  caused  by  strejitococci  nuiinly,  or  other 
microbes,  only  less  deadly,  it  is  no  overstatement  to 
assert  that,  if  treated  according  to  standard  methods 
the  result  is  in  iierliaps  eighty  to  ninety  per  cent,  cjf 
the  ca.ses  ultimately  fatal.  This  fatality  is  due  al- 
most wholly,  in  our  judgment,  to  a  lack  of  the  ex- 
treme thoroughness  necessary  in  dealing  with  the  in- 
fected marrow.  Once  involved  at  all,  to  a  degree 
causing  symptoms  recjuiring  .surgical  intervention, 
it  is  involved  usually  from  end  to  end.  Its  softness 
and  great  vascularity  render  such  advance  on  the  part 
of  the  disease  comparatively  unoiiposed,  as  a  rule. 
To  be  sure,  the  vittihlc  alterations  in  tlie  nature  of  the 
marrow  resultant  from  microbic  invasion — the  con- 
gestion, the  mottling,  etc. — may  and  often  do  extend 
in  recent  cases  but  a  short  distance  up  or  down  from 
the  point  of  main  .attack;  nevertheless  it  is  the  iisual 
and  often  fatal  blunder  to  cease  curetting  when  the 
operator  has  reached  apparently  normal  medullary 
tissue.  He  should,  if  he  operates  upon  such  a  [latient 
at  all,  never  be  contented  until  he  has  removed  every 
particle  of  marrow,  from  end  to  end. 

The  question  -(v-ill  at  once  arise  in  the  mind  of  the 
reader:  "Is  this  safe  advice?  Is  it  conservative? 
May  the  shaft  not  die  if  thus  deprived  of  blood- 
vessels entering  the  bony  Haversian  systems  from 
within  the  canal  ?"  That  which  conserves  life  is  con- 
servative in  the  true  sense.  In  all  we  do,  as  surgeons, 
we  have  to  select  the  lesser  evil ;  and  here  the  risk  to 
the  vitality  of  the  bone,  from  the  radical  step  advised 
is  but  little,  whereas  the  risk  to  life  if  it  is  omitted  is 
grave  indeed. 

There  are  three  w-ays  whereby  the  long  bones 
receive  their  nourishment:  (o)  By  blood-vessels 
entering  continually  from  the  periosteum,  (6)  through 
the  nutrient  arteries,  and  (c)  from  the  endosteum 
vessels,  [lassing  into  the  bone  from  its  marrow.  Of 
these,  if  the  first  two  ways  be  intact,  the  third  way  is 
practically  negligible.  Or,  at  least  the  risk  is  small 
indeed  in  contrast  with  the  enormous  advantage 
obtained  by  thorough  removal  of  the  microbic  source 
of  peril. 

But  this  is  only  one  step — and  not  the  first — of 
several  necessary  to  the  proper  handling  of  such  cases, 
according  to  the  method  which  the  writer  has  found 
so  reliable  in  his  service  at  the  City  Hospital,  N.  Y., 
and  elsewhere;  though  as  yet  the  number  is  admittedly 
but  few,  and  only  time  can  serve  to  convince  the 
doubting.  Ordinarily  we  should  speak  far  less 
positively  in  the  presence  of  small  statistics.  But 
even  ten  or  eleven  cases  of  really  ugly  osteomyelitis 
recovering  with  ease  and  safety,  when  contrasted 
with  what  thirty-two  years  of  experience  teach  him 
would  have  otherwise  been  the  sad  fate  of  most  of 
these  patients,  would  seem  to  justify  a  firm  stand 
herein. 

Our  first  operative  step  is  to  enter,  by  chiseling, 
the  shaft  at  the  two  extreme  ends  of  its  marrow  canal — 
and  this,  whether  or  not  there  may  be  a  compoxuid 
fracture  which  gave  microbic  admittance  at  some 
other  point  along  the  canal.  Drainage  with  extreme 
thoroughness  is  the  prime  essential  here;  and  we  must 
see  to  it  that  we  never  leave  even  an  inch  or  so  of 
marrow  extending  beyond  our  chisel  opening,  to 
make  a  badly  drained  pocket  at  one  or  other  end. 

Let  us  take  the  femur  for  example,  as  that  chances 
to  be  the  bone  upon  which  first  we  turned  what  was 
a  rapidly  succumbing  case  into  a  cure.  By  testing 
upon  the  cadaver  it  will  be  found  that  the  upper  end 
of  the  marrow  canal  is  opposite  the  base  of  the  lesser 
trochanter;  the  lower  end  opposite  a  point  two  to  two 
and  one-half  centimeters  above  the  adductor  magnus 
tubercle.  We  enter  the  bone,  after  exposing  it  upon 
its  outer  side  above,  and  its  inner  side  below,  by  aid 
of  chiselling.  The  opening  into  the  canal  should  be 
its  full  width. 

Next  comes  the  radical  removal  of  its  marrow;  and 
the  question  at  once  arises  whether   to  use  sharp  or 
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blunt  curettage.  By  all  means  do  not  employ  a 
sharp  curette.  The  long  Volkmann  spoon,  for 
example,  by  making  innumerable  fresh  wounds 
upon  the  endosteum  would  invite  septic  absorption. 
Instead  the  writer  employs  what  he  has  termed 
"pistonage." 

A  gauze  sponge  of  proper  size  is  firmly  rolled  Tip 
so  as  to  make  a  piston  of  such  a  diameter  that  it  can 
be  with  moderate  ease  drawn  again  and  again,  up  and 
down,  the  length  of  the  canal — the  marrow  coming 
freely  forth  at  the  two  openings.  This  piston  is 
held  rolled  in  shape  by  a  stout  line,  like  fisMine,  which 
is  looped  around  it  at  about  four  equal  inter\-als:  and 
the  line  should  extend  for  convenience  a  couple  of 
feet  beyond  either  end  of  the  piston.  (Fig.  849.) 
To  introduce  tliis  instrument  we  must  first  pass  through 
the  marrow,  in  at  one  end  and  out  at  the  other,  a  stout 
soft  wire,  such  as  silver  or  copper,  with  a  tiny  loop  at 
one  end — the  end  first  introduced — to  avoid  its  pierc- 
ing the  endosteum.     Once  through  the  canal  and  out. 


Fig.  b49. — Gauze  Piston  for  Cleaning  Out  the   Central  Canal  in 
Osteomyelitis. 

the  fishline  is  attached  to  the  wire  loop,  and  the  wire 
is  withdrawn,  bringing  the  line  with  it.  Now  it  is  a 
simple  matter,  if  the  bony  entrance  to  the  canal  is 
chiseled  smooth  and  a  little  beveled,  to  introduce 
by  traction  the  piston,  and  proceed  to  clear  away  all 
marrow,  whether  obviously  diseased  or  apparently 
sound. 

The  piston  may  well  be  wet,  before  its  final  removal, 
with  official,  seven  per  cent.,  tincture  of  iodine,  and  by 
pistonage,  this  is  spread  over  the  lining  of  the  canal. 

If  bleeding  continues  to  annoy,  which  has  not 
been  the  case  save  in  one  in.stance  thus  far,  it  is  con- 
trolled bj'  a  piston  charged  with  tincture  of  iodine ; 
or  stopping  the  lower  opening  with  a  firmly-held 
plug  made  of  a  rubber  glove  or  of  cotton  batting,  and 
by  a  glass  syringe  filling  the  canal  with  water  brought 
actually  boiling  to  the  table-side. 

This  method  we  have  employed  elsewhere  in  the 
body  in  very  many  cases,  as  a  final  step  of  the  "se- 
questration anemia"  operation.  {Aiuials  of  Surgery, 
February,  1907.)  The  nearer  the  temperature  is  to 
212°  F.,  the  safer  it  is,  for  then  almost  instantly 
the  tissues  so  treated  turn  pale,  and  blood  clots  in 
the  vessel-mouths.  At  a  lower  temjjerature  (which  is 
ine\atable  in  places  high  above  the  sea-level  except 
when  the  water  is  heated  under  pressure)  this  takes 
longer  to  accomplish,  with  comparative  risk  of  ''cook- 
ing" the  flesh.  When  properly  used,  and  for  but  a 
few  seconds,  no  harm  is  done  even  to  delicate 
tissues — such  as  the  deep  jugular  vein  of  a  child 
less  than  one  year  of  age,  as  the  writer  personally 
knows. 

To  resume  the  technique:  Upon  removal  of  the 
plug  from  the  lower  bony  opening,  a  mass  of  gauze 
should  be  so  placed  as  rapidly  to  absorb  the  hut 
water  without  having  allowed  any  of  it  to  come  into 
contact  with  the  cuticle. 


Finallj-,  the  empty  canal  is  now  to  be  fUled  with 
sterile  paste  according  to  EmU  Beck's  original  and 
main  formula,  first  cooling  it  until  it  is  below  120°  F. 
This  contains  thirty  per  cent,  bismuth  subnitrate, 
sixty  per  cent,  yellow  vaseline,  five  per  cent,  soft 
white  paraffin,  five  per  cent,  white  beeswax.  This 
we  would  modify  by  substituting  the  subcarbonate 
for  the  subnitrate  of  bismuth,  the  latter  having  in  a 
few  instances  caused  nitrite  poisoning.  There  is  no 
danger  of  arsenic  poisoning,  we  are  assured,  nowadays, 
by  competent  chemists,  in  usung  the  bismuth  salts 
in  such  full  dosage,  as  it  is  always  carefully  eliminated. 

In  cases  where  any  discharge  of  a  purulent  character 
appears,  in  spite  of  our  thoroughness,  it  cannot  be 
severe  at  worst,  and  the  reheated  Beck's  paste 
should  be  injected  again  and  again  at  intervals  of  a 
few  days. 

Commonly  the  bismuth,  when  the  case  acts  normally, 
in  sinuses  is  absorbed  within  three  months,  and  its 
place  is  taken  by  new  connective  tissue.  This 
process  is,  of  course,  much  slower  within  the  bony 
canal. 

This  same  plan,  in  essence,  we  have  also  used  in  the 
following  bone  case,  with  entire  satisfaction;  it 
represents  prevention  of  septic  osteomyelitis  instead 
of  its  cure: 

An  elderly  man  was  admitted  to  our  hospital 
service  with  such  an  extreme  degree  of  septic  involve- 
ment of  the  limb  below  the  knee  as  demanded  prompt 
amputation.  It  was  not  possible  to  get  flaps  per- 
mitting a  knee  disarticulation,  which  for  obN-ious 
reasons  would  have  been  preferable;  instead,  the 
femur  had  to  be  sawn  across  about  three  to  four 
centimeters  above  the  lower  end  of  the  marrow 
canal.  As  all  know,  the  periosteum  of  this  long  bone 
is  so  thin  as  to  be  almost  whoUy  valueless  as  a  cuff 
to  cover  the  marrow-end  and  prevent  a  septic  osteo- 
myelitis. This  we  knew  to  be  ine\-itable  by  ordinary 
methods,  since  the  skin  constituting  oiir  flaps  had 
for  months  been  full  of  infective  material,  its  lym- 
phatic vessels  ha\-ing,  of  course,  conveyed  the  microbic 
trouble  from  the  almo.st  rotten  leg  below.  It  was 
therefore  a  certainty  that  the  stump  must  suppurate; 
however,  we  hoped  to  prevent  the  otherwise  sure 
extension  up  the  open  marrow  canal.  This  was 
done  by  the  method  just  described — with  these 
modifications.  It  was  most  essential  not  to  prolong 
the  duration  of  the  operation  lest  we  lose  the  weakened 
patient  from  this  reason.  Therefore  we  did  not  chisel 
into  the  upper  end  of  the  marrow  canal — neither  did 
we  use  (in  this  single  case)  the  gauze  piston.  Instead 
we  simply  cleared  out  aU  the  marrow  Tyith  a  very  long 
Volkmann  spoon-irrigator,  which  flushed  out  at  the 
same  time.  As  the  marrow  was  not  infected  we  did 
not  fear  to  use  the  sharp  spoon.  Next,  the  empty 
canal  was  dried  out  with  small  pledgets  on  a  long 
applicator,  and  swabbed  -(nth  tincture  of  iodine; 
and  finally  was  filled  even  full  ■with  Beck's  paste. 
Obviously,  this  plan  added  but  a  very  few  minutes 
to  the  operation — and  the  resulting  safeguard  to  the 
patient  was  so  plain  a  one  that  I  think  nobody  will 
gainsay  it.  The  result  justified  our  expectations. 
The  pus  appeared  within  the  flaps,  of  course,  and 
was  drained  away  thoroughly  by  tubes  for  the  pur- 
pose; but  the  final  result  was  recovery  and  a  useful 
stump,  and  with  no  bony  in\olvement  whatever. 

The  constitutional  treatment  consists  simply  cf 
measures  intended  to  support  the  patient's  strength. 
It  is,  perhaps,  of  little  avail  to  give  antiseptics;  still, 
the  safer  ones — as  benzoate  or  salicylate  of  soda — 
may  be  employed.  It  may  also  be  well  to  use  free 
inunctions  of  the  Crede  liquid  silver  ointment.  The 
writer's  experience,  as  stated  in  the  second  edition 
of  this  work  was  then  adverse  to  the  employment  of 
sera  and  antitoxins.  To-day,  however,  o>ir  first  step 
post-operadonem  should  be  to  ascertain  the  exact 
nature  of  our  microbic  enemies  by  examining  the  pus 
or  the  diseased  marrow,  also  which  ones  are  relatively 
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llie  more  preponderant.  Tlien  witho\it  an  hour's 
needless  delay,  we  should  give  by  liypodernue  an  a|)- 
I)ropriate  serum  injection,  rejieating  it  in  a  few  days, 
or  p.r.n.  The  effects  of  this,  prepared  by  skilled 
bacteriologists  are  often  of  striking  benefit. _  But 
when  ti.sed  "shotgun-prescription-wise"  and  without 
accurate  knowledge  first  obtained  by  the  surgeon,  as 
stated  above,  such  injections  may  well  do  much 
more  harm  than  good. 

As  regards  those  cases  which  are  seen  at  a  later 
stage  and  in  which  the  disease  is  complicated  by  the 
presence  of  a  certain  extent  of  necrosis  of  the  bone 
tissue,  the  practical  que.stions  which  present  them- 
selves are  these:  How  is  the  existence  of  such  a 
bone  necrosis  to  be  ascertained?  and,  What  steps 
are  to  be  taken  for  the  relief  of  the  condition  after  we 
have  discovered  its  existence?  By  the  intelligent  use 
of  the  flexible  silver  probe — or,  in  certain  cases,  of 
two  probes — the  surgeon  should  have  no  difficulty  in 
a.'certaining  that  a  necrosis  exists,  and  also  occasion- 
ally in  determining  liow  great  is  its  extent,  and 
whether  the  necrosed  portion  is  or  is  not  loose.  In 
other  instances,  however,  he  will  be  forced  to  resort 
to  an  explorative  operation  in  order  to  determine  to 
how  great  an  extent  the  bone  is  necrosed,  and  whether 
the  sequestrum  has  become  sufficiently  detached  to 
warrant  the  adoption  of  radical  surgical  measures  for 
the  removal  of  the  dead  bone.  Furthermore,  in 
reaching  the  latter  decision  he  will  have  to  weigh 
very  carefully  the  question  how  far  the  patient's 
health  is  being  undermined  by  the  constant  dis- 
charge of  pus  which  invariably  accompanies  the  sepa- 
ration of  the  dead  from  the  living  bone. 

The  late  Prof.  Thomas  M.  Markoe,  in  his  article  on 
"Necrosis"  in  the  first  edition  of  the  H.\xdbook,  ex- 
pressed himself  as  follows  in  regard  to  the  steps 
which  should  be  taken  in  the  presence  of  a  necrosed 
condition  of  the  bone: 

"Ha^^ng  now  settled  the  question  as  to  the  pro- 
priety of  operation,  the  time  of  its  performance  may  be 
considered.  As  a  general  rule,  it  is  better  to  remove 
the  sequestrum  just  as  soon  as  it  can  be  ascertained  to 
be  loose.  But  if  the  patient  be  much  reduced  in 
health,  if  tlie  season  be  unfavorable,  and  if  the  dis- 
charges and  the  sufferings  from  the  local  disease  be 
not  excessive  or  exhausting,  then  it  is  quite  proper, 
and  generally  quite  safe,  to  wait  until,  by  careful 
attention  to  nutrition,  by  fresh  air  and  exercise, 
perhaps  by  change  of  air  and  surroundings,  we  secure 
a  better  reparative  condition  of  the  system,  in  view 
of  the  often  serious  operation  which  is  contemplated. 
If  there  be  no  considerations  of  this  nature,  the 
operation  should  be  undertaken  without  unnecessary 
delay. 

"The  operation  itself  consists  in  releasing  the  se- 
questrum from  its  mechanical  confinement  within  the 
tissues,  and  removuig  it.  The  operative  procedure 
will  vary,  therefore,  with  the  extent  and  solidity  of 
the  tissues  enclosing  the  sequestrum,  and  with  the 
accessibility  of  the  sequestrum  from  the  surface.  In 
most  cases  of  superficial  necrosis,  or  exfoliation,  it  is 
only  necessary  to  divide  the  soft  parts  covering  the 
dead  piece  in  order  to  remove  it  with  great  ease. 
This,  however,  is  not  always  the  case  in  exfoliation, 
for  it  sometimes  happens  that  the  dead  plate  extends 
on  the  sides  of  the  bone  far  from  the  surface,  and  it 
occasionally  occurs  that  a  thin  plate  of  superficial 
necrosis  surrounds  completely  certain  portions  of  the 
shaft  of  the  bone,  thus  producing  a  condition  of  things 
which  renders  operatioji  extremely  tedious  and  severe, 
and,  not  infreciuently,  even  then  the  entire  removal 
of  the  deepest  portions  of  the  sequestrum  is  not 
accomplished. 

"To  take  a  typical  case  of  necrosis  of  the  shaft  of 
the  tibia,  where  the  diagnosis  is  clear,  the  involucrum 
sufficient,  and  the  sequestrum  entirely  separated,  the 
steps  of  the  operation  may  be  described  as  follows:  .\ 
free  incision  is  made  on  the  anterior  surface  of  the 


limb,  where  the  Vjone  is  most  superficial,  and  this 
incision  should  extend  as  far  as  the  supposed  limits 
of  the  necrotic  action,  and  may  be  crossed  by  another 
at  about  its  middle,  so  a-s  to  give  easy  access  to  the 
surface  of  tlie  involucrum.  The  flap  then  being  dis- 
sected up  clean  from  the  exposed  bony  surface,  we 
select  the  most  favorable  point  for  attacking  the  bone 
case  enclosing  the  .sequestrum.  This  is  generally  to 
be  found  at  one  of  the  larger  cloaca;,  which,  being 
further  enlarged  by  the  chisel  or  gouge,  soon  gives  us 
access  to  the  cavity  in  which  the  dead  bone  lies.  By 
means  of  this  first  exposure  of  the  cavity  we  learn  the 
size,  the  degree  of  freedom,  and  the  extent  of  the 
sequestrum,  and  we  take  our  measures  accordingly. 
If  the  sequestnim  prove  to  be  very  long,  then  the 
incision  through  the  involucrum  must  be  extended  so 
as,  if  possible,  to  release  it  without  breaking  off  any 
of  the  irregular  and  slender  processes  in  which  it 
terminates.  About  this  the  operator  should  be  ex- 
tremely careful,  as,  if  any  of  these  fragments  are 
left  in  "the  bottom  of  the  wound,  they  are  apt  to  give 
trouble,  and  if  we  cannot  reach  and  remove  them 
with  slender  forceps  they  are  frequently  a  long  time 
in  making  their  way  to  the  surface,  "during  which 
time,  of  course,  the  wound  will  not  heal.  In  ex- 
posing one  of  these  large  sequestra,  it  should  be  borne 
in  mind  that  restoration  of  the  involucral  bone  which 
we  are  cutting  away  takes  place  to  only  a  very 
limited  extent,  particularly  in  those  who  have  passed 
the  earlier  periods  of  life.  It  must  be  remembered 
that  nature  has  already,  in  forming  the  involcrum, 
accomplished  a  very  elaborate  and  extensive  restora- 
tion of  bone,  and  ff  we  destroy  this  new  formation 
she  -n-ill  hesitate  about  repeating  the  process.  In 
point  of  fact,  we  find  that  the  cavity  left  after  these 
operations  does  not,  except  in  very  young  subjects, 
fill  up  with  bone,  but  rather  with  a  firm,  fibrous, 
cicatricial  tissue,  which,  while  it  fills  up  the  gap  left 
in  the  bone,  contributes  very  little  to  its  strength. 
We  must  be  careful,  therefore,  not  to  weaken  the  bone 
by  any  unnecessary  cutting  in  its  transverse  diameter, 
though  in  the  longitudinal  direction  we  may  proceed 
with  more  freedom.  The  cutting  is  done  most 
satisfactorily,  I  think,  with  a  gouge,  though  if  a  cloaca 
is  not  in  a  favorable  position  for  enlargement  a  small 
trephine  answers  a  good  purpose  in  making  the  first 
opening  through  the  involucrum.  The  gouge  and  the 
rongeur,  however,  will  be  all  that  in  most  instances 
will  be  required.  After  the  removal  of  the  sequestrvim 
a  careful  examination  should  be  made  with  the  finger 
and  the  probe,  to  make  sure  that  no  fragments  remain, 
and  that  no  cavities  are  left  without  sufficient  openings 
to  secure  drainage." 

By  way  of  supplementing  the  remarks  quoted  above 
I  will  state  that  it  is  important,  after  laying  bare  the 
bone,  to  curette  away  the  entire  granulating  surface, 
and  to  sterilize  the  "living  bone,  thus  laid  bare,  by 
peroxide  of  hydrogen  or  other  effective  means.  Often 
such  curetting  lays  bare  the  entrance  to  more  than 
one  chamber  contaming  sequestra.  There  may  even 
be  a  chain  of  such  running  along  the  marrow.  And 
unless  the  operator  makes  sure  by  probe  and  curette 
that  this  is  not  the  case,  his  work,  in  removing  the 
first  sequestrum  exposed,  may  prove  by  no  means  a 
success;  and  a  continuing  discharge  of  pus  will  show 
that  he  has  not  removed  the  whole  cause.  Following 
these  steps,  it  is  possible  by  many  ways  to  treat  the 
bony  cavity  in  an  endeavor  to  hasten  its  healing.  For 
a  stiady  of  these,  see  Bone,  Plastic  Surgery  of. 

Acute  Epiphysitis. — .\cute  epiphysitis  presents 
problems  of  the  gravest  importance.  In  addition  to 
the  risk  of  a  suppurative  joint  trouble,  by  extension, 
the  focus  of  infection — whether  it  begins  in  the  shaft 
or  in  the  epiphysis — is  commonly  close  to  the  narrow 
line  of  cartilage  which  connects  the  two.  The  im- 
portance of  thus  lies  in  the  fact  that  if  the  cartilage 
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become  severely  involved  in  the  inflammation  there 
may  result  a  diastasis — i.e.  a  separation  of  the  epiphy- 
sis from  the  shaft,  with  dislocation,  a  condition  which 
demands  the  utmost  care  and  the  most  skilful  splint- 
ing to  prevent  a  final  deformity  from  union  in  a  bad 
position.  Even  when  the  involvement  of  the  cartilage 
is  somewhat  less  grave,  if  the  normal  cellular  activity 
in  the  vicinity  of  this  narrow  line  of  cartilage  be  per- 
manently impaired  or  destroyed,  g^o^\•th  of  the  bone, 
so  far  as  this  end  is  concerned,  will  cease.  And  the 
seriousness  of  this  circumstances  is  still  further  en- 
hanced by  the  fact  that  the  greater  portion  of  the 
growth  of  the  long  bones  takes  place  normally  from 
that  end  which  is  most  subject  to  attacks  of  acute 
osteitis.  For  example,  in  the  case  of  the  long  bones 
of  the  extremities  the  ends  which  are  nearest  the  knee, 
and  farthest  from  the  elbow,  supply  most  of  the 
gro'W'th,  and  are  also  more  subject  to  acute  osteitis 
than  are  the  opposite  ends.  And — to  mention  a  single 
instance  only — von  Brims  has  collected  evidence  which 
shows  that  diastasis  of  the  femur  from  all  causes  oc- 
curs in  the  proportion  of  twenty-eight  cases  of  sepa- 
ration of  the  lower  epiphysis  to  one  of  the  upper.  And 
according  to  Oilier,  the  development  in  length  of  the 
thigh  bone  is  about  two-thirds  from  the  epiphyseal 
cartilage  of  the  lower  end  and  one-third  from  that  of 
the  upper  end.  When  it  occurs  in  a  little  child,  a 
diastasis  of  the  lower  end  of  the  femur,  even  though 
the  separated  parts  are  properly  replaced,  and  ade- 
quately splinted  until  bony  union  shall  have  taken 
place,  may  result  in  a  shortening  of  as  much  as  nine 
inches;  whereas  if  the  diastasis  occurs  at  the  upper 
end,  the  records  show  that  only  about  half  this  amount 
of  final  deformity  results.  These  are  facts,  therefore, 
which  it  behooves  the  physician  in  charge  to  know  in 
order  that  he  may,  for  his  own  protection,  and  esjje- 
cially  in  \'iew  of  the  possibility  of  a  suit  for  malpractice, 
give  timely  warning  to  the  parents. 

Treatment. — As  regards  the  treatment  of  acute  epi- 
physitis, prompt  surgical  intervention  and  careful 
splinting  to  prevent  diastasis  are  the  only  means 
worth  mentioning.  On  the  other  hand,  the  proper 
management  of  the  sequete  will  depend  upon  the 
precise  character  of  the  pathological  conditions  left 
by  the  acute  disease.  A  problem  very  difficult  to 
solve  is  that  which  is  presented  when  the  epiphyseal 
cartilage  of  only  one  of  the  two  bones  (of  either  the 
forearm  or  the  leg)  is  involved  by  the  disease.  In  such 
a  case  growth  will  be  entirely  arrested  in  one  bone 
while  it  will  continue  to  take  place  in  the  other. 
Under  such  conditions  the  ultimate  result — if  the 
parts  are  left  to  themselves — can  scarcely  fail  to  be 
a  dwarfed  and  grotesquely  twisted  limb.  Surgical 
intervention  may  be  resorted  to  at  a  relatively  early 
period,  with  the  idea  of  preventing  the  evil  to  which 
attention  has  just  been  called,  or  surgical  measures 
may  be  adopted  for  the  correction  of  the  deformity 
after  it  has  been  fully  established. 

In  the  former  case  the  surgeon,  ha\ang  to  do  with  a 
case  of  diastasis,  should — after  all  suppuration  has 
ceased  — chisel  through  the  thin  plane  of  cartilage  of 
the  neighboring  or  sound  bone  of  the  same  extremity. 
This  stops  the  gro-n-th  of  that  bone,  and  results  in  a 
straight  though  shortened  limb.  On  the  other  hand, 
if  interference  is  postponed  untU  the  deformity  shall 
have  reached  its  full  measiire  of  development,  the 
surgeon  will  have  to  ta.x  his  ingenuity  by  the  employ- 
ment of  various  means  (chiseling,  aseptic  fracturing, 
resection,  etc.),  to  overcome  in  a  measure  the  extreme 
deformity  so  commonly  found  at  that  time.  The 
brightest  suggestion  as  to  a  measure  of  prevention 
here  is  that  of  Murfihy  of  Chicago — though  as  yet 
it  has  never  been  tried  out.  This  is  to  chisel  or  saw 
away  that  condyle  or  that  end  of  the  bone  whose 
epiphyseal  cartilage  has  been  destroyed,  and  insert 
a  bone-graft  in  its  place  containing  a  similar  line  of 
cartOage  either  from  the  bone  of  another  child,  or 
from  some  growing  animal  of  slow  growth. 
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Chronic  Osteomyelitis. — There  are  certain  cases  of 
subacute  and  chronic  osteomyelitis,  limited  in  extent 
and  indicating  a  mild  degree  of  bone  infection,  which 
deserve  mention.  They  are  accompanied  by  more  or 
less  pain  and  tenderness  of  the  bone  over  a  small  area, 
and  this  may  continue  for  months  and  years  with 
slight  or  no  constitutional  symptoms.  In  some  of 
these  cases  called  "Brodie's  abscess,"  the  pus  may 
finally  reach  the  surface,  or  may  remain  permanently 
surrounded  by  compact  bone;  an  osteoporosis  has 
occurred,  sufficiently  great  to  hollow  out  a  pus  cavity, 
usiially  lined  with  granulations;  but  commonly  no 
necrosis — no  death  en  tnasse — takes  place.  It  may 
be  that  a  few  of  these  abscesses  represent  the  site 
of  softened  and  broken-down  gummata  of  late 
sypliilis. 

The  treatment  is  self-e-s-ident.  By  means  of  the 
trephine  the  cavity  is  to  be  reached  and  drained. 
Even  supposmg  the  diagnosis  to  be  erroneous;  sup- 
posing the  case  to  be  in  reality  that  uncommon  disease, 
a  neuralgic  osteitis — one  in  which  a  chronicalU'  con- 
gested vascular  state  in  the  bone  seems  to  induce  nerve 
dvstrophia  and  consequent  neuralgia — experience 
proves  that  penetration  of  the  bone  gives  the  surest 
relief,  and  is  a  safe  operation. 

Reieitmatic  Osteitis  does  occur,  but  is  very  infre- 
quent, and  is  apt  to  be  secondary  to  rheumatic  peri- 
ostitis. The  coexistence  of  rheumatism  elsewhere  in 
the  fibrous  framework  aids  the  diagnosis.  Heat, 
counterirritation,  and,  as  a  last  resource,  opening  the 
bone,  give  the  greatest  relief,  and  should  be  conjoined 
with  the  usual  purely  medicinal  and  hygienic  means  of 
treatment. 

Syphilitic  Osteitis  presents  itself  chiefly  as  a  result 
of  gummatous  involvement  in  the  later  stages  of  the 
disease.  It  is  also,  however,  to  be  noted  as  one  of  the 
manifestations  of  inherited  syphilis.  The  osteo- 
chondritis of  infants,  first  described  by  Wegner,  is 
a  frequent  manifestation,  as  is  also  dactylitis  sj-phil- 
itica.  Regarding  the  former,  Taylor  states  that  it  is 
often  the  only  sign  of  this  inheritance;  and  that  at 
other  times  its  presence  decides  the  sj"philitic  nature 
of  coexisting  lesions.  It  involves  chiefly  the  shafts 
and  epiphyseal  junctions  of  the  long  bones;  and  is 
usually  found  at  birth  or  within  the  following  month. 
The  swellings  are  rather  distinctly  limited,  as  a  rule, 
and  the  babies  suffer  when  they  are  handled.  In 
bad  cases  separation  of  the  epiphyses,  suppurative 
osteomyelitis,  and  necrosis  may  develop. 

The  dactylitis  when  present  affects  mainly  the  first 
phalanges.  "  It  differs  from  the  tuberculous  variety  in 
this  regard,  as  also  in  the  fact  that  when  luetic  it  is 
apt   to  be  multiple,  and  to  appear  upon  both  hands. 

"  Parrot's  nodes,"  involving  the  two  halves  of  the 
frontal  bone  and  the  two  parietal  bones  are  found  in 
infancy,  and  are  due  to  the  same  cause.  These  swell- 
ings, upon  all  sides  of  the  anterior  fontanel,  are  very 
characteristic,  and  are  caused  bj'  both  a  periostitis 
and  an  osteitis  of  these  bones. 

In  later  childhood  and  in  adolescence  are  found  the 
bony  irregularities,  hypertrophies,  and  asymmetries 
which  often  are  so  characteristic  of  syphilis.  In  the 
face,  the  nasal  bones  are  those  which  suffer  most.  As 
a  result  of  necrosis  of  the  bony  sxipport  the  nose 
undergoes  shortening,  the  lower  part  retreating  toward 
the  upper  part;  or  else  the  bridge  is  sunken.  Of  the 
remaining  parts  of  the  skeleton  the  tibia  presents  the 
most  striking  of  these  late  bony  inflammatory  changes 
due  to  syphilis.  It  may  be  greatly  thickened,  its  crest 
being  no  longer  a  mere  ridge,  but  broadened  and  swell- 
ing forward,  so  that  when  seen  from  one  side  the  tibia 
presents  the  characteristic  shape  of  a  saber. 

For  a  fuller  study  of  the  bony  stigmata  of  this  dis- 
ease, including  the  pathology  and  clinical  course  of 
gumma  of  bone,  the  reader  is  referred  to  the  article 
upon  Syphilis. 
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Necrosis  of  the  Jaws  Dependent  upon  the  Action 
OF  Phosphorus. — This  is  caused  by  tlie  fumes  of  the 
ordinary  yellow  phosphorus.  Now,  by  legislative  en- 
actment, almost  everywhere  in  match-factories  the  red 
or  allotropic  form  of  phosphorus  has  replaced  it — with 
infinite  benefit  to  the  workers  in  these  factories.  This 
is  a  condition  wliich  the  surgeons  of  the  present  gen- 
eration rarely  have  the  opportunity  of  observing. 
I  mav  therefore  be  permitted  again  to  quote  from 
Professor  Markoe's  article  on  "Necrosis"  in  the  first 
edition  of  this  work. 

"These  cases  occur  almost  exclusively  among  the 
operatives  in  match  factories,  who  are  living  in  an 
atmosphere  containing  the  fumes  of  phosphorus  and 
phosphorous  acid.  The  workmen  most  liable  to  be 
affected  are  tho.se  employed  in  the  dipping-room,  and 
in  the  packing-rooms.  In  the  tirst  there  is  a  constant 
prevalence  of  the  fumes  of  the  volatilized  phosphorus, 
and  the  air  in  the  second  is  still  further  vitiated  by 
pliosphorous  acid  from  the  frequent  b\irning  of  the 
matches  while  being  counted  and  packed.  It  is  be- 
lieved that  these  phosphorous  emanations,  which  are 
quite  .soluble  in  water,  are  dissolved  in  the  saliva, 
and  thus  come  in  contact  with  the  teeth  and  gums, 
upon  which  latterthe  poison  seems  to  exert  its  primary 
influence.  Why  these  particular  parts  are  selected  by 
the  poison  in  preference  to  the  rest  of  the  biiccal  and 
to  the  Schneiderian  membrane,  which  are  equally,  if 
not  more,  exposed  to  its  action,  is  a  pathological  fact 
which  we  are  not  able  to  explain.  That  the  poisonous 
action  is  a  local,  not  a  general,  one  seems  further  proved 
by  the  fact  that  constitutional  cachexia  does  not  often 
appear  as  a  condition  preceding  the  local  outbreak; 
and  stiU  more  strongly  by  the  fact  that  if  the  teeth 
be  sound,  and  the  gums  unbroken,  the  disease  is 
rarely  developed.  On  the  other  hand,  it  ought  to  be 
stated  that  there  are  sometimes  ev-idences  of  slow- 
systemic  poisoning  b.v  phosphorus,  terminating  in 
necrosis;  and  also  that  it  is  rarely  those  who  have  been 
for  only  a  short  period  subjected  to  the  poison  who 
develop  necrosis,  but  rather  those  who  have  been  some 
vears  in  the  occupation.  Again,  it  has  been  recorded 
that  the  prolonged  internal  use  of  phosphorus  may 
lead  to  typical  necrosis  of  the  jaw,  as  in  a  case  recently 
reported  by  Mr.  Hutchinson.  It  may,  therefore,  in 
the  light  of  our  present  knowledge,  be  assumed  that 
the  action  of  the  poison,  at  least  in  most  cases,  is  purely 
a  local  one,  though  the  system  is  probably  predisposed 
to  the  local  outbreak  by  a  constitutional  infection 
from  the  poison  slowly  introdiiced  into  the  blood, 
either  by  inhalation  of  the  vapor  or  by  the  ingestion 
of  the  drug  as  a  medicine.  It  acts  by  inflaming  first 
the  gums  and  the  linings  of  the  tooth  sockets,  from 
these  spreading  to  the  alveolar  processes  of  the  bone, 
and  finally,  by  extension  by  continuity,  involving  a 
large  part,  and  not  infrequently  the  whole,  of  the  bone. 
This  destruction  of  the  entire  bone  is  sometimes  found 
in  the  lower  jaw.  In  all  the  cases  I  have  seen  affecting 
the  upper  jaw,  the  ravages  of  the  disease  were  mainly 
confined  to  the  alveolar  arch." 

Osteitis  Defor.\l\ns. — This  essentially  chronic  con- 
dition is,  though  recognized  and  studied  since  1876, 
still  illy  understood  as  to  its  etiology.  It  occurs  most 
often  in  middle  age,  and  involves  perhaps  more  fre- 
(luently  the  long  bones,  but  also  at  times  the  skull, 
])elvis,"and  vertebrae.  H>-pertrophy  may  go  hand-in- 
liand  with  softening,  resulting  in  malformations  which 
give  the  disease  its  name.  Nevertheless,  it  does  not 
advance  to  the  extent  of  causing  fractures.  Some 
authors — Tillmanns  for  instance — differentiate  two 
clinical  varieties,  the  painful  and  the  painless.  The 
former  is  the  more  frequent,  usually  involving  the 
bones  of  the  lower  limbs.  The  painless  is  believed 
to  occur  more  often  in  the  upper  limbs,  and  in 
females  rather  than  in  males.  Generally  several  bones 
are  involved,  thus  indicating  a  systemic  rather  than 
a  local  cause.     Treatment  has   thus  far   proved  of 
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little  avail;  and  since  we  cannot  definitely  a.scertain 
the  real  cause  and  direct  our  treatment  to  that,  the 
only  course  which  remains  tb  us  is  to  alleviate  pain  or 
other  symptoms. 

TcBERCULOTJS  OsTEiTis. — Under  this  title  we  shall 
discuss  that  inflanimation  of  bone  w-hich,  until  within 
a  few  years,  writers  have  studied  under  the  name  of 
caries;  j)aying  more  attention,  as  in  necrosis,  to  the 
result  of  the  process  than  to  the  causative  agent. 
Nevertheless  we  should  mention  the  fact  that  now 
four  varieties  of  the  tubercle  bacillus  are  recognized: 
(1)  That  chiefly  causing  human  tuberculosis;  (2)  the 
bovine,  causing  tuberculosis  in  cattle,  chiefly;  (3)  the 
avian,  affecting  birds;  and  (4)  the  reptilian,  as  found 
in  turtles,  etc.,  for  instance. 

Tuberculous  involvement  of  bone  is  in  a  large  ma- 
jority of  the  cases  caused  by  the  activities  of  the  human 
type  of  bacillus;  in  a  smaller  number  by  the  bovine. 
The  others  are  negligible  as  factors. 

Thus,  the  Royal  Commission  of  Great  Britain,  out 
of  sixty  cases  of  tuberculosis  elsewhere  than  in  bone, 
in  man,  found  fourteen  bovine  and  forty  of  human  type. 
.'\s  to  bony  involvement  this  Commission  has  decided 
that  it  is  due  to  the  human  bacilli;  and  that,  therefore, 
attainment  of  a  perfectly  pure  mUk-supply  wiU  not 
prevent  its  development. 

This  is  a  chronic  malady,  affecting  mainly  the  red- 
marrowed,  canceUous  bones,  such  as  the  bodies  of  the 
vertebrie  and  the  carpal  and  tarsal  bones.  It  is  essen- 
tially an  osteoporosis,  with  tuberculous  deposit  as  its 
cause  and  accompaniment,  and  it  results  in  molecular 
death  of  the  bone.  Sometunes,  by  extension,  the 
compact  tissues  are  involved,  but  here  the  bone  first 
changes  its  character,  becoming  cancellous  through 
osteoporosis;  and  later  even  the  remaining  bone  tra- 
beculae  may  disintegrate,  and  a  suppurating  cavity  be 
left.  The  "lime  salts  are  dissolved,  and  the  remaining 
membranous  or  gelatinous  bone  breaks  down  under 
the  devitalizing  influence  of  the  tubercles. 

It  may  be  objected  to  the  term  tuberculous  that 
caries  is  iiot  alw^ays  of  this  nature.  It  is  undoubtedly 
true,  however,  that  chronic,  granulating,  rarefying 
osteitis  is  commonly  so,  and  at  the  present  day  the 
cases  of  caries  in  which  careful  investigation  fails  to 
find  the  baciUus  tuberculosis  are  very  few,  and  are  be- 
coming fewer. 

The  bone  frequently  expands  in  one  or  both  of  its 
diameters  while  becoming  a  mere  shell  filled  with  pus, 
bony  detritus,  and  granulations.  Apparently  the 
growing  mass  of  granulation  tissue  forces  out  the  walls 
of  bone  when  they  become  thin  enough  to  permit  it. 
A  rather  common  example  of  this  condition  is  found 
in  "spina  ventosa."  Here  the  bone — a  metacarpal, 
for  instance — may  gradually  assume  the  shape  of  a 
spindle.  SyphUitic  dactylitis  may  produce  the  same 
distention;  "this  latter  inflammation,  which  is  usually 
a  result  of  inherited  s\-philis,  most  often  involves  one 
of  the  first  phalanges. 

The  deposit  of  tuberculous  material  in  bone  may  or 
may  not  present  all  the  ordinary  appearances  of  a  focus 
of  tuberculous  disease.  It  may  undergo  caseation,  or 
it  may,  as  it  usually  does,  soften  and  liquefy.  Some 
suppuration  is  probably  always  present,  but  this 
varies  greatly  in  degree.  In  the  caries  of  chQdren  it  is 
almost  always  a  feature.  Pott's  disease,  for  example, 
is  accompanied  by  the  formation  of  so-called  "cold 
abscesses"  of  varying  size,  and  the  pus  starting  from 
the  disintegrating  bone  foUows  a  downward  course, 
governed  by  gravity  and  the  path  of  least  resistance, 
and  may  finally  find  an  exit  for  itself  upon  the  surface. 
Or,  in  cases  with  less  discharge,  the  pus  may  become 
cheesy,  its  ensheathing  connective-tissue  covering 
may  undergo  a  change  into  calcareoxis  material,  and 
the  abscess  may  never  descend  far  from  the  di.seased 
vertebral  bodies  which  gave  it  origin.  Such  an  abscess 
may  be  discovered  only  at  the  autopsy. 

In  elderlj'  individuals  the  formation  of  granulation 
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tissue  and  a  slow  advance  of  the  disease,  with  but 
slight  discharge — a  "caries  sicca" — are  generally  to 
be  expected. 

Tuberculous  osteitis  may  occur  at  any  age,  but  it 
develops  more  commonly  in  early  chOdhood  than  at 
any  other  time.  From  five  to  fifteen  years  of  age  is 
the  time  of  its  greatest  prevalence.  Its  onset  is  usually 
insidious.  The  patient  may,  after  a  time,  complain 
of  a  little  tenderness  or  aching  after  exertion.  Later, 
some  swelling  of  the  bone  may  perhaps  be  noted. 
The  skin  is  not  involved  at  first;  after  several  weeks — 
possibly  months — it  becomes  distended,  looks  in- 
flamed, breaks  down  at  one  or  several  points,  and 
gives  exit  to  pus.  This  pus  varies  in  consistency,  and 
is  sometimes  gritty  to  the  feel,  containing  minute 
spicula  of  bone.  A  probe  introduced  may— if  the 
sinus  be  moderately  straight — touch  bare  bone,  and 
may  by  moderate  pressure  be  made  to  fix  itself 
firmly  in  the  cancellous  tissue;  this  could  not  be  done 
in  the  case  of  the  compact  sequestrum  of  necrosis. 
The  lips  of  the  sinuses  and  their  walls  soon  become 
lined  with  flabby,  inactive  granulations,  in  which 
the  bacilli  are  sometimes  to  be  discovered.  Mean- 
while the  patient  may  be  subject  to  more  or  less 
fever,  night  sweats,  and  similar  signs  of  vital  depres- 
sion. 

By  extension  a  caries  may  involve  an  adjacent 
joint,  with  resulting  "white  swelling"  and  all  the 
manifestations  of  tuberculous  osteoarthritis.  Or, 
conversely,  a  primary  joint  tuberculosis  may  lead  to 
erosion  of  the  articular  lamella  of  the  bone,  and  then 
to  tuberculosis  of  the  cancellous  tissue. 

Caries  commonly,  though  not  invariably,  makes  its 
appearance  in  individuals  of  the  so-called  scrofulous 
diathesis — i.e.  those  who  are  especially  subject  to 
affections  of  the  glands,  skin,  and  mucous  surfaces. 
Often  a  famOy  history  of  tuberculosis  may  be  ob- 
tained, or  it  may  be  learned  that  the  parents  died 
from  some  unnamed  lung  trouble.  The  patient  is 
apt  to  be  pale  and  anemic  in  appearance  although  this 
is  not  always  the  case.  In  adults  the  bone  disease  is 
sometimes  a  reappearance  of  inflammation  which 
existed  there  for  a  time  during  chOdhood,  and  then 
remained  for  years  quiescent. 

At  any  stage  in  its  progress  the  disease  may  come  to 
an  end,  and  reparative  processes  of  varying  degree 
begin.  Caries  does  not  necessarily  go  on  to  the  com- 
plete destruction  of  all  the  cancellous  bone  involved. 
If  the  patient's  general  condition  can  be  improved,  so 
tnat  the  vitality  of  the  bone  is  enabled  to  resist  the 
encroachment  of  the  tuberculous  disease,  suppuration 
may  cease,  fistulous  sinuses  close,  and  new  bone  form 
to  some  extent.  This  is  the  rule  in  Pott's  disease. 
The  bodies  of  one,  two,  or  sometimes  more  vertebr* 
melt  away,  the  comparatively  soimd  bodies  above  and 
below  come  in  contact,  and  if  the  patient  continues 
to  live,  as  he  commonly  does,  the  disease  is  brought  to 
an  end,  and  the  vertebral  bodies  near  the  focus  of  the 
disease,  but  which  have  escaped,  unite  by  firm  bony 
iinion.  In  some  bones — the  calcaneum  for  example — 
there  is  ver^-  little  tendenc}-  to  bony  repair.  The 
space  once  occupied  by  bone  becomes  partlj'  filled 
by  simple  connective  tissue. 

It  is  important  to  bear  in  mind  that  a  mere  local 
bone-tuberculosis  may  at  any  time  give  rise  to  a  gen- 
eral tuberciilosis.  Although  such  a  catastrophe  is 
quite  exceptional,  it  does  sometimes  occur.  There- 
fore, when  it  is  possible  to  remove  by  surgical  means 
the  diseased  bone,  it  should  be  done.  It  has  even 
been  suggested,  of  late,  that  in  spinal  caries  an  attempt 
be  made  to  scoop  away  the  diseased  tissue  and  thus 
hasten  recovery ;  if  need  be,  resecting  one  or  more  ribs 
to  allow  thorough  work.  But  whether  this  becomes  a 
recognized  practice  or  not,  in  all  readily  accessible  re- 
gions the  proper  treatment  consists  in  the  free  use  of 
Volkmann  s  sharp  spoon;  the  most  thorough  work 
under  these  circumstances  being  always  the  best.  As 
with   suppurating  tuberculous  lymph  nodes  so  here 
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this  treatment  may  save  months  of  effort  on  the  part 
of  nature  to  remove  the  tuberculous  deposit. 

It  goes  without  saying  that  surgical  cleanliness  must 
be  strictly  observed  during  and  after  the  operation. 

It  is  to  be  expected  that,  in  many  instances,  one  such 
scraping  will  not  suffice  entirely  to  put  a  stop  to  the 
disease.  Perhaps  the  step  may  have  to  be  repeated 
a  number  of  times  before  all  the  affected  tissue  is 
reached  and  eliminated.  During  the  dressing  of  bones 
or  of  sinuses  which  have  been  operated  upon  for 
caries,  iodine  should  be  omt  main  reliance.  In  irriga- 
tion we  may  wisely  employ  a  one-  or  a  two-per-cent. 
solution  of  the  pharmacopoeial  tincture,  which 
does  not  precipitate,  and  is  seven  per  cent,  iodine. 
This  strength  wiU  stain  the  tissues  a,  yellowish 
hue. 

The  gauze  used  for  packing  and  drainage  should  be 
first  moistened,  and  then  well  rubbed  with  some  one  of 
the  numerous  powders  which  depend  for  their  value 
chiefly  upon  the  iodine  which  they  contain — such  as 
(in  order  of  strength)  iodoform,  iodol,  nosophen,  aristol, 
and  europhen.  The  author  rather  inclines  to  aristol, 
and  considers  it  practically  as  effective  as  iodoform 
without  the  objectionable  odor  of  the  latter. 

In  obstinate  cases  of  caries,  after  the  v'igorous  use  of 
the  sharp  curette  or  gouge,  it  is  well  to  cauterize  also 
before  beginning  the  iodine  treatment.  Perhaps  the 
application  first  of  pure  carbolic  acid  and  then  of 
strong  alcohol  is  as  effective  a  measure  as  any  that  can 
be  adopted.  The  severity  of  this  procedure  may  be 
easily  regulated  by  shortening  or  protracting  the  time 
during  which  the  pure  acid  is  allowed  to  remain  in 
contact  with  the  parts  before  the  neutralizing  action 
of  the  alcohol  is  brought  to  bear  upon  them. 

The  prognosis  in  children,  after  such  thorough  treats 
ment,  is  fairly  good.  In  adults  it  is  distinctly  more 
difficult  to  eradicate  the  disease  completely.  In  the 
tarsal  bones,  for  example,  it  is  questionable  whether  in 
adults  it  is  not  wiser  to  excise  entirely  the  affected 
bone  or  bones  in  order  to  prevent  a  relapse. 

When  despite  thorough  local  treatment  the  disease 
extends  and  perhaps  involves  an  entire  extremity, 
amputation  at  some  distance  above  may  be  our  only 
remaining  resource. 

Regarding  medicinal  treatment,  cod-liver  oil,  iron, 
and  good  nourishment  are  to  be  administered  in  the 
hope  of  improving  the  general  condition.  In  the 
phlegmatic  temperament  cold  bathing  daily  is  of  more 
value  than  the  oil.  These  means,  however,  will  not 
remove  the  bacilli  from  the  bone  marrow.  They  are 
merely  useful  adjuvants  to  the  proper  local  treatment. 

In  conclusion:  We  have  already  commented  upon 
the  fact  that  softening,  due  to  a  rapid  decalcification. 
is  one  of  the  earliest  changes  resultant  from  bone 
tuberculosis.  It  is  equalh-  true  that  in  sarcoma  and 
carcinoma  of  bone  this  is  the  earliest  clinical  sign. 
For  really  hopeful  results  from  operation  everj-thing 
depends  upon  how  early  malignancy  is  recogmzed; 
and  in  several  respects  tuberculosis  of  bone  may  be 
considered  one  of  the  malignant  manifestations.  It  is 
certainlj'  more  apt  to  recur,  especially  in  the  adult, 
after  apparently  thorough  excision,  than  is  giant-celled 
sarcoma  for  one  instance,  whether  in  loco  or  at  a 
distance. 

In  all  of  these  malignant  conditions  just  named, 
before  any  other  change  is  clinically  manifest — before 
even  any  alteration  occurs  in  shape  or  size  of  the  bone 
in  question,  and  prior  even  to  the  time  when  thei-ray 
can  serve  as  a  guide — softening  manifests  itself;  and 
this  is  easily  capable  of  proof. 

We  should  use  a  stout  ordinary  sewing-needle — not 
a  surgical  needle  with  a  cutting  edge.  This  cannot  be 
made  to  enter  even  cancellous  bone,  if  it  be  normal, 
without  the  use  of  extreme  force.  In  malignancy  the 
difference  is  plain;  the  needle  enters  as  if  bemg  thrust 
into  cartilage. 

Lest  it  be  snapped  off  and  the  point  left  in  the  bone, 
due    to    some    sudden,    unwary    movement    of   the 
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patient,  we  should  withdraw  tlie  temper  a  little  from 
the  point — enough  to  turn  it  steel  blue — by  passing  it 
a  second  or  two  through  an  alcohol  flame.  While 
making  the  bony  test,  hold  it  firmly  by  a  needie- 
holder.  C^ompare  the  two  sides  at  exactly  identical 
points,  as  to  degree  of  resistance  to  the  advance  of  the 
needle. 

We  must  of  course  difTerentiate  from — softening 
due  to  benign  {i.e.  non-malignant) — osteitis,  from 
rachitis,  from  osteomalacia,  from  syphilis,  etc.  As 
to  the  first  of  these,  the  thermometer  (when  acute) 
with  the  usual  symptoms  accompanying  inflammation, 
microbes  in  evidence,  etc.,  will  hel])  us.  The  next 
two  diseases  named  involve  not  one,  but  several 
bones.  There  are  also  the  characteristic  constitu- 
tional symptoms. 

As  to  syphilis  of  bone — ^by  this  we  mean  gumrna — 
assuredly  here,  too,  in  this  semi-malignant  condition 
we  have  very  early  softening  due  to  decalcification  as 
the  first  recognizable  step,  locally.  But  almost  in- 
variably the  history  of  the  case  with  its  several  sec- 
ondary manifestations,  and  very  likely  other  tertiary 
ones,  will  ser\-e  for  differential  diagnosis. 

Robert  H.  M.  D.\wb.\rx. 


Bone,  Plastic  Surgery  of. — The  principles  of 
successful  ijlastic  surgery  of  the  soft  parts  apply  in  the 
main  with  equal  force  to  plastic  surgery  of  bone. 
There  must  be  absolute  asepsis.  The  grafts  must 
fit  comfortably,  for  undue  pressure  would  prevent  to 
some  degree  the  passage  of  even  the  vitalized  plasma  of 
the  blood  upon  which,  the  vessels  being  all  obstructed 
by  clotting,  both  tiny  bone  fragments  and  greater  ones 
must  depend  for  their  nourishment  by  capillary 
attraction.  Again,  absolute  immobilization  is  essen- 
tial, and  for  a  much  longer  time  than  is  true  with 
grafts  of  soft  tissue.  Just  as  the  healing  of  fracture  is 
found  always  to  be  a  painfully,  a  tediously  slow 
process,  nature  acting  as  if  she  had  dateless  Olympian 
leisure  in  which  to  do  her  work,  and  not  even  start- 
ing her  process  of  callus-exuding  to  any  appreciable 
degree  until  an  average  of  ten  days  has  elapsed,  so  it 
is  with  these  comminuted  fractures  for  grafting — 
fragments,  largely  of  the  surgeons'  making.  Once 
begun,  the  callus — nature's  glue — is  steadily  poured 
out  for  about  ten  days  more  before  "knitting"  starts. 
In  the  child  this  period  begins  two  or  three  days 
earlier;  in  the  elderly  as  much  later;  but  the  average 
is  as  stated.  It  varies,  too,  with  the  relative  vas- 
cularity of  the  bone  and  flesh  in  question  surrounding 
bur  grafts — and  in  amount,  with  the  degree  of  vital 
energy,  also  upon  the  perfection  of  immobilization. 
Where  the  grafts — or  the  bony  ends  of  a  fracture — 
are  kept  properly  quiet,  there  is  little  of  the  waste  of 
energy  which  the  exudation  of  "provisional"  callus 
implies.  The  "definitive"  alone  remains  ultimately 
to  become  new  bone. 

The  deposit  of  lime  salts  in  the  calhis  and  the 
migration  into  it  of  myriads  of  bone-cells — in  a  word, 
the  numerous  changes  wherein  and  whereby  it  ulti- 
mately becomes  "bone  of  our  bone,"  require  from 
several  weeks  to  a  few  months  to  become  reliabh' 
firm  and  solid.  For  the  surgeon's  own  protection  he 
should  explain  to  the  patient,  in  the  beginning,  this 
relative  slowness  as  compared  with  the  healing  of 
plastic  work  upon  the  soft  parts. 

Cl.\ssification. — The  following  classification  of 
this  subject  may  simplify  our  study  of  it,  to  some 
extent ; 

I.  Callus — -the  material  from  which  bone  is  made; 
How  to  increase  it  in  amount. 

II.  Autogenous  bone-grafts:  (o)  With  pedicle, 
either  from  the  bone  to  be  grafted  upon,  or  from 
another  bone.  (6)  Without  pedicle,  and  supplied 
either  by  the  patient  or  by  another  human  being; 
either  in  minute  fragments  or  in  mass. 


III.  Heterogenous  bone-grafts:  taken  from  the 
living  lower  animals;  also  from  those  that  are  dead. 

1\.  Plastic  bone-fillings:  (ri)  From  the  living.  (6) 
From  other  than  living  sources. 

I.  Callus. — The  material  of  which  nature  manu- 
factures new  bone,  deser\-es  first  place  in  our  study  of 
this  subject.  It  is  fibrin,  pure  and  simiile,  but  with 
a  different  destiny  from  that  of  a  similar  lump  of 
nature's  glue  exuded  elsewhere  in  the  body,  because 
of  its  being  here  in  contact  with  bone.  Among  the 
well-known  ways  of  causing  it  to  appear  in  large 
quantities  let  us  mention  three: 

(n)  Method  of  H.  O.  Thomas,  by  daily  use  of  a 
small  percussion-hammer,  whereby  the  region  of  the 
broken  bone — for  it  was  in  non-union  of  fracture 
only  that  Thomas  used  it — becomes  tender  to  the 
touch,  and  hot  from  determination  of  blood  causing 
active  congestion. 

(6)  "Hot  Damming"  method  of  Bier  of  Berlin.  In 
this,  by  elastic  cording  upon  the  proximal  side  of  the 
fracture  or  bone-graft,  for  several  liours  per  day,  and 
during  a  period  of  weeks,  a  greater  plastic  exudate  in- 
evitably occurs — the  cording  must  not  be  tight  enough 
to  cause  the  limb  to  become  cold,  hence,  the  title. 

(r)  Method  of  Bier  wherein  blood  is  withdrawn 
from  a  donor  and  injected  at  the  point  where  more 
fibrin  is  needed.  This  is  admittedly  a  means  of 
making  use  of  the  fibrin  present  in  the  blood  so  in- 
jected, and  the  other  ingredients  of  it  are  not  of  value 
for  this  purpose;  indeed,  unless  extreme  precaution  is 
taken  both  as  to  rigid  asepsis  and  as  to  a  preliminary 
Wassermann  test  for  syphilis,  it  may  conceivably  not 
be  free  from  danger. 

(d)  A  fourth  way,  the  writer's  now  employed  by 
him  for  some  ten  years  at  least,  but  only  recently 
published,  because  he  wished  enough  cases  of  fracture 
with  non-union  and  of  plastic  bone  work  to  make  it 
conclusive.  It  was  described,  however,  by  the  writer 
at  the  same  meetng  of  the  Surgical  Section  of  the 
American  Medical  Association  in  St  Paul,  Minn.,  at 
which  Bier,  through  a  younger  colleague  from  Ger- 
many, spoke  upon  his  blood-injection  plan. 

This  plan  consists  simply  in  the  injecting  of  sterile 
gh-cerite  of  tannin,  of  ten  per  cent,  strength,  by  a  long 
spinal  needle,  between  the  bone-ends,  in  non-union, 
or  when  m  plastic  bone  work  we  need  material  to  be 
moulded  into  new  bone. 

It  may  be  not  without  interest  to  know  how  this 
method  was  hit  upon.  A  generation  ago  a  peripatetic 
doctor  named  Heaton  traveled  about  the  country 
advertising  "Rupture  cured  without  the  knife."  He 
finally  divulged  his  secret — which  was  that  after 
reducing  the  hernia,  leaving  the  sac  empty,  he 
injected  into  this  sac  as  strong  a  decoction  of  fresh 
white  oak  bark  in  boiling  glycerin  as  he  could  make. 
This  caused,  during  its  absorption,  so  free  an  exudate 
that  a  mass  of  fibrin  filled  the  sac,  preventing  the 
return  of  the  hernia — at  least  for  a  while.  This 
method  of  attempting  the  cure  is  a  poor  one,  as  has 
since  been  proved,  for  the  neck  of  the  sac  remains 
open,  and  in  course  of  time  the  hernia  again  stretches 
its  way  out.  However,  our  interest  is  not  as  to  this, 
but  regarding  glycerite  of  tannin,  in  its  curious 
property  of  causing  by  its  presence  an  exudate  which 
the  several  pathologists  and  histologists  to  whom  we 
have  referred  the  point  considered  identical  with 
callus — both  being  simply  fibrin,  though  with  a  differ- 
ent destiny  according  to  whether  thrown  out  in 
contact  with  bone  or  elsewhere. 

Quercus  alba,  the  white  oak,  contains  in  its  bark 
no  ingredients  of  the  least  importance  except  tannin. 
This  is  present  to  the  extent  of  about  ten  per  cent. 
Now  the  official  U.  S.  P.  glycerite  of  tannin  is  twenty 
per  cent,  in  strength.  By  diluting  this  with  an  equal 
amount  of  glycerin  and  sterilizing  by  boiling,  we  have 
in  effect  what  Heaton  used,  but  prepared  with  greater 
simplicity  and  scientific  accuracy. 
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It  occiired  to  us,  when  thinking  of  Heaton's  method 
many  years  ago,  that  fibrin  thus  produced  would 
perhaps  prove  a  most  efficient  means  of  supplying 
callus — and  this  has  proved  true;  indeed,  the  most  so 
of  any  method  of  which  the  writer  is  aware.  Although 
his  hospital  is  a  large  one  he  has  had  Ijut  semi-occa- 
sional opportunities  to  try  out  the  plan.  Its  use  in 
plastic  surgery  of  bone  is  obviously  recent,  since  this 
branch  of  our  science  is  new.  And  as  to  fractures,  by 
far  the  greater  number  of  cases  of  non-union  are  not 
caused  by  lack  of  vital  power  to  induce  enough  callus, 
but  due  to  lack  of  proper  apposition  or  to  intervening 
soft  tissues,  or  dead  bone-fragments  between  the  ends; 
reasons  that  call  for  operating  far  more  frequently 
than  simply  for  more  callus.  However,  when  used 
in  properly  selected  cases  we  are  now  willing  to 
speak  strongly  as  to  the  benefits  to  be  expected  from 
glycerite  of  tannin.  The  amount  to  be  injected 
varies  according  to  the  case.  In  non-union  of 
fractured  tibia,  for  example,  we  inject — after  passing 
the  needle  through  an  inch  or  more  of  flesh  and  then 
between  the  fragments,  perhaps  a  dram.  This  is  to 
be  repeated  after  several  days,  or  not,  according 
to  the  degree  of  congestion  and  tenderness  resultant. 
A  lump  of  "provisional  callus"  can  soon  be  felt. 

It  is  being  used  to  produce  a  new  head  for  the  hu- 
merus in  the  following  case  now  in  our  service  at  the 
City  Hospital.  A  woman  of  thirty  came  in  with  a 
subglenoid  dislocation  of  two  years  duration.  The 
operation  which  seemed  best  and  was  duly  performed 
■was,  after  failure  to  accomplish  non-operative 
reduction,  to  make  a  vertical  incision  near  the  anterior 
edge  of  the  deltoid  muscle,  so  as  to  divide  as  little  of 
the  circumflex  nerve  as  possible.  By  an  aneurysm- 
needle  a  stout  linen  string  was  passed  about  the 
humerus  at  as  high  a  point  as  possible.  By  this  a 
Gigli  wire  saw  was  drawn  into  position  and  the  bone 
■was  sawn  across — leaving  the  head  and  part  of  the 
tuberosities  behind  (to  be  removed  by  rongeur,  from 
the  axilla,  at  a  later  date,  if  it  gives  trouble).  The 
glenoid  cavity  was  dissected  empty,  the  capsule 
closed  and  sutured,  and  the  elbow  put  in  Velpeau's 
position  so  that  the  pressure  of  the  long  axis  of  the 
humerus  was  upon  the  outer  or  untorn  side  of  the 
capsule.  Just  before  closing  the  capsule  a  spinal 
needle  with  its  well-oUed  trocar  in  place  was  passed 
vertically  down  from  about  the  tip  of  the  acromion 
process  so  that  its  point  lay  free  in  the  glenoid  cavity. 
When  ten  days  had  passed,  giving  time  for  the  cap- 
sule-woimd  to  heal,  and  being  then  also  about  the 
time  when  nature  begins  exudation  of  callus,  we 
helped  along  this  activity  by  injecting  through  the 
long  needle  about  5iij-  of  the  glycerite  of  tannin 
(modified  as  above  described),  thrown  directl.v  in 
contact  with  the  sawn  surface  of  the  upper  end  of  the 
shaft;  and  the  needle  was  then  withdrawn.  The 
arm  was  not  moved,  nor  will  it  be  until  some  three 
weeks  further  have  elapsed ;  when  by  active  and  passive 
motion  we  expect  to  help  mould  a  respectable  head — 
a  more  or  less  globular  upper  end  of  the  humerus. 
This  same  thing  we  have  had  but  two  other  oppor- 
tunities to  accomplish  heretofore,  but  these  were 
satisfactory. 

In  another  line  of  bone-plastic  work  we  have 
repeatedly  used  this  plan,  as  the  letter  quoted  below 
instances.  This  case  is  selected  because  of  the  ex- 
treme age  of  the  patient  in  question,  whicli  adds 
interest  to  the  excellent  result.  The  letter  from 
Dr.  W.  Hanna  Thomson,  dated  November  15,  1910, 
and  addressed  to  the  present  writer,  reads  as  follows: 
"I  wish  to  record  for  you  my  observation  of  the  case 
of  an  old  lady,  eightj'-one  years  of  age,  who  fractured 
the  neck  of  the  femur  (intracapsular)  by  a  fall.  She 
was  a  former  patient  of  mine  and  on  that  account 
wanted  my  opinion  as  to  the  advisability  of  your 
proposal  to  unite  the  trochanter  with  the  broken  head 
of  the  femur  now  loose  in  the  hip-joint.  On  hearing 
your  description  of  the  operation,  the  like  of  which  I 
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had  never  myself  seen,  of  introducing  an  aluminum 
naU  from  the  trochanter  into  the  broken  segment  in 
the  acetabulum,  I  agreed  to  it  and  was  present  at 
the  operation.  It  was  then  discovered,  however,  that 
the  bony  structures  involved  were  so  hollowed  out 
by  senUe  changes  in  them  that  something  else  had  to 
be  done  to  afford  any  support  for  the  ■w-eight  which 
would  be  thrown  upon  them.  You  then  proposed  to 
inject  glycerite  of  tannin  along  the  track  of  the  nail 
and  into  the  joint.  This  was  done,  and  in  the  course 
of  time  the  presence  of  this  tannin  excited  such  an 
exudation  of  callus  material  that  a  firm  union  took 
place,  with  the  result  that  the  old  lady  was  able  to 
go  up  and  down  two  flights  of  stairs  to  her  meals. 
I  regard  this  as  the  most  extraordinarily  successful 
procedure  in  a  very  difficult  surgical  complication 
that  I  have  witnessed;  and  I  congratulate  you  both 
for  the  ingenuity  and  for  the  skill  with  which  the 
operation  ■was  performed." 

An  aluminum  spike  was  used  because  this  metal,  by 
action  of  the  alkaline  blood,  is  in  about  two  years' 
time  dissolved.  It  is  no  longer  needed,  by  then; 
and  being  a  possible  source  of  future  trouble  if  not 
soluble,  we  are  glad  to  get  rid  of  it.  The  finding  of 
the  upper  end  of  the  femur  reduced  to  a  thin  outer 
shell  of  bone,  with  a  soft,  marrow-like  material 
within,  is  common  enough  in  the  old,  and  is  the 
reason  why  there  is  mvich  need  of  a  reliable  means  of 
producing  a  considerable  amount  of  new  bone  here. 

The  spinal  needle  is  passed  along  the  course  of  the 
nail  as  a  guide,  until  its  point  is  between  the  two 
fragments  of  the  broken  femoral  neck.  There  it 
remains,  and  a  needle  of  just  the  right  length  should 
be  selected  so  that  its  base,  with  the  trocar  in  place, 
lies  just  outside  the  skin.  The  nail  is  now  driven 
home — of  such  a  chosen  length  that  its  point  is  against 
the  convexity  of  the  head,  and  its  base  in  the  dense 
bone  of  the  cortex  of  the  shaft,  a  little  below  the  great 
trochanter.  It  is  hollowed  at  its  base  to  hold  the 
point  of  a  naO-set  while  being  driven  in. 

The  thighs  are  held  -widely  apart — in  extreme 
abduction  (Whitman's  position).  This  must  be  done 
to  both,  and  is  maintained  by  a  strong  plaster-of-Paris 
splint,  going  from  ■waist-line  to  toes.  The  patient  is 
not  to  be  kept  in  bed  save  at  night,  to  avoid  risk  of 
hypostatic  pneimionia.  By  about  the  tenth  day  the 
sutured  capsule  wUl  have  healed  enough  to  justify 
the  injection  of  the  glycerite  of  tannin — a  half  ounce 
or  more,  part  of  which  in  a  case  such  as  that  described 
in  the  above  letter  will  of  course  remain  within 
the  hollow  neck  of  the  bone.  The  needle  is  now 
withdrawn. 

Of  course  a  trap-door  has  to  be  cut  in  the  splint  to 
expose  the  base  of  the  needle  for  attachment  of  the 
syringe  thereto. 

'  When  about  three  weeks  have  elapsed  from  the  date 
of  the  operation,  the  patient  in  this,  and  in  every  other 
fracture  ca.se  in  our  hands,  is  put  upon  large  doses  of 
lactate  of  calcium,  to  hasten  deposit  of  ILme  salts  in 
the  new  bone. 

II.  ArTOGENors  BoxE-GRAFTS. — («)  With  Pedicle. — 
Under  this  heading  come  for  example  thin  bone  flaps 
with  the  periosteum  saved,  and  slid  or  twisted  so  as  to 
fill  a  gap  where  there  is  lack  of  bony  substance :  non- 
union of  a  fractured  tibia,  as  a  most  frequent  instance, 
with  necessarily  shortened  and  freshened  bone  ends, 
leaving  a  gap. 

Also  under  this  heading,  ■we  may  instance  a  very 
old  method,  namely,  Gritti's  operation;  first  done 
in  Milan  in  1857.  This  consists  in  amputating  at 
the  knee,  sawing  away  the  articular  surface  of  the 
patella,  and  across  the  femur  at  as  low  a  level  above 
the  condyles  as  about  corresponds  in  circumference 
with  the  "patella,  and  holding  these  two  sawn  surfaces 
firmly  in  apposition.  In  Ciritti's  time  the  mortality 
from" bone  infection  caused  it  to  be  dropped;  but  in 
these  aseptic  times  it  has  been  brought  forward  again 
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with  gro;it  success.  It  is  the  ideal  method  at  the 
knee,  for  its  stump  best  fits  an  artificial  limb,  and 
permits  of  conifortablo  ond-boaring. 

(b)  Withdidl'idiclc. — To  discuss  this  method:  We 
have  to  tliaiik  Macewon  of  Glasgow  for  first 
teaching  us,  many  years  ago,  now,  that  bone  will  live 
when  subdivided  and  devoid  of  its  periosteum.  He 
it  was  who  first  chiselled  the  discs  of  skull  resulting 
from  the  activity  of  the  trephine  into  a  number  of 
smaller  bone-chips,  and  placing  tliese  side  by  side 
upon  the  diira  found  that  vitalized  plasnui  novirished 
them,  at  first  by  capillarity.  Oljvioiisly,  the  denser 
the  bone  and  the  less  possessed  of  a  diploc,  the  greater 
its  need  to  be  minutely  comminuted — for  the  ca])il- 
larity  will  have  the  shorter  distance  to  penetrate  the 
bone  and  keep  it  vitalized. 

Where  the  trephine  is  not  used —  and  this  is  now 
most  often  the  case — and  it  is  contemijlaterl  to  place 
side  by  side  the  bone  pieces  removed,  perliaps  the  best 
of  all  tools  for  this  purpose  is  De  Vilbiss'  rongeur,  for 
its  bites  arc  at  once  quite  small  and  always  of  exactly 
one  and  the  same  size  and  shape.  They  fit  together 
smoothly  like  a  mosaic — and  being  kept  in  warm 
saline  solution  until  the  end  of  the  operation  are  apt 
to  live. 

A  second  example  iTnder  this  heading  is  the  writer's 
method  of  oiierating  upon  old  cases  of  Colles'  fracture 
with  deformity.  We  shall  not  go  into  the  full  details 
here.  It  will  be  found  described  in  Binnie's  Operative 
Surgery,  and  elsewhere.  But  after  the  radius  has 
been  chiselled  across  at  the  point  of  fracture  and  the 
articular  surface  and  styloid  process  forced  down  a 
sufficient  distance,  the  ulnar  shaft  is  sawed  across  at 
about  its  middle,  and  enough  of  a  piece  of  it  removed 
to  fill  the  gap  in  the  radius — after  chiselling  this  bit 
uf  ulna  into  les.ser  fragments.  The  gap  in  the  ulna  is 
not  wide,  and  is  needed  in  order  to  allow  the  ulnar 
head  to  cease  its  subluxation. 

To  discuss  bone-grafting  in  mass,  one  point  worth 
remembering  is  that  the  bone-graft  seems  more  a[3t 
to  live  if  deprived  of  its  periosteum.  That  is,  that 
periosteiun  against  periosteum  does  not  do  so  well  as 
periosteum  in  contact  with  bare  bone.  But  where  a 
long  bone  is  to  be  grafted  into  place,  for  example,  as 
E.  Lexer'  does,  using  most  of  a  fibula  to  replace  all 
but  the  upper  end  of  the  humerus,  he  preserves  the 
periosteum  of  the  fibula,  clears  out  by  curette  its 
marrow,  replacing  it  by  an  iodoform  plug,  like  Mosetig- 
Moorhof's,  and  grafts  it  in  place  still  warm  from  the 
amputated  leg  from  which  he  has  taken  it. 

Rovsing-  in  using  the  fibula  in  this  way  not  only 
preserves  its  periosteum  but  also  leaves  surrounding 
it  a  kind  of  sheath  of  muscular  tissue,  about  one  centi- 
meter in  thickness. 

Perhaps  as  striking  and  successful  an  instance  under 
the  present  heading  as  can  be  named  is  the  brilliantly 
successful  operation  of  Albee  of  New  York,  who  saws 
vertically  through  half  a  dozen  or  so  spinous  processes 
over  the  kyphos  in  a  case  of  Pott's  disease  that  is 
quiescent,  and  breaks  these  spines  apart,  leaving  thus 
a  series  of  V-shaped  bony  troughs.  Into  this  long 
gap  he  fits  a  strip  of  til)ia  of  simQar  length,  obtained 
from  the  patient  at  the  same  operation.  In  con- 
sequence of  the  solid  bony  union  between  the  rigid 
splint  of  tibia  and  the  vertebral  spines,  a  further 
extension  of  the  deformity  becomes  an  impossibility. 

III.  Heterogenous  Bone-crafts. — In  this  class 
are  grafts  from  living  lower  animals,  such  as  from 
the  radius  or  the  fenuir  of  the  rabbit — to  replace 
slender  bones  such  as  our  metacarpal  or  metatarsal, 
or  phalanges — or  using  similar  bones  obtained  from 
the  dog,  the  sheep,  or  the  calf,  usually  when  the  need 
is  for  much  larger  and  longer  grafts.  In  every  re- 
spect stich  work  is  performed  as  if  the  grafts  had  been 
obtained  from  human  subjects.  Some  of  our  most 
successful  work  is  of  this  nature.  Many  authorities 
consider  them  somewhat  less  apt  to  live  and  to  become 


permanently  u.seful,  however,  than  equally  fresh  grafts 
from  healthy  human  sources  (amputated  limbs).  One 
great  point  in  favor  of  the  former  source  of  supply  is 
that  it  is  ever  at  hand;  whereas  seldom  indeed  is  this 
true  of  the  living  human  donor.  Doubtless,  in  the 
future,  cold  storage  methods  of  preserving  human 
limbs,  for  grafting  alike  of  bone  and  of  soft  tissues  as 
needed,  will  come  into  gem^ral  usage;  the  tempera- 
ture being  held  for  months  if  neetl  be  at  a  point  just 
above  freezing — and  the  graft  well  warmed-up  in  nor- 
mal saline  or  other  watery  solution  just  before  its 
employment. 

The  use  of  Senn's  bone-chips  comes  under  this  head- 
ing, so  far  as  having  its  source  of  supply  in  the  lower 
animals  is  concerned;  but  the  chips  are  no  longer 
vitalized.  Seim  thus  describes  his  method  of  prepa- 
ration: "Select  a  compact  layer  of  the  fresh  tibia  or 
femur  of  the  ox,  remove  all  periosteum  and  medullary 
tissue,  divide  into  longitudinal  strips  about  one- 
eighth  of  an  inch  wide  and  immerse  in  a  relatively 
large  quantity  of  ten  to  fifteen  per  cent,  watery 
solution  of  hydrochloric  acid,  which  must  be  re- 
newed daily,  for  from  one  to  two  weeks;  then  wash 
thoroughly  in  water  or  a  weak  solution  of  caustic 
potash,  cut  into  small  chips,  soak  for  forty-eight 
hours  in  1-1,000  watery  mercuric  bichloride  solution. 
Remove  and  store  in  saturated  solution  of  iodoform 
in  ether.  When  about  to  be  used,  wrap  in  aseptic 
gaiize,  dissolve  out  the  excess  of  ether  and  iodoform 
with  alcohol — and  put  in  1-2,000  mercuric  bichloride 
watery  solution  till  required,  when  careful  drying  with 
iodoform  gauze  should  precede  their  implantation." 

Fill  the  sterilized  bone-cavity  entirely  full  of  these 
chips.  Treat  exactly  as  in  Schede's  blood-clot  filling 
method  (see  below).  This  blood  flowing  in  beneath 
the  dressings  which  are  first  put  in  place,  solidifies  the 
whole  mass.  The  bone-chips  act  as  a  sort  of  support 
or  trellis  for  the  spread  of  the  granulation  tissue.  The 
iodoform  acts  as  a  safeguard.  There  is  always  a  risk 
that  not  every  last  one  of  the  untold  myriads  of 
microbes  active  during  the  osteitis  has  been  removed 
or  destroyed;  and  the  iodoform,  while  it  is  no  direct 
poison  at  all  to  microbes — which  miiltiply  as  readily 
in  gelatin  saturated  with  it  as  without  it — yet  neutral- 
izes the  poisons  produced  by  their  life  activities  and 
death  decompositions.  Hence  the  patient's  leucocy  tie 
armies,  no  longer  having  to  fight  enemies  using 
jioisoned  w-eapons,  can  readily  overcome  and  devour 
them  by  phagocytic  activity. 

Under  this  same  head,  should  probably  be  men- 
tioned grafts  carved  from  ivory.  These  have  been 
used  of  all  sizes — from  a  small  ivory  plug  fitting 
closely  into  a  corresponding  bone-cavity,  the  skin 
being  dissected  loose  and  brought  together,  with 
every  aseptic  precaution,  to  a  great  piece  carved  to 
resemble  the  upper  end  of  the  femur,  and  playing 
in  the  well-oiled  acetabulum.  Its  lower  end,  in  this 
case,  was  fastened  securely  to  the  upper  part  of  the 
femoral  shaft.  Similarly,  an  entire  knee-joint  has 
been  carved  from  two  pieces  of  ivory,  and  made 
secure  to  the  sawn  ends  of  the  femur  and  the  tibia. 
.\  fair  degree  of  success  has  sometimes  been  obtained. 
The  ivory  never  grows — never  shows  signs  of  living 
activity.  But  on  the  contrary  in  time  the  alkaline 
vital  fluid  may  perhaps  erode  it  to  some  slight  degree; 
or  possibly,  since  it  is  finally  a  little  attacked,  this 
may  be  by  the  nascent  carbonic  acid  gas  continually 
being  formed  in  the  blood,  and  which  is  probably  the 
source  w  hereby  a  sequestrum  finally  is  dissolved  enough 
to  become  loosened  from  the  living  bone.  It  is  con- 
ceivable that  in  like  manner  the  nascent  CO2  may 
attack  the  ivory. 

IV.  Pi..\STic  BoNE-FiLi.iNGS. — (a)  Under  the  heading 
of  i)lastic  bone-filling  from  live  sources  come  the  follow- 
ing two  methods.  First:  Neuber's  deep  canalization. 
In  this  we  first  operate  to  remove  the  sequestrum, 
chisel  away  sharp  edges  of  bone — but  leave  all  perios- 
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teum  possible — and  sterDize  most  carefully  the  living 
bone-surface,  deprived  of  its  covering  of  granula- 
tions; then,  applying  Neuber's  method,  we  dissect 
up  the  skin  and  subjacent  tissues  from  the  muscle 
upon  both  sides  of  the  wound,  untU,  as  nearly  as  pos- 
sible without  undue  tension  upon  the  skin,  its  edge  is 
made  to  meet  the  opposing  skin-edge  at  the  bottom  of 
the  cavity  in  the  bone.  It  is  held  thus  in  place,  on 
both  sides,  by  stout  retention-sutures,  plus  a  gauze 
packing  lightl.v  placed,  or  else  the  flaps  are  actually 
nailed  down  to  the  bare  bone. 

By  this  plan  the  patient  is  often  enabled  in  a  fort- 
night or  so  to  leave  the  hospital,  with  only  a  deep 
sulcus,  skin-lined,  to  indicate  the  site  of  his  necrosis. 
And  because  of  the  striking  tendency  on  the  part  of 
nature  toward  bringing  up  the  skin  to  the  surrounding 
level,  little  by  little  connective  tissue  and  finally  bone 
forms  at  the  bottom  of  the  depression;  until  after  a 
year  or  longer,  depending  upon  the  degree  of  deformity, 
little  indeed  will  remain  to  indicate  where  this 
device  was  used. 

Second:  Schede's  filling  by  live  blood-clot.  The 
most  freqiient  instance  where  this  is  employed  is 
following  e.\cision  of  the  head  of  the  first  metatarsal 
bone  for  radical  cure  of  bunion.  The  steps  are  as 
follows: 

1.  Absolute  surgical  cleanliness.  No  operation  is 
more  certain  to  be  a  lamentable  failure  than  Schede's 
blood-clot  filling  whenever  used,  where  there  is  the 
least  break  in  the  "chain  of  asepsis." 

2.  Cording  the  thigh,  for  bloodless  work. 

3.  The  writer's  choice  of  inci.son  here  is  U-shaped, 
wide  at  the  top  to  allow  plentj'  of  circulation  in  this 
skin-flap;  and  this  incision  allows  room  for  work. 

4.  M'ith  a  Gigli  wire  saw  remove  the  entire  head  of 
the  first  metatarsal  bone.  The  sesamoid  bones  are 
not  to  be  touched;  neither  is  any  other  structure 
within  the  wound  save  as  stated. 

5.  Closure  by  a  few  interrupted  catgut  stitches: 
interrupted,  to  allow  escape  into  the  gauze  dressings 
of  any  blood  which  may  flow  in  excess. 

6.  Dressing,  a  principal  feature  of  which  should  be 
a  narrow,  gauze-padded,  thin  wooden  splint,  along  the 
sole  and  protruding  a  centimeter  or  two  beyond  the 
great  toe  end.  Also,  a  gauze  sponge  is  placed 
between  the  first  and  second  toe,  to  overcorrect 
the  deformity  somewhat. 

7.  Sterile  oil-silk  or  other  impervious  covering — 
and  then  plaster  of  Paris,  covering  all  and  extending 
nearly  to  the  knee. 

8.  Let  up  on  the  rubber  tubing  and  elevate  the  limb. 
Blood  will  take  the  place  of  the  excised  bony  head, 

and  will  proceed  to  become  organized  into  new  bone 
with  a  speed  surjjrising  to  one  not  familiar  with  what 
can  be  done  in  this  way.  Only  in  two  ways  can 
failure  result — through  infection,  or  in  consequence 
of  insufficient  bleeding,  whereby  the  bone  is  but 
partly  replaced. 

In  this  particular  instance  the  blood-supply  is 
always  enough  for  the  purpose,  so  far  as  we  are  aware. 

For  three  weeks,  upon  the  average,  the  patient 
should  remain  in  bed,  or  at  least  with  his  foot  always 
elevated  as  high  as  the  level  of  the  hip.  During  a 
second  period  of  three  weeks  he  can  walk  about  in 
his  plaster  cast,  \yhen  six  weeks  have  thus  elapsed, 
the  dressings  can  be  removed.  During  this  latter 
half  of  the  time  post  operationem  it  will  be  well  to 
prescribe  lactate  of  calcium  in  as  full  doses  as  the 
stomach  will  tolerate.  (This  is  not  mentioned  bv 
Schede.) 

Under  (6) — from  other  than  living  sources  and  plastic 
— we  may  name  the  following: 

1.  Mosetig-Moorhof's  iodoform  wax  plug.  This 
has  the  following  composition:  Iodoform,  60  parts; 
spermaceti,  40  parts;  oil  of  sesame,  40  parts.  Heat 
slowly  to  100°  C.  It  is  a  soft  solid  at  bodily  tempera- 
ture. When  aljout  to  be  used  heat  it  to"  60°  C.  to 
render  it  fluid.     Fill   the  sterilized   and  dry  bone- 
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cavity  completely  with  it.  Two  chief  ways  are  our 
choice,  to  stop  oozing  of  blood.  We  may  try  boiling 
water,  avoiding  its  touching  the  skin,  and  leaving  the 
bone-cavitv  thus  filled  but  ten  to  twentv  seconds.  \ 
temperature  of  100°  C.  (212°  F.)  is  far  safer  than  a 
lower  one,  for  it  coagulates  any  blood  in  quicker 
time.     Or  else  we  may  pump  in  hot  air. 

'  2.  Neuber's  iodoform  starch.  Mix  ten  grams  of 
wheat  starch  with  the  smallest  possible  amount  of 
water  in  an  open  vessel;  pour  into  this,  stirring  con- 
stantly, two  hundred  grams  of  boiling  2  per  cent, 
watery  carbolic  solution.  After  partial  cooling  stir  in 
ten  grams  of  powered  iodoform.  Pour  into  a  sterile 
glass  flask.  This  mixture  may  be  kept  for  weeks  in  a 
dark  room.  Use  as  with  Mosetig-Moorhof's  method. 
(Note:  iodoform  as  purchased  in  the  market  is  by 
no  means  always  sterile.  The  surgeon  should  purify 
it  before  use — otherwise  he  may  perhaps  convey 
microbic  enemies  and  their  antidote  at  the  same  time 
into  the  wound.) 

3.  Prepared  beeswax.  This,  as  a  means  of  control- 
ling bleeding  from  small  vessels  in  bone,  is  old  indeed. 
When  solid  it  is  thus  rubbed  into  the  oozing  cancellous 
tissue — and  the  bony-cavity  now  quite  dry  is  filled 
with  the  same  agent  melted.  Ordinary  beeswax,  first 
sterilized  by  heat,  has  been  used,  but  is  more  generally 
modified  by  one  or  another  additional  substance. 
The  following  is  a  favorite  form  of  it:  Take  bleached 
beeswax  to  which  Venice  turpentine  has  been  added 
to  render  it  less  crumbly  to  the  touch.  This  conies  in 
thin  sheets,  as  used  by  makers  of  artificial  flowers.  A 
convenient  way  is  to  melt  and  sterilize  this  in  large 
urinary  test-tubes;  keep  well  corked,  with  melted 
beeswax  to  seal  the  cork  air-tight.  Beeswax  is  ab- 
sorbed and  removed  in  a  few  weeks  or  months  time. 
This  also  is  true  of  the  two  methods  described  before 
this  and  the  next  two  to  follow. 

4.  Paraffin.  This  is  commonly  divided  into  two 
kinds,  hard  and  soft — though  all  gradations  are  found 
between.  The  latter  is  absorbed  in  some  months;  the 
hardest  paraffin,  melted  and  hardening  again  in  place, 
is  either  absorbed  only  after  years  or  not  at  all. 

5.  Emil  Beck's  Paste.  This  very  valuable  mixture 
has  been  used  the  world  over  successfully  to  fill  sinuses 
of  all  kinds,  as  well  as  cavities  in  bone.  It  is  also  often 
modified  in  composition.  However,  the  following  is 
the  original  formula,  the  one  mostused:  Bismuth  sub- 
nitrate,  30  parts;  yellow  vaseline,  60  parts;  soft  white 
paraffin,  .5  parts;  beeswax,  5  parts.  This  is  heated  to 
sterilize  it,  and  resembles  pea-soup  in  appearance.  It 
quickly  hardens  in  the  wound,  and  at  bodily  tempera- 
ture is  solid.  There  is  no  danger,  now-a-days,  from 
arsenic  poisoning,  we  learn;  bismuth,  as  sold  by  any 
responsible  dealer,  is  free  from  it.  However,  there 
have  occurred  a  few  cases  of  nitrite  pt)isoning  from 
the  use  of  large  amounts  in  this  way  of  bismuth  sub- 
nitrate.  Hence,  it  has  been  advised  to  substitute  the 
subcarbonate  of  bismuth  for  it. 

6.  Plaster  of  Paris,  sterilized  first  by  heat  and 
stirred  in  water  simply  sterile  or  mildly  antiseptic,  to 
the  consistency  of  thin  cream — carefully  avoiding 
air-bubbles.     This  quickly  sets  to  stony  hardness. 

7.  For  very  small  bony  cavities,  after  their  due 
preparation  as  already  repeatedly  specified,  either 
amalgam  may  be  used,  just  as  prepared  by  dentists, 
or  else 

8.  Oxychloride  of  zinc,  likewise  employed  by  den- 
tists mainly  for  temporary  fillings  in  teeth,  has  been 
successfully  used  in  instances  under  the  present 
headings. 

9.  Dental  guttapercha,  being  remarkably  non-irri- 
tant, is  worth  a  trial.  Robert  H.  M.  D.\wbarn. 
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Bonet,  Th^ophile 


Bone-Settinji. — In  every  country  there  is  a  class 
of  irregular  practitioners  who  make  a  living,  and 
sometimes  also  quite  an  extensive  reputation,  by 
their  success  in  restoring  functional  usefulness  to 
crippled  limbs.  These  individuals  are,  as  a  rule, 
most  arrant  quacks,  knowing  absolutely  nothing 
of  anatomy,  or  of  the  pathology  of  the  conditions 
which  they  are  called  upon  to  treat,  and  yet  they 
are  often  successful  to  a  remarkable  degree  in  curing 
certain  joint  affections  which  may  have  baffled  the 
skill  of  the  most  experienced  and  able  surgeons. 
These  men  are  known  as  bone-setters,  from  their 
invariable  assertion,  made  often  through  honest  igno- 
rance, that  "the  bone  is  out  of  joint,  and  only  needs 
to  be  set."  It  is  true  that  they  frequently  infli<'t 
most  serious  injury,  which  mav  lead  to  loss  of  limb 
or  life  itself,  yet  it  is  also  undeniable  that  they  some- 
times restore  a  limb  wliich  might  otherwise  remain 
permanenth'  crippled,  or  even  be  sacrificed  as  a  use- 
less incumbrance. 

Dr.  Wharton  P.  Hood'  was  the  first  to  study  intelli- 
gently the  methods  employed  by  bone-setters,  and 
it  is  to  him  that  most  of  our  knowledge  of  this  art, 
for  art  it  is,  though  no  science,  is  due.  He  defines 
bone-setting  as  "the  art  of  overcoming,  by  sudden 
flexion  or  extension,  any  impediments  to  the  free 
motion  of  joints  that  may  be  left  behind  after  the 
subsidence  of  the  early  symptoms  of  disease  or  in- 
jury; perhaps,  indeed,  more  frequently  of  the  latter 
than  of  the  former."  The  cases  that  most  frequently 
fall  into  the  hands  of  bone-setters,  and  are  cured, 
to  the  joy  of  the  patient,  but  to  the  discredit  and 
lo,ss  of  reputation  of  the  regular  practitioner,  are 
tho.se  of  slight  fibrous  ankylosis,  of  a  degree  suffi- 
cient to  limit  motion  and  impair  the  functional  util- 
ity of  the  limb,  yet  not  such  as  apparently  to  demand 
forcible  rupture,  an  operation  so  unreasonably 
dreaded  by  many  surgeons.  In  such  a  case,  per- 
haps, some  feeble  attempts  at  passive  motion  are 
made.  The  joint  is  flexed  cautiou.^ly  and  slowly, 
imtil  the  patient  complains  bitterly  of  pain;  then 
the  operator  desists,  orders  the  limb  to  be  kept  at 
rest,  and  bathed  with  lotions  to  subdue  the  inflam- 
mation excited  by  the  strain  put  upon  the  adven- 
titious bands.  A  few  days  later,  when  the  heat 
and  swelling  have  disappeared,  the  same  manipu- 
lations are  repeated,  and  followed  again  by  in- 
flammation and  its  treatment.  After  a  number  of 
repetitions  of  this  sort  the  patient  .sees  that  he  is 
no  better  than  before,  and  refuses  to  submit  his  joint 
to  any  further  manipulations.  Then  he  becomes 
di.scouraged,  limps  around  with  the  aid  of  a  cane  or 
crutches,  and  tries  to  bear  philosophically  the  thought 
that  he  is  a  cripple  for  life.  But  at  last  some  friend 
tells  him  of  a  wonderful  cure  performed  by  a  bone- 
setter  in  a  ca.se  apparently  similar  to  his  own,  and 
in  desperation  he  sends  for  the  quack.  The  latter 
assures  him  that  the  bone  is  out  and  only  needs  to 
be  replaced.  He  orders  the  joint  to  be  enveloped  for 
a  time  in  flaxseed  poultices,  probably  a  procedure 
that  contributes  in  no  way  to  the  success  of  the  opera- 
tion, and  then  on  the  appointed  day  meets  his  patient, 
seizes  the  limb^  and  with  a  quick  motion  flexes  and 
extends  the  jomt  to  its  full  extent,  breaking  up  all 
the  adhesions,  and  the  patient  finds  that  he  is  cured. 
The  pain  of  the  operation  is  but  little  greater  than 
that  inflicted  by  the  regular  practitioner  in  his  feeblf 
and  ineffectual  attempts  to  restore  motility,  and  the 
resulting  inflammation  is  usually  slight  or  nil.  The 
quack  says  that  the  bone  is  restored  to  its  place, 
pockets  his  fee,  and  retires  with  glory. 

This  is  no  exaggerated  picture,  but  is  a  true  tale 
of  what  actually  occurs  in  not  a  few  instances,  as 
many  practitioners  will  sorrowfully  admit.  The  good 
that  bone-setters  do  is  in  the.se  cases  of  partial  anky- 
losis, and  it  is  because  they  are  unable  to  discrimi- 
nate between  the  different  conditions  in  which  joint 
motion  is  impeded  that  they  so  often  inflict  irreparable 


injury.  No  surgeon  would  attempt  forcibly  to  move 
an  articulation  which  is  the  .seat  of  strumous  or 
tuberculous  inflammation,  yet  this  is  what  the  bone- 
setter  does  with  dire  result.  In  most  of  the  joints 
which  can  be  benefited  bj-  forcible  movements  there 
is  a  tender  .spot,  usually  about  the  inner  side,  for 
wliich  the  bonc-.setter  always  feels,  and  the  discovery 
of  which  is  to  him  a  sign  of  ultimate  success.  The 
motion  of  the  joint  is  not  absolutely  abolished,  but 
is  limited  in  certain  directions,  and  any  attempt  to 
pass  this  limit  causes  pain.  The  skin  over  the  artic- 
ulation is  not  hot,  and  all  the  other  .signs  of  inflam- 
mation, except  perhaps  a  .slight  serous  efTusion,  are 
absent.  The  following  is  an  enumeration  of  the 
location  of  these  painful  spots,  together  with  Mr. 
Fo.x's  explanations  of  their  occurrence,  as  given  by 
Mr.  Edward  Cotterell  in  a  very  practical  little  work 
treating  of  the  minor  injuries  of  the  limbs.-  1. 
"  Over  the  head  of  the  femur,  in  the  center  of  the 
groin,  corresponding  to  the  iliofemoral  band  of  the 
capsular  ligament  (which  is  most  severely  stretched 
when  the  thigh  is  over-extended,  as  when  the  trunk 
is  flung  violently  backward,  the  commonest  cau.se 
of  a  sprained  hip).  2.  For  the  knee-joint,  at  the 
back  of  the  lower  edge  of  the  internal  condyle;  in 
other  words,  at  the  posterior  border  of  the  internal 
lateral  ligament,  where  it  blends  with  Winslow's 
ligament,  and  where  the  semimembranous  tendon 
is  in  intimate  relation  with  it.  These  parts  suffer 
most  because,  as  Mr.  Morris  .says,  'during  extension 
they  resist  rotation  outward  of  the  tibia  upon  a  vertical 
axis,  and  a  sprained  knee  is  almost  always  caused  by 
a  twist  outward  of  the  foot.'  3.  For  the  ankle,  on 
the  front  of  the  external  malleolus,  the  apex  of  the 
plantar  arch,  and  the  tip  of  the  fifth  metatarisal 
bone.  4.  For  the  shoulder,  at  the  point  correspond- 
ing to  the  bicipital  groove,  because  in  nine  eases 
out  of  ten  a  man  sprains  his  shoulder  to  prevent 
himself  from  falling;  his  hand  gra.sps  the  nearest 
support,  the  body  is  violently  abducted  from  the 
arm,  the  long  head  of  the  biceps  is  called  upon  to 
exert  its  utmost  restraining  power,  the  bicipital 
fascia  is  overstretched,  and  the  tendon  very  often 
misplaced,  o.  For  the  elbow,  in  front  of  the  tip 
of  the  internal  condyle;  the  fan-.shaped  internal 
ligament  has  its  apex  at  that  point,  and  it  is  most 
stretched  in  oversupination  with  extreme  extension 
of  the  forearm.  6.  For  the  wrist,  the  styloid  process 
of  the  ulna,  and  the  annular  ligament  in  front  of 
the  wrist." 

The  bone-setter's  manipulations  consist  in  first 
locating  the  painful  point,  upon  which  the  thumb  is 
firmly  pressed  during  the  remainder  of  the  opera- 
tion; and  then,  while  the  operator  steadies  the  proxi- 
mal segment  of  the  limb,  the  distal  segment  is  grasped 
and  rotated  as  much  as  possible  on  its  axis  in  order 
to  overcome,  as  far  as  may  be,  muscular  resistance; 
this  being  accomplished,  the  joint  is  sharply  flexed 
or  extended  in  the  direction  of  greatest  resistance, 
and  then  the  reverse  movement  is  made  until  all  the 
adventitious  bands  are  broken,  or  until  the  "  bone 
is  put  back,"  in  the  bone-setter's  own  phra.seology. 
The  rupture  of  these  bands  of  adhesion  is  often 
accompanied  by  a  loud  report.  For  a  description  cf 
the  special  manipulations  reriuired  for  each  joint, 
the  reader  may  consult  the  work  of  Wharton  Hood, 
above  referred  to.  T.  L.  S. 

References. 

1.  On  Bone-Setting  (so-called),  and  Its  Relation  to  the  Treat- 
ment of  Joints  Crippled  by  Injury,  Rheumatism,  Inflammation,  etc. 
By  ^\"harton  P.  Hood,  M.D.,  M.R.C.S.,  London  and  New  York, 
1S71. 

2.  On  Some  Common  Injuries  to  Limbs:  Their  Treatment  and 
After-treatment,  Including  Bone-setting  (so-calledl.  By  Edward 
Cotterell,  M.R.C.S.,  Eng.,  L.R.C.P.,  Lond.,  London,  1S85. 

Bonet,  Theophile. — (The  latinized  form,  Bonetus,  is 
also     frequently     employed    by    writers.)     Born    at 
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Geneva,  Switzerland,  on  March  5,  1G20.  Both  his 
father  and  his  grandfather  were  skilful  physicians, 
the  latter  ha\ing  been  the  medical  adviser  of  Charles 
Emmanuel,  Duke  of  Savoy.  On  his  mother's  side 
he  was  descended  from  the  illustrious  Genoese  family 
of  PineUi  Borzoni,  who  had  been  driven  out  of  his 
native  eitj-  on  account  of  his  religious  opinions,  and 
had  taken  refuge  in  Geneva  about  the  year  1612. 
TheophUe  Bonet  pursued  his  medical  studies  with 
enthusiasm,  visited  all  the  celebrated  universities 
of  Europe,  and  took  his  doctor's  degree  in  1643. 
He  settled  in  his  native  city,  and  in  a  verj'  short  time 
acquired  an  extensive  practice.  Henrj'  of  Orleans, 
Duke  of  Longue\-ille  and  Prince  of  Xeuchatel,  made 
him  his  medical  adviser.  About  the  year  1670, 
Bonet,  who  had  been  gradually  losing  his  hearing, 
retired  from  practice  and  devoted  himself  during  the 
remainder  of  his  life  to  medico-literary  work.  He 
died  on  March  29,  16S9. 

According  to  Dezeimeris  ("Diet.  Hist,  de  la  M^d.") 
the  published  writings  of  Bonet  are  quite  remarkable 
in  at  least  one  respect;  they  contain,  in  a  well-digested 
form,  aU  the  more  important  facts,  ascertained  before 
his  time,  in  the  domain  of  practical  medicine.  In  the 
collection  of  these  facts  Bonet  made  it  a  rule  to  place 
on  record  onh'  those  cases  in  which  a  postmortem 
examination  formed  an  integral  part  of  the  history 
of  the  malady.  Of  all  the  collections  of  a  similar 
character  made  before  the  end  of  the  seventeenth 
century,  this  one  is  bj-  far  the  best;  it  bears  the  title: 
"  Sepulchretum,  sive  anatomia  practica,  ex  cadaveri- 
bus  morbo  denatis,  proponens  historias  et  observa- 
tiones  omnium  pene  humani  corporis  affectuum, 
ipsorumque  causas  reconditas  revelans.  Quo  nomine, 
tam  pathologic  genuinae  quam  nosocomise  orthodox* 
fundatrix,  imo  medicinae  veteris  ac  novae  promptuar- 
ium  dici  meretur,  cum  indicibus  necessariis,"  Geneva, 
1679,  2  vols.,  in-foUo  (also  an  edition  published  at 
Lyons  in  1700).  The  famous  Haller  speaks  of  Bonet's 
Sepulchretum  as  a  work  of  imperishable  value. 

A.  H.   B. 

Boophilus. — Rhipicephahis.  A  genus  of  ticks,  family 
Ixodida:.  B.  bovis  is  an  intermediate  host  for  the 
pathoganic  microorganism  of  Texas  cattle-fever. 
In  this  species  the  mother  tick  sucks  blood  from 
a  cow  and  the  eggs  are  each  enclosed  in  a  shell  with 
some  of  this  blood;  hence  the  young  may  be  already 
infected  with  the  fever  parasite  when  hatched.  See 
Arachnida,  A.  S.  P. 

Borage. — The  leaves  and  flowering  tops  of  Borago 
officinalis  L.  (fam.  Boraginacece).  An  European  or 
Oriental  plant,  occasionally  cultivated  in  flower 
gardens  in  the  United  States.  It  has  a  succulent, 
branched,  hairy  stem,  half  a  meter  or  so  high  (twenty 
inches),  with  rough,  coarse-looking,  entire  leaves, 
and  terminal  one-sided  cj'ines  of  pretty  blue  flowers. 
Borage  has  been  a  domestic  medicine  in  Europe  for 
years.  Its  odor  is  slight,  at  least  when  dry;  taste, 
bland  and  mucOaginous.  It  contains  no  more  active 
principles  than  mucilage  and  nitrate  of  potassium, 
and  its  medical  qualities  are  onl)'  those  of  a  mild 
demulcent.  H.  H.  Rusby. 

Boraginaceae. — .\  family  of  some  eighty-five  gen- 
era and  nearly  fifteen  hundred  species,  very  widely 
dispersed,  but  mostly  in  warm  temperate  climes. 
Except  for  ornamental  purposes,  especially  the  helio- 
tropes and  forget-me-nots,  the  family  is  but  little 
utilized.  Its  chief  use  at  present  is  to  yield  the  coloring 
matter  alkanna  red.  Historically,  it  is  of  considerable 
interest  in  medicine,  the  borage,  comfrey,  lungwort, 
eritrichium,  %iper's  bugloss,  and  other  drugs  having 
formerly  enjoyed  a  hi^h,  though  ignorant  repute. 
Although  some  of  their  alkaloids  are  quite  active,  they 
occur  in  inconsiderable  proportions.       H.  H.  Rusbt. 
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Borax.— This  salt,  Xa,B,0,.10H;0,  is  official  in  the 
L".  S.  Pharmacopoeia  (Sth  Revision)  as  Sodii  Boras, 
Sodium  Borate.  This  name  is  not  well  chosen,  for 
borax  is  not  a  salt  of  boric  acid,  but  of  pyroboric  or 
tetraboric  acid.  The  British  Pharmacopoeia  gives  as 
a  synonym  biborate  of  sodium,  which  is  also  con- 
fusing. The  proper  chemical  designation  for  borax 
is  evidently  disodic  tetraborate.  It  occurs  in  "color- 
less, transparent,  monoclinic  prisms,  or  a  white 
powder,  inodorous,  and  ha\'ing  a  sweetish,  alkaline 
taste.  Slightly  efflorescent  in  warm,  dry  air.  Solu- 
ble in  20.4  parts  of  water  at  25°  C.  (77°  F".),  and  in  0.5 
part  of  boiling  water;  insoluble  in  alcohol;  it  is  soluble 
in  one  part  of  glycerin  at  S0°  C.  (176°  F.).  When 
heated,  the  salt  at  first  loses  part  of  its  water  of 
crystallization,  then  melts,  and,  when  further  heated, 
swells  up  and  forms  a  white,  porous  mass.  At  a 
red  heat  it  loses  all  of  its  water  of  crystallization 
(forty-seven  per  cent.),  and  fuses  to  a  colorless  glass. 
To  a  non-luminous  flame  it  imparts  an  intense  j'eUow 
color"  (U.  S.  P.).  Borax  occurs  native  on  the  shores 
of  certain  lakes,  and  as  a  crj-stalline  deposit  at  the 
bottom  of  the  Borax  lake  in  California.  It  is  also 
made  from  boric  acid  and  sodium  carbonate:  4H,- 
BO,  +  XaXO,  =  Xa,B,0,  +C0,  +6H,0. 

Borax  is  locally  bland  and  constitutionally  inno- 
cent, and  its  medicinal  virtues  seem  to  reside  in  the 
combination  of  feeble  alkalinity  with  a  slight  degree 
of  antiseptic  power  derived  from  its  acid  radical. 
Borax  acts  well  as  a  mild  detergent  alkali  in  skin 
diseases  or  catarrhs  and  ulcerations  of  mucous 
membranes,  particularly  of  the  mouth.  A  lump 
held  in  the  mouth  and  slowly  sucked  seems  to  excite 
the  secretions  of  pharynx  and  larynx,  and  in  ease  of 
huskiness  from  dry  catarrh  of  these  parts  temporarily 
restores  something  of  the  natural  quality  to  the 
voice — an  important  matter  to  a  singer  or  speaker 
affected  with  a  cold.  Internally,  borax  may  be  U!;ed 
as  a  feeble  alkali,  and  may  be  given  in  doses  of 
gr.  v.-xv.  (0..30  to  1.00);  externally,  it  may  be  ap- 
plied in  lotions  ranging  from  one  to  five  per  cent,  in 
strength  (Umit  of  solubUity  in  water),  or  in  ointment 
of  thirty-per-cent.  strength.  Although  slightly  anti- 
septic, borax  has  practically  no  germicidal  powers.  Its 
chief  use  is  as  gargle  or  mouth  wash  in  stomatitis  or 
aphthae;  and  also  as  a  lotion  in  conjunctivitis. 

R.  J.  E.  Scott. 


Bordighera. — A  marine  health  resort  on  the  Medi- 
terranean coast  of  France,  ten  miles  east  of  Mentone 
and  three  miles  west  of  the  Italian  boundary. 

"  Bordighera  is  a  conspicuous  object  nearly  all 
along  the  western  Riviera,  as  it  is  seen  glittering 
in  the  sunshine,  its  hou.ses  clustered  together  on  a 
promontory  that  projects  far  out  into  the  sea.  It 
is  the  onlj'  health  resort  on  this  coast  that  occupies 
a  position  on  a  promontorj-;  all  the  others  being 
built  round  bays  or  depressions  in  the  coast.  It  is 
naturally,  therefore,  much  exposed  to  winds,  that 
is  to  say,  to  aU  those  winds  that  can  reach  it 
in  blowing  across  the  sea;  the  east,  the  southea.st, 
the  southwest,  and  the  west  winds  can  all  blow 
freely  upon  this  promontory.  But  it  is  well  protected 
by  mountains  to  the  north,  northeast,  and  north- 
west, whence  the  coldest  winds  come.  Moreover, 
it  must  be  remembered  that  aU  the  winds  that  reach 
it  must,  on  account  of  its  position,  come  to  it  from  the 
sea,  and  impregnated  with  saline  emanations.  And 
this  is  the  sole  distinguishing  characteristic  of  the 
climate  of  Bordighera  as  compared  with  that  of 
neighboring  stations;  the  predominating  influence 
of  sea  air  rendering  it  essentially  bracing  and  tonic" 
(Burnej-  Yeo). 

Bordighera  is  a  small  town  of  2. .500  inhabitants, 
and  the  portion  devoted  to  invalids  is  called  the 
•'  new  town, "  or  English  quarter,  and  is  on  level  ground 
to  the  west  of  the  promontory.     The  hotels  and  villas 
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arc  surrounded  by  groves  of  olive,  lemon,  and  palm 
trees.  The  hitler  grow  to  a  great  height  and  are 
said  to  l)e  more  plentiful  than  in  any  otiier  |)art  of 
the  Italian  liiviera.  "It  is  said  lliat  theri^  ar(>  more 
))ahns  in  the  neighborhood  of  Hordighera  tlian  in 
the  whole  of  I'aleslino"  (Dean  Alford).  The  natives 
have  a  monojioly  of  sui)i)l3'ing  the  Vatieau  with 
palm  leaves  for  Palm  Sunday.  Dense  olive  groves 
also  eovcr  the  plain  upon  which  the  new  town  is 
situated.  The  drainage  of  the  town  is  primitive, 
but  the  place  is  said  to  bo  healtliy,  and  the  hygienic 
conditions  are  considered  good.  The  water  sujiply 
is  obtained  from  wells,  and  from  a  spring  in  the  flank 
of  Monte  Nero  ((loodehild).  During  a  residence 
of  fifteen  years  Dr.  (loodehild  has  seen  no  case  of 
typhoid  fever  or  diphtheria  among  the  members  of 
the  Englisli  colony. 

The  average  monthly  temperature  for  the  months 
from  October  to  May  inclusive  is  as  follows: 

Mean  Temperatures,   1876-79. 


October 63.5°F. 

November 55.0°  F. 

December 49.0°  F. 

Janu.<iry 49.6°  F. 


February 49.1°  F. 

March 50.5°  F. 

April 55.1°F. 

May 61.0°F. 


The  temperature  averages  about  three  degrees 
lower  than  that  of  Mentone,  according  to  Dr.  Good- 
child,  and  the  range  is  smaller.  The  relative  humid- 
ity approximates  tio  that  at  San  Remo,  which  has 
a  yearly  average  of  66.7  per  cent.  The  rainfall 
also  is  about  the  .same  as  at  San  Remo,  at  wliich 
place  the  number  of  days  on  which  rain  falls  during 
the  season  is  thirty.  "At  Bordighera  the  mistral 
is  the  west  wind,  being  turned  completely  in  that 
direction  by  the  ma.ss  of  mountains  behind  Monaco, 
and  from  being  forced  to  blow  over  the  sea  it  lo.scs 
somewhat  of  its  dry  and  cold  character"  (Burney 
Yeo).  "The  soil  upon  the  hillsides  is  limestone 
and  conglomerate,  but  upon  the  flat  it  is  composed 
of  old  sandy  sea  beaches,  in  which  the  water  rapidly 
finds  the  sea  level.  About  a  couple  of  acres  near 
the  English  church  pos.sesses  a  soil,  however,  in 
which  there  is  a  small  admixture  of  clay  and  which 
is  somewhat  damp  ia  consequence"  (J.  A.  Good- 
child,  M.  D.). 

The  Climatic  characterLstics  of  Bordighera  can 
be  summarized  as  those  of  a  Mediterranean  health 
resort,  affording  pure  .sea  air,  a  mild  ecpiable 
winter  tempi'rature,  a  comparatively  low  relative 
humidity,  and,  in  common  with  the  otlier  resorts 
of  the  Riviera,  a  large  amount  of  sunshine.  Thus, 
an  outdoor  life  in  a  mild  bracing  sea  air  is  afforded. 
The  variety  of  level  shady  walks  among  the  palms 
and  olive  trees,  and  the  attractive  excursions  in 
the  neighborhood  add  a  charm  and  interest  to  the 
invalid's  life  there. 

The  class  of  diseases  which  are  likely  to  be  bene- 
fited by  this  climate  are  tho.se  requiring  a  warm, 
moderately  moist  sea  climate.  As  has  been  said 
before  {vide  note  upon  Algiers),  a  climate  of  this 
character  is  not  an  especially  curative  one  for  phthisis, 
and  all  that  can  generally  be  expected  of  it  in  this 
disease  is  to  ameliorate  symptoms  and  prolong  life. 
Si  ruinous  cases,  especia'ly  in  children;  patients 
with  anemia,  diabetes,  or  albuminuria;  convalescents 
from  acute  disea.ses;  the  weak  and  debilitated;  suf- 
ferers from  chronic  bronchial  catarrh,  from  catarrh 
of  the  stomach  and  intestines,  and  from  various 
other  conditions  of  constitutional  feebleness,  find 
here  a  suitable  climate — "cheering  to  the  mind  and 
invigorating  to  the  body." 

Bordighera  is  not  suitable  for  the  febrile  and 
for  those  who  are  very  nervous  and  sensitive.  The 
accommodations  are  said  to  be  very  comfortable, 
although  somewhat  limited.  "English  tastes  are 
consulted,  as  nearly  all  the  visitors  are  English  or 
Americans"  (Ball).  There  are  English  physicians, 
a  reading  room  and  free  library. 


Bordighera  may  be  reached  via  Mar.seilles,  or 
by  way  of  Turin  and  Savona.  By  the  former  route 
it  is  thirty-three  and  a  quarter  hours  distant  from 
London.  Steamers  also  .sail  direct  from  New  York 
to  the  Riviera  during  the  Season. 

Edwaiu)  0.  Otis. 


Boric  Acid. — This  substance  (H,B0,),  often  called 
by  the  older  but  less  correct  name  of  bnraeic  acid,  is 
ofhcial  in  the  United  States  Pharmacopcria  under  the 
title  Acidum.  lioricum.  Boric  Acid.  It  is  described 
as  "transjjarent,  colorless  scales,  of  a  somewhat 
pearly  luster,  or  six-sided,  triclinic  crystals,  or  a 
light,  white,  very  fine  powder,  .slightly  unctuous  to 
the  touch;  odorless,  having  a  faintly  bitter  taste, 
and  permanent  in  the  air.  Soluble  in  18  parts  of 
water,  in  15. H  parts  of  alcohol,  and  4.6  parts  of 
glycerin  at  25°  C.  (77°  F.);  in  .3  narts  of  boiling 
water  and  4. .3  parts  of  boiling  alcohol.  The  addition 
of  hydrocliJoric  acid  increases  its  solubility  in 
water.  An  aqueous  solution  of  boric  acid  (one  in 
fifty)  colors  blue  litmus  paper  red."  (U.  S.  P.)  It 
is  usually  prepared  by  the  action  of  iiydrochloric 
acid  on  an  aqueous  solution  of  borax.  It  should 
contain  not  less  than  99.8  per  cent,  of  pure  boric 
acid. 

Boric  acid  is  a  very  feeble  acid  chemically,  and 
phy.siologically  lacks  the  ordinary  acid  qualities  of 
sour  taste  and  tendency  to  irritate.  Even  a  saturated 
aqueous  solution  is  tasteless,  and  without  irritant 
action  on  so  sensitive  a  part  as  the  conjunctiva. 
Constitutionally,  aLso,  in  all  ordinary  applications, 
the  drug  is  harmless;  but  yet  poisoning  and  even 
death  have  followed,  in  a  few  ca.ses,  a  very  extensive 
u.se  of  the  acid.  The  es.sential  symptoms  in  such  cases 
were  nau.sea,  vomiting,  hiccough,  feeble  heart  action, 
and  fall  of  temperature,  with  the  development  of  an 
erythematous  rash,  affecting  particularly  the  legs. 

Boric  acid  is  a  mild  antiseptic — convenient  withal, 
because  odorless,  tasteless,  unirritating,  and  non- 
poisonous  in  ordinary  application — but  must  not 
be  relied  upon  as  a  germicide  in  the  proper  under- 
standing of  the  term.  Probably  becau.se  of  its  anti- 
.septic  action,  boric  acid,  locally  applied,  tends  to 
abate  the  catarrhal  process,  and  Is,  for  such  applica- 
tion, peculiarly  agreeable  because  non-irritating.  As 
a  collyrium  in  conjunctivitis,  a  gargle  in  pharyngitis, 
or  an  injection  in  cystitis,  a  solution  of  boric  acid  is, 
therefore,  often  efficaciou.s,  and  at  least  innocent  of 
harm.  For  an  application  to  catarrhal  surfaces, 
or  for  antiseptic  purposes  to  wound  surfaces,  Ijoric 
acid  may  be  used  in  aqueous  solution  ranging  from 
one  to  four  per  cent,  in  strength — the  latter  being, 
indeed,  at  ordinary  temperatures,  a  saturated  solu- 
tion. 

A  stronger  solution,  if  wanted,  is  obtainable  by 
using  a  mixture  of  equal  parts  of  boric  acid  and  borax, 
which  dissolves  to  the  extent  of  sixteen  per  cent,  in 
water  at  ordinary  temperatures.  A  convenient  and 
efficient  wound  dressing  may  be  made  by  soaking  lint 
in  a  hot  .saturated  aqueous  solution  of  boric  acid,  and 
then  allowing  it  to  dry.  A  boric-acid  ointment  also 
has  been  recommended,  where,  to  a  melted  mixture 
of  one  part  each  of  white  wax  and  spermaceti  and 
six  parts  of  vaseline,  is  added  a  proportion  of  from 
two  to  ionv  parts  of  a  saturated  solution  of  boric  acid 
in  glycerin.  Also  the  substance  borogli/cerin  (q.v.) 
affords  a  means  of  applying  boric  acid  in  strong 
.solution.  The  pharmacopoeial  dose  is  gr.  viiss. 
(0.50);  but  boric  acid  has  also  been  given  internally 
in  do.ses  of  gr.  xxx.  (2.0)  freciuently  repeated,  with  no 
poisonous  effect,  and  with  asserted  benefit  in  fermen- 
tative dyspepsia,  in  chronic  cystitis,  in  diphtheria,  and 
in  other  diseases  probably  due  to  microorganisms. 
It  is  also  used  as  a  food-preservative. 

Edward  Curtis. 
R.  J.  E.  ScoTT. 
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Borland  .Mineral  Well. — Pleasants  County,  West 
Virginia.  The  well  from  which  the  Borland  Mineral 
water  flows  is  situated  on  the  bank  of  Blue  Creek,  six 
miles  from  Willow  Island,  West  Virginia,  on  the  Ohio 
River  Railroad,  and  twenty-two  miles  northeast  of 
Parkersburg.  There  are  good  hotel  accommodations 
and  nearby  farmhouses  accommodate  a  limited  num- 
ber of  guests  who  wish  to  use  the  water  from  the  well. 
Persons  desiring  to  come  to  the  springs  will  be  met  by 
a  conveyance  at  Willow  Island  if  word  is  sent  in  ad- 
vance. The  surrounding  hills  and  valleys  present 
some  very  plea.^ing  landscapes.  The  water  rises  from 
a  flowing  well,  being  forced  upward  by  the  natural- 
gas  pressure  from  a  depth  of  three  hundred  feet.  An 
analysis  by  Prof.  T.  G.  Wormley  of  Philadelphia 
showed  the  following  mineral  ingredients: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride ...  240.07 

Sodium  bicarbonate,  .                                    112.19 

Sodium  sulphate 37.87 

Magnesium  bromide,  ,                                    0.28 

Potassium  sulphate, 22.62 

Magnesium  iodide 0.2S 

Magnesium  chloride 2.14 

Calcium  bicarbonate 12.39 

Magnesium  bicarbonate 3.13 

Aluminum  phosphate 0.23 

Aluminum  and  iron  carbonate 0.64 

Manganese Trace. 

Silica 0 .  58 

Organic  matter Trace. 


Total 432 .42 

Sulphureted  hydrogen A  perceptible  quantity. 

The  following  estimations  supplementary  to  the 
Wormley  analysis  have  been  made  on  the  Borland 
mineral  water  at  the  West  Virginia  experiment 
station: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  sulphide 0.39 

Manganese  carbonate.  0.01 

Lithium  chloride Trace. 

Ammonium  chloride 0.98 

Albuminoid  nitrogen Trace. 

Gases,  cubic  inches  per  gallon: 

Free  carbonic  acid 9.93 

Carbonic  acid  in  bicarbonates ...   99.28 

Sulphureted  hydrogen 0.41 

Carbureted  hydrogen present. 

Dissolved  oxygen 0.66 

Temperature oo"  Fahrenheit. 

This  water  is  quite  a  strong  muriated,  alkaline 
saline.  It  is  a  very  efficient  antacid  laxative,  with  diu- 
retic and  diaphoretic  properties.  It  also  derives  a 
certain  tonic  and  restorative  influence  from  the  pres- 
ence of  iron,  pho.sphorus,  and  manganese.  In  addi- 
tion to  its  table  value  it  has  been  found  to  possess  ex- 
cellent therapeutic  properties  in  chronic  affections  of 
the  stomach,  bowels,  liver,  and  kidneys.  It  acts  with 
great  efficacy  in  renal  dropsy;  also  in  asthma  and 
rheumatism.  Em.m.4.  E.  W.4.lker. 


Borneol. — Borneo  Camphor;  Dryohalanops  Camphor 
(C,„H,.  — OH).  A  camphor-like  body  occurring  in 
the  wood,  and  in  lumps  in  the  cavities  thereof,  of 
Dryohalanops  aromalica  Ciaertn.  (fam.  Dipterocar- 
pacece),  in  a  number  of  Conifera:,  in  valerian,  rose- 
marj',,and  several  other  aromatic  plants.  The  article 
is  not  exactly  the  .same,  differing  especially  in  its 
optical  properties,  from  these  different  sources. 
That  commonly  sold  is  artificiaMy  made  from  ordinary 
camphor  by  the  action  of  .sodium.  This  differs  from 
ordinary  camphor  in  its  much  higher  melting-  and  boil- 
ing-points, and  in  not  crystallizing  upon  the  sides  of 
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the  glass  containers.  It  is  crj'stalline  and  soluble  in 
alcohol.  It  is  used  externally  as  a  disinfectant  to 
sores.  H.  H.  Rusbt. 


Borogljcerin. — Under  this  title  there  has  been 
introduced  into  medicine  a  compound  formed  by 
direct  reaction  of  boric  acid  upon  hot  glycerin.  In 
tliis  reaction  the  BO3  of  boric  acid  replaces  the  three 
hydroxyl  equivalents  of  the  molecule  of  glj-cerin, 
forming  glyceryl  borate,  C3H5BO3,  with  evolution  of 
water,  as  per  the  following  equation:  C3H-(0H),+ 
HjBOj-CjHjBOj+SHoO.  Boroglycerin  is  a  solid, 
vitreous  bodj-,  transparent,  and  of  a  light  amber 
color.  It  has  little  odor,  and  a  slightly  sweetish 
taste,  with  a  faint  astringent  twang.  It  is  hygro- 
scopic, rapidly  becoming  sticky  on  exposure  to  the 
atmosphere.  It  dissolves  freely  in  glycerin,  and, 
melted  into  an  equal  weight  of  that  fluid,  forms  a 
permanent,  viscid,  clear  solution.  The  solubilities 
in  water  and  alcohol  have  been  stated  very  variously. 
A  sample  tested  by  Edward  Curtis  broke  up  into 
opaque,  granular  flakes  by  treatment  with  cold 
water,  but  finally  dissolved  in  ten  times  its  weight 
of  that  fluid;  and  in  cold  absolute  alcohol  it  dissolved 
slowly  but  completely,  in  even  less  than  its  own 
weight,  forming  a  clear,  syrupj'  solution. 

Boroglycerin  is  reported  to  be  antiseptic,  and  was 
originally  proposed  as  an  agent  for  the  preservation  of 
food-stuffs.  Taken  internally  it  has  seemed  to  be  as 
innocent  as  the  two  substances  of  which  it  is  com- 
pounded. It  has  so  far  been  used  in  medicine  locally 
only,  being  applied — generalh'  in  glycerin  solution — ■ 
as  a  dressing  to  wounds,  ulcers,  catarrhal  mucous 
membranes,  etc.  It  is  claimed  to  be  at  once  antisep- 
tic, astringent,  and  healing,  while  inodorous  and  prac- 
tically unirritating.  It  is  most  commonly  employed 
in  fifty-per-cent.  glycerin  solution,  or  in  ointment 
made  by  mixing  one  part  of  such  glycerin  solution, 
while  hot,  with  three  parts  of  vaseline.  A  glycerin 
solution  of  boroglj'cerin  is  official  in  the  United  States 
Pharmacopoeia,  under  the  title  Glyceritum  Boroghj- 
cerini,  Glycerite  of  Boroglycerin.  In  this  case  the 
solution  is  made  directl)'  by  treating  310  grams  of 
finely  powdered  boric  acid  with  enough  hot  glycerin 
to  make  1000  grams.  The  directions  given  in  the 
U.  S.  P.  are:  "  Heat  460  grams  of  glycerin,  in  a  tarred 
porcelain  dish,  to  a  temperature  not  exceeding  150° 
C.  (302°  F.),  and  add  the  boric  acid  in  portions,  con- 
stantly stirring.  When  aU  is  added  and  dissolved, 
continue  the  heat  at  tlie  same  temperature,  frequently 
stirring,  and  breaking  up  the  film  which  forms  on  the 
surface.  When  the  mixture  has  been  reduced  to  the 
weight  of  500  grams,  add  to  it  500  grams  of  glycerin, 
mix  thorouglily,  and  transfer  it  to  suitable  vessels." 
The  preparation  is  a  colorless,  glycerin-like  fluid. 

.\s  a  preservative,  boroglycerin  has  been  recom- 
mended in  solutions  ranging  from  two  per  cent,  to 
five  per  cent,  in  strength.  R.  J.  E.  Scott. 


Borthwick   Mineral   Springs. — -Mso   known  as  the 
Ottawa  Mineral  Springs. 

Post-office. — Ottawa,  Canada. 

.A.CCESS. — By  carriage  drive  from  Ottawa. 

.A.N'.\Lysis. — By  I.   Baker  Edwards. 

O.N'E  Pint  Contains: 
Solids.  Grains. 

Chloride  of  sodium , 98.081 

Chloride  of  potassium 1 .310 

Chloride  of  calcium 1.832 

Chloride  of  magnesium 2.713 

Bromide  and  iodide  of  magnesium 0.351 

Sulphate  of  calcium 2.019 

Sulphate  of  magnesium 2.450 

Sodium,  bromine Traces. 

Total 108.756 
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Thi.s  i.s  an  vmu.siuiUy  pviro  .saline  wator,  containing 
a  largi"  [MTCcntaRo  o{  iodinp  and  bruniino.  .\  .small 
amount  of  purgativo  salLs  is  also  pro.sent,  forming  an 
exi'olk'nt  combination.  There  is  no  aeration  with 
carbonic  acid.  Tlie.se  watens  are  extensively  u.sed 
by  the  residents  of  Ottawa  and  vicinity. 

Be.\u.mont  S.m.vll. 


Boston. — Massachu.sett.s.  Although  thi.s  and  vari- 
ou.s  otlier  cities  which  will  be  mentioned  in  the  H.\nd- 
BOOK  are  not.  health  resort.s,  yet  it  frequently  happens 
that  an  invalid  is  obliged,  from  reasons  of  neces.sity, 
to  spend  more  or  less  time  in  them,  and  it  is  a  satis- 
faction to  know  something  of  the  climate  and  weather 
which  may  be  expected.  Further,  as  Dr.  Huntington 
Richards,  the  previous  editor  of  this  department, 
says:  "One  can  better  form  an  opinion  of  the  cli- 
mate of  any  health  resort  he  may  have  under  con- 
sideration, if  he  compares  it  with  that  of  the  place  in 
which  he  resides  or  with  that  of  some  place  with  which 
he  is  familiar."  For  these  reasons,  then,  the  cli- 
matic tables  and  general  weather  conditions  of  the 
principal  cities  of  the   United  States  will  be  given. 

The  climate  of  Boston  is  characterized  by  great 
variability  and  range,  from  a  possible  maximum  of 
101°  F.  in  July  to  -13°  F.  in  January.  The  east 
winds,  although  not  the  prevailing  ones,  as  the  cli- 
matic table  indicates,  are  still  freciuent  enough  to 
form  one  of  the  peculiar  characteristics  of  this  cli- 
mate. They  are  damp  and  chillj'  in  winter  and  early 
spring,  and  render  outdoor  existence  exceedingly 
uncomfortable. 

"A  chill  no  coat,  however  stout. 
Of  homespun  stuff  can  quite  shut  out — 
A  hard,  dull  bitterness  of  cold." 

In  the  summer,  on  the  contrary,  they  modify  the  heat 
and  are  very  refreshing.  Ask  any  inhabitant  what 
is  the  one  striking  climatic  peculiarity  of  Boston, 
and  he  will  immediately  reply,  "The  east  wind." 

Clim.ite  of  Boston',  Mass.  Latitude,  42°  21';  Longitude, 
71°  4'.  Period  of  Ouservatiox,  from  1.3  to  2.5  Years. 
Elevation  of  Place  of  Observation  above  Sea  Level, 
Kigutee.v  Feet. 


Data. 

Jan. 

Mar. 

July. 

Year. 

Temperature 

(Fahrenheit  Scale) 

Average  or  normal 

27.0° 

17.2 

34.2° 

18.5 

71.3° 
17.9 

48.2° 

Average  daily  range 

Mean     of    warmest     (average 

35.3 

42.2 

80.8 

maximum). 

Mean  of  coldest  (average  mini- 

18.1 

26.7 

62.9 

mum). 

Highest  or  maximum 

70.0 

72.0 

101.0 

Lowest  or  minimum 

-13.0 

-7.5 

46.0 

Humidily 

Mean  relative  (average) 

71.3% 

69.4% 

70.8% 

69.6% 

Wind 

Prevailing  direction 

N.  W. 

N.  W. 

W. 

W. 

Average    hourly    velocity    in 

12.2 

a. 3 

8.5 

miles. 

Weather 

Average  number  of  clear  days. 

8 

8.7 

8 

103 

Largest  number  of  clear  days. 

13 

15 

Smallest  number  of  clear  days. 

4 

3 

Average  number  of  fair  days. . 

10.6 

9^5 

13.7 

134.6 

Largest  number  of  fair  days.  . 

15 

20 

Smallest  number  of  fair  days. 

7 

3 

Average    number    of    cloudy 

12.4 

12.5 

9.4 

135 

days. 

Largest  number  of  cloudy  day.". 

19 

23 

Smallest    number    of    cloudy 

7 

3 

days. 

Average  number  of  rainy  days. 

12.2 

13.7 

11 

130 

.01  inch  and  over. 

Smallest  number  of  rainy  days 

4 

6 

Largest  number  of  rainy  days 

IS 

17 

The  cold  season  begins  in  November,  although  it  is 
occasionally  mild  even  to  Christmas,  and  continues 
until  April;  snow  is  for  a  great  part  of  this  time  upon 
the  ground,  although  not  always  continuously. 
March,  on  account  of  the  high  cold  winds,  is  one  of  the 
most  disagreeable  months  of  the  year,  and  June  one 
of  the  most  delightful,  although  the  latter  part  of  the 
month  may  be  uncomfortably  hot.  In  the  summer, 
the  heat,  oppressive  at  times  on  account  of  the  dainp- 
nes.s,  is  not  continuous,  and  in  the  writer's  experience, 
from  a  climatic  point  of  view,  the  s])ring  and  summer 
are  the  best  .seasons  to  spend  in  the  city,  and  January, 
February  and  March,  the  months  to  be  avoided  by  a 
change  to  a  milder  climate.  Fashion,  however,  has 
it  otherwise.  The  writer  recalls  the  ca.se  of  a  family 
whose  members  had  come  on  from  St.  Louis,  in  search 
of  an  Eastern  seaside  resort,  but  who,  on  arriving  in 
Boston,  had  found  the  place  .so  comfortable  that 
they  decided  to  remain  there  the  whole  summer. 

The  excursions  by  water  are  numerous  and  very 
delightful,  and  the  country  around  is  easily  accessible 
and  attractive.  Boston  Is  noted  for  its  beautiful 
suburbs.  Edward  O.  Otis. 


Botalli,  Leonardo. — Botalli,  or  Botallo,  was  born 
in  .\sti.  Piedmont,  in  the  early  part  of  the  sixteenth 
century;  received  the  degree  of  Doctor  of  Medicine 
from  the  University  of  Pavia;  vLsited  Paris  about  the 
year  ISfi-t;  and  later  served  as  physician  to  various 
royal  personages — Charles  IX,  the  Duke  of  Alen^on 
(fourth  son  of  Henry  II),  and  Henry  III.  His 
name  has  been  handed  down  to  po.sterity  chiefly  be- 
cause he  is  credited  with  the  discovery  of  the  opening 
of  communication  between  the  two  auricles  of  the 
fetal  heart  (the  ductus  arteriosus)  and  also  because  he 
was  the  first  to  employ  blood-letting  with  a  degree  of 
freedom  previously  unknown.  As  a  matter  of  fact, 
however,  the  opening  between  the  two  auricles  of 
the  heart  in  the  fetus  had  previously  been  seen  and 
described  bj-  Galen,  Vesalius  and  .\ranzi  (Diet.  Hist, 
de  M^d.).  The  book  in  which  Botalli  described  the 
opening  bears  the  title:  "De  via  sanguinis  a  dextro 
in  sinistrum  cordis  ventriculum,"  Venice,  1640. 

A.  H.   B. 


Bothriocephalids. — A  family  of  tapeworms  in 
whicli  the  bothria,  or  adhesive  organs,  are  slit-like 
furrows;  the  proglottids  are  generally  distinct  and 
drop  off  in  goups.  The  genus  Bothriocephalus  con- 
tains important  parasites.     See  Cestoda.       A.  S.  P. 

Bothriocephalus. — A  genus  of  tapeworms,  family 
Bothriocephalidw,  which  contains  many  parasites 
which  occur  as  adults  in  man  and  other  vertebrates. 
B.  latus,  in  the  intestine  of  man,  may  reach  a  length  of 
twenty  or  thirty  feet  and  have  as  many  as  3,000 
proglottids.  The  larvae  of  this  species  swim  in  fresh 
water;  pike  and  other  fish  are  the  intermediate  hosts. 
See  Cestoda  A.  S.  P. 


Bothrops. — Lachesis.  A  genus  of  very  poisonous 
snakes  which  are  without  a  rattle;  it  contains  about 
forty  species.  The  Fer-de-Lance,  L.  lanceolattcs,  is 
said  to  be  more  poisonous  then  any  other  snake; 
it  is  common  in  parts  of  Mexico  and  the  Antilles. 

A.  S.  P. 


Botkin,  Sergei  Petrovich. — Born  in  Moscow,  Russia, 
in  1832.  His  preliminary  medical  studies  were 
carried  on  in  his  native  city,  but,  after  the  fighting 
at  Sevastopol  came  to  an  end  (ISo(i),  he  continued 
his  medical  studies  in  Paris  (under  Claude  Bernard), 
and  in  Berlin  (under  ^■irchow,  Traube,  and  Hoppe- 
Seyler).     He  received  the  degree  of  Doctor  of  Medicine 
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in  1S60,  and  was  almost  immediately  afterward  made 
Professor  of  the  Medical  Clinic  in  the  Medico-Militarj' 
Academy  of  St.  Petersburg.  His  death  occurred  on 
December  24,  18S9,  a  short  time  after  he  had  resigned 
his  professorship.     (Pagel.) 

As  a  teacher  Botkin  was  most  stimulating,  and  his 
pupils  held  him  in  the  highest  esteem;  as  a  diagnosti- 
cian he  was  remarkably  strong.  His  published 
writings  will  be  found  partlj"  in  Russian  periodicals 
and  partly  in  Virchow's  Archiv.  The  titles  of  two 
of  his  German  articles  are  as  follows:  "Ueber  die 
Wirkung  der  Salze  auf  die  cirkulierenden  roten  Blut- 
korperchen,"  Virchow's  Archiv,  xv.,  18.58;  and 
"Zur  Frage  von  dem  Stofifwechsel  der  Fette  im 
tierischen  Orgaoismus."  A.  H.   B. 


Botryomycosis. — .4.t  the  present  day  the  existence 
of  a  botryomycosis  in  mankind  is  denied  on  many 
sides  and  this  scepticism  extends  to  a  certain  ex- 
tent to  botryomycosis  in  general,  as  far  as  the  term 
connotes  a  specific  disease.  Instead  authors  speak 
of  p-seudobotrj-omycosis  or  granuloma  pyogenicum, 
which  they  assign  to  the  same  clinical  family  as  "  gran- 
uloma simplex"  and  "granuloma  telangiectodes." 
These  growths  all  agree  among  themselves  in  having 
the  histological  structure  of  ordinary  granulomatous 
tissue,  and  while  the  bacterial  causation  is  not  ab- 
solutely known  it  is  believed  to  be  the  ordinarj' 
Staphylococcus  -pyogenes  aureus,  perhaps  acting  with 
weakened  virulence.  Clinically,  the  ca.ses  originally 
described  as  botryomycosis  humanus,  granuloma 
telangiectodes,  etc.,  present  lesions  on  exposed  lo- 
calities^fingers,  face — which  almost  invariably  follow 
traumas.  These  lesions  are  rapidly  growing,  soft 
masses,  sometimes  very  rich  in  blood-vessels  and  com- 
parable with  strawberrie.s,  and  easily  confused  at  times 
with  malignant  growths.  They  have  been  noted  in 
vaccination  wounds.  Although  they  may  recur  after 
removal,  they  are  not  malignant.  These  formations 
were  at  first  believed  to  result  from  inoculation  with 
a  fimgus,  partly  because  they  resemble  an  affection 
in  horses  ha\-ing  that  causation.  It  is  now  generally 
held  that  these  lesions  are  true  tumors — proliferating 
angiomata — which  often  originate  in  minute  naevi.  If 
this  is  true,  then  trauma,  infection,  etc.,  are  simply 
activating  agents.  Edward  Pbeble. 

Botulism. — See  Food  Poisons. 

Bouchardat,  Apollinaire. — Born  in  Lisle-sur-le- 
Serein,  France,  in  1S06.     He  received  the  degree  of 

Doctor  of  Medicine  in 
Paris,  in  1832.  His 
studies  were  directed 
chiefly  to  chemistry 
and  pharmacy,  and 
for  a  long  time  he  held 
the  office  of  Head 
Apothecary  in  Hotel- 
Diou,  Paris.  He  died 
in  April,  1SS6,  at  the 
advanced  age  of 
eighty,  but  he  con- 
tinued to  work  with 
apparently  unabated 
vigor  up  to  the  \-ery 
end. 

Of  Bouchardat 's 
numerous  contribu- 
tions to  chemical, 
pharmaceutical,  med- 
ical, and  hygienic 
literatvu'c,  it  will  not 
be  practicable  to  mention  here  more  than  the  foUow- 
ing:  "Elements  de  matidre  m^dicale  et  de  pharma- 
cie, "  Paris,  1839;  "Manuel  de  matiere  m^dicale, 
de    th^rapeutique    et   do   pharmacie, "  fifth  edition, 


Fio.  850. — .\poUinaire  Bouchardat. 


1873;  "Nouveau  formulaire  magistral,  etc.,"  nine- 
teenth edition,  1874;  and  "De  la  glycosurie  ou 
diabete  sucr^,  etc.,"  second  edition,  1883.  In  addi- 
tion, Bouchardat  edited  the  following  publications: 
"  Annuaire  de  th^rapeutique,  de  matiere  m^dicale, 
de  pharmacie  et  de  toxicologic"  (since  1840),  .\rchives 
de  physiologic,  de  therapeutique  et  d'hygiene, "  etc. 
During  the  last  years  of  his  life  his  energies  were  spe- 
cially directed  to  the  completion  of  the  two  treatises 
which  he  had  most  at  heart — "Traits  sur  la  glyco- 
surie," and  "Traits  d'hygiene  publique  et  priv^e 
bas^e  sur  I'^tiologie,"  1881.     (Pagel.) 

A.  H    B. 


Bouchut,  Eug&ne. —  Born  in  Paris,  France,  May  18, 
1818.  In  1842  he  received  the  degree  of  Doctor  of 
Medicine,  and  in  18.56  he  was  appointed  an  attending 
phy.sician  of  the  Hopital  Sainte  Eugenie  and  the 
Hopital  des  Enfants  Malades.  At  this  time  he  in- 
troduced a  method  of  intubation  of  the  larynx  in 
diphtheria,  but  his  instruments  were  crude  and  the 
practice  was  made  the  subject  of  so  much  ridicule 
by  his  colleagues  that  he  was  forced  to  abandon  it. 
He  died  in  November,  1891. 

Bouchut  was  a  prolific  writer,  chiefly  on  subjects 
belonging  to  the  domain  of  pediatrics.  His  three 
larger  works  bear  the  following  titles:  "Traite  des 
maladies  des  nouveau-n^s,  des  enfants  a  la  mamelle 
et  de  la  seconde  enfance,"  seventh  edition,  Paris, 
1879;  "  Hj-giene  de  la  premiere  enfance,"  seventh 
edition,  1879;  and  "Clinique  de  I'hopital  des  enfants 
malades,"  Paris,  1883.     (PageL)  A.  H.  B. 


Boulder. — A  town  in  Colorado  of  4,000  inhabi- 
tants, situated  at  an  elevation  of  5,300  feet  above 
sea  level,  in  the  heart  of  the  Rocky  Mountains, 
thirty  miles  northwest  from  Denver.  "The  town  is 
situated  close  to  the  foothills  near  the  entrance  to 
the  Boulder  Caiion"  (Soil}-).  The  soil  is  dry  and 
porous,  except  in  areas  of  clayey  soil.  The  water 
supply  comes  from  a  reservoir  on  Boulder  Creek, 
five  miles  above  the  town,  and  also  from  wells,  springs, 
and  the  creek  itself.  The  hotels  are  said  to  be  fair 
(Solly). 

Although  the  meteorological  data  for  Boulder 
itself  are  very  incomplete,  so  far  as  the  writer  has 
been  able  to  learn,  they  cannot  be  very  different  from 
those  at  Denver,  thirty  miles  away  (see  article  on 
Denver).  Solly  gives  the  mean  monthly  temperature 
for  Boulder,  from  observations  extending  over  a 
period  of  one  year  and  a  half,  as  follows:  Winter,  .30° 
p.;  spring,  49°  F.;  summer,  65°  F.;  autumn  is  not  ob- 
tainable. The  average  number  of  cloudy  days  during 
the  winter  is  thirteen. 

Boulder  is  one  of  the  many  representative  places 
in  the  great  high-altitude,  health-resort  belt  of  the 
Rocky  Mountains,  extending  from  Wyoming  south 
along  the  eastern  base  of  the  Rocky  Mountains,  through 
Colorado  into  New  Mexico,  and  then  turning  south- 
west into  Arizona.  "In  this  belt  no  particinar  spot 
is  materially  better  than  another,  so  far  as  climatic 
conditions  are  concerned"  (Report  of  the  Committee 
on  Health  Resorts.  Transactions  of  the  American 
Climatological  .Association,  1895). 

Boulder,  like  many  other  localities  in  this  belt, 
would  seem  to  offer  an  almost  ideal  climate  for  the 
high-altitude  treatment  of  phthisis:  almost  constant 
sunshine — but  thirteen  cloudy  days  on  an  average 
during  the  winter,  clear  bracing  air,  low  relative 
humidity,  nights  that  give  invigorating  sleep  and  rest, 
and  grand  mountain  scenery.  But  it  is  well  to  repeat 
what  has  been  before  said,  that  climate  is  but  one 
factor,  although  an  exceedingly  important  one,  in 
the  treatment  of  phthisis,  and  in  order  to  obtain  the 
greatest  advantage  from  any  climate,  however  ideal, 
there  must  be  at  hand  proper  hygienic  conditions  and 
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wise  medical  supervision.  Phthisical  patients  in 
health  resorts  require,  as  a  rule,  constant  guidance 
and  restniiiil;  they  must  know  when  to  jiraclise  the 
rest  cure,  and  when  it  is  safe  to  take  exercise  and  how 
much,  hence  for  many  persons  the  well-conducted 
sanatorium  is  the  only  safe  place. 

Edwahd  O.   Otis. 


Boulder  Hot  Springs. — .JefTerson  County,  Montana. 

Post-office. —  Boulder.      Hoi  el. 

These  sjirings  are  located  williin  three  miles  of  the 
town  of  Boulder,  about  midway  between  ]5utto  and 
Helena.  They  are  reached  by  tlie  (ireat  Northern 
Kailroad.  Automobiles  meet  aU  trains.  The  sjjrings 
are  numerous,  and  some  of  them  have  a  largo  outflow 
of  water.  The  surrounding  comitry  is  of  a  rugged, 
mountainous  character,  the  location  of  the  sj)rings 
being  4,975  feet  above  the  sea  level.  The  following 
analj".sis  was  made  by  Emil  Starz,  Ph.  G.: 


Solid  matter. 

Sodium  .sulphate 

Sodium  cliloride.  .  . 

Potiissium  cliloride 

C.ileium  carbonate. .  . .  ,  . 
Magnesium  carbonate. .  . 
Silica 


P.arts  in 

100,000. 

.   28.25 

.      3.05 

LOG 

1.56 

.      0.19 

.      8.35 


.\lumina 0.28 

Iron Traces 


Total  mineral  solids 42.74 

The  temperature  of  the  springs  ranges  from  125° 
to  1S7°  F.  The  water  is  said  to  be  very  palatable  as 
a  beverage.  The  hotel  is  modern  in  all  its  appoint- 
ments, and  bathing  facilities  are  abundant.  The  dis- 
eases especially  benefited  here  are  rheumatism,  gout, 
indisjestion,  chronic  constipation,  renal,  bladder,  cuta- 
neous, and  hepatic  diseases,  and  metallic  poi.soning. 

Emma  E.  Walker. 


Bourdet. — A  surgeon-dentist  w-ho  flourished  in 
Paris,  France,  during  the  first  half  of  the  eighteenth 
century.  In  July,  1754,  hepublisheda  letter  in  which 
he  describes  his  method  of  treating  cases  of  severe 
toothache.  He  first  loo.sened  or  partially  extracted 
the  affected  tooth,  in  order  to  rupture  its  nerve  supply 
(the  modern  dentist  accomplishes  the  same  thing  in  a 
different  and  le.ss  painful  way),  and  then,  after  push- 
ing the  tooth  back  into  its  alveolus,  he  proceeded  to 
excavate  the  part  that  was  decayed.  In  respon.se  to 
the  hostile  criticisms  which  soon  reached  hjm  he 
published  the  following  communication:  "Eclair- 
cissement  de  M.  Bourdet,  deutiste,  du  sujet  de  .sa 
lettre  adress^e  a  M.  D.,"  Paris,  September,  1754. 
In  addition  to  the.se  two  shorter  communications 
Bourdet  published  three  larger  treati.ses — one  on 
certain  pathological  conditions  of  Highmore's  antrum 
("Dissertation  sur  les  depots  du  sinus  maxillaire," 
Paris,  1754;  46  pp.),  another  on  the  pathology  and 
treatment  of  dental  affections  ("  Recherches  et  obser- 
vations sur  toutes  les  parties  de  I'art  du  dentiste," 
Paris,  1757;  2  vols.),  and  the  third  on  the  means  by 
which  one  may  readily  keep  the  mouth  clean  and 
preserve  the  teeth  from  decay  ("  Soins  faciles  pour  la 
propret^  de  la  bouche  et  la  con.servation  des  dents." 
Paris,  1771;  24S  pp.).  Pierre  Fauchard  (q.  v.),  who 
i.s  spoken  of  as  the  father  of  modern  dentistry,  pub- 
lished the  first  edition  of  his  treatise  in  1728. 

A.  H.   B. 

Bourgelat,  Claude. — Born  at  Lyons,  France,  in 
1712.  Ho  received  his  academic  education  from  the 
Jesuit  Fathers,  and  afterward  studied  law  at  the  Uni- 
versity of  Toulouse.  He  commenced  to  practi.se  his 
profession  in  Cirenoble,  and  was  soon  successful  in 


winning  a  case;  but,  knowing  that  his  client  was  in 
the  wrong,  he  felt  only  shame  over  his  success,  and  as 
a  result  he  immediately  abandoned  the  profession  of 
law,  and  became  a  member  of  tin?  corps  of  musketeers. 
.\  great  fondness  for  hor.ses  had  bei'u  one  of  his 
marked  characteristics  since  the  time  when  ho  was  a 
mere  stripling,  and,  shortly  after  he  had  abandoned 
the  law,  he  began  taking  lessons  in  hor.semanshi|)  from 
the  best  teacliers  in  Paris.  The  progress  which  he 
made  caused  general  astonishment,  and  he,  therefore, 
had  no  difficulty  in  securing  an  appointment  as  Chief 
of  the  Royal  .\<'ademy  of  Ef|uitation  at  Lyons.  The 
school  over  which  he  preside<l  soon  became  famous, 
and  pu])ils  flocked  to  it  from  every  province  in  France, 
the  great  majority  belonging  to  families  of  the  nobility. 
Many  also  came  from  Denmark,  Sweden,  Prussia, 
Sardinia,  and  Switzerland.  The  welfare  of  the  hor.se 
next  occupied  his  attention;  and,  in  order  to  obtain  a 
thorough  knowledge  of  the  disea.ses  to  which  this  ani- 
mal is  liable,  lie  carried  on,  for  a  number  of  year.s, 
the  practice  of  making  dis.sections  at  every  possible 
opportunity.  In  addition,  he  studied  human  anat- 
omy, pathology,  and  therapeutics,  until  he  had 
achieved  the  reputation  of  being  a  most  skilful  prac- 
titioner. 'With  equal  zeal  and  thoroughness  ho 
studied  the  art  of  shoeing  horses.  Suffice  it  here  to 
say  that  he  succeeded  finally,  through  the  aid  of 
influential  friends,  in  having  veterinarj^  schools 
established  by  the  Government  throughout  France. 
At  first,  Bourgelat  was  made  the  Director  General  of 
these  schools,  but  later  (17(52)  he  was  also  appointed 
superintendent  of  the  French  breeding  studs.  He 
died,  at  the  age  of  sixty-seven,  on  January  3,  1779. 

Dozeimeris  ("Diet.  Hist,  dela  Med.")  and  the  writer 
of  the  article  on  Veterinary  Science  in  the  Encyclo- 
pedia Britannica  are  both  agreed  in  ascribing  to 
Bourgelat  the  credit  of  being  the  originator  of  veteri- 
nary schools.  That  his  services  were  highly  appre- 
ciated by  men  of  science  throughout  Europe  is  shown 
by  the  facts  that  he  was  elected  a  member  of  the  Paris 
Academic  des  Sciences  and  an  associate  member  of  the 
similar  academy  in  Berlin. 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "Elements  d'hippiatrique, 
on  nouveaux  principes  sm*  la  connaissance  et  sur  la 
medecine  des  chevaux,"  Lyon,  17.50-1753,  3  vols.; 
"  Prdcis  anatomique  du  corps  du  cheval,  compart  a 
eelui  du  boeuf  et  du  mouton,"  fourth  edition,  Paris, 
1S07,  2  vols.;  "Traits  de  la  conformation  exterieure 
du  cheval;  de  sa  beaute,  de  ses  defauts;  des  con- 
siderations auxquelles  il  importe  de  s'arreter  dans  le 
choix  qu'on  en  doit  faire;  des  soins  c|u'il  exige,  de 
sa  multiplication,  oudes  haras,  etc.,"  Paris,  1768-17C9; 
"E.s.sai  theorique  et  pratique  sur  la  fcrrure,  etc.," 
third  edition,  Paris,  1813;  and  "Essai  sur  les  ap- 
pareils  et  sur  les  bandages  propres  aux  quadrupedcs," 
second  edition,  Paris,  1813  (with  21  plates). 

A.  H.   B. 


Bournemouth. — A  city  in  England  of  17,000  or 
more  inhabitants,  situated  on  the  south  coast  of  Eng- 
land, in  Hampshire,  thirty-seven  and  one-half  miles 
from  Southampton.  "  It  isbuQtonaflat,  pine-covered 
heath  which  abuts  abruptly  on  the  sea  in  the  form  of 
great  brown  sandy  cliffs."  "The  East  Cliff,  the  West 
Cliff,  the  Valley,  and  the  Coast  are  the  four  natural 
divisions  of  Bournemouth."  The  East  Cliff,  over  a 
great  part  of  its  extent,  slopes  landward  and  thus  has 
a  westerly  and  southwe.sterly  as  well  as  a  southerly 
a.spect;  it  is  the  older  residential  quarter  of  Bourne- 
mouth. The  West  Cliff  is  more  elevated  and  ex- 
posed than  the  East,  and  is  the  newer  part  of  Bourne- 
mouth; it  contains  the  larger  nuinber  of  boarding 
hou.ses.  The  Valley  of  the  Bourne  affords  the  maximum 
of  natural  protection  from  the  wind  which  the  place 
can  claim.  The  lower  part  is  an  attractive  public 
garden,  and  the  eastern  slope,  which  is  covered  with 
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pines,  affords  a  perfectly  sheltered,  sunny  and  quiet 
promenade  and  resting  place;  the  well-known  "In- 
valids' Walk"  is  to  be  found  here.  The  coast  is  in  the 
form  of  rugged  high  cliffs,  bright  with  green  and  yellow 
gorse,  and  broken  by  deep  irregular  chines.  Pines, 
much  resembling  those  in  our  Southern  States,  are 
everj-where  to  be  seen.  On  the  East  Cliff  they  are  so 
abundant,  fringing  the  streets  and  level  walks  and 
sheltering  the  houses,  "that  this  portion  of  the  city 
has  been  well  described  as  a  town  in  the  wood."  The 
heath  all  around  Bournemouth  is  also  covered  with 
pine  woods.  The  aromatic  emanations  from  the  pines 
are  supposed  to  impart  salubrious  properties  to  the 
atmosphere.  Beneath  and  about  the  pine  trees  the 
furze,  rhododendron,  and  holly  flourish  in  great 
luxuriance. 

The  .sea  lies  full  to  the  south,  and  on  the  eastern 
horizon  are  the  Needles  and  Alum  Bay,  in  the  Isle  of 
Wight.  A  pier  838  feet  long  extends  into  the  sea  and 
has  specially  constructed  shelters  for  invalids.  The 
soil,  consisting  of  a  greenish  sand,  is  highly  absorbent 
and  very  dry. 

The  principal  facts  relating  to  the  meteorology  of 
Bournemouth  are  exhibited  in  the  following  table: 


comparative  safety  in  the  open  air;  and  it  supports 
an  abundant  and  luxuriant  growth  of  non-deciduous 
trees  and  shrubs.  The  town  area  is  very  large  in 
relation  to  the  number  of  houses  and  inhabitants." 
On  the  other  hand,  "like  other  places  on  the  south 
coast,  it  is  subject  to  frequent  and  uncertain  spells 
of  bad  weather,  in  the  form  of  wet,  cold,  or  both 
combined,  and  to  even  more  dangerous,  because 
deceptive,  visitations  of  high  east  winds  in  the  early 
spring." 

"  The  kinds  of  cases  which  have  been  benefited  bj'  a 
residence  at  Bournemouth  are  chiefly  as  follows: 

"  (1)  Ca.ses  of  pulmonary  tuberculosis  which  would 
do  well  at  any  good  health  resort.  (2)  Pulmonary 
tuberculosis  in  the  incipient  stage.  (3)  Quie.scent 
pulmonary  tuberculosis  when  the  patient  can  spend 
a  number  of  hours  continuously  in  the  open  air. 
(4)  Patients  in  the  last  stage  of  phthisis  often  enjoy 
an  extension  of  life  here.  In  general,  cases  that  can 
take  advantage  of  outdoor  life  do  weU,  while  those 
who  are  confined  to  the  house  do  badly.  (5)  Chronic 
bronchitis  without  fever,  and  particularly  recurrent 
bronchial  catarrh  with  a  moderate  amount  of  expec- 
toration, asthma,  whether  neurotic  or  catarrhal,  the 


Meteoroiogicai,  Means  fob  Ten  Yeahs,  1881-1890. 


Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov.        Dec. 


Year. 


Mean  temperature 
(Fahrenheit)  at  9  A.  M 

Mean  minimum  tem- 
perature  

Mean  maximum  tem- 
perature  

Mean  relative  humidity 

Mean  rainfall 

Mean  number  of  rainy 
days 


40.30° 

34.40 

44.70 

85.00 

2.47 

14.30 


40.70° 
34.50 


42.80° 


34.90 


45.80  48.50 

89.00  I  80.00 

1.85  1.83 

10.50 


49.80° 


56.10° 
44.60 


61.50° 
50.30 


64.80° 
54.20 


44.90      62.00      68.20    1  71.00 


.00    I  69.00 


11.50 


8.70      10.30 


69.00 


2.13    -  1.17 


11.30 


69.00 
2.07 


14.30 


63.60° 

58.80° 

51.00° 

46.30° 

41.00° 

52.60 

49.70 

42.90 

39.80 

34.60 

70.90 

65.80 

56.30 

51.00 

45.00 

70.00 

81.00 

81.00 

87.00 

85.00 

1.84 

2.46 

3.14 

3.36 

2.53 

15.00 

11.50 

18.80 

17.20 

14.70 

51.40° 

42.60 

57.10 
77.70 
27.26 

158.30 


From  the  above  we  see  that  the  mean  temperature 
for  the  whole  year  is  49.7°  F.,  or,  at  9  A.  M.,  51.4°  F. 
The  mean  minimum  temperature  is  42.6°  F.  and  the 
mean  maximum  57.1°  F.  The  daily  range  of  tem- 
perature is  comparatively  high.  In  January  it  is 
10.3°,  in  July  16.8°.  The  mean  relative  humidity 
at  9  A.  M.  is  77.7,  the  lowest  recorded  in  England. 
The  mean  total  rainfall  is  27.26  inches,  and  the  mean 
number  of  rainy  days  15S.3.  On  an  average  it  has 
been  estimated  that  there  are  about  two  days  a  week 
during  the  winter  season  when  patients  cannot  go 
out  safely  in  consequence  of  rain  or  occa.sional  cold 
•winds  or  dust.  The  town  possesses  a  good  drainage 
system,  and  the  water  supply  is  above  suspicion. 

The  general  opinion  of  local  practitioners,  as  ex- 
pressed broadly,  is  that  "most  cases  of  pulmonary 
tuberculosis  improve  at  Bournemouth.  At  the 
same  time  the  climate  of  Bournemouth  cannot  be 
represented  as  equal  to  the  best  of  the  foreign  climates, 
such  as  the  Riviera  or  the  Alpine  stations.  Dr.  C. 
Theodore  Williams'  results  are:  "Twenty  patients, 
each  one  winter  at  Bournemouth;  six  much  improved, 
seven  improved,  two  stationary,  and  five  worse." 

The  special  features  of  Bournemouth  as  a  health 
resort,  as  summarized  by  the  report  of  a  committee 
of  the  Royal  Medical  and  Chirurgical  Society  of  Lon- 
don, 1S95,  to  which  the  writer  is  indebted  for  the 
above  account,  are  as  follows: 

"  Bournemouth  is  distinguished  by  the  general 
beauty  of  its  position,  which  combines  the  attractions 
as  well  as  the  wholesome  influences  of  sea  and  heath. 
As  a  whole,  compared  with  England,  it  possesses  a 
mild,  bright,  and  fairly  dry  climate.  The  atmos- 
phere is  naturally  pure,  sunny,  free  from  fog,  redolent 
of  the  pine,  of  low  relative  humidity,  and  compara- 
tively undisturbed  by  high  or  cold  winds.  The  soil 
is   dry  and  warm,   permitting  patients   to   sit  with 
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different  parts  of  the  town  being  tried  if  necessary. 
(6)  Clironic  Bright's  disease,  particularly  of  inflam- 
matory origin.  (7)  The  subjects  of  chronic  malaria. 
(8)  Sufferers  from  chronic  gastric  catarrh  with 
emaciation.  (9)  The  victims  of  nervous  overwork, 
particularly  with  insomnia,  provided  they  do  not 
settle  too  close  to  the  sea.  (10)  Delicate  persons 
generally,  including  more  especially  elderly  and  aged 
people,  and  feeble  and  rickety  children." 

"The  cases,  on  the  other  hand,  which  do  not  do 
well  or  even  badly,  are:  (1)  Persons  confined  to  the 
house,  applying  chiefly  to  consumptives.  (2)  The 
subjects  of  pulmonary  tuberculosis  in  its  active  stage, 
especially  when  attended  with  much  fever  and  profuse 
expectoration.  (3)  Tho.se  suffering  with  dry  irritable 
catarrh  of  the  larynx  and  bronchi.  (4)  Sufferers  from 
neuralgia." 

The  accommodations  are  good  and  abundant  and 
of  every  variety.  From  a  personal  visit  the  writer 
was  impressed  with  the  beautj'  of  the  place,  its  clear, 
bright  atmosphere,  the  abundant  sunshine,  its 
luxuriant  vegetation,  and  the  striking  effect  of  the 
great  number  of  pines  everj-\vhere.  The  sea  view 
from  the  cliffs  is  most  attractive,  and  there  are  many 
pleasing  excursions  inland  over  the  thickly  wooded 
heath.  For  an  outdoor  life  one  can  hardly  imagine 
a  more  attractive  place  of  residence. 

Edward  O.  Otis. 


Bovell,  James. — Born  at  Barbados,  West  Indies, 
in  June,  1817.  He  studied  medicine  in  London, 
Edinburgh,  and  Dublin,  and  after  receiving  his  doc- 
tor's degree  he  returned  to  Barbados  and  commenced 
the  practice  of  his  profession.  In  1848  he  went  to 
Canada  and  settled  in  the  city  of  Toronto.  In  1850 
he  took  part  in  establishing  the  Medical  Faculty  of 
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Trinity  Collcgo,  in  wliicli  ho  held  tho  profes.sorshii) 
of  llie"  In.stitiftes  of  Mc(iicinc  and  at  the  .same  time 
\va.s  Dean  of  the  Faculty.  In  conjunction  witli 
other.s,  in  IS.")!,  ho  a.ssistcd  in  founding  the  Up/xr 
Canada  Medical  Journal,  the  fir.st  issued  in  I  lie 
Province.  Upon  the  disruption  of  tlio  .Medical 
Faculty  of  Trinity  Coilcse,  not  long  afterward, 
Dr.  Bovell  joined  the  Toronto  School  of  .Medicine, 
and  delivered  le<'tures  on  physiology  and  pathology 
during  his  connection  with  that  institution.  In 
1870  the  Bishop  of  Antigua,  British  West  Indies, 
recognizing  the  fact  that  the  doctor  po.s.scssed  quali- 
ties which  admirably  fitted  him  for  missionary 
^vork — liigli  attainments  not  only  in  general  science 
but  also  in  theology,  united  with  a  character  of 
unusual  devoutness — -urged  upon  him  the  duty  of 
taking  Holv  Orders.  With  many  misgivings  Dr. 
Bovell  consented  to  do  .so,  and  thereupon  gave  up 
his  official  position  in  the  medical  school.  He  died 
at  Nevis  in  the  West  Indies  on  January  (i,  IS.SO. 
His  contributions  to  periodical  medical  literature 
were  numerous,  and  he  was  al.so  a  valued  member  of 
the  Canadian  Institute.  (From  data  kindly  f\irnished 
by  Dr.  A.  Primrose  of  Toronto.)  A.   H.    B. 

Bowden  Lithia  Springs.— Douglas  County,  Georgia. 

Post-office. — Lithia  Springs.  The  Sweetwater 
Park  Hotel  was  burned  in  January,  1912. 

Access.— Via  the  Southern  Railroad.  These  springs 
are  located  in  Douglas  County,  17  miles  w-est  of  At- 
lanta, 300  miles  distant  from  the  Atlantic  coast 
and  at  an  altitude  of  1,200  feet  above  the  sea  level. 
The  surrounding  country  is  of  a  somewhat  rugged, 
broken  character,  interspersed  with  forests  of  pine, 
oak,  maple,  and  cypress  and  watered  by  streams 
skirted  by  haw  and  holly.  The  temperature  rarely 
reaches  90°  F.  in  summer  or  extends  below  40°  above 
zero  in  winter,  while  the  nights  are  proverbially 
pleasant.  The  surroundings  of  the  place  are  excep- 
tionally charming,  the  Shoals,  the  Ruined  Mill, 
Chapel  Hill,  and  the  Dome  Rock,  showing  the  mighty 
action  of  .some  great  sea  in  prehistoric  times,  the  Mill 
in  the  Glen,  the  O'd  Distillery,  and  the  Sweetwater 
Creek  being  also  among  the  numerous  features  of 
interest.  Wiile  people  have  resorted  to  these  springs 
for  about  sixty  years,  only  recently  have  they  become 
very  extensively  known. 

The  u,se  of  the  Bowden  lithia  waters  is  particularly 
recommended  in  various  diseases  of  the  digestive 
organs,  in  liver,  kidney,  and  bladder  affections,  calculi, 
gravel,  cystitis,  and  in  gout  and  rheumatism.  The 
external  use  of  the  water  in  bathing,  for  which  there 
are  excellent  facilities,  is  said  to  be  beneficial  in  skin 
affections,  chronic  ulcers,  and  glandular  enlargements. 
The  waters  are  used  commercially,  and  may  be  found 
in  most  of  the  principal  cities  of  the  East  and  South. 

Following  are  analyses  of  the  waters: 


One  United  States  Gallon 

CONTAIN.9: 

Solids, 

(Upper 

Spring.) 

Pratt, 

1887. 

(Lower 

Spring.) 

Pratt, 

1889. 

Doremus, 
1890. 

Grains. 
9.85 
2.85 

Grains. 

Grains. 
9.91 

Lithium  birarlxniate 

1.67 
5.29 

4.45 

1.73 

3.36 
1.69 

10.32 

4.41 

Traces. 

14.18 

15.23 

1.47 

Magnesium  Ijiciirliouate 

Magnesium  itxiide  (iodine)  .  .  . 

.73 

Traces. 
17.25 

One  United  States  Gallon  Contains: — Continued. 


Solids. 


(Upper 

Spring.) 

Pratt, 

1887. 


Calcium  sulphate 

("alr-ium  phusphatc,  .  ,  . 

Strontium  sulphate 

Ferrous  bicarl^onate 

.Sodium  sulphate 

Sodium  chloride 

Sodium  phosphate 

Alumiiuim  sulphate.  , 

Silicic  acid  (soluble) 

lioric  acid 

Manganese 

Phosphoric  acid 

Rubidium  (spectroscopic  anal- 
ysis). 

Fluorine 

Loss  on  ignition 


Grains. 

.1)1 

I  .(12 

.21 

16.25 

1.33.71 


( Ix>wer 

Spring.) 

Pratt, 

1889. 


Gr^QS. 


1.33 
1.12 


Total. 


Ti-aces. 
Traces. 
Traces. 


200.94 


.28 


124.49 

.89 

2.61 

1.96 


173.36 


Doremus, 
1890. 


Grains. 
12.15 


1.22 

.21 

8.03 

121.78 


.53 

1.26 

Traces. 

Traces. 


185.74 


Emma  E.  Walker. 


Bowditch,  Henry  L — Born  August  9, 1808,  in  Salem, 
Mas.sachusetts.  Ilis  father  was  Nathaniel  Bowditch, 
the  eminent  mathematician.  He  received  his  degree  of 
Doctor  of  Medicine  from  the  Harvard  Medical  School 
in  18.32,  and  then  went  to  Paris,  France,  to  complete 
his  medical  education.  He  remained  in  that  city 
two  years,  and  upon  his  return  to  this  country  in 
1S34  he  established  himself  in  practice  in  Boston. 
In  1846,  when  the  visiting  medical  staff  of  the  Massa- 
chusetts General  Ho.spital  was  augmented  from  three 
to  six,  the  new  appointments  were  given  to  Drs. 
John  D.  Fisher,  Oliver  Wendell  Holmes,  and  Henry 
I.  Bowditch.  In  1859  Dr.  Bowditch  was  appointed 
to  the  Jackson  Professorship  of  Clinical  Medicine  in 
the  Harvard  Medical  School;  his  predecessor,  Dr. 
George  C.  Shattuck,  having  been  transferred  to  the 
Hersey  Professorship  of  the  Theory  and  Practice  of 
Medicine.  In  the  later  years  of  his  career  Bowditch 
devoted  him.self  largely  to  thoracic  diseases;  and  at 
the  saine  time  he  took  an  increasingly  active  part  in 
the  subject  of  Public  Hygiene.  Thoracic  aspiration, 
an  operation  frequently  if  not  commonly  credited  to 
the  French  phvsician  Dieulafoy,  was  performed  and 
strongly  advocated  by  Dr.  Bowditch  several  years 
before  "the  latter  published  his  method.  Dr.  Bow- 
ditch performed  the  operation  of  thoracocentesis  by 
means  of  an  exploring  trocar  and  a  suction  pump. 
His  death  occurred  on  January  14,  1892. 

Dr.  Bowditch  was  a  frequent  contributor  to  current 
medical  literature.  In  1848  he  published  "The 
Young  Stethoscopist."  The  first  one  of  his  communi- 
cations on  "Paracentesis  Thoracis"  appeared  in 
18,51.  In  1802  he  published  his  exhaustive  investiga- 
tions on  soil  moisture  as  a  cause  of  pulmonary  con- 
sumption in  Ma.ssachu.setts.  He  also  translated 
Louis'  "Researches  on  Phthisis,"  his  "Memoirs  on 
Clinical  Instruction,"  and  his  "Observations  on 
Gastroenteritis."  A.   H.   B. 


Bow  Leg. — Synonym:  Genu  Varum. 

In  the  popular  sense  bow  leg  includes  the  deformi- 
ties which  cause  .separation  of  the  knees  when  the 
aid^les  are  in  contact  with  each  other;  but,  strictly 
speaking,  bow  leg  implies  an  outward  bending  of  the 
tibia  and  fibula,  and  genu  varum  a  deformity  in  which 
the  greatest  distortion  is  at  the  knee,  in  which  the 
femur  is  involved,  the  opposite  of  genu  valgum.  In 
most   instances   simple   bow   leg   is   associated   with 
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genu  varum,  and  genu 
varum  with  a  certain 
degree  of  bending  of 
the  bones  of  the  leg, 
so  that  the  two  terms 
are  properly  synon- 
ymous. 

Etiology.  —  Bow 
leg  is  the  most  com- 
mon of  the  distortions 
of  the  bones,  consti- 
tuting about  ten  per 
cent,  of  the  eases 
treated  in  orthopedic 
clinics.  It  is  essen- 
tially a  deformitj-  of 
childhood.  It  may 
be  congenital,  and  it 
is  not  uncommon  in 
vigorous  infants  who 
stand  at  an  early 
age.  But  in  most  in- 
stances it  is  an  effect 
of  rachiti.s,  often  of  a 
mild  type,  and  it  de- 
velops therefore  soon 
after  the  child  begins 
to  walk,  although  the 
tendency  to  deform- 
ity may  have  been 
acquired  before  this 
time.  The  deformity 
sometimes  increa.ses 
during  adolescence 
and  it  may  be  ac- 
quired in  later  life,  as 
an  effect  of  occupa- 
tion, or  injury  or 
disease,  but  these 
types  are  compara- 
tively uncommon. 

Symptoms.  —  The 
essential  symptom  of 
bow  legs  is  the  deformity.  In  the  genu  varum  tj^pe, 
the  femur  is  abducted  and  rotated  outward  while"  the 
tibia  is  rotated  inward;  and  in  simple  bow  leg  there 
may  be  a  spiral  inward  twist  of  the  tibia,  so  that  in- 
toeing,  "pigeon  toe,"  may  be  one  of  the  effects  of  the 
deformit}'. 

In  the  more  extreme  cases,  in 
which  there  is  laxity  of  the  liga- 
ments at  the  knee-joint  and  in 
the  progressive  type  of  adoles- 
cence, the  patient  may  suffer 
from  pain  and  weakness  at  the 
knee-joint,  but  ordinarily  dis- 
comfort is  not  a  symptom. 

Tre.\tmext. — There  is  a  strong 
tendency  toward  spontaneous 
recovery,  the  "outgrowth"  of 
deformity.  But  although  the 
distortion  may  be  entirely  cured 
by  the  natural  process,  it  is  far 
more  often  simply  modified  and 
made  less  noticeable.  This  may 
be  inferred  from  the  fact  that 
bow  leg  in  the  slighter  degree  is 
so  common  in  later  life.  Ac- 
cording to  the  writer's  observa- 
tions, about  one  adult  male  in 
five  has  noticeable  deformity  of 
this  character,  a  proportion  that 
is  apparently  not  exceeded  ainong 
children.  Thus,  although  bow 
leg  may  cause  no  physical  di.s- 
comfort,  it  is,  from  the  esthetic    Fio.  853.— The  Long  and 
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Fig.  Sol. 


—Bow  Le^  of  the  Genu 
Varum  Type. 


\. 


Standpoint,  of 
sufficient  impor- 
tance to  merit 
treatment  in  all 
cases. 

It  may  be  easily 
overcome  in  in- 
fancy by  sy ste- 
in a  t  i  c  manual 
correction.  It 
may  be  pre- 
vented in  rachitic 
children  by  the 
avoidance  of  at- 
titudes that  in- 
duce the  deform- 
it3',  especially 
standing  when 
the  bones  are 
weak.  In  the 
slight  degree  of 
deformity  in 
walking  chOdren, 
the  tendency  to- 
ward distortion 
may  be  counter- 
acted somewhat 
by  making  the 
sole  of  the  shoe 
slightly  thicker 
on  the  outer  bor- 
der. If  the  de- 
formity is  inore 
marked,  or  if  it  is 
increasing,  or  if 
the  bones  are  ab- 
normally flexi- 
ble, a  brace 
should  be  ap- 
plied. This  con- 
sists essentially  ^~w  —  ■  ■ 
of  a  light  bar  of 
steel,  reaching 
from  the  internal 

condyle     of     the  ^v     c-.-,      t,      t        •      ,.,    , 
femur  to  the  sole  ^"^  ^  n^T^""'  ^f%'^  which  the  Principal 
of  the  shoe.     This  Distortion  is  Below  the  Knees. 

is  sviitably  padded  at  the  points  of  pressure  and  is 
provided  with  a  laced  band  which  is  passed  around 
the  limb  at  the  point  of  greatest  deformity,  thus  sup- 
porting it  and  exercising  slight 
corrective  force.  If  the  distor- 
tion is  most  marked  at  the  knee, 
the  bar  should  be  prolonged  to 
the  upper  third  of  the  thigh,  and 
a  second  band  should  be  applied 
about  the  knee.  A  jointed  brace 
is  less  effective  than  is  the  simple 
form  that  has  been  described. 

The  function  of  a  brace  is 
principally  support.  The  correc- 
tion of  the  deformitj'  may  be 
hastened  by  daily  systematic 
manual  straightening,  and  cure 
is  accomplished  by  the  natural 
transformation  of  the  internal 
structure  of  the  deformed  part 
which  begins  when  the  static 
conditions  are  changed.  In  older 
subjects,  when  the  bones  are 
more  unyielding,  operative  treat- 
ment is  indicated. 

Osteoclasis  or  osteotomy  may 
be  employed.  .'\s  a  rule  it  is 
sufficient  to  straighten  the  tibia 
at  the  point  of  greatest  deform- 
ity, but  in  exceptional  cases  both 
the  Short  Bow-leg  Brace,  the  tibia  and  femur  may  require 
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treatmoiit.  By  far  the  most  satisfactory  method  is 
partial  osteotomy,  combined  with  forcible  correction. 
A  small  sharp  osteotome  is  inserted  directly  over  the 
point  of  greatest  deformity  on  the  concave  side  of  the 
tibia,  and  when  the  cortex  on  its  inner  surface  has  been 
divided  the  fracture  is  completed  by  manual  force. 
The  fibula  may  be  bent  or  broken  as  it  is  more  or 
less  resistant.  In  all  cases  the  distortion  should  be 
slightly  overcorrected,  and  the  limb  fixed  in  this 
position  until  union  is  complete. 

Other  Variclics  of  Deformity. — Bow  leg  may  be  uni- 
lateral, or  it  may  be  combined  with  knock-knee. 

Anterior  How  Leg. — Anterior  bow  leg  is  a  deformity 
in  which  the  tibia  is  bowed  forward.  Its  antero- 
posterior diameter  is  increased,  the  crest  is  prominent 
and  projects  sharply  beneath  the  skin.  This  dis- 
tortion is  usually  sj-mptomatic  of  pronounced  rachitis: 
it  is  often  combined  with  knock-knee,  or  with  general 
distortions  of  the  limbs,  "corkscrew"  deformitj'.  As 
the  weight  is  thrown  upon  the  anterior  part  of  the  foot, 
the  heel  projects  and  the  gait  is  awkward  and  shuffling. 
The  distortion  is  not  usually  amenable  to  treatment  by 
braces,  and  osteotomy  is  indicated.  In  the  more  ex- 
treme cases  in  which  the  tissues  on  the  posterior 
aspect  of  the  leg  are  shortened,  division  of  the  tendo 
Achillis  is  required  to  permit  correction. 

Royal  Whitman. 


Bowman,  William. — Born  at  Nantwich,  Cheshire. 
England,  on  July  20,  lSlf3.  He  obtained  his  first 
medical  training  in  the  Birmingham  General  Hospital, 
and  then  visited  Dublin.  Lej'den,  Amsterdam,  Bonn. 
Heidelberg,  Munich,  Vienna,  Berlin,  etc.,  in  search 
of  further  knowledge.  In  1S.3S  he  obtained  the  posi- 
tion of  Demonstrator  of  Anatomy  and  Curator  of 
the  Anatomical  Museum  in  London.  In  1846  he 
was  given  the  position  of  Assistant  Surgeon  at  the 
London  Ophthalmic  Hospital,  Moorfields,  and  in  1S.54 
that  of  full  surgeon.  In  1S77  he  was  made  Con.sulting 
Surgeon  of  the  same  institution.  After  1S60  honors 
of  all  sorts  were  literallj-  showered  upon  Dr.  Bowman, 
who  by  this  time  had  attained  great  celebritj-  both 
as  an  ophthalmologist  and  as  an  authority  in  micro- 
scopic anatomy.  Among  other  things  he  was  made 
a  baronet.     He  died  on  March  29,  1892. 

Of  his  published  writings  on  topics  belonging  to 
the  domain  of  ophthalmologj'  the  following  deserve 
to  be  mentioned:  "On  some  Points  in  the  Anatomy 
of  the  Eye,  chiefly  with  reference  to  its  Powers  of 
Adjustment,"  Briti.sh  Association  Report,  1847; 
"Observations  on  the  Structure  of  the  Vitreous 
Humor."  Dublin  Quarterly  Journal  of  Med.  Science, 
vi,  1S4S;  and  "Lectures  on  the  Parts  concerned  in 
the  Operations  on  the  Eve,"  London,  1849. 

A.    H.    B. 


Box. — Buxus.  The  leafy  twigs  of  Buxus  sem- 
pervirens  L.  (fam.  Buxacea^),  a  slow-growing  evergreen 
shrub,  of  the  southern  part  of  Europe  and  the  East, 
frequently  cultivated  for  ornament,  were  formerlj- 
much  used  as  a  febrifuge,  tonic,  and  antiperiodic. 

The  bitterness  of  bo.x  is  due  to  the  alkaloid  burine, 
identical  with  berberine,  already  considered  under 
"  Bibiru  Bark."  A  second  alkaloid,  parabuxin,  was 
found  by  Pavia  to  accompany  the  buxine  in  box;  and 
it  is  still  probable  that  some  other  principle  may  be 
found  to  explain  the  poisonous  qualities  it  has  been 
occasionally  observed  to  have.  Bo.x  has  had  some 
reputation  as  a  febrifuge  and  tonic;  in  large  doses  it  is 
purgative  and  emetic.  It  is  suspected  of  being 
sometimes  used  to  replace  hops  in  beer.  It  is  little 
employed  in  medicine  to-day,  in  doses  of  one  to  two 
drams.  Buxine  sulphate  has  been  used  as  a  tonic  in 
doses  of  one  to  two  grains;  as  a  febrifuge,  eight  or 
ten  times  as  much,  gr.  \-iij.-xv.  (0.5-1.0). 

H.   H.   Rt-SBY. 

Vol.  II.— is 


Bozcman,  .Nathan. — Born  in  Butler  County,  Ala- 
banui.  Marcli  2ii,  1S2.">.  He  took  his  degree  of  Doctor 
of  Medicine  at  the  I'niversity  of  Louisville,  Kentucky, 
in  1847.  From  1849  to  18.58  he  practised  his  profes- 
sion in  Montgomery,  .Vlabama,  a  small  portion  of  the 
time  in  partner.ship  with  Dr.  J.  Marion  Sims.  Although 
he  devoted  him.self  mainly  to  gynecological  work,  he 
occasionally  performed  surgical  operations  of  a 
different  nature.  Thus,  in  18.54,  he  successfully 
removed  (the  operation  had  been  performed  only 
once  before  in  the  L'nited  States)  an  elephantia.sis 
of  the  scrotum  weighing  forty-si.x  pounds.  Later  in 
the  same  year  he  performed  for  the  first  time,  and 
according  to  the  method  which  he  him.self  devised, 
the  operation  for  curing  a  vesicovaginal  fistula  com- 
bined with  a  tear  of  the  cervix  uteri.  In  1856  he 
operated  successfully  on  a  vesicouterine  fistula,  and 
in  1857  on  a  vesico-uterovaginal  fistula.  In  1858  he 
made  a  trip  to  Europe  and  demonstrated  his  method 
of  operating  in  the  hospitals  of  London,  Edinburgh, 
Glasgow,  and  Paris.  In  1870  and  1871  he  perfected 
his  operations  for  the  cure  of  urethrovaginal  and 
recto-uterovaginal  fistuls.  In  1874  he  visited  Ger- 
manj-  and  demon.strated  his  operative  methods, 
first  in  Heidelberg  in  that  year,  and  then  in  Vienna 
in  1875.  In  1876  he  made  similar  demonstrations 
in  the  Hopital  Beaujon  in  Paris.  L"pon  his  return 
to  New  York  in  1877  he  resumed  the  practice  of  his 
profession  in  that  city.  His  death  occurred  December 
16,  1905.  A.  H.  B. 


Bradford  Mineral  Springs. — Merrimac  County,  X.  H. 
Post-office. — East  Washington.     Hotel. 

Access. — A  stage  runs  daily  from  Hillsboro,  X.  H., 
to  the  springs.  The  Springs  are  one  mile  from  East 
Washington  Post-office. 

This  spring  became  known  to  the  white  settlers  in 
1770,  and  since  early  in  the  present  century  its  waters 
have  been  used  for  medicinal  purposes.  An  anah-sis 
by  Dr.  Jackson  of  Boston,  subsequently  confirmed 
by  Dr.  Richards  of  Poughkeepsie,  New  York,  showed 
the  presence  of  the  following  ingredients:  Sodium 
chloride,  potassium  chloride,  sodium  carbonate, 
calcium  carbonate,  magnesium  carbonate,  calcium 
phosphate,  iron  oxide,  aluminum  oxide,  organic 
matter,  sulphur,  carbonic  acid  gas. 

We  are  unable  from  this  analysis  to  assign  the  water 
to  its  proper  cla.ss,  although  it  is  probably  a  sulphur- 
eted  chalybeate.  The  spring  yields  twenty-one 
hundred  gallons  hourly.  The  water  is  clear  and  spark- 
ling, and  emits  an  odor  of  sulphureted  h5-drogen  gas. 
It  has  been  successfully  used  by  the  residents  of  the 
neighborhood  in  the  treatment  of  certain  cutaneous 
diseases,  especially  eczema.  It  is  said  to  be  a  very 
efficient  diuretic  and  tonic,  and  seems  to  be  well 
adapted  for  rheumatism  and  diseases  of  the  alimentary 
tract,  and  for  conditions  in  which  the  urine  is  scanty 
and  high-colored.  As  a  douche  in  nasal  catarrh  and 
in  catarrhal  states  of  the  vagina  and  uterus  it  has  been 
found  useful.  There  are  bathing  facilities  for  guests 
who  wi.sh  to  take  hot  or  cold  sulphur  baths.  The 
surroundings  of  the  place  are  very  attractive,  and 
ample  amusements  and  diversion  are  afforded  the 
visitor  in  the  way  of  bowling,  shooting,  fishing,  driv- 
ing, etc. 

Bradycardia. — See  Arrhythmia,  Cardiac. 

Braid,  James. —  Born  inFtfeshire,  Scotland,  in  1795. 
He  practised  for  some  years  in  Leads  Hill,  Lanark- 
shire, England,  and  then  settled  in  Manchester, 
where,  in  1841,  he  accidentally  made  the  discovery 
that  a  person  may,  by  looking  intentl3-  for  a  certain 
length  of  time  at  a  glittering  object,  pass  into  that 
condition  of  nervous  sleep  to  which  the  name  "  hypno- 
tism" has  been  given.     Durand  de  Gros,  who  devoted 
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considerable  study  to  the  phenomenon,  was  the  first 
to  apply  to  it  the  name  "  IBraidism."  Braid's  death 
occurred  March  25,  1S60. 

Of  the  articles  published  by  Braid  in  relation  to 
hypnotism,  the  more  important  ones  are  the  following: 
"Neurypnology;  or  the  Rationale  of  Nervous  Sleep, 
considered  in  relation  with  Animal  Magnetism,  etc.," 
London,  1S43;  "Magic,  Witchcraft,  Animal  Magnet- 
ism, Hypnoti-sm  and  Electrobiology,"  London,  third 
edition,  1S52;  "  Hypnotic  Therapeutics,  Illustrated  bv 
Cases,"  Monthly  journal,  1853.  A.  it.   B. 

Brain,  Abscess  of. — See  Encephalitis. 

Brain,  Anatomy  of  the. — Strictckal  Elements. 
— The  external  configuration  of  the  brain  has  been 
shaped  by  the  development  of  internal  centers  of  cor- 
relation whose  size,  position,  and  fiber  connections 
are  determined  by  the  functional  needs  of  the  body. 
Each  of  these  centers  necessarily  differs  from  all  of 
the  others  in  re.spect  of  the  details  of  internal  organi- 
zation and  type  of  associational  connection  with  other 
centers.  Accordingly,  the  consideration  of  the  gross 
and  microscopic  anatomy  of  the  central  nervous 
S3''stem  should  go  hand-in-hand. 

In  the  nervous  .system,  as  in  other  parts  of  the  body, 
the  cell  is  commonly  regarded  as  the  anatomical  unit. 
This  unit  is  termed  the  neurone  and  comprises  the 
cell  nucleus,  its  immediately  surrounding  proto- 
plasm and  the  outlj'ing  fibrous  processes  connected 
therewith.  In  some  of  the  peripheral  diffuse  sympa- 
thetic ganglionic  plexuses  these  proce.s.ses  appear  to 
be  united  into  a  true  sj'ncytial  network,  with  little 
functional  differentiation  among  the  nerve  fibers. 
But  in  the  cerebrospinal  nervous  system  each  neurone 
exhibits  a  functional  polarization,  such  that  some  of 
its  processes,  the  dendrites,  are  adapted  for  conduct- 
ing incoming  (cellulipetal)  impulses,  while  one  process 
(sometimes  more  than  one),  the  axone  (neurite  or 
axis  cylinder  process),  conducts  only  in  the  efferent 
or  ceUulifugal  direction  (Fig.  S54).  The  axone  (and, 
in  the  case  of  the  neurones  of  the  root  ganglia  of  the 
cerebrospinal  nerves,  the  dendrite  also)  may  be  sur- 
rounded by  a  special  fatty  sheath  of  myelin,  the  medul- 
lary sheath. 

The  dendrites  are  usually  relatively  short,  thorny, 
and  freely  branched.  The  axone,  on  the  other  hand,  is 
slender  and  smooth;  it  may  be  very  long,  as  in  the  tj'pe 
I  neurones  of  Golgi  (Fig.  856),  or  it  may  break  up  in  the 
immediate  neighborhood  of  the  cell  body  into  a  dif- 
fu.sely  branched  ending,  as  in  Golgi's  type  11  (Fig.  857). 

The  point  where  the  axone  of  one  neurone  comes  into 
physiological  relation  with  another  neurone  is  known 
as  the  synapse.  Its  preci.se  nature  is  still  obscure, 
but  it  is  known  that  a  delay  in  conduction  occurs  at 
this  point  and  also  that  the  irreversible  character  of 
the  nervous  impul.se  is  due  to  the  fact  that  these 
impulses  can  pa.ss  the  synapse  in  only  one  direction. 
Probably  the  synapse  is  from  the  functional  stand- 
point the  most  important  element  in  the  nervous 
sj'stem.  The  sjmapse  usually  exhibits  a  dense  inter- 
lacing of  the  terminal  arborization  of  an  axone  of  one 
neurone  with  the  bushy  dendrite  of  a  second  neurone. 
In  other  cases  the  terminal  arborization  takes  the 
form  of  a  delicate  network  which  twines  around  the 
cell  body  of  the  neurone  of  the  second  order  or  of  a 
calyx-like  expansion  or  coar.se-meshed  reticulum 
closely  enveloping  the  cell  body.  Various  types  of 
synapse  are  illustrated  in  Figs.  858,  859,  860,  861, 
and  972. 

The  axone  may  branch  before  the  terminal  arbori- 
zation is  reached,  thus  coming  into  relation  with  the 
dendrites  of  two  or  more  widely  separated  and  phj-sio- 
logically  diverse  neurones  of  the  second  order;  or  two 
or  more  dendrites  of  a  neurone  of  the  second  order 
may  enter  into  .synaptic  relation  with  neurones  of  the 
first  order  belonging  to  different  physiological  sys- 
tems. Thisis  the  mechanism  of  correlation.  The  con- 
dition illustrated  in  Fig.  860  provides  one  method  by 
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which  a  neurone  may  discharge  its  impulse  into  a 
large  number  of  neurones  of  the  same  physiological 
system,  thus  providing  for  a  great  increase  in  the 
total  amount  of  nervous  energy  liberated  by  a  given 
stimulus.     Many  different  forms  of  such  "avalanche 


**?? 


Fig.  854. — Schematic  Representation  of  a  Lower  Motor 
Xeurone.  The  motor  cell  from  the  ventral  horn  of  the  spinal  cord, 
together  with  all  its  protoplasmic  processes  and  their  divisions, 
its  axis-cylinder  process  with  its  divisions,  side  fibrils,  or  collat- 
erals, and  terminal  ran^ifications  {motor  end-plates)  in  the 
muscle,  represent  parts  of  a  single  cell  or  neurone,  a.h,  Axone 
hillock  devoid  of  Nissl  bodies,  and  showing  a  tendency  to  fibrill^ 
tion;  a.j,  axis  cylinder  or  axone,  also  indistinctly  fibrillated.  This 
process,  at  a  short  distance  from  the  cell  body,  becomes  surrounded 
by  a  myelin  sheath,  m,  and  a  cellular  sheath,  the  neurilemma,  the 
latter  not  being  an  integral  part  of  the  neurone;  c,  cytoplasm 
showing  the  dark-colored  Nissl  bodies  and  lighter  ground  sub- 
stance; d,  protoplasmic  processes  (dendrites)  containing  Nissl 
bodies;  n,  nucleus;  n',  nucleolus;  n.R,  node  of  Ranvier;  sf,  side 
fibril;  nof  n,  nucleus  of  neurilemma  sheath ;  <f?.,  motor  end-plate; 
7n',  striped  muscle  fiber;  s.L.,  segmentation  of  Lantermann. 
(From  "The  Nervous  System  and  Its  Constituent  Neurones," 
D.  Appleton  &  Co.,  New  York,  1899.) 

conduction"  (Ramon  y  Cajal)  are  found  in  the  central 
nervous  system. 

The  structural  peculiarities  of  the  cerebrospinal 
neurones  are  of  two  chief  kinds.  In  the  first  place, 
the  outgrowth  of  fibrous  processes,  highly  differen- 
tiated for  the  conduction  of  nerve  impulses  for  long 
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distanrcs,  fucilitati's  the  coordination  and  int<'gr!ition 
of  all  bodily  activitios;  and,  in  tho  second  yjlace,  within 
the  body  of  the  neurone  there  is  a  highly  specialized 
substance  allied  to  the  nuclcoprotein.s,  the  chronio- 


Fig.  855. — The  Cell  Body  from  a  Neurone  Similar  to  that  of 
Fig.  854,  from  the  Spinal  Cord  of  an  Ox.  stained  by  Nissl's  Method 
to  Show  the  Chromophilic  Bodies,  a.  Pigment;  b,  axone;  c, 
axone  hillock;  d,  dendrites.      (From  Barker,  after  von  Lenhoss6k.) 


Fig.  S.56.— Pyramidal  Cell  of  Golgi's  Type  I  from  the  Human 
Cerebral  Cortex,  Prepared  by  Golgi's  Bichloride  of  Mercury 
Method,  a.  Cell  body;  b.  apical  dendrite;  c,  lateral  dendrites;  d, 
axone  with  collateral  branches.  Only  a  small  part  of  the  axone 
is  included  in  the  drawing.  (After  O.  S.  Strong,  from  Bailey's 
Histology.) 

philic  substance  or  Nissl  bodies  (Figs.  855,  S71),  which 
seems  in  some  way  to  be  associated  with  the  special 
metabolism  of  the  neurone. 
The  Nissl  bodies  are  absent  in  some  very  small 


neurones  which  have  scanty  cytoplasm  and  very 
short  axones,  such  as  the  granules  of  the  cerebellum 
(l'"ig.  862),  olfactory  bulb  and  retina.      In  other  neu- 


FiG.  857. — Cell  of  Golgi's  Type  II  from  the  Cerebral  Cortex  of 
a  Cat.  a,  Axone,  which  is  seen  to  break  up  into  a  rich  plexus-of 
terminal  fibers  near  its  origin;  x,  the  coarser  dendrites.  Practically 
the  entire  neurone  is  included  in  the  drawing.  (After  Kolliker, 
from  Bailey's  Histology.) 


Fio.  8.58. — Sympathetic  Nerve  Cells  and  Their  Capsules.  A, 
Two-celled  glomerulus;  B,  cell  surrounded  with  the  pericellular 
terminal  arborizations  of  two  fibers  (a./.)  passing  to  the  cell  and 
forming  a  spiral  synapse;  a.  axon  of  the  cell  shown  ;d,  fiber,  probably 
dendritic,  with  bulbous  termination.  Cajal's  silver  stain.  (After 
Ram6n  y  Cajal,  from  Bailey's  Histology'.) 

rones,  tho  somatochromes,  the  chromophilic  substance 
is  arranged  in  more  or  less  definite  masses  scattered 
throughout  the  cytoplasm.     This  substance  had  been 
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-Neurones  from  the  Corpus  Trapezoideum  of  a  Cat,  to  Illustrate  Different  Forms  of  the  Synapse. 
(From  Edinger,  after  Veratti.) 


shown  to  be  related  to  the  chromatin  of  the  nucleus. 
It  i.s  comparable  with  the  chromidial  apparatus  of 
other  than  nerve  cells.  The  Nissl  bodies  are  regarded 
by  some  neurologists  as  artifacts,  though  they  can 
readily    be   stained   by   vital   dyes.     They   are   most 


Fig.  860. — A  "Basket  Cell"  from  the  Cerebellar  Cortex  of  a  Rat,  Illustrating  the  Synaptic  Discharge  of  a 
Single  Neurone  of  the  First  Order  Directly  upon  the  Cell  Bodies  of  many  Neurones  of  the  Second  Order. 
A,  Cells  of  Purkinje-,  a,  the  basket-like  syuapse  on  the  body  of  a  Purkinje  cell;  B,  the  basket  cell;  6,  terminus  of 
the  axone;  c,  a-xone  of  basket  cell,      (.\fter  Ram6n  y  Cajal;  cf.  Fig.  936.) 

clearly  demon.strated  by  the  .special  method  of  stain- 
ing with  methylene  blue  devised  by  Nissl,  though 
they  can  be  selectively  stained  by  many  other  dyes. 
The  chromophilic  substance  exhibits  character- 
istic   differences    in    amount    and    arrangement    in 


different  types  of  neurones,  the  basis  for  which  is 
obscure,  but  is  undoubtedly  connected  with  the 
specific  function  of  the  cell.  This  is  .shown  by  the 
fact  that  in  preparations  stained  by  Nissl's  method 
the  boundaries  of  different  regions  Itnown  on  other 
grounds  to  have -separate  functional  connections  can 
usually  be  recognized,  not  only  by  the  .size  and  shape 
of  their  cell  bodies,  but  also  by  the  character  of  their 
Nissl  substance.  The  form  and  size  of  the  Nissl 
bodies  are  al.so  very  susceptible  to  changes  in  the 
metabolic  state  of  the  cell,  as  shown  by  studies  on 
fatigue  and  various  pathological  processes.  This 
fact  is  taken  advantage  of  to  determine  experi- 
mentally the  loca- 
tion of  the  cell 
bodies  from  which 
the  fibers  of  any 
given  nerve  or  tract 
ari.se.  Thus,  for  in- 
stance, the  exact 
sources  within  the 
brain  of  the  motor 
fillers  in  any  cranial 
nerve  can  be  deter- 
mined by  experi- 
mental section  of 
the  root  in  question 
in  an  animal,  fol- 
lowed within  a  few 
days  by  the  death 
of  the  animal  and 
a  micro.scopical 
study  of  the  brain 
by  Nissl's  method. 
The  cell  bodies 
whose  axones  were  severed  by  the  operation  will  be 
found  in  a  state  of  chromatoly.sis,  i.e.  the  Nissl  bodies 
will  be  partially  or  completely  dissolved  (Fig.  863). 

Another  very  characteristic  structure  in  the  cyto- 
plasm of  nerve  cells  is  the  neurofibrils.     The.se  deli- 
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cate,  threail-like  bodies  have  been  (iescribed  bj-  Bethe, 
Apathy  and  others,  in  certain  iiwortebrates,  as  passing 
from  one  cell  body  to  another  through  anastomosing 
ner%'ous  processes  of  the  neuropil,  and  the  same  thing 


Fig.  S61. — Cell  from  the  Xuclexis  CochlcarLi  \"entralis  of  a 
Cat.  stained  by  Golgi's  Method.  The  cell  body  U  surrounded  by  a 
pericellular  network  beUeved  to  represent  the  terminals  of  axones 
from  other  neurones.  The  network  surrounds  the  whole  cell  and 
a  dendrite  passing  upward.  The  fiber  a  corresponds  to  one  of 
the  thickened  fibers  of  the  ner\iis  cochlearis  described  by  Ramon 
y  Cajal  and  Held.     (After  Held.) 


Fig.  862. — Vertical  Section  Through  the  Adult  Human  Cere- 
bellar Cortex,  stained  by  Nissl's  Method ;  cf .  Fig.  Q.'lo.  A ,  Inner  part 
of  the  molecular  layer;  n,  stellate  cell;  B,  granular  layer,  showing 
only  the  nuclei  of  the  granule  cells,  their  cytoplasm  containing  no 
chromophihc  substance;  6,  nuclei  of  the  epithelial-like  neuroglia 
cells  (cells  of  the  fibers  of  Bergmann);  C,  cj-toplasm  of  aPurkinje 
cell,  showing  numerous  chromophilic  granules;  c,  stellate  cell  w-ith 
marginal  chromophihc  substance;  rf,  fibrillar  substance  corre- 
sponding to  the  basket-like  synapse  seen  in  Fig.  860:  e,  nuclei  of  the 
granule  cells;  /.  islands  or  glomeruli  in  the  granular  layer;  g^, 
Golgi  cells  in  the  granular  layer  containing  chromophilic  granules; 
t,  nuclei  of  neuroglia  cells.  (From  Bailey's  Histologj',  after 
Ramfin  y  Cajal.) 

occurs  in  some  peripheral  nervous  plexuses  of  verte- 
brates. But  in  the  cerebrospinal  nervous  system 
such  a  connection  between  neurones  is  not  evident 
and  its  presence  is  commonly   denied.     The    neuro- 


fibrils arc  found  in  both  dendrites  and  axones  and 
usually  pass  through  the  cell  bodj-  from  one  process 
to  another  (Figs.  864,  S65,  SCS).  The  relations  of 
neuro-fibrils  to  the  fibrils  developed  in  neuroglia,  con- 
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Fig.  86.3. — Two  Motor  Neurones  from  the  Ventral  Horn  of 
the  Thoracic  Spinal  Cord  of  a  Rabbit,  Fifteen  Days  after  cutting 
the  Major  Sacro-Sciatic  Xerve,  to  Illustrate  the  Chromatolysis  of 
the  Xissl  Substance  During  the  "Axonal  Degeneration."  .4, 
Cell  in  which  the  chromophilic  bodies  are  partially  disintegrated 
(at  6)  and  the  nucleus  eccentric;  B,  cell  showing  more  advanced 
chromatolysis  (c),  the  chromophilic  substance  being  present  only 
in  the  dendrites  and  around  the  nucleus  in  the  form  of  a  homo- 
geneous mass;  a,  axone.     (After  Strong,  from  Bailey's  Histologj'.) 

nective  tissue  and  other  non-nervous  cells  is  not  clear. 
The  wide-spread  belief  that  the  neurofibrils  constitute 
the  essential  conducting  elements  is  not  universally 
accepted.  In  the  developing  embryo  the  functional 
activity  of  the  nerves  precedes  the  appearance  within 
them  of  any  demonstrable  neurofibrils. 

Numerous  minute  highly  refractive  granules, 
canals  of  various  shapes  and  frequently  pigment  and 
other  inclusions  occur  in  the  cytoplasm  in  the  spaces 
between  the  Nissl  bodies  and  neurofibrils.  All  of 
these  structures  are  embedded  in  a  clear  fluid  ground 
substance,  the  functional  significance  of  which  is 
unknown.  The  granules  are  known  to  be  of  two 
sorts  (Cowdrj',  1912):  (1)  the  granules  of  irregular 
size  and  shape  demonstrated  by  the  erj-throsin- 
methylene  blue  method  of  Held  and  especially 
abundant  in  the  axone  hillock,  called  type  I  by 
Cowdry  (Fig.  867),  and  (2)  more  regular,  "uniformly 
distributed  rod-like  granules,  type  11  of  Cowdry, 
which  agree  in  every  respect  with  the  mitochondria 
of  the  general  cytologists  (Fig.  866).  The  canalicular 
apparatus  assumes  exceedingly  varied  forms  (Fig. 
869)  and  has  often  been  confused  with  other  structures. 
It  is  the  same  as  the  clear  intracellular  canals  of  voa 
Bergen,  Bensley  and  others,  the  spiremes  of  Nelis, 
the  Binaennetz  of  Kopsch,  the  feaftkanalchen  of 
Holmgren,  and  probably  the  endocellular  network 
of  Golgi  (Fig.  S70). 

The  mo.st  diverse  views  have  been  expressed 
regarding  the  significance  and  relationships  of  the 
Nissl  bodies,  mitochondria  and  other  cytoplasmic 
granules,  neurofibrils  and  canalicular  "apparatus. 
That  these  are  distinct  elements  in  the  adult  neurone 
has  been  shown  by  Cowdry,  who  succeeded  in  demon- 
strating them  all  at  the  same  time  in  a  single  nerve 
cell.  Figs.  866  to  869  are  drawn  to  a  uniform  scale 
from  some  of  his  preparations  of  spinal  ganglion  cells, 
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and  illustrate  typical  forms  assumed  bj-  these  cj'tolog- 
ical  elements  when  specifically  stained. 

The  nucleus  of  nerve  ceils,  as  compared  with  that 
of  most  other  cells  in  the  body,  is  relatively  large  but 
poor  in  chromatin  or  other  basophile  substance. 
Most  of  the  chromatin  is  usually  aggregated  into  a 
dense  globular  mass,  or  false  nucleolus  (Figs.  855,  S66, 
871).  There  is  in  the  nucleus  also  a  true  nucleolus 
which  stains  with  acid  dyes,  and  also  a  nucleo- 
protein  which  exhibits  the  acidophile  reaction,  the 
so-called  oxj-chromatin  of  M.  Haidenhain  and  Scott. 


/. 


Fig.  864. — Neurofibrils  in  PjTamidal  Cells  of  the  Human 
Cerebral  Cortex,  (.\fter  Bethe,  from  van  Gehuchten's  Sysl^me 
Nerveux.) 

Nerve  cells  often  contain  masses  of  pigment  (cf. 
Fig.  855)  and  droplets  of  fatty  or  lipoid  substances,  the 
significance  of  which  is  as  j'et  unknown. 

The  supporting  elements  of  the  brain  bear  some 
relation  to  the  connective  tissue  cells  and  fibers, 
though  they  are,  for  the  most  part,  developed,  like 
the  neurones,  from  the  ectoderm  rather  than  from  the 
mesoderm.  As  will  appear  beyond,  both  the  neurones 
and  the  neuroglia  cells  have  a  common  origin  from  the 
epithelium  of  the  primitive  neural  tube.  The  epen- 
dyma  which  lines  the  ventricles  is  derived  directly 
from  this  primary  epithelium  and  its  internal  limiting 
membrane.  In  the  spinal  cord  and  in  some  of  the 
thinner  parts  of  the  brain  the  ependyma  cells  retain 
their  continuity  through  the  brain  substance  from  the 


ventricular  to  the  pial  surface  up  to  a  late  embrj'onic 
period  (Fig.  8S1)  or,  as  in  the  retina,  even  to  adult  life. 
But  many  of  these  cells  become  detached  and  develop 
into  free  glia  cells.  Other  simOar  glia  cells  are  said 
to  be  formed  from  the  same  germinative  cells  which 
give  rise  to  neurones. 


\  - 

I 


Fig.  865. — Large  Pyramidal  Cell  from  Cerebral  Cortex  of  Cat, 
Illustrating  the  Arrangement  of  the  Neurofibrils  Stained  by  the 
Silver  Reduction  Method  of  Ramon  y  Cajal.  a,  Axone;  6;  main 
dendrite.     (After  Ramon  y  Cajal,  from  Bailey's  Histology.) 

The  glia  cells  when  treated  by  the  Golgi  process 
appear  as  small  cell  bodies  with  numerous  slender 
radiating  processes  (Fig.  872);  but  when  stained  by 
the  special  methods  devised  by  Weigert  and  others 
it  is  found  that  these  processes  are  of  two  sorts. 
Some  appear  to  be  ordinary  protoplasmic  processes, 
while  others  are  long  slender  fibers  of  a  different 
chemical  nature  which  pass  through  the  cytoplasm 


Fig.  866. — Section  of  a  Pigeon's  Spinal  Ganglion  Cell  prepared 
by  Bensley's  (Am.  Jour.  Anat..  1911.  p.  309)  .\niUn  Fuchsin-mcthyl 
Green  Method.  The  mitochondria  (neurosomes  of  type  II) 
appear  as  minute  rod-shaped  bodies  of  uniform  size  distributed 
evenly  throughout  the  cytoplasm;  the  Nissl  bodies  as  larger, 
irregular,  homogeneous  granules  of  a  lighter  color.     X  1066. 

without  apparent  connection  with  it  (Fig.  87.3).  These 
neuroglia  fibers  are  probably  formed  in  earlier  develop- 
mental stages  much  as  connective  tissue  fibers  are 
derived  from  connective  tissue  cells. 

The  neuroglia  is  commonly  regarded  as  .sernne 
simply  as  a  mechanical  support  for  the  nervous  ele- 


278 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Brain,  Anadimy  or 


Fia.  867. — Section  of  a  Pigeon's  Spinal  Ganglion  Cell  treated  by  Heid's 
(Archiv  f.  Anat.  u.  Fhi/s.,  1895,  p.  39B)  Erythrosin-.Methylene  Blue 
Method.  The  neurosoines  of  Held  (type  I)  appear  as  small  particles  of 
irrcgnlar  size  ami  r.hnpe,  not  distributed  e<]ually  throughout  the  cyto- 
plasm like  the  niitocitoiulria,  but  af^f^roffaleil  in  the  region  of  the  axone 
hillock.  The  Nissl  bodies  are  larger,  irregular  and  of  a  darker  shade. 
X  1066. 


Fig.  868. — Section  of  a  Pigeon's  Spinal  Ganglion  Cell  prepared 
by  a  Modification  of  Cajal's  Silver  Impregnation  Method,  toned 
with  Gold  and  Counterstained  with  Toluidin  Blue.  The  neuro- 
fibrils appear  as  black  threads  distributed  between  the  lighter 
colored,  homogeneous,  fiake-Uke  Nissl  bodies.     X  1066. 


^dHUu^iu^  .^ 


FlQ.  869. — ,\  Group  of  Pigeon's  ,Spinal  Ganglion  Cells,  seen  in 
Section,  prepared  by  Kopsch's  Osmic  Acid  Method.  Three  different 
configurations  of  the  canalicular  apparatus  are  seen,  namely:  ^,  the 
diffu.se,  B,  the  circumscribed  excentric,  and  C,  the  circuninuclear. 
X  1066. 


FiQ.  870. — Spinal  Ganglion 
Golgi's  Endocellular  Network. 
GehuChteu's  Systfeme  Nervcux 


Cell  of  a  Dog 
(After  Golgi, 
) 


inents.  Some  neurologists  believe  that  it  also  serves 
as  an  insulating  material  between  the  neurones. 
Neuroglia  cells,  moreover,  play  an  important  part  in 
tlie  growth  of  certi-xin  tumors  and  in  other  patho- 
logical proce.sses.  The  intimate  relation  of  neuroglia 
to  the  blood-vessels  has  suggested  that  it  also  plays  a 
part  in  the  metabolism  of  the  brain  during  normal 
function;  but  exact  information  regarding  these 
supposed  functions  is  stUl  lacliing  (cf.  Ramon  y  Cajal, 
I'JOO,  pp.  246-2.5-2). 

Technique. — The  study  of  the  nervous  system 
may  be  conducted  by  the  usual  methods  of  anatomy 
and  histology,  but  only  small  progress  can  be  made 


Fta.  871. — The  Body  of  a  Pyramidal  Cell  from  the  Cerebral 
Cortex,  stained  by  Nissl's  Method,  Illustrating  the  Characteristics 
of  the  Chromophihc  Substance  and  the  Nucleus.  (After  Ram6n  y 
Cajal.) 
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•without  further  recourse  to  maiw  highly  special  neuro- 
logical procedures.  In  the  study  of  the  gross  structure 
of  the  brain  the  earlier  anatomists  obtained  excellent 
results  by  teasing  or  tearing  the  tissue  with  blunt 


fiG.    S72.— GUa 


Cells    impregnated    by    the 
(After  Ram6n  y  Cajal.) 


Golgi    Method. 


instruments,  a  useful  practice  which  has  been  too 
much  neglected  in  favor  of  section  pictures  since  the 
introduction  of  histological  methods  (see  Curran, 
1909,  and  the  literature  there  cited).  On  the  preser- 
vation of  brains  for  anatomical  and  museum  purposes, 
see  Hrdlicka  (1906). 


Fig.  873. — Neuroglia  Cells  and  Fibers  from  the  White  Matter  of  the  Human  Cerebellum  stained 
by  Weigert's  Neuroglia  Stain.  A,  Neuroglia  cell;  b,  its  cytoplasm;  a,  neuroglia  fibers;  B,  blood- 
vessel cut  longitudinally,  and  C  a  vessel  cut  transversely,  showing  enveloping  neuroglia  fibers. 
(After  Kamdn  y  Cajal,  from  Bailey's  Histology.) 

The  histological  methods  which  have  been  devised 
for  various  neurological  piu-poses  are  much  too  nu- 
merous and  too  intricate  even  for  summary  in  this 
place.  See  the  works  of  Lee  (190.i),  Hardesty  (1902), 
Pollak  (1905),  the  summary  by  Dr.  Barker  in  vol.  ii. 
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of  the  second  edition  of  this  H.\ndbook,  pp.  325-331, 
articles  in  the  Zeitschrift  f.  wissensch.  M icroscopie  and 
the  summaries  in  Merkel  und  Bonnet's  Ergebnisse 
der  Anatomie  and  other  serials. 

General  Morphologt  and  Embrtologt. — Pre- 
liminary to  a  consideration  of  the  details  of  the  an^ 
tomical  structure  of  the  brain,  we  shall  in  this  section 
re^'iew  some  of  the  general  morphological  and  physio- 
logical principles  upon  which  that  structure  is  elabo- 
rated. Most  of  these  principles  are  best  illustrated 
by  a  re\-iew  of  the  embrj-ological  development  of  the 
nervous  sy.stem;  some  are  better  revealed  by  selected 
illustrations  taken  from  comparative  anatomy;  and 
manj'  are  shown  most  clearlj'  by  a  comparison  of  the 
embryological  stages  with  corresponding  stages  in 
the  evolutionary  or  phylogenetic  history  of  the  verte- 
brate nervous  system.  While  the  embryological 
development  of  the  human  brain  by  no  means  gives 
us  an  accurate  recapitulation  of  the  phylogenetic 
history  of  this  organ,  nevertheless  there  are  certain 
striking  resemblances  between  definite  stages  of  the 
developing  brain  and  the  adult  or  embryonic  brains 
of  lower  vertebrates  which  illuminate  many  human 
structures  whose  significance  would  otherwise  remain 
obscure  and  which  suggest  the  broad  lines  of  the  prob- 
able phylogeny.  Accordinglj-,  we  shall  not  hesitate 
in  this  and  the  following  sections  to  make  comparisons 
with  the  brains  of  lower  vertebrates  where  important 
general  principles  can  thus  be  illustrated. 

The  entire  cerebrospinal  nervous  S3'stem  of  verte- 
brates is  developed  from  the  dorso-medial  ectoderm 
of  the  embryo  (Fig.  874).  The  same  holds  true  for 
most,  and  probably  all,  of  the  sympathetic  nervous 
system.  The  only  important  exception  to  this  rule 
is  the  penetration  into  the  brain  and  spinal  cord  in 
relatively  late  embrj'onic  stages  of  blood-vessels  and 
some  associated  connective  tissue  from  the  surround- 
ing mesoderm.  The  impulse  for  the  nervous  differen- 
tiation of  the  dorsal  ectoderm  in  primitive  vertebrate 
ancestors  probably  arose  from  the  fact  that  this  part 
of  the  body  is  most  directly  exposed  to  stimulation 
from  external  sources.  In 
accordance  with  the  same 
physiological  motive  we  find 
that  the  leading  sense  organs 
which  serve  as  distance  re- 
ceptors (nose,  ear,  lens  of 
ej-e)  are  likewise  developed 
from  this  dorsal  ectoderm, 
and  the  nervous  parts  of  the 
eye  are  developed  from  the 
neural  tube  itself. 

Early    Embryology. — The 
central    nervous   system  of 
the  human  body  is  first  differ- 
entiated   as    an   ectodermal 
neural    plate   in   the  dorso- 
medial    region     (Fig.    874). 
The    lateral    edges   of   this 
plate   are   pinched   together 
dorsally  to  form  a  neural  tube 
(Fig.  875),  which  then  sepa- 
rates from  the  adjacent  ecto- 
derm, and  the  ganglia  of  the 
cerebrospinal  nerves  are  de- 
veloped chief!}'  from  a  ridge 
of  cells  known  as  the  neural 
crest  which  lies  on  each  side 
along  the  line  of  separation 
between  the  neural  tube  and 
the   general  ectoderm   (Fig. 
876).     The  cells  which  serve 
the  functions  of  general  sensibility  in  the  root  ganglia 
of  the  spinal  and  cerebral  nerves  arise  from  the  neural 
crest.     In  lower  vertebrates  some  cells  of  the  neural 
crest  are  incorporated  into  the  neural  tube  and  here 
develop  precociously  for  cutaneous  innervation  before 
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the  sjjiiial  Ranslia  have  reachoci  functional  inalurity: 
these  are  tlie  transitory  giant  cells  fountl  in  the  spinal 
cord  of  some  fishes.  They  usually  disappear  before 
adult  life  is  reached.  It  is  probable  that  the  mes- 
encephalic nucleus  of  the  trigeminus  in  mammals 
represents  a  jjersisfenl  variant  form  of  this  mode  of 
development,  for  the  preponderance  of  evidence  at 
the  present  time  favors  the  belief  that  this  nucleus 
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Medullary 
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Encephalon 
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neurentericus 


Pedunculus  abdominalis 


Fig.  874. — Neural  Plate  in  an  Embryo  of  Five  to  Six  Primitive 
Segments.  (After  Keibel  and  KIze,  from  Keibel  and  Mall's 
Haudbuch  der  Eutmckluug^ge^chichte  des  Menschen.) 

gives  rise  to  sensory  fibers  for  deep  sensibility  in  the 
muscles  of  the  head. 

In  fishes  some  of  the  ganglia  of  the  cerebral  nerves 
receive  cells  both  from  the  neural  crest  and  from 
ectodermal  placodes  which  are  arranged  in  two  series 
along  the  side  of  the  head,  a  suprabranchial  and  an 
epibranchial  series.  The.se  give  rise  rei^pectively  to 
ganglion  cells  of  the  acoustic  and  lateral  line  seriesof 
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Protovert«bra  VII 


Canalis  neurentericus 


Y~  Medullary  tube 


Medullary  tube  not 
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Fig.  875. — Eternod's  Embryo  of  Eight  Primitive  Segments, 
2.11  mm.  long.  (,\fter  Kollmaim,  from  Keibel  and  Mall's  Hand- 
buch  der  Entwicklungsgeschichte  des  Menschen.) 

nerves  and  of  the  gustatory  nerves  (Landacre). 
These  series  of  placodes  are  known  to  occur  in  human 
embryos  also  and  probably  they  contribute  cells  to 
the  cerebral  ganglia  in  similar  fashion.  C'f.  the 
article  Cranial  Nerves. 

Histogenesis. — ^The  histogenesis  of  the  neural  tube 
starts  from  a  simple  colunmar  epithelium  in  the 
neural  plate,  which  after  the  closure  of  the  tube 
becomes  a  complex  syncytium,  the  myelospongium, 


which  rajudly  increa.ses  in  thickness  in  the  lateral  walla 
but  retains  its  simple  epithelial  non-nervous  character 
in  the  roof  and  floor  of  the  tube.  The  original 
epithelial    cells    partially    or    completely    lose    their 


Fio.  876. — Three  Stages  in  the  Closure  of  the  Neural  Tube  and 
Formation  of  the  Neural  Crest.  From  transverse  section.s  of  a 
human  embryo  of  2. .5  mm.  (13  pairs  of  primitive  segments). 
(.\fter  von  Lenhossek.) 

'identity,  their  nuclei  proliferate  rapidly  near  the 
ventricular  surface  and  in  later  stages  migrate  out- 
ward embedded  in  strands  of  denser  protoplasm 
which   in  general  are  radially  disposed  with  many 

m/.e. 


mi.e. 


rrjJ.i. 


rn.U 
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Fig.  877. — Two  Ependyma  Cells  from  the  Brain  of  an  .\mphib- 
ian,  Amblystoma  tigrinum.  X  150.  A,  From  the  wall  of  the 
thalamus  of  a  larva;  B.  from  the  roof  of  the  midbrain  of  an  adult. 
m.lx.t  membrana  liniitans  externa;  m.l.i.,  membrana  hmitans 
interna:  the  brolccn  line  between  the  external  and  internal  hmiting 
membranes  marks  the  boundary  between  the  stratum  griseum 
(central  gray  layer)  and  the  stratum  album. 

ana.stomo.ses.  The  nucleated  radial  filaments  thus 
formed  are  termed  spongioblasts  and  appear  to  be  in 
part  at  least  the  coliap.sed  remains  of  the  original 
epithelial   cells  which   retain   their   connection  with 

281 


Brain,  Anatomy  of 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


both  the  internal  and  the  external  limiting  membranes. 
Their  outer  ends  become  vacuolated  and  finally  much 
branched  and  usually  lose  their  connection  with  the 
external  limiting  membrane.  These  constitute  the 
ependj-ma  cells  who.se  expanded  ventricular  ends  form 
the  lining  membrane  of  the  ventricles  and  in  later 
stages  become  ciliated. 

In  lower  vertebrates  where  the  walls  of  the  brain 
tube   are   relatively   thin    the   ependyma   cells   may 


Fig.  879. 


Fig.  878. — From  the  Neural  Plate  of  an  Embryo  Rabbit  Shortly  before  the 
Closure  of  the  Neural  Tube,  a,  Inner  zone:  ff,  germinal  cell;  m,  peripheral  zone, 
position  of  outer  marginal  layer,  (.\fter  His,  from  Bailey  and  -Miller's  Embry- 
ology.) 

Fig.  879. — From  the  Neural  Tube,  Just  after  its  Closure,  of  an  Embryo  Pig  of 
5  mm.  a.  Inner  zone;  g,  germinal  cell;  in,  peripheral  zone,  position  of  outer 
marginal  layer;  mil.  internal  limiting  membrane;  r,  radial  columns  of  protoplasm 
and  remains  of  primitive  epithelial  cells.  (After  Hardesty  from  Bailey  and 
Jliller's  Embryology.) 


retain  permanently  the  relations  just  described  for  the 
spongioblasts  and  thus  constitute  the  only  supporting 
elements  of  the  brain  (Fig.  877).  In  the  human 
brain  many  of  the  original  spongioblasts  become 
detached  at  both  ends  and  thus  become  free  glia 
cells. 

Around  the  periphery  of  the  neural  tube  is  a 
reticular  area  compo.sed  of  a  network  of  protoplasmic 
strands,  the  marginal  layer,  which  for  a  considerable 
time  remains  free  from'  nuclei.  Within  the  inner 
nuclear  layer  of  the  original  mye- 
lospongium  larger  free  nuclei,  the 
so-called  germinal  cell.s,  appear 
and  there  multiply  by  mito.sis. 
The.se  cells  gradually  migrate  out-  \ft,^'jfc/^V#-^V''i*^ 
ward,  some  becoming  glia  cells  v^.!^Ti_.v-^?:53i;c: 
and  others  neuroblasts  and  ulti- 
mately neurones  (Figs.  878  to 881). 
Later  the  neuroblasts  tend  to  oc- 
cupy the  outer  zone  of  the  nuclear 
layer,  thus  forming  the  mantle 
layer,  while  the  inner  nuclear 
layer  is  occupied  chiefly  by  cpen- 
dymal  nuclei  and  undifferentiated 
cells. 

In  general  throughout  the  cen- 
tral nervous  .system  the  less  highly 
differentiated  neurones  tend  to 
retain  in  the  adult  their  primitive 
position  near  the  ventricle,  thus 
constituting  the  "central  grey,"  while  the  more  highly 
specialized  nerve  centers  are  further  removed  from  the 
source  from  which  their  neurones  were  proliferated. 
The  cerebral  and  cerebellar  cortex  furnish  the  extreme 
illustrations  of  this  principle. 

Developmental  Factors. — After  the  elements  of  the 
neural  tube  have  been  laid  down  in  the  manner 
already  described,  the  subsequent  development  takes 


place  under  the  influence  of  several  distinct  factors 
which  do  not  alwa3's  act  in  the  same  direction.  The 
first  of  these  factors  is  the  primary  segmental  pattern 
of  the  early  vertebrate  ancestors.  There  are,  in  the 
second  place,  various  mechanical  factors  which  in- 
fluence the  form  of  the  developing  brain  and  its 
relations  to  surrounding  non-nervous  structures. 
And,  third,  the  general  function  of  the  brain  as  the 
center  of  correlation  between  peripheral  receptors  and 
^  effectors  involves  various  localized  differ- 

entiations in  response  to  the  functional 
needs  of  the  body.  These  local  differentia- 
tions will  vary  in  different  parts  of  the  brain 
in  correlation  with  the  systems  of  per- 
ipheral organs  with  which  these  several 
parts  are  in  functional  connection,  and  they 
will  vary  in  different  animals  in  response 
to  the  demands  of  their  different  modes  of 
life. 

Of  these  factors,  the  transverse  seg- 
mentation is  perhaps  the  most  obvious  in 
the  early  stages,  both  embryological  (Fig. 
S82)  and  phjdogenetic.  Morphologists 
have,  therefore,  devoted  a  great  deal  of 
attention  to  metameric  schemata  of  the 
brain  and  cerebral  nerves.  The  primary 
segmental' pattern  is  preserved  in  clearly 
recognisable  form  in  the  spinal  nerve  roots 
and  ganglia  and  in  the  peripheral  distribu- 
tion of  the  cutaneous  sensory  nerves  of  the 
trunk.  Both  the  .sensory  and  the  motor 
components  of  the  muscular  branches  of 
the  .spinal  nerves  have  deviated  further 
from  the  original  metameric  arrangement, 
and  within  the  spinal  cord  the  demands  of 
longitudinal  correlation  have  greatly  dis- 
turbed this  arrangement.  In  fishes  the 
region  of  the  gills  exhibits  a  segmentation 
of  a  very  different  type.  The  gills  are 
visceral  structures,  and  hence  it  follows 
that  in  the  region  of  the  branchial  clefts  the  visceral 
components  of  the  nerves  are  clearly  segmented, 
while  the  .somatic  components  are  reduced,  a  con- 
dition which  persists  in  the  adult  human  brain,  as 
shown  by  the  composition  of  the  VII.,  IX.,  X., 
and  XI.  pairs  of  cerebral  nerves.  The  primary  seg- 
mentation in  front  of  the  isthmus  rhombencephali  in 
all  vertebrate  bfains  has  been  so  greatly  obscured  by 
secondary  changes  as  to  leave  only  uncertain  traces 
in  the  adult. 


Fig.  880. — From  the  Neural  Tube  of  an  Embryo  Pig  of  10  mm.  a,  Inner  zone;  6, 
boundary  between  nucleated  Ia.ver  and  marginal  layer;  g,  germinal  cell;  in,  peripheral  zone; 
mle,  external  limiting  membrane;  mli,  internal  limiting  membrane;  p,  rudiment  of  pia 
mater;  r,  radial  colimia  of  protoplasm.     (After  Hardesty.) 


Of  the  mechanical  factors  which  have  operated  in 
the  morphogenesis  of  the  brain,  we  can  mention  only 
a  few.  In  early  stages  the  brain  grows  more  rapidly 
in  length  than  does  the  containing  cranial  cavity, 
thus  producing  a  series  of  cerebral  flexures  (cf.  Figs. 
886,  S91,  S9'2,  894)  which  profoundly  modify  the  course 
of  subsequent  development,  though  they  in  large 
measure  disappear  in    the  adult.     The    nutrition  of 
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I  ho  brain  as  influenced  by  the  vascuhir  supply  is  also 
an  important  factor  in  morphogenesis,  and  in  the 
adult  the  disposition  of  blood-vessels  has  an  important 
bearing  upon  certain  pathological  processes.  Thus, 
the  middle  cerebral  artery  is  said  to  be  especially 


mil 
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Fig.  S61. — Combination  Drai\-ing  from  the  Xeural  Tube  of  an  Embryo  Pit;  of  lu  nun.  The 
upper  part  of  the  figure  was  drawn  from  a  preparation  by  the  Golgi  method,  cs.  Connective 
tissue  syncytium  in  region  of  future  pia  mater;  ep,  ependymal  layer;  mn,  mantle  layer,  or 
middle  nucleated  layer  of  neuroblasts  resulting  from  the  migration  of  nuclei  from  ependymal 
layer;  mv,  mantle  layer  in  the  mid-ventral  line  (floor  platej.  (.\fter  Hardesty  from  Bailey 
and  Miller.) 


liable  to  suffer  from  cerebral  hemorrhage  and  anom- 
alies in  the  circle  of  Willis  and  its  associated  vessels 
arc  more  frequent  in  the  in.sane  than  in  normal 
brains.  Under  the  stimulus  of  the  researches  of  the 
late  Professor  Rudolf  Burckhardt  and  some  other 
neurologists  much  attention  has  been  devoted 
recently  to  variations  in  the  struc-  . 

'ture  of  the  ependyma  and  other 
non-nervous  tissues  in  different 
parts  of  the  brain.  Embryologi- 
cally  neuroblasts  are  formed  only 
in  the  lateral  walls  of  the  neiu-al 
tube,  never  in  the  roof  plate  or 
floor  plate.  Any  nervous  tissue 
which  appears  in  the  mid-dorsal 
and  mid-ventral  plane  of  the  adult 
brain  has  entered  from  the  lateral 
walls.  The  medial  zone  is,  there- 
fore, from  both  the  embrj'ological 
and  phylogenetic  standpoints  the 
most  conservative  part  of  the 
brain.  Much  use  has  been  made 
of  this  principle  in  determining 
the  homologous  parts  of  the  brain 
in  lower  vertebrates  and  in  recog- 
nizing the  limits  of  the  major 
subdivisions  of  the  human  brain. 

But,  after  all,  the  principal  fac- 
tors in  determining  the  form  of 
the  brain  are  the  nerves  them- 
selves; and  the  cerebral  architec- 
ture of  every  animal  species  has  un- 
questionabi}'  been  shaped  chiefly 
under  the  influence  of  the  per- 
ipheral sensori-motor  mechanisms 
which  characterize  that  animal's 
mode  of  life.  A  simple,  mechan- 
ically determined  type  of  action 
system  can  be  carried  on  by  means 

of  anervoussystem  but  little  modified  from  the  primary 
metameric  type,  as  seen  in  the  lowest  vertebrates  and 
many  of  the  invertebrates.  But  the  integration  and 
coordination  of  function  necessary  in  the  more  complex 
life  of  the  higher  vertebrates  involves  the  develop- 
ment of  correlation  centers  which  control  the  aoti\-ity. 


of  many  segments  under  the  influence  of  remote  and 
diverse  types  of  sen.sory  stimulation.  By  far  the 
larger  part  of  the  brain  is  compo.sed  of  such  correla- 
tion centers.  The  increase  in  bulk  of  the  massive 
walls  of  the  brain  as  we  pass  forward  from  the  spinal 
cord  is  correlated  with  the 
progressive  change  in  the  char- 
acter of  these  correlation  cen- 
ters, as  will  appear  beyond. 
.  The  histological  unit  of  the 
nervous  system  was  described 
above  as  the  neurone.  Neu- 
rones, however,  never  function 
independently,  but  only  when 
connected  in  chains  whose  re- 
lations are  physiologically  de- 
termined. Accordingly,  the 
real  anatomical  and  phy.siolog- 
ical  unit  of  the  nervous  system 
is  not  the  neurone  but  the  reflex 
arc,  a  chain  of  neurones  con- 
sisting of  a  receptor,  a  coordi- 
nating center  and  an  effector, 
with  nerve  fibers  putting  all  in 
physiological  connection,  so 
arranged  as  to  evoke  an  adap- 
tive response  by  the  effector 
upon  stimulation  of  the  re- 
ceptor. 

The  analysis  of  the  bodily 
organs  into  somatic  and  visceral 
systems  is  very  fundamental. 
The  somatic  reflex  systems  en- 
able the  animal  body  to  react  adaptively  to  external 
stimuli.  Their  sense  organs  are  exteroceptors  (Sher- 
rington) and  the  organs  of  response  are  the  skeletal 
or  somatic  muscles.  This  somatic  motor  mechanism 
is  itself  very  complex  and  it  has  its  own  system  of 
intrinsic  sense  organs  and  sensory  nerves  (for  muscle 


Fig.  8S2. — Chick  Embryos  Illustrating  the  Segmentation  of  the  Neural  Tube  in  Four 
Successive  Stages  of  Incubation;  One  of  Twenty-two  Hours;  Two  of  Twenty-four  Hours; 
Three  of  Twenty-Five  and  One-half  Hours;  Four  of  Twenty-six  Hours;  Showing  Respec- 
tively Two,  Five,  Six  and  Seven  Primitive  Mesodermal  Segments,  cp.  Caudal  hmit  of 
forebrain;  /r,  caudal  limit  of  midbrain;  ps,  primitive  streak,  u,  first  mesodermal  segment; 
I-II,  neuromeres.     (.\ft«r  Hill  from  Bailey  and  Miller.) 

sense,  joint  and  tendon  sense,  etc.)  which  have  been 
termed  by  Sherrington  the  proprioceptors.  The  semi- 
circular canals  of  the  ear  constitute  the  highest  mem- 
ber of  the  proprioceptive  system,  which  controls  the 
automatisms  of  motor  coordination,  equilibration,  etc., 
and  which  is  a  subsidiary  part  of  the  great  somatic  or 
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exteroceptive  mechanism.  Tlie  visceral  or  splanchnic 
reflex  systems  are  adapted  for  \'isceral  responses  to 
stimuli  arising  within  the  bod}'.  The  visceral  recep- 
tive organs  are  termed  by  Sherrington  interoceptors. 
While  many  lines  of  nervous  conduction  cross  from 
one  sj'stem  to  the  other,  exteroceptive  stimuli  some- 
times producing  visceral  responses  and  conversely, 
nevertheless  the  most  important  reflex  connections 


-  Spiral  V  tract 

-  Lobus  vagi 

-  Nuc.  aiubiguus 

Cutaneous  root  X 

Vise.  sens,  root  X 

Msc.  motor  root  X 

Lemniscus 

Ventral  cornu 

1  Spinal  nerve  (XII) 

Fig.  S83. — Diagrammatic  Cross  Section  of  the  Medulla 
Oblongata  at  the  Level  of  the  Vagus  Nerve  of  the  Fish  {PrioTwius 
carolinus,  the  Sea  Robin),  to  Illustrate  the  -Arrangement  of  the 
Longitudinal  Columns.  S.M.,  somatic  motor  column;  S.S., 
somatic  sensorj'  column;  I'.il/.,  \isceral  motor  column;  Y.S., 
visceral  sensory  column. 


and  correlation  centers  may  be  classified  in  these 
two  groups.  These  two  great  divisions  have  been 
further  analyzed  into  functional  sj-stems,  each  one 
of  which  performs  a  definite  type  of  response  to 
some  particular  kind  of  peripheral  stimulation.  The 
peripheral  nerves,  accordingly,  have  been  analyzed 
into  components  in  terms  of  their  functional  tj-pe.  On 
the  somatic  side  we  have,  among  others,  the  various 
types  of  cutaneous  nerves  (tactile,  thermal,  etc.),  the 
peripheral  nerves  serving  the  muscle  sense,  joint 
sense,  etc.,  and  the  more  highly  specialized  nerves  of 
hearing  and  vision,  together  with  their  return  eiferent 
nerves  to  the  respective  somatic  muscles  concerned 
with  these  reflex  systems.  The  visceral  systems 
are  less  highly  differentiated  and  integrated.  They 
include  afferent  nerves  from  the  digestive  tract  and 
its  appendages  and  from  other  viscera  and  mucous 
surfaces,    with    the    corresponding    return    efferent 


v.,  VII.,  IX.,  X.,  and  XI.  cerebral  nerves.  The  olfac- 
tory system  is  probably  a  stUl  more  highly  specialized 
derivative  of  the  visceral  sensory  system. 

In  the  trunk  region  the  peripheral  nerve  com- 
ponents tend  to  be  arranged  in  a  segmental  way, 
each  spinal  nerve  repeating  approximately  the  same 
plan.  Within  the  spinal  cord,  however,  the  com- 
ponents are   completely   rearranged   in   longitudinal 


Fig.  8S5. — Diagrammatic  Cross  Section  of  the  Embryonic 
Neural  Tube  During  the  process  of  Invagination,  to  Illustrate  the 
Relations  of  the  Longitudinal  Columns  to  the  Skin  and  other 
Adjacent  .Structures.  CH,  notochord;  .VC,  neural  crest;  MY, 
myotome;  5,  sensilla;  SM,  somatic  motor  column;  S5,  somatic 
sensory  column;  SY ,  sympathetic  ganglia;  F3/,  \isceral  motor 
column;  V-S,  "visceral  sensory  column. 


columns  which  cut  across  and  obscure  the  primary 
metamerism.  In  the  head  region  each  of  the  more 
highly  specialized  sensory  components  tends  to  be 
concentrated  into  a  few  nerves  or  only  one,  an 
adaptation  which  presents  obvious  advantages  for 
the  simplification  and  unification  of  secondary  reflex 
paths. 

Functional  Atialysis. — In  accordance  with  the 
functional  analysis  which  we  have  just  outlined,  the 
brain  is  found  to  be  divided  into  longitudinal  columns 
with  which  the  primary  functional  S3'stems  are 
related  and  within  which  their  correlation  tissues  are 
elaborated.  This  applies  especially  to  the  brain  stem 
below  the  thalamus.  The  higher  correlation  centers 
of  the  prosencephalon  (suprasegmental  centers  of 
Adolf  Meyer)  show  less  clearly  their  relationship  with 
tlie  fundamental  longitudinal  columns,  but  they  can  be 
classified  in  accordance  with  the  same 
Nuc.  vest.  Vlir  physiological    principles,    as    will    ajjpear 

Dorsal  sens.  nuc.  X      bevond. 

Dorsal  motor  nuc.  X  In    the    meduUa    oblongata   of    fishes. 

Fasciculus  sohtarius  -where    the  amount  of  correlation  tissue  is 

Corpus  restiforme  jg^g  than   in    man  and  where  the  arrange- 

Spmal  V  tract  ment  of  the  intrinsic  centers  is  less  obscured 

Fasc.  long.  medmUs  ,j.^,    ^          conduction    paths    from   distant 

Cutaneous  root  X  *     *  r     iu  *  *.u      *..«« 

vy    -.v^^--    Vise.  sens,  root  X        P.=*'"*^,  °^  ^^'^   nervous   system,    the  func- 
•*-        /  ~- .  Vise,  motor  root  X      tionally  defined  longitudinal  columns  ap- 
Nucleus  ambiguus       pear  anatomically  as  well-defined  ridges  in 

Q7■^-JT|/-^ — V- Xervus  XII  the  walls  of  the  fourth  ventricle  (Fig.  883), 

'^ '^  OUva  inferior  whose  arrangement  is  seen  to  be  similar  to 

that  of  the  spinal  cord;   viz.,  the  somatic 
sensory  and  motor  columns  occupying  re- 
spectively the  dorsal  and  ventral  parts  of 
the  lateral  wall,   the  visceral  sensory  and 
motor  lying  between.      In  the  human  ob- 
longata   (Fig.    8S4)     the    arrangement    is 
essentially  similar,  though  with  numerous 
changes  in  the  details.    This  arrangement 
probably    grows   out    of   the    topographic 
relations   of  the  neural  epithelium  to  sur- 
rounding structures.     Thus,  the  lateral  parts  of  the 
neural  plate  (cf.  Fig.  874)  were  originally  in  intimate 
contact  with  the  great  somatic  receptive  surface  of 
the  skin,  while  after  the  invagination  of  the  neural 
tube  its  ventrolateral  wall,  derived  from  the  medial 
part  of  the  neural  plate,  lies  in  immediate  contact 
with  the  myotome,  from  which  the  somatic  muscles 
are  to  be  derived  (Fig.  885).     The  visceral  centers, 


Fig.  884. — Diagrammatic  Cross  Section  of  the  Human  Medulla  Oblongata  at 
the  Level  of  the  Vagus  Nerve;  cf.  Fig.  383.  S.M.,  Somatic  motor  column; 
S.S.,  somatic  sensory  column;  V.M.,  ^■isceral  motor  column;  V.S.,  visceral 
sensory  column. 

paths,  distributed  through  the  sympathetic  nervous 
system;  and  also  some  more  highly  specialized  .sy.s- 
tems  represented  in  the  cerebral  nerves,  notably  the 
nerves  of  taste  and  the  motor  nerves  supplying 
striated  muscles  of  visceral  type  derived  phylogen- 
etically  from  the  gill  muscles  of  fishes.  These  special 
visceral  motor  nerves  arise  from  the  ventrolateral 
series  of  motor  nuclei  of  the  medulla  oblongata  in  tlie 
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which  an'  relatively  feebly  developed  in  the  trunk 
region  of  all  animals  and  in  the  oblongata  of  the 
lowest  vertebrates,  lie  between. 

The  primary  sensory  and  motor  centers  of  the 
brain,  accordingly,  are  found  to  lie  in  four  longitudi- 
nal columns  on  each  side,  arranged  from  dorsal  to 
ventral  in  this  order:  somatic  sensory,  visceral  sen- 
sory, visceral  motor,  sonuitic  motor.  The  subsidiary 
functions  within  each  of  these  great  systems  tend  to 
be  segregated  from  thi^  others  and  concentrated  in  a 
definite  region.  For  instance,  in  the  .somatic  sensory 
colunin  of  the  medulla  oblongata  the  cerebral  general 
cutaneous  nerves  nearly  all  enter  the  brain  by  the 
ncrvus  trigeminus,  with  much  smaller  components 
in  the  IX.  and  X.  nerves;  and  all  of  these  fibers  enter 
the  spinal  V.  tract  and  its  associated  grey  matter. 
But  the  specialized  derivatives  of  the  somatic  sensory 
system  represented  in  the  vestibular  and  cochlear 
nerves  discharge  into  distinct  areas  within  the  somatic 
si'iisory  column,  the  vestibular  and  cochlear  nuclei, 
while  muscular  sensibility  is  probably  chiefly  served 
by  the  mesencephalic  nucleus  of  the  trigeminus. 
Each  of  these  functionally  differentiated  areas  has 
developed  its  own  system  of  secondary  associational 
tracts.  The  associational  tissue  was  developed  first 
in  the  reticular  formation  interpolated  between  the 
primary  sensory  and  motor  areas,  a  tissue  so  ar- 
ranged as  to  facilitate  the  discharge  from  the  several 
receptive  centers  into  their  respective  motor  centers 
in  such  a  way  as  to  effect  the  adaptively  useful 
response  rather  than  mere  random  activity  (Fig.  912, 
17)'.     This   tissue   is  present   throughout   the  entire 


they  were  derived,  of  course  serve  as  intermediaries 
Isetween  the  receptors  and  the  effectors,  but  they  are 
in  many  cases  under  the  dominating  influence  of 
individual  receptors  or  of  .special  systems  of  mu.scle.s. 
In  this  case  the  association  center  may  be  .spoken  of 
as  an  optic  or  acoustic  correlation  center  or  as  a 
motor  correlation  center. 

The  j)hj-siological  factors  which  have  just  been  con- 
sidered play  a  domiiumt  role  in  the  development  of 
the  form  of  the  brain.  In  the  first  place,  the  pro- 
liferation of  neuroblasts  takes  place  most  rapidly  in 
the  dorsolateral  and  ventrolateral  parts  of  the 
early  neural  tube,  resulting  in  a  thickening  of  the  wall 
in  the.se  regions  and  the  formation  by  arre.st  of 
development  of  a  longitudinal  epondymal  sulcus  be- 
tween them.  This  sulcus  limitans  is  the  most 
fundamental  landmark  of  the  brain,  for  it  separates 
on  each  side  a  ventrolateral  motor  plate  (the  basal  or 
hypencephalic  plate  of  His)  from  a  dorsolateral 
sensory  piate  (the  alar  or  epeneephalic  plate  of  His). 
The  position  of  the  sulcus  limitans  is  shown  in  Fig.  887. 
This  limiting  sulcus  in  some  lower  brains  is  preserved 
in  the  adult,  but  in  the  human  brain  it  disappears 
except  for  a  short  distance  in  the  floor  of  the  fourth 
ventricle.  As  already  stated,  nervous  elements 
never  originate  within  the  roof  plate  and  floor  plate  of 
the  neural  tube,  though  they  may  migrate  across 
these  plates  or  into  them  in  later  embryonic  stages. 
The  chorioid  plexuses  of  the  third  and  fourth  ventricles 
are  formed  by  local  expansions  of  the  non-nervous 
roof  plate,  to  which  the  pia  mater  and  its  blood- 
vessels become  attached. 
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length  of  the  cerebrospinal  axis,  but  in  some  parts  of 
the  medulla  oblongata  it  is  more  highly  developed  and 
conden.scd  into  special  areas.  The  tegmentum  of  the 
midbrain  is  the  direct  forward  extension  of  the.se  areas. 

The  reticular  formation  is  the  parent  a.ssociational 
tissue  from  which  all  higher  correlation  centers 
have  been  differentiated.  Anatomists  distinguish  a 
formatio  reticularis  alba,  in  which  meduUated  nerve 
fibers  predominate,  from  a  formatio  reticularis 
grisea,  in  which  nerve  cells  and  unmedullated  fibers 
predominate.  Both  forms  consist  fundamentally  of 
neurones  whose  dendrites  e.xtend  into  the  primary 
sensory  centers  and  whoise  axones  discharge  into  one 
or  more  motor  centers  of  the  .same  or  the  opposite  side 
of  the  brain.  Thus  many  different  sen.se  organs  may 
be  brought  into  relation  with  a  single  motor  organ 
through  a  common  final  path,  or  a  given  .sense  organ 
may  be  brought  into  relation  with  several  different 
motor  organs.  This  is  the  mechanism  by  which 
reflexes  are  compounded  and  integrated. 

.\s  we  pass  forward  into  the  higher  regions  of  the 
brain,  more  complex  and  sharply  circumscribed 
correlation  centers  are  differentiated,  so  arranged  that 
a  sensory  stimulus  must  pass  successively  through 
several  such  centers,  in  each  of  which  it  may  come 
into  physiological  relation  with  other  types  of  simple 
sensory  impulses  and  various  combinations  of  such 
sensory  impressions  before  it  is  finally  discharged  into 
a  motor  center.  These  higher  association  centers, 
like  the  eiementary  reticular  formation  from  which 
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Subdivision  of  the  Brain. — For  our  knowledge  of  the 
sequence  of  form  changes  in  the  developing  human 
brain  we  are  chiefly  indebted  to  the  researches  of 
His  and  the  series  of  wax  models  which  he  has  pub- 
lished. Upon  the.se  researches  was  also  based  the 
scheme  of  subdivision  of  the  brain  and  its  terminology, 
officially  adopted  by  the  nomenclature  commission  of 
the  German  Anatomical  Society  at  Basle  in  1S95, 
which  is  now  widely  used  throughout  the  world 
(usually  termed  the  BNA).  The  outline  of  this 
scheme  is  presented  in  the  accompanj-ing  table  and 
in  Figs.  SS7,  891,  892,  893.  Compare  also  His  (1895) 
and  Barker  (1907). 

There  is  a  discrepancy  between  the  subdivision  of 
the  prosencephalon  as  given  in  the  BN.\  schedule 
and  in  the  accompanying  explanatory  notes  by  Pro- 
fes.sor  His,  in  that  in  "the  latter  the  pars  optica  hj-po- 
thalami  is  joined  to  the  telencephalon,  as  given  in 
the  table  as  here  reprinted  from  the  notes  of  His, 
while  in  the  BX.\  schedule  this  part  is  cla.ssified  with 
the  diencepbalon.  Subsequent  research  makes  it 
evident  that  the  original  usage  of  His  (perhaps  with 
slight  modification)  rather  than  that  of  the  BNA 
should  here  be  followed:  cf.  Johnston  (1900). 

Various  other  modifications  of  the  BNA  scheme 
have  been  suggested,  e.specially  in  view  of  the  data 
of  comparative  neurology,  of  which  the  following 
seem  to  the  present  writer  of  sufficient  importance  to 
require  recognition.  The  rhombencephalon  is  a  natu- 
ral  division,   but  of    its    subdivisions,   the    isthmus 
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rhombencephali  as  a  transverse  segment  of  the  brain 
tube  seems  unnecessary.  The  isthmus  should  rather 
be  regarded  merely  as  a  plane  of  separation  between 
the  mesencephalon  and  the  rhombencephalon.  The 
metencephalon  and  mj-elencephalon,  as  defined  by 
His,  are  not  natural  subdivisions.  It  accords  better 
with  both  embryology  and  phylogeny  to  separate  the 
rhombencephalon   into  a  primitive  segmental  part, 


Fig.  886. — Side  View  of  a  Model  of  the  Brain  of  a  Human 
Embryo  at  the  End  of  the  First  Month,  (.\fter  His.  from  Bailey 
and  Miller's  Embrj'ologj*.) 

the  medulla  oblongata,  and  a  secondary  supra- 
segmental  part,  the  metencephalon,  comprising  the 
cerebellum  and  pons,  these  latter,  together  with 
the  brachium  pontis,  encircling  the  more  primitive 
medulla  oblongata  without  involving  any  important 
changes  within  it.  The  medulla  oblongata  ma5'  then 
be  subdivided  into  (1)  the  myelencephalon,  which  in 
fishes  innervates  the  gill  region  and  in  aU  vertebrates 
serves  chiefly  respirators'  and  other  visceral 
functions,  and  (2)  the  facial  part  of  the  ob- 
longata, comprising  the  cerebral  region  of 
the  V.  and  VII.  nerves  for  the  sensory  and 
motor  innervation  of  the  face.  The  centers 
for  the  VIII.  nerve  (and  the  lateral  line 
nerves  of  fishes)  lie  in  the  facialis  segment 
and  from  them  the  cerebellum  has  been 
differentiated.  The  writer  would,  therefore, 
subdivide  the  rhombencephalon  as  follows: 


bral  nerves;  cf.  Fig.  SS4.  The  positions  of  the  cerebral 
nerve  roots  in  this  embryo  are  indicated  in  Fig.  888, 
where  it  is  evident  that  the  motor  nerve  roots  are 
arranged  in  two  series,  a  ventral  somatic  motor  (XII., 
VI.,  IV.,  Ill)  and  a  lateral  visceral  motor  (XL,  X., 
IX.,  VII.,  v.).  The  sensory  roots  are  arranged  in  a 
still  different  series  more  dorsaUj'  placed,  in  which, 
however,  it  is  not  possible  in  this  figure  to  dktin- 
guish  a  \nsceral  sensory  from  a  somatic  sensory  line. 
A  study  of  the  composition  of  the  sensory  roots  in 
the  adult  shows  that  the  V.  root  contains  only  (or 
chiefly?)  somatic  sensory  fibers,  the  VII.  root  only 
visceral  sensory,  the  VIII.  specialized  somatic  sensorj- 
the  IX.  and  X.  chieflj'  visceral  sensorj-,  with  a  small 
somatic  sensory  component,  the  \-isceral  and  .somatic 
sensory  columns  within  the  medulla  oblongata  being 
here  clearly  separate  (cf.  Fig.  905). 

In  embryos  of  about  this  age  the  upper  border  of 
the  dorsolateral  plate  in  the  medulla  oblongata  be- 
comes strongly  folded  by  a  rapid  proliferation  of 
neuroblasts  to  form  the  rhombic  lip  (Figs.  889  and  890). 
From  this  lip  neuroblasts  migrate  ventraUy  at  a  later 
period  to  form  the  olivary  bodies  and  other  important 
correlation  centers  in  the  reticular  formation.  The 
nuclei  of  the  pons  are  subsequently  formed  from  the 
same  region  of  the  rhombic  lip  along  the  caudal 
border  of  the  lateral  recess  of  the  fourth  ventricle 
by  a  migration  of  neuroblasts  close  to  the  surface  of 
the  oblongata  forward  and  downward  to  the  pons 
flexure  (Essick).  At  a  still  later  period  the  rhombic 
lip  also  gives  rise  to  the  cerebellum,  whose  cellular 
elements  migrate  dorsaUy  into  the  roof  plate  and  there 
proliferate. 

Figs.  891  and  892  illustrate  the  form  changes  in  the 
various  regions  of  the  brain  between  the  sixth  week 
and  the  third  month  of  development,  and  the  adult 
relations  are  seen  in  Fig.  893.  The  flexures  of  the 
brain  attain  their  ma.ximum  development  in  an 
embryo  of  about  seven  and  one-half  weeks  (Fig.  894). 

The  mesencephalon  departs  less  from  the  primitive 
relations  of  the  neural  tube  than  do  most  other  parts 
of  the  brain.    In  the  ventrolateral  lamina  the  somatic 
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Development. — The  form  of  the  human  brain 
at  the  end  of  the  first  month  of  intrauterine 
life  is  shown  in  Fig.  886,  and  the  subdivisions 
of  the  brain  at  this  age,  as  defined  by  His, 
are  indicated  in  Fig.  887.     The  arrangement 
of   the   priman,-  longitudinal   columns  in  the 
medulla  oblongata  of  an  erabrj-o  of  about  the 
same  age  is  seen  in  Fig.  888,  where  the  sulcus 
limitans  separates    the    dorsolateral    sensory 
columns  (alar  plate)  from  the   ventrolateral 
motor  columns  (basal  plate).     The  visceral  motor  and 
somatic  motor  columns  are  shown  bj'  the  positions 
of  the  motor  nuclei  respectively  of  the  X.  and  XII. 
cerebral  nerves.    In  the  dorsolateral  plate  the  visceral 
and  somatic  columns  are  not  clearlj'  differentiated  at 
this  age.     The  position  of  the  visceral  sensorj-  column 
is  indicated  by  the  tractus  solitarius,  which  receives 
the  visceral  sensory  roots  of  the  VII.,  IX.,  and  X.  cere- 
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Fig.  887.— Vertical  Medial  Section  of  the  Model  Shown  in  Fig.  SS6.  Indi- 
cating the  Position  of  the  Sulcus  Limitans  and  of  the  BXA  Subdivisions 
of  the  Brain.     (After  His,  from  Spaltebolz'  Atlas.) 

motor  system  is  representod  in  the  nuclei  of  the  III. 
and  IV.  cerebral  nerves,  the  former  nucleus  including 
also  a  visceral  motor  component  for  the  ciliary  mus- 
cles of  the  eyeball  by  way  of  the  ciliary  ganglion. 
The  remainder  of  the  ventral  lamina  is  occupied  by 
fibers  of  passage  between  higher  and  lower  centers, 
like  the  pyramidal  tracts,  and  by  the  association 
tissues  of  the   tegmentum  in  which  somatic  motor 
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fund  ions  predominate.  The  most  important  efferent 
tracts  from  tlii"  cerebellum  make  tlieir  conneetioiis 
hero  in  the  nneleus  ruber  (Fig.  895). 

In   the   dorsolateral   lamina   of    the    midbrain    the 
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(in  marginal  layer) 
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Nucleus  N.  XII.    - 


Ganglion  N.  X. 


of  such  sagittal  sections  through  embryonic  and  adult 
brains  of  different  animals  shows  a  surprising  uni- 
formity from  the  lowest  to  the  highest  vertebrates; 
cf.  Burclchardt  (1895).  Such  a  section  from  a  three- 
day  embryo  of  the  sturgeon 
is  shown  in  Fig.  897.  A 
comparison  of  this  with 
medial  sections  of  the  em- 
bryonic human  brain  (of. 
Figs.  887,  891,  892)  .shows 
a  much  closer  resemblance 
than  would  be  scon  by  a 
compjarison  of  the  external 
forms  of  the.se  brains.  In 
Fig.  897  the  velum  tran.s- 
versum  (vt)  marks  the 
boundary  dorsally  between 
the  diencephalon  and  the 
telencephalon.  The  cor- 
responding position  in  the 
human  brain  is  probably 
indicated  by  the  dotted 
of  basal  line  c-d  in  Fig.  887.  The 
plate  chorioid  plexus  of  the  third 
ventricle  develops  from  the 
caudal  limb  of  the  velum 
transversum  and  the  lateral 
plexuses  of  the  hemispheres 
from  its  anterior  limb. 
(The  mode  of  origin  of  the 
lateral  plexuses  is,  however, 
controverted.) 

The  tissue  lying  ventrally 

of  the  sulcus  limitans  in  the 

diencephalon     contains 

motor    correlation    centers. 

The  more,  caudal  part  of  thi.s,  near  the  tegmentum  of 

the  midbrain,  is  of  somatic  motor  type,  discharging 

directly  into  the  cerebral  peduncle  and  tegmentum, 

while  that  farther  forward  in  the  pars  mammillaris 

hypothalami    serves    chiefiy    olfactory    and    visceral 


Roof  plate 


~    Alar  plate 


Fourth  ventricle 


H'-'i'  '     Sulcus  limitans 


Inner  layer 


Mantle  layer 


~  Ventro-Iat.  column 
(in  marginal  layer) 

■"  Floor  plate 


Fig.  S.S8. — Transverse  Section  Through  the  Medulla  Oblongata  of  a  Human  Embryo  of  10.2  mm. 
(Fifth  Week),  Illustrating  the  Arrangement  of  the  Longitudinal  Columns;  cf.  Figs.  883,  884.  (After 
His,  from  Bailey  and  Miller's  Embryology.) 

mesencephalic    nucleus    of    the    V.  nerve    probably 
represents    the    primitive    somatic    sensory    column 
(Johnston),  and  the  remainder  of  the   tis.sue  which 
constitutes     the     tectum     mcsencephali     is    devoted 
chiefly  to  the  coordination  of  somatic  sensory  im- 
pressions.     In  lower   vertebrates 
fibers  of  general  cutaneous  sensi- 
bility enter  all  parts  of  the  tectum 
by  way  of  the  lemniscus,  and  the 
same  probably  holds  true  in  man. 
But  in   the  latter  ca.se  there   are 
in   addition    two  highly  differen- 
tiated somatic    .sensory   systems, 
(1)  the  lateral  lemniscus,  bearing 
acoustic     impressions    from    the 
cochlea,  and   (2)   the  optic  tracts, 
bearing  visual   impressions  from 
the  retina.      These  tracts  deter- 
mine   respectively    the    develop- 
ment of  the  inferior  and  superior 
coUiculus  of   the   corpora   quad- 
rigemina. 

The  development  of  the  pro- 
sencephalon is  much  more  com- 
plex, for  here  the  primary  seg- 
mental apparatus  has  been  over- 
shadowed by  suprasegmental  cor- 
relation centers  of  the  most  in- 
tricate character.  There  are  no 
peripheral  motor  nerves  in  this 
region;  accordingly,  the  ventro- 
lateral lamina  is  greatly  reduced  Fio.  889.— Lateral  View  of  the  Brain  of  the  Same  Embryo  Shown  in  Fig.  888.  showing 
and  the  sulcus  limitans  drops  the  Roots  of  the  Cerebral  Nerves.  ///,  oculomotor;  IV,  trochlear;  V,  trigeminus  (m, 
rajiidly  ventrally  into  the  pre-  efferent  root,  s,  afferent  root) ;  F/,  abduccns;  V"//,  facial;  7///,  acoustic  (c,  cochlear  root, 
optic  recess  (Flo's.  896    887  )                     ^'  ^'cstibular  root) ;  IX.  glossopharyngeus;  A',  vagus;  XI,  spinal  accessory;  XII,  hypoglossus; 

The     verticaf    niedial      section       "''  '""^•°''y  vesicle;  lih.  I.,  rhombic  lip.     (.\fter  His,  from  Bailey  and  Miller's  Embryology.) 
through  the  brain  gives  valuable 


morphological  landmarks,  since  the  organs  in  this 
plane  have  suffered  least  modification  through 
unctional  adaptation  because  of  the  fact  that  no 
neuroblasts  are  differentiated  within  the  roof  plate 
and  floor  plate  of  the  neural  tube.     In  fact,  a  series 


functions.  The  remainder  of  the  diencephalon  and 
all  of  the  telencephalon  except  a  very  small  vestige 
in  the  vicinity  of  the  optic  chiasma  (Johnston) 
develops  from  the  dorsolateral,  or  sensory  lamina  of 
the  neural  tube. 
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Two  pairs  of  important  lateral  evagiuations  arise 
from  thjs  part  of  the  neural  tube.  One  pair  arises 
from  the  sensory  lamina  of  the  diencephalon  and 
produces  the  lateral  eyes;  the  other  pair  arises  farther 


Inner  rhombic  furrow 


Rhombic  lip 


general  visceral  reflexes  and  their  discharge  into  the 

motor  centers  of  the  tegmentum. 

The  epithalanius  is  developed  wholly  within  the 

dorsolateral  or  sensory  lamina.  It  includes  the 
epiphjsis  or  pineal  body  and  some 
adjacent  gray  centers,  of  which  the 
most  important  is  the  habenula. 
The  latter,  like  the  hypothalamas, 
receives  important  olfactory  tracts 
from  the  basal  olfactory  nuclei  and 
from  the  hippocampus  of  the  telen- 
cephalon (these  entering  by  way  of 
Outer  rhombic  furrow  the  stria  meduUaris  thalami)  and 
discharges  by  waj-  of  the  fasciculus 
retroflexus  of  Mejrnert  into  the 
tegmentum. 

The  thalamus  is  developed  partly 
from  the  motor  lamina,  but  chiefly 
from  the  sensorv  lamina  above  the 
sulcus  limitans  (Figs.  887,  896,  891, 
892).  In  the  embryo  of  five  weeks 
(Fig.  896)  the  motor  part  is  seen  as 
a  distinct  eminence  in  front  of  the 
X.  X.  (MeduUarj-  XI)  tegmental  swelling  and  above  the 


.-Uar  plate 


Sulcus  limitans 


Tractus  soUtarius 
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Mantle  layer 
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reticular  formation 


Floor  plate      F.r.a. 


X.  XII         Internal  arcuate  fibers 


Ep1lbalamu3  (Corpus  pinealc) 


Fig.  890. — Half  of  a  Transverse  Section  of  the  Medulla  Oblongata  of  a  Human  Embrj-o 
of  9.1  mm.  (During  the  Fifth  "Week).  F.r.a.,  beginning  of  the  white  reticular  formation. 
(-\fter  His,  from  Bailey  and  Miller's  Embryology.) 

forward  in  the  telencephalon  and  produces  the  cere- 
bral hemispheres.     The  optic  evaginations  begin  at 
the  lateral  border  of  the  neural  plate  before  it  has 
closed  up  to  form  the  neural  tube  (Fig.  898)  and  rapidly 
enlarge  to  form  the  optic  vesicles,  attached  by  slender 
epithelial   stalks  which  later  become  the 
optic  nerves  (Fig.  899).     The  attachment 
of  the  optic  stalk  secondarily  .«hifts  from 
the  dorsal  to  the  ventral  side  of  the  dien- 
cephalon (Fig.  886),  where  in  the  adult  it 
marks  the  ventral  boundary  between  the 
telencephalon  and  the  diencephalon  (John- 
ston, 1909).     In  sharks  Locy  (1895)  finds 
the  optic  pits  present  in  the  open  neural 
plate  at  a  very  early  stage  and  caudad  of 
them   several  pairs  of  similar  but  smaller 
pits  which  he  terms  accessorj"  optic  vesicles. 
The  members  of  one  of  these  pairs  fuse  in 
the  middorsal  line  to  form  the  epiphysi 
the   others  disappear  or  are  incorporated 
into   other  structures.      The  epiphysis,  or 
pineal  bodj-,  in  some  lower  vertebrates  ex- 
tends through  a  foramen  in  the  top  of  the 
skull  and  there  develops  a  well-formed  eye, 
with  lens,  retina,  and  a  pineal  nerve.     In 
man  this  organ  is  vestigeal. 

The  diencephalon  is  early  divided  into 
three  principal  parts,  the  hypothalamus, 
the  epithalamus  and  the  thalamus.      The 
hypothalamus  lies  wholly  within  the  pri- 
mary  ventrolateral   or  motor  lamina  and 
receives    directlj-    the    great    descending 
olfactory  tracts  from  the  basal  olfactory 
nuclei  of  the  telencephalon  and  the  coliunna 
fornicis,  which  is  the  great  descending  projection  tract 
from  the  hippocampus,  or  olfactory  cerebral  cortex. 
In  lower  vertebrates  it  is  known  to  receive  gustatory 
tracts  also.      Its  functions  are  obscure;   it  probably 
serves  for  the  correlation  of  olfactory,  gustatory  and 


hypothalamus,  while  the  sensory 
part  is  as  j-et  undifferentiated.  In 
later  stages  (Figs.  891  and  892)  the 
sensorj'  part  increases  rapidly  in 
size  and  in  the  adult  comprises  by 
far  the  greater  part  of  the  thalamus. 
The  thalamus,  accordingly,  may 
conveniently  be  divided  into  a  pars 
dorsalis,  devoted  chiefly  to  the  cor- 
relation of  somatic  sensory  im- 
pulses, and  a  pars  ventraUs,  devoted 
to  correlations  of  efferent  impulses 
and  their  direct  discharge  into  the 
motor  centers  of  the  tegmentum  and 
lower  centers.  This  distinction  is 
very  fundamental,  though  commonly  unrecognized. 

The  telencephalon  includes  the  most  anterior 
segment  of  the  neiu-al  tube.  The  cerebral  hemi- 
spheres begin  as  lateral  outgrowths  from  this  segment 
(Fig.  886),  which  finally  involve  the  whoie  of  the  kteral 
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FiQ.  891 . — Vertical  Medial  Section  of  a  Model  of  the  Brain  of  a  Human  Embryo 
of  13.6  mm.  (Sixth  Week) .     (After  His,  from  Spalteholz'  Atlas.) 

walls  except  the  region  immediately  adjacent  to  the 
optic  chiasma  and  preoptic  recess  (preoptic  nucleus, 
or  ganglion  ba.sale  opticum).  In  the  hemisphere 
there  is  an  olfactory  di\ision,  the  rhinencephalon, 
and  a  non-olfactory,  or  somatic  di\ision. 
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Furtlier  coiisidcnition  of  the  devclopnioiit 
and  goncrnl  morphology  of  the  thalamus  and 
cerebral  hi"inis])li('ri's  will  be  taken  up  in  con- 
nection with  their  adult  anatomy  in  the  next 
section. 

SpeciaIi  Anatomy. — Tho  brain  is  the  great 
organ  of  correlation  by  means  of  which  the 
various  jjarls  of  tlie  body  are  enabled  to  work 
together  in  harmony  and  the  whole  organism 
to  make  the  ajipropriato  responses  to  the 
environing  forces  of  the  outside  world.  Its 
external  form  has  been  determined  chiefly 
by  tho  space  requirements  of  its  correlation 
center.s  under  the  influence  of  phylogenetic 
and  embryological  factors,  some  of  which 
have  already  been  summarized.  The  entire 
brain  is  an  elaboration  of  the  anterior  end  of 
the  embryonic  neural  tube,  and  it  retains  its 
embryological  character  of  a  hollow  organ 
whose  parts  represent  various  unequal  thick- 
enings of  the  walls  of  the  primitive  tube. 
The  ventricles  of  the  brain  are  simply  the 
persistent  lumen  of  this  tube.  Their  form 
in  the  adult  brain  is  shown  in  Fig.  900. 

The  various  parts  of  the  brain  stem  are 
concerned  with  the  simple  primitive 
reflexes  and  with  certain  more  com- 
plex correlation.s,  chiefly  on  the  reflex 
and  instinctive  plane,  while  the  cere- 
bral cortex  is  devoted  largely  to  those 
higher  types  of  correlation  which  are 
involved  in  the  conscious  life.  In  each 
part  of  the  brain  there  is  a  primitive  paiuum 
intrinsic  reflex  apparatus,  consisting  of 
certain  peripheral  nerves  and  their 
primary  cerebral  centers  (these  were 
orginally  segmentally  arranged),  to- 
gether with  the  related  correlation 
neurones  in  the  reticular  formation; 
and  in  some  parts  of  the  brain  there 
are  also  present  sviprasegmental  cor- 
relation centers  of  a  higher  order.  The 
intrinsic  reflex  mechanisms  are  func- 
tionally analyzed  into  four  groups, 
somatic  sensory,  visceral  sensory,  vis- 
ceral motor  and  somatic  motor,  which 
are  arranged  for  purposes  of  fore-and- 
aft  correlation  in  four  longitudinal 
columns  on  each  side  of  the  brain  and 
which  are  connected  with  each  other  pj^  ggg 
by  a  complex   system   of  crossed  and 
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FiQ.  892. — Vertical  Medial  Section  of  a  Model  of  the  Brain  of  a  Human 
Fetus  in  the  Third  Month.     (After  His,  from  Spalteholz'  Atla.s.) 
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-Lateral  View  of  a  Model  of  the  Brain  of  a  Human  Embryo  of  18.5  mm.  (7 
Weeks).     (AfterHis,  from  Bailey  and  Miller's  Embryology-) 

Vol.  II.— 19 


-Vertical  Medial  Section  of  the  Adult  Humaa  Brain.     (From  Spalteholz'  Atlas.) 


uncrossed  association  tracts  (see  Figs. 
88.3,  884,  888,  889). _ 

In  the  following  discu.ssion  we  shall 
limit  ourselves,  for  the  most  part,  to 
a  conisideration  of  the  correlation 
mechanisms    and    treat   of  external 

Isthmus  form  only  as  incidental  to  this.     A 

ventral  view  of  the  entire  brain   is 
seen  in  Fig.  901.     We  shall  first  take 

Cerebellum       up  t^e   anatomy  of  the  brain  stem, 
whose   superficial    appearance    from 

Transverse  fold^hg   central  side  is  seen  in  Fig.  902 

■Rhombic  Hp  and  from  the  dor.sal  side  in  Fig.  90.3. 
The  Brain  Slem,  General. — On  tho 
ventral  surface  of  the  brain  stem  the 
most  important  structure  is  the  great 
system  of  descending  fibers  from  the 
cerebral  hemispheres.  The.se  fibers, 
which  compo.se  the  pedunculi  cerebri 
and  pyramids,  are  cro.s.scd  super- 
ficially by  those  of  the  pons,  which 
put  the  descending  fibers  of  the 
pedunculi  cerebri  into  relation  with 
the  hemispheres  of  the  cerebellum. 
At    the    lower   end   of   the   medulla 
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oblongata  most  of  the  fibers  of  the  pyramidal  tract 
disappear  from  the  surface,  decussate  across  the 
ventral  fissure  and  turn  dorsal  to  continue  backward 
as  the  fasciculus  cerebrospinalis  lateralis  of  the  spi- 
nal cord  (Figs.  902,  909).  The  lateral  surface  of  the 
medulla  oblongata  receives  a  strong  tract  of  fibers 

N.  trochiearis  Nucl.  habenulae 

N.  oculomotorius  | 


Cerebellum 


.  interpeduncularis 


Brach.  conjunct. 
Fasc.  long.  mea. 

Fig.  893. — Reconstruction  of  the  Midbrain  of  a  Human  Fetus 
of  SO  mm.  (Mali's  Collection.  Xo.  172),  seen  from  the  Right  Side, 
Showing  the  Origin  of  the  Brachium  Conjunctivum  from  the 
Nucleus  Dentatus  of  the  Cerebellum,  its  Decussation  and  Termina- 
tion in  the  Nucleus  Ruber;  Also  the  Mesencephahe  Connections  of 
the  Nucleus  HabenuUe  and  III  and  IV  Nerves.  (After  Streeter, 
from  Keibel  and  Mall's  Handbuch  der  Entmcklungsgeschichte 
des  Menschen.) 

(Fig.  902,  cl.)  from  the  lateral  funiculus  of  the  spinal 
cord.  Mo.<t  of  the.se  terminate  in  the  oblongata,  but 
some  of  them  pass  farther  forward,  carrying  impulses 
of  the  tactile,  temperature  and  pain  .sj-stems  from  the 
spinal  cord  forward  into  the  lemni.^cus  (Henry  Head); 
cf .  Fig.  989,/.  s.-t.  On  the  dorsal  surface  of  the  medulla 
oblongata  are  found  the  funiculus  cuneatus  and  the 
12  3 


spinal  cord.  These  nuclei  are  important  correlation 
centers  for  the  ascending  systems  of  spinal  conduction 
for  deep  sensibility,  mu.^cular  coordination,  posture, 
etc.  The  two  clavae  divaricate  around  the  lower  end 
of  the  fourth  ventricle  (calamus  scriptorius),  whose 


U  10  9 

Fig.  896. — Vertical  Medial  Section  of  a  Jlodel  of  the  Brain  of 
a  Human  Embryo  of  10.2  mm.  (Fifth  Week);  cf.  Figs.  888  and 
889.  The  sulcus  limitans  is  visible  in  the  figtlre  (cf.  Fig.  8S7). 
Its  anterior  end.  marked  sulcus  hypothalamicus,  terminates  in  the 
recessus  preopticus.  1,  Diencephalon;  2,  thalamus;  3,  pineal  re- 
gion; 4,  mesencephalon;  o,  tegmental  swelling;  6,  mammillary 
region;  7,  hypothalmus;  8,  tuber  cinereum;  9,  recessus  infundib- 
uli:  10,  hypophyseal  pouch;  11,  recessus  preopticus;  12,  corpus 
striatum;  13,  lamina  terminalis;  14,  post,  oltact.  lobe;  15.  ant. 
oUact.  lobe;  16.  sulcus  hypothalamicus;  17,  foramen  of  Monro; 
18,  pallium.     (.Aiter  His,  from  Bailey  and  Miller's  Embryologj'.) 

clava,  within  which  are  the  terminal  nuclei  respec- 
tively of  the  fasciculus  cuneatus  and  gracilis  of  the 


Fig.  897. — Medial  Longitudinal  Section  through  the  Head  of  a 
Larva  of  the  Sturgeon  (Acipenser  sturio)  Three  Da.vs  Old.  c,Cere- 
bellum;  ca,  commissura  anterior;  cd,  chorda  dorsalis;  ch,  optic 
chiasma;  cp,  commissura  posterior;  e,  roof  of  the  telencephaloa 
(lamina  supraneuroporica,  Johnston) ;  epr  epiphysis  or  pineal 
body;  lif,  adhesive  organ;  hy,  hypophysis;  lo.  lobus  olfactorius 
impar  (the  neuroporic  recess,  marking  the  dorsal  border  of  the 
neuTopore.  Johnston);  M,  midbrain;  m,  mouth;  .V,  rhombencepha- 
lon; p,  parencephalon  or  prepineal  roof  of  the  diencephalon;  pd, 
pUca  dorsalis;  ro,  recessus  preopticus;  sd,  saccus  dorsalis;  si.  sinus 
postopticus;  sv.  saccus  ventralis;  Ip.  tuberculum  posterius:  V, 
prosencephalon;  vt,  velum  transversum.     (.Wter  von  Kupfler.) 


Fio.  898. — Ooss  Section  through  the  -MeduUarj'  Plate  of 
Amblystoma  punctatum.  Showing  the  Positio.is  of  the  Eye  Spots. 
(.Aiter  Johnston.) 


Fig.  899. — A  Series  of  Diagrams  to  Illustrate  the  Origin  and 
Mode  of  Formation  of  the  Optic  Vesicle  in  Vertebrates.  (After 
Johnston.) 

membranous  roof  is  widely  dilated  to  form  the 
chorioid  plexus  of  the  fourth  ventricle.  The  line  of 
contact  of  this  membrane  with  the  massive  wall  is  the 
tffinia  of  the  fourth  ventricle.  In  the  calamus 
scriptorius  the  taenia  is  thickened  to  form  the  obex. 
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FiQ.  900. — Profile  View  of  a  Cast  of  the  Ventricles  of  the  Brain.     A.S.,  Aqueduct  of  Sylvius;  F.M.,  foramen  of  Monro;  i?. P.,  recessus 
pineaUs;  R.SP.,  recessus  suprapinealis.      (After  Retzius,  from  Cunningham's  Anatomy.) 
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Fig.  901. — The  Base  of  the  Brain  with  the  Cranial  Nerves  Attached.     (From  Cunningham's  Anatomy.) 
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Fig.  902. — The  Base  of  the  Brain  Stem.  a.  Corpus  mamill- 
are;  c,  insula;  ca,  ventral  funiculus  of  spinal  cord;  ce,  cerebellum ; 
cl,  lateral  funiculus  of  spinal  cord;  cl,  first  cemcal  nerve;  d,  ventral 
fissure  of  spinal  cord;  e.  lateral  geniculate  body;  fi,  flocculus; 
h,  hj-pophysis:  i,  medial  geniculate  body;  o.  olive;  P,  crus  cerebri; 
pa,  pj-ramid;  PV,  pons;  tc,  tuber  cinereum;  Tk,  thalamus;  I-XII, 
cerebral  nerves.     (From  Quain's  Anatomy.) 


Frenulum-  - 


The  side  walls  and  floor  of  the  fourth  ventricle  contain 
the  nuclei  of  the  V.  to  XII.  cerebral  nerves,  various 
correlation  tissues  connected  with  these  nuclei  and 
long  conduction  paths,  like  the  lemniscus  and  pyrami- 
dal tract,  which  pass  through  the  oblongata  to  more 
distant  structures.  The  cerebellar  peduncles  rise  up 
from  the  middle  part  of  the  walls  of  the  ventricle  and 


Vallicula 
—   Arachnoid 


Pyramis 


Valve  of  Vieussens. 

with  liDguIa' 


Eminentia  teres 


Area  acustica 
crossed  by  strise- 
acusticffi. 

Fovea  inferior - 

Trigonum , 
bypoglossi 


Metaplexus 


Postcere^ 

bellar 

arterj' 

Vertebral 

artery 


Fig.  904- — The  Metapore  (Foramen  of  Magendie)  and  Adjacent 
Parts.  The  left  tonsilla  of  the  cerebelliun  has  been  removed  to 
expose  the  underlying  parts.  Cf,  Fig.  141.  /,  Velum  medullare 
posterius;  //,  lateral  recess  of  the  fourth  ventricle;  ///,  flocculus; 
IV,  plexus  chorioideus  lateralis;  VII,  VIII,  IX,  cerebral  nerves. 
(After  Henle  and  Wilder.) 

the  cerebellum  itself  overlaps  practically  all  of  the 
medulla  oblongata. 

The  roof  of  the  fourth  ventricle  is  formed,  in  its 
middle  part,  by  the  cerebellum.  The  anterior 
portion  of  the  roof  is  a  thin  sheet  of  nervous  substance, 
the  anterior  medullary  velum,  which  stretches  between 


Inferior  c[uadrigeminal  body 
Fourth  nerve 


Superior  cerebellar; 

peduncle 


*  Fovea  superior 


Middle  cerebellar 

pedimcle 
Superior  cere- 
'  bellar  peduDcle 

Inferior  cere- 
bellar peduncle 


-btris  acusticse 

-Area  acusticae 

■  Trigonum  vagi 
Funiculus  separans 
Area  postrema 


-- Funiculus  cuneatus. 

Fig.  903.— The  Medulla  ObIong:ii;i  ^^ca  frum  ibove  with  the  M,  :i.i-:rMu<  Ko  .f  of  the  Fourth  Ventricle  removed  The  right  h^  oi 
the  cerebellum  has  been  cut  away  and  the  left  half  has  been  drawn  over  to  the  left  so  as  to  expose  the  floor  of  the  fourth  ventncie. 
(From  Cunningham's  Anatomy.) 
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tliR  ceri'bclluin  and  the  superior  cerebellar  peduncles. 
This  velum  contains  a  tract  of  nerve  fibers  passing 
between  the  roof  of  the  midbrain  and  tlio  cerebellum, 
the  tract  us  tecto-ccrebellaris,  a  connection  which  has 
long  been  known  iii  lower  vertebrates,  but  has  only 
recently  been  discovered  in  mammals  (Edinger). 
The  lower  portion  of  the  roof  of  the  fourth  ventricle 
includes  the  inferior  medullary  velum,  which  borders 
the  cerebellum,  and  a  non-nervous  tela  chorioidca. 
In  the  lower  jjart  of  the  tela  chorioidea  of  the  foiuih 
ventricle  in  the  adult  brain  is  an  opening,  the  meta- 
pore  or  foramen  of  Magendie,  by  which  the  cavity  of 
the   ventricle  communicates  w'ith   the  subarachnoid 


of  figures  from  tlie  older  authors  and  has  added  many 
new  figures  (vol.  ii.,  Taf.  llo,  'M>,  40)  illustrative  of  the 
great  variability  of  these  structures.  Fig.  90.)  illu.s- 
tratcs  .some  fi-atures  of  the  superficial  anatomy  of  this 
region,  upon  which  the  underlying  nuclei  of  the  cere- 
bral nerves  have  been  projected.  The  motor  nuclei 
are  shown  on  the  left  and  the  sensory  nuclei  on  the 
right.  The  superior  and  inferior  foveic  (cf.  Fig.  903) 
probably  represent  persistent  portions  of  the  sulcus 
limitans,  separating  in  the  floor  of  the  ventricle  a 
medial  .series  of  motor  nuclei  (motor  VI.  nucleus,  hy- 
poglossus  nucleus  and  the  dorsal  motor  nucleus  under 
the  trigonum  vagi)  from  a  lateral  .series  of  sensory 


Nuc.  III.  E.-W. 
Nuc.  III.  lat. 

Nuc.  III.  nied. 
Nuc.  IV. 

Locus  coeruleus 


Nuc   mot.  V. 


Nuc.  VI. 

Nuc.  mot.  VII. 

Nuc.  sal.  sup. 

Nuc.  sal.  inf. 

Trigonum  vagi 

Nuc.  dorsalis  X. 

Nuc.  anibiguus 

Nuc.  XII. 


Colliculus  superior 
Corpus  geniculatuni  lued. 

Colliculus  inferior 
N.  IV 

Pons 
N.  V. 

Nuc.  sensor.  V. 
Eminenlia  teres 

Nuc.  vestibularis 
Nuc.  cochlearis 
Nuc.  fasc.  solitarius 


Nuc.  spinalis  V. 


Nuc.  com.  Cajal. 


Fig.  905. — Dorsal  View  of  the  Human  ^ledulla  Oblongata,  after  the  Removal  of  the  Cerebellum  and  the  Roof  of  the  Fourth  Ventricle, 
with  the  Positions  of  the  Cerebral  Nerve  Nuclei  projected  upon  the  .Surface,  after  the  Researches  of  Streeter,  Sabin  and  others.  The 
motor  nuclei  are  indicated  on  the  left  side  and  the  sensory  nuclei  on  the  right.  Cf,  Fig.  903.  n.  I\\  nervus  trochlearis;  n.V.  nervus 
trigeminus:  nuc.  com.  Cajal,  the  commissural  nucleus  of  Uam6u  y  Cajal:  nuc.  Ill  F.~W,  the  small-celled  or  visceral  motor  nucleus  of 
the  III  nerve,  or  nucleus  of  Edinger-Westphal:  nuc.  Ill  lat.,  lateral  nucleus  of  III  nerve:  nuc.  Ill  rned.,  medial  nucleus  of  the  III 
nerve:  nwc.  7rao^  V'//,  chief  motor  nucleus  of  the  VH  nerve:  nuc.  sal.  inf.,  nucleus  salivatorius  inferior:  nuc.  sal.  sup.,  nucleus  saliva- 
torius  superior. 


space  (Fig.  904).  Blake  has  shown  that  in  cats  and 
dogs  there  is  a  sac-like  protrusion  of  the  plexus  in  this 
place,  and  that  in  man  and  apes  the  larger  part  of  the 
.sac  disappears,  leaving  a  free  opening.  The  mem- 
branous wall  of  the  lateral  recesses  of  the  fourth  ven- 
tricle likewise  is  interrupted,  allowing  a  free  com- 
munication between  the  cavities  of  these  recesses  and 
the  subarachnoid  space.  These  are  the  foramina  of 
Luschka.  See  the  section  on  the  Meninges,  beyond. 
The  floor  of  the  fourth  ventricle  is  marked  by  a  com- 

Clex  series  of  eminences  and  depressions  which  have 
een    variou.sly    and    often    erroneoiusly    described. 
Retzius  (1S96,  vol.  i.,  p.  41)  has  reproduced  a  number 


nuclei.  In  the  portion  of  the  rhomboidal  fossa  which 
lies  between  the  superior  and  inferior  foveas  the  sulcus 
limitans  is  more  or  less  completely  obliterated  by  the 
overlapping  vestibular  nuclei  and  stri;E  medullares 
acusticie.  But  the  form  of  these  striie  is  exceedingly 
variable  and  in  some  brains  the  sulcus  limitans  is  not 
interrupted  by  them.  The  motor  \.,  motor  VII.,  and 
the  nucleus  ambiguus  lie  farther  from  the  ventricular 
surface  and  father  laterally  than  the  motor  VI.  and 
XII.  nuclei  and  the  trigonum  vagi,  and  hence  do  not 
influence  the  ventricular  sculpture  as  they  do  in 
lower  brains.  The  ventrolateral  position  of  these 
motor  nuclei  has  been  secondarily  acquired  in  the 
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course  of  evolutionary  history,  for  they  lie  close  to 
the  ventricmar  surface  in  fishes  (cf.  Figs.  SS3  and  SS4). 
The  relations  of  the  structures  here  figured  and  of 
other  internal  organs  of  the  medulla  oblongata  caji 
be  seen  in  the  cross-section  pictures  shown  in  Figs. 
906  to  919. 

As  shown  by  Figs.  905  and  SS4,  the  motor  nuclei  of 
the  brain  stem  are  arranged  in  medial  and  lateral 
commns  (cf.  also  Fig.  SS9,  illustrating  the  superficial 
origins  of  the  medial  and  lateral  motor  roots).  The 
former,  or  somatic  motor  series,  includes  the  III.,  IV., 
VI.  and  XII.  nuclei.  The  latter,  or  visceral  motor 
series,  includes  the  %'isceral  motor  component  of  the 
III.  nucleus  for  the  ciliary  ganglion,  the  motor  V.,  the 
chief  motor  VIL,  the  superior  and  inferior  salivatorj' 
nuclei,  the  dorsal  motor  nucleus  of  the  IX.  and  X.  and 
the  nucleus  ambiguus.  Similarly  the  sensory  nuclei 
are  arranged  in  two  series,  though  this  is  less  e^"ident 
in  the  adult  brain  than  in  the  embryo  and  the  lower 
vertebrates.  The  ventromedial  series  is  visceral 
sensory  and  gustatory  in  function  and  comprises  the 
nucleus  of  the  fasciculus  solitarius  and  the  associated 
graj-  centers.  It  receives  the  portio  intermedia  of 
the  facial  nerve  and  the  ^•isce^al  sensory  (including 
gustatory)  roots  of  the  IX.  and  X.  nerves.  The  dorsal 
sensory  nucleus  of  the  IX.  and  X.  nerves  is  simply  an 
enlargement  of  the  nucleus  of  the  fasciculus  solitarius 
(Ramon  y  Cajal).  The  somatic  sensory  nuclei  are 
more  dorsal  and  lateral  and  comprise  the  sensory  V. 
nuclei,  including  the  mesencephalic  nucleus  and  the 
substantia  gelatinosa  of  Rolando,  and  the  VIII. 
nuclei. 

We  have  already  seen  that  the  analysis  of  the  cere- 
bral centers  into  ^•isceral  and  somatic  reflex  sj-stems 
is  primitive  and  fundamental.  The  visceral  systems 
tjTjicaUy  reach  their  peripheral  distribution  through 
the  sympathetic  nervous  system;  but  in  the  cerebral 
nerves  certain  highly  specialized  components  of 
visceral  type  are  entirely  distinct  from  the  sympathetic 
system.  The  visceral  components  of  the  cerebral 
nerves,  therefore,  belong  to  two  general  classes. 
First,  there  are  the  unspecialized  visceral  components 
which,  like  those  of  the  spinal  nerves,  distribute  per- 
ipherally through  the  sj-mpathetic  system.  Here  be- 
long the  preganglionic  sj'mpathetic  efferent  neurones 
of  the  III.  nerve  for  the  ciliarj-  ganglion,  the  sali- 
vatorj-  and  other  efferent  sympathetic  neurones  of 
the  VIL,  IX.,  X.  and  XL  nerves;  also  some  general 
%'isceral  afferent  fibers  entering  the  nuclei  asso- 
ciated with  the  fasciculus  solitarius  from  mucous 
surfaces  and  \-iscera.  In  the  second  class  are  some 
very  highly  specialized  components  of  the  cerebral 
nerves  which  clearlj'  belong  to  the  visceral  systems. 
Chief  of  these  are  the  motor  nerves  from  the  ventro- 
lateral series  of  motor  nuclei  of  the  oblongata  (V., 
VIL,  IX.,  X.,  XL  nerves)  for  striated  muscles.  These 
muscles  are  believed  upon  comparative  and  embry- 
ological  grounds  to  be  derived  from  the  gUl  muscles 
of  fishes  and,  embryologicalh",  from  the  visceral  or 
splanchnic  mesoderm,  rather  than  from  the  somites 
which  give  rise  to  the  skeletal  muscles  and  the  eye 
muscles.  Their  motor  nerves  resemble  in  anatomical 
and  phj'siological  characteristics  those  of  the  somatic 
motor  series  and  are  believed  to  have  become  dif- 
ferentiated away  from  other  visceral  motor  nerves 
(by  the  suppression  of  the  postganglionic  neurone, 
etc.)  as  a  physiological  adaptation.  Their  connection 
with  the  lateral  series  of  motor  nuclei,  however, 
gives  the  clue  to  their  evolutionary  origin.  The 
gustatory  sj'stem  is  similarlj'  believed  to  have  been 
derived  as  a  specialization  from  the  general  visceral 
sensory  system,  and  its  peripheral  nerve  fibers  all 
terminate  in  the  nuclei  associated  with  the  fas- 
ciculus solitarius  in  company  with  those  of  the  un- 
specialized \isceral  .sensory  sj'stem. 

The  primary  centers  for  the  cerebral  nerves  in 
the  brain  stem  may,  therefore,  be  classified  as 
follows: 
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Somatic  efferent  (III,  IV,  VI,  XII.) 
Visceral  efferent. 

L'nspeciaUzed  systems.  gi\'ing  rise  to  preganglionic 

sympathetic  fibers   (nucleus  of  ciliary  branches 

of  III.  nerve,  nuclei  salivatorii  of  VIL  and  IX. 

nerves,  dorsal  motor  nucleus  of  X.) 
Specialized  systems,   for  striated   (branchiomeric) 
■    \isceral  muscles,  forming  the  ventrolateral  motor 

nuclei  (chief  motor   V.  and   VIL,   nucleus  am- 

biguus). 
Visceral  sensory,  terminating  in  the  nucleus  of  the 

fasciculus  solitarius  and  dorsal  sensory  nucleus 

of  IX.  and  X. 
L'nspeciaUzed    systems     (\-isceral    sensory    fibers 

entering  the  VIL,  IX.,  and  X.  nerves  from  the 

sympathetic  system). 
Specialized  sj-stems  (gustatory  fibers  from  the  VII. 

and  IX.  nerves — also  from  the  X.  nerve  in  lower 

vertebrates.) 
Somatic  sensory. 

Cutaneous  ner\-es  and  nerves  of  general  sensibility 

from  mucous  lining 

of     mouth     and 

tongue     (V.,     IX., 

X.) 
Nerves  of  deep  sensi- 

bility  —  muscle 

sense,    joint  sense, 

etc.    (muscle    sense 

of  eye   muscles,   in 

III.,   IV.,   and  VI. 

nerves,     cerebral 

center       unknown; 

muscle     sense      of 

other  cephalic  mus- 
cles   in    V.    nerve, 

cerebral     center 

probabl3-  in  mesen- 
cephalic nucleus  of 

V.  nerve.) 
Vestibular  nerve. 
Cochlear  nerve. 

The  Brain  Stem,  Cross- 
sections. — Let  us  next 
examine  a  series  of  cross- 
sections  through  the 
brain  stem,  in  which  the 
relations  of  these  cen- 
ters are  revealed  in  de- 
tail, after  which  the 
cerebral  nerves  wUl  be 
reviewed  in  sequence. 

The  general  topogra- 
phy of  the  spinal  cord 
in  the  midcervical  region 
is  shown  in  Fig  906. 

A  little  higher  up,  just 
at   the  junction  of  the 

cervical  spinal  cord  with     radix  dorsalis;  Sg,  substantia  geh 
the  medulla  oblongata,      '  "  ' 

the  relations  of  the  gray 
matter  to  the  white 
matter  change  consider- 
ably. In  Fig.  907  one 
can  easily  make  out  that  the  gray  matter  is  more 
abundant  than  at  the  lower  level,  that  the  dorsal 
horns  of  gray  matter  are  inclined  much  more  lateral- 
ward  instead  of  dorsalward,  while  the  neck  of  gray 
matter  connecting  the  dorsal  horn  with  the  rest  of  the 
gray  matter  is  very  long  and  narrow.  In  the  region 
of  the  lateral  horn  of  gray  matter  the  white  and 
gray  matter  are  much  mixed  up,  corresponding  to 
the  beginning  of  the  formatio  reticularis  of  the 
medulla  oblongata. 

A  section  taken  through  one  side  of  the  central 
nervous  system  of  the  new-born  babe  at  the  junction 
of  the  cer\'ical  portion  of  the  spinal  cord  with  the 


Ra        fsla. 

Fig.  906. — Cross  Section  throu^ 
the  Human  Spinal  Cord,  stained 
with  Carmine.  (After  H.  Ober- 
steiner,  "Anleitung  beim  Studium 
des  Baues  der  nervosen  Central- 
organe  im  gesunden  und  kranken 
Zustande,"  iii.  Aufl.,  Leipzig  und 
Wien.  1S96.  S.  227,  Fig.  96. 
Transverse  section  at  the  level 
of  C  iii.;  Cg,  commissura  grisea; 
Ap,  apex  column:e  dorsalis;  Co, 
commissxira  ventrali^  alba;  Ce, 
canalis  centralis;  Cm,  commissurft 
medullx  spinalis;  Cra,  comu  ven- 
tralis;  Crp,  comu  dorsalis;  Fna, 
funiculus  ventralis;  FnB,  fascic- 
ulus cuneatus  Burdachi;  FnG, 
fasciculus  gracilis  Colli;  Fril, 
funiculus  lateralis;  Fsla,  fissura 
mediana  ventralis:  Fdp,  sulcus 
medianus  dorsalis ;  k,  tractus 
Eohtarius;  Pr,  formatio  reticu- 
laris;   Ra,    radix    ventralis:    flp. 


atinosa  Rolandi;  Sid,  sulcus  later- 
alis dorsalis;  Smd,  septum  mediar- 
num  dorsale;  Spd,  septum  inter- 
medium dorsale;  Til,  tractus 
intermedio  lateralis. 
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modiilla  oblongata  -will  vshow  certain  particulars 
not  bro\ight  out  in  previous  sections  (see  Fig.  908). 
Here  not  all  the  white  matter  is  niedullated.     Tims, 


Fig.  907. — Transverse  Section  at  the  Junction  of  the  Medulla 
Spinalis  with  the  Medulla  Oblongata.  (After  J.  Henle,  "Haiui- 
buch  der  Nervenlehre  des  Menschen,"  zweite  Aufi.,  Braunschweig, 
1S79,  S.  208.  Fig.  124).  Cc,  Canalis  centralis;  C^d,  columna 
(grisea)  dorsalis;  Cgv,  columna  (grisea)  ^'entralis;  Fv,  funiculus 
ventralis;  Fc,  fasciculus  cuneatus;  Fg,  fasciculus  gracilis;  g,  sub- 
stantia gelatinosa  Rolandi;  gc,  substantia  gelatinosa  centralis;  /, 
ventral  root  of  the  first  cer\-ical  nerve;  the  asterisk  *  indicates 
a  cross  section  of  a  blood-vessel;  Fr,  forniatio  reticularis.  This 
section  is  below  the  level  of  the  dpcussatio  pyramidum. 

for  example,  the  fibers  of  the  pyramidal  tract  are 
not  yet  surrounded  by  myelin  sheaths.  In  the 
center  is  seen  the  catialis  centralis;  ventral  from  it 
is  a  white  area  corresponding  to  the  non-nieduUated 


gray  matter  of  the  ventral  horn  is  not  well  shown. 
That  of  the  dorsal  horn  is,  however,  well  illustrated. 
It  is  directed,   however,   far  lateralward  instead   of 


Fasciculus  gracilis. 
Fasciculus  cuJieatus. 


Xncleus  funiculi  gracilis. 


Substantia  gelatinosa 


X.  accessoriiis. 


.F\tsri'culu.<t  .'ivinn-cere- 
bellans  dursu-lattralis 


Canalis  centralis. 


^j 


FascicxJus  ventrolateral  I    /  -    —      TiSf^/— 

propriiis.  '  1  Dtrussutitj  pyramidum. 

Fig.  908. — Transverse  Section  through  One  Side  of  Centra]  Nervou.s  System  of 
New-born  Babe  at  Junction  of  Pars  Cerviealis  Medullfe  Spinalis  with  the  Medulla 
Oblongata,  Showing  the  X.  Accessorius.  (Weigert-Pal  preparation  by  Dr.  John 
Hewetson,  drawing  by  A.  Karsted.)  (From  "The  Nervous  System  and  Its  Con- 
stituent Netu-ones,"  New  York,  D.  Appleton  &  Co.,  1899.) 

decussation  of  the  pjTamid.s  (decussatio  pyramidum); 
dorsal  from  the  central  canal  is  a  mass  of  gray  matter 
and  a  medial  dorsal  septum  and  sulcu.s.  The  ven- 
tral part  of  the  section  has  been  cut  off  so  that  the 


Fig.  909. — Transverse  Section  through  the  Medulla  Oblongata 
at  the  Level  of  the  Decussatio  Pyramidum.  (.\fter  J.  Henle, 
"Handbuch  der  Nervenlehre  des  Menschen,"  Zweite  Aufl.,  Braun- 
schweig, 1879,  S.  211,  Fig.  126.)  Cffv,  Columna  (grisea)  ventralis 
or  ventral  horn:  Fv',  continuation  in  the  medulla  of  the  fasciculus 
ventralis  proprius  {Vorderslrangrest  of  the  Germans) :  Fpt/,  fasciculi 
cerebro-spinales  pyramidales  undergoing  decussation :  g,  substan- 
tia gelatinosa  Rolandi;  Xg,  spinal  extremity  of  nucleus  funiculi 
gracilis;  XI,  nervus  accessorius. 

backward,  and  i.s  capped  by  a  large  mass  of  gelat- 
inous substance  {substantia  gelatinosa  Rolandi). 
Between  the  dorsal  horn  and  the  median  line  are 
two  new  masses  of  gray  matter  not  met  with  in  the 
spinal  cord  lower  down;  one  very  well 
developed,  occupying  a  large  part  of  the 
region  of  the  funiculus  gracilis,  is  called 
the  nucleus  funiculi  gracilis  or  Goll's 
nucleus.  Lateral  from  it,  in  the  ventral 
part  of  the  fasciculus  cuneatus,  a  mass 
of  gray  matter  is  beginning  to  appear 
which  higher  up  becomes  very  volumin- 
ous and  is  known  as  the  nucleus  funic- 
uli cuneati  or  Burdach's  nucleus.  The 
white  matter  surrounds  the  gray  mattei; 
as  before,  and  is  again  divisible  into  the 
funiculus  ventralis,  the  funiculus  later- 
alis, and  the  funiculus  dorsalis.  The 
funiculus  ventralis  includes  the  non- 
meduUated  pyramid  and  the  partly 
medullated  fasciculus  ventralis  proprius. 
The  funiculus  lateralis  includes  the  par- 
tially medullated  fasciculus  ventralis 
proprius,  the  well-meduUated  fasciculus 
spino-cerebellaris  dorso-lateralis.  In  the 
funiculus  dorsalis  are  seen  the  well-med- 
ullated  fasciculus  gracilis  and  the  well- 
medullated  fasciculus  cuneatus.  Pass- 
ing transver.sely  lateralward  through 
the  gray  matter  and  through  the 
funiculus  lateralis  are  seen  the  root 
fibers  of  the  accessory  nerve  {radix 
nervi  accessorii),  A  good  deal  of  white 
matter  mixed  up  with  gray  matter  is  visible  in 
the  lateral  region.  This  corresponds  to  the  begin- 
ning of  the  formatio  reticularis.  A  section  from  a 
similar  region  In  the  adult  is  shown  in  Fig.  909.     In 
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this  figure  the  decussation  of  the  pyramids  is  well 
marked. 

At  a  little  higher  level  (Fig.  910),  the  relations  of 
the  gray  matter  to  the  white  matter  have  become 
stUl  more  complex.     The  fasciculus  gracilis  is  almost 
entirely    replaced   by   the   nucleus   funiculi 
gracilis,  and  the  funiculus  euneatus  is  much 
encroached   upon  by  the    nucleus    funiculi 
cuneati.     The  region  of  the  lateral  fimiculus 
is  being  converted  largelj'  into  a  mass  of 
formatio  reticularis.     The  substantia  gelati- 
nosa  Rolandi  has  increased  in  bulk,  and  be- 
tween it  and  the  surface  lie,  instead  of  the 
fasciculus  of  Lissauer  met  with  in  the  spinal 
cord,    the   descending   fibres   of   the   spinal 
tract  of  the  trigeminal  nerve  (tractus  spinalis 
nervi  trigemini). 

In  a  section  at  a  higher  level  (Fig.  911) 
the  central  canal  has  opened  out  into  the 
lower  part  of  the  fourth  ventricle.  Below 
the  stratum  griseum  central  is  the  nucleus 
ner\i  hj-poglossi  (24).  Just  dorsad  from  this 
nucleus  is  situated  part  of  the  nucleus  ate 
cinereae  (22),  while  more  laterally  and  dor- 
sallj-  placed  is  seen  the  upward  continua- 
tion of  the  nucleus  funiculi  gracilis  (19,  23); 
some  fibers  of  the  funiculus  gracilis  are  stUl 
present  (20).  StOl  more  lateralward  is  seen 
the  upward  continuation  of  the  funiculus 
euneatus  (16),  and  ventrad  from  this  the 
nucleus  funiculi  cuneati  (17,  25).  Curving 
around  the  funiculus  euneatus  are  a  few  of 
the  fibnB  arcuatse  superficiales  dorsales. 
More  ventraUj'  situated  is  the  corpus  resti- 
forme  (12),  here  consisting  chiefly  of  the 
upward  continuation  of  the  direct  cerebellar 
tract  from  the  spinal  cord.  The  pale  mass 
of  substantia  gelatinosa  is  visible  at  13, 
while  lateralward  from  it  are  seen  in  trans- 


verse section  the  descending  fibers  of  the  tractus 
spinalis  ner\-i  trigemini  (11).  Just  lateralward  from 
this  are  more  lateral  superficial  arcuate  fibers  (.l^*); 
ventralward  from  the  substantia  gelatinosa  are  situ- 
ated the  nuclei  laterales  (8,  29).     In  the  zone  between 


Fig.  910. — Transverse  Section  through  the  Medulla  Oblongata 
at  the  Level  of  the  Most  Caudal  Fila  Radicularia  of  the  Xer\'U3 
Hj-poglossus.  (.\fter  J.  Henle,  **Handbuch  der  Xerrenlehre  des 
Meoiichen,"  Zweite  Aufl..  Braunschweig.  1S79,  S.  213.  Fig.  127.) 
Fif ,  Continuation  in  the  Medulla  y'  the  fasciculus  ventralis  pro- 
prius  of  the  spinal  cord:  i^p.v,  pjTamis  (at  uppermost  level  of 
decussatio  pjTaniidum);  7,  substantia  gelatinosa;  -Vc.  nucleus 
funicuh  cuneati  (Burdachi) ;  \g,  nucleus  funiculi  gracilis  (Colli). 
The  decussatio  lemniscorum  is  not  indicated  in  the  figure,  though 
it  is  to  be  seen  at  this  level. 
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Fig.  911. — Transverse  Section  through  the  Medulla  Oblongata  in  the  Re^on 
of  the  Distal  Portion  of  the  Fossa  Rhomboidea  of  an  Adult  Human  Being.     The 
Xerre  fibers  have  been  drawn  in  on  the  left  side  (Weigert-Wolters'  staining); 
on  the  right  side,  the  cells  (Xissl's  stain).     (After  E.  Flatau,  ** Atlas  Cerebri 
Humani,"  Tab.  x..  Fig.  B.)       1,  Fissura  longitudinalis  mediana;  2,  stratum 
interoUvare  1  em  nisei ;  3,  p>-ramis;  4,  radix  nervi  hj-poglossi;  5.  nucleus  olivaris 
inferior;  6,  fibrse  arcuatse  superficiales  laterales;  7,  nucleus  loivaris  accessorius 
dorsalis;  8,  nucleus  lateralis;  9,  substantia  reticularis  grisea  with 
fibrse  arcuatse  int«rn£e;  10,  fibrse  arcuatse  superficiales  laterales;  11, 
tractus  spinaUs   nervi  trigemini  12,  corpus  restiforme;  13,  sub- 
stantia   gelatinosa;    14,    nervus    h\-poglossus;    15,    fibrse  arcuate 
superficiales    dorsales ;     16,    funiculus   euneatus    Burdachi ;     17, 
nucleus    funiculi    cuneati ;    IS,    tractus   solitarius ;    19,    nucleus 
funiculi   gracilis;   20,  funiculus  gracilis  Golli;   21,   distal  part  of 
fossa   rhomboidea;  22,  nucleus  alae  cinerese;  23,  nucleus  funicuH 
gracilis;  24,  nucleus  nervi  hj-poglossi;  25,  nucleus  funiculi  cuneati; 
26,  scattered  cells  of  the  formatio  reticularis  gnsea;  27,  substantia 
gelatinosa;  28,  dorsal  part  of  substantia  reticularis  alba  (fasci- 
culus longitudinalis  mediaHs);  29,  nucleus  lateralis;  30,  ceUs  of 
the  nucleus  olivaris  accessorius  dorsalis;  31,  cells  of  the  nucleus 
olivaris  inferior;  32,  raphe  with  the  stratum  interolivare  lemnisd 
on  each  side  of  it.     On  both  sides  of  the  raphe  lie  some  scattered 
small  cells;  33,  cells  of  the  nuclei  arcuati.     Some  large  cells  which 
lie  in  the  region  between  the  dorsal  accessory  olive  (30)  and  the 
substantia  gelatinosa  (27)  belong  to  the  nucleus  amblguus. 

the  area  above  described  and  the  radix  n.  hypoglossi 
(4,  14)  are  seen  the  following  structures:  the  tractus 
solitarius  (18),  which  represents  chiefly  descending 
fibers  from  the  ner\'us  glosso-phanmgeus,  the  formatio 
reticularis  with  man}'  fibne  arcuatifi  interniE  (9),  the 
nucleus  olivaris  accessorius  dorsalis  (7,  30),  the  nu- 
cleus olivaris  inferior  (5,  31),  and  the  fibne  arcuatffl 
superficiales  laterales  (6).  In  the  middle  line  is  seen 
the  raphe  extending  from  the  fissura  longitudinalis 
ventralis  (1)  to  the  floor  of  the  fourth  ventricle  (21). 
From  the  dorsal  surface  ventralward  between  the  raphe 
and  the  radix  n.  hj'poglossi  the  following  structures 
are  met  with:  Below  the  gray  matter  are  seen  in 
transverse  section  the  fibers  of  the  fasciculus  longi- 
tudinalis medialis.  Ventral  from  this  are  the  trans- 
verse sections  of  the  fibers  of  the  stratum  inter- 
oUvare lemnisci  which  are  made  up  of  internal 
arcuate  fibers  which  have  crossed  the  raphe  and  turned 
to  run  longitudinally.  Among  these  fibers  some 
small  cells  are  present  (32).  At  the  most  ventral 
part  of  the  interolivary  layer  of  the  lemniscus  are 
seen  many  transverse  fibers;  at  the  level  of  the  olive 
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Fio.  912. — Transverse  Section  through  the  Medulla  Oblongata  in  the  Region  of 
the  Nucleus  NerW  Hypoglossi  and  Nucleus  Alee  CinerKT  in  an  Adult  Human  Being. 
On  the  left  side  the  fibers  are  photographed 
(Weigert-Wolters'  stain) ;  on  the  right  side  the 
cells  have  been  drawn  in  from  Nissl  preparations. 
(.\fter  E.  Flatau,  "Atlas  Cerebri  Hurnani,"  Tab. 
xi.,  Fig.  A.)  1,  Stratum  interohvare  lemnisci;  2, 
fibne  arcuatie  superficiales  ventrales;  3,  nuclei 
arcuati;  4,  pyramis;  5,  fibrie  arcuata;  superficiales 
lateralis;  6,  nucleus  oUvaris  inferior;  7,  nucleus 
oli\;Lris  acccssorius  dorsalis;  S  and  9,  fibne  arcuata? 
interme;  10,  tractus  spinalis  nervi  trigemini;  11, 
nervus  vagus;  12,  corpus  restiforme;  13,  nucleus 
funicuU  cuncati;  14,  remains  of  the  nucleus 
funicuU  gracilis  and  bundles  of  the  radi-x  de- 
Bceudens  nervi  vestibuli;  15,  tractus  soHtarius; 
16,  nucleus  ala?  cinerea;;  17,  formatio  reticularis 
grisea;  18,  nervus  hypoglossus;  19,  nucleus  nervi 
hypoglossic;  20,  raphe;  21,  nucleus  nervi  hypo- 
glossi; 22,  nucleus  nervi  vagi;  23,  nucleus  nervi 
vestibuli;  24,  groups  of  cells  which  belong  partly 
to  the  nucleus  funiculi  cuneati  and  partly  to  the 
nucleus  tractus  solitarii;  25,  nucleus  funiculi 
cuneati;  26,  scattered  cells  in  the  formatio  reti- 
cularis grisea;  27,  cells  of  the  substantia  gelati- 
nosa;  28,  cells  of  the  nucleus  lateraUs;  29,  cells  of 
the  nucleus  ambiguus;  30,  cells  of  the  nucleus 
lateralis;  31,  cells  of  the  nucleus  olivaris  acces- 
sorius  dorsalis;  32,  cells  of  the  nucleus  olivaris 
inferior;  33,  cells  of  the  nuclei  arcuati;  34  and  35, 
cells  of  the  nucleus  olivaris  accessorius  medialis; 
36,  nuclei  arcuati. 


luilf  of  the  lucdulla  is  divisil)l(^  by  means 
of  the  radix  ii.  vagi  and  the  radi.x  n. 
liypoglo.s.si  into  throe  coinijartinonts; 
one  lateral  between  the  dor.so-lateral 
edge  and  the  radix  n.  vagi,  one  middle 
between  the  radix  n.  vagi  and  tlie  radix 
n.  hypoglcssi,  and  one  medial  be- 
tween the  radix  n.  hypoglossi  and  the 
raphe. 

In  the  lateral  compartment  can  be 
seen  the  corpus  reslifonne  (12),  the 
nueleus  funicnli  cuncati  (13,  25),  the 
tractus  spinalis  n.  trigemini  (lOj,  and 
the  substantia  gelatino.sa  (27). 

In  the  middle  conij)arlnicnt  there 
are  the  fibrai  arcuatie  sujjcrticialcs  later- 
ales  (5),  the  nucleus  olivaris  inferior 
(6,  32),  the  nucleus  olivaris  acce.ssorius 
dorsalis  (7,  31 ),  the  fibnc  arcuatie  interiue 
(8,  9),  the  formatio  reticularis  grisea 
(17,  26),  the  nuclei  laterales  (28),  and 
the  nucleus  ambiguus  (29)  whicli  is  the 
chief  motor  nucleus  of  origin  of  the  n. 
vagus  and  the  n.  glosso-pharyngeus. 

In  the  medial  compartment,  pa.ssing 
from  the  dorsal  surface  ventrahvard,  is 
seen  the  stratum  interolivare  lemnisci 
(1),  the  ventral  superficial  arcuate 
fibers    (2),   the  pyramis  (4),  the  nuclei 


(2)  the  large  bundle  of  white  fibers  on 
the  ventral  surface  is  the  pyramis  (3). 
At  the  periphery  of  the  pyramid  a  few 
cells  are  .seen  which  represent  a  contin- 
uation downward  of  the  nuclei  arcuati 
of  the  pons. 

If  a  section  be  taken  still  higher  up 
the  relations  become  somewhat  more 
complex  (see  Fig.  912).  The  fourth 
ventricle  has  become  much  wider,  the 
two  halves  of  the  medulla  are  separated 
from  each  other  by  the  raphe  (20).  In 
the  floor  of  the  fourth  ventricle,  passing 
from  the  middle  line  lateralward,  are 
seen  the  nucleus  n.  hypoglossi  (19,  21), 
the  nucleus  aUe  cinereae  (16,  22),  the 
tractus  solitarius  (15),  and  the  lower 
portion  of  the  nueleus  n.  vestibuli  (23), 
near  which  are  a  few  fibers  of  the  fasci- 
culus cuneatus  and  some  fibers  of  the 
radix  descendens  n.  vestibuli  (14).    Each 


2  39< 

Fig.  913. — Transverse  Section  through  the  Medulla  Oblongata  at  the  Level  of  the 
Ner\'us  Vagus  and  Ner\us  Glosso-Pharyngeus  in  an  Adult  Human  Being.  On  the 
left  side,  photograph  of  a  fiber  preparation;  on  the  right  side  the  cells  have  been 
drawn  in  from  Nissl  preparations,  {.\fter  E.  Flatau,  "Atlas  Cerebri  Huniani," 
Tab.  xi..  Fig.  13.)  1,  Nuclei  arcuati;  2,  fibrse  arcuati  superficiales  ventrales;  3, 
stratum  interolivare  lemnisci;  4,  pyramis;  5,  nucleus  olivaris  inferior;  6,  fibrso 
arcuatie  superficiales  laterales;  7,  formatio  reticularis  grisea  with  fibra;  arcuate 
internfe;  8,  fibrie  cerebello-olivares;  9,  tractus  spinalis  nervi  trigeniini;  10,  extra- 
medullary  bundle  of  the  nervus  vagus  and  nervus  glo.ssopharyngeus;  11,  corpus 
restiforme;  12,  bundle  of  the  nervus  glossopharyngeus  (the  radial  fibers  running 
medial  from  this  and  not  lettered  represent  the  motor  fibers  of  the  vagus  and 
glosso-pharyngeal  nerves);  13,  radLx  descendens  ner\-i  vestibuli;  14,  tractus  soli- 
tarius; 15,  nucleus  ner\'i  vestibuli;  16,  nucleus  nerW  glossopharyngei;  17,  striaj 
medullares;  IS,  radial  fibers  in  the  formatio  reticularis  gi-isea  (at  the  boundary  be- 
tween the  fibne  arcuata;  internre  and  the  fibne  cerebello-olivares);  19,  nucleus  funi- 
culi teretis;  20,  fasciculus  longitudinalis  medialis;  21,  raphe;  22,  nucleus  funicuU 
teretis;  23,  cells  which  lie  dorsalward  from  the  fasciculus  longitudinalis  medialis 
and  belong  to  the  cells  of  the  formatio  reticularis  grisea;  24,  nucleus  nervi  vagi; 
2.5,  nucleus  ner\i  vestibuli  mediahs;  26,  nucleus  nerW  glosso-pharyngci :  27,  cells 
of  the  nucleus  ner\'i  vestibuli  lateralis  (Deiters)  and  of  the  remains  of  the  dorsal 
horn  of  the  spinal  cord;  28,  scattered  cells  of  the  formatio  reticularis  grisea;  29, 
cells  belonging  to  27;  30,  cells  of  the  substantia  gelatinosa;  31,  nucleus  lateralis; 
32,  cells  of  the  nucleus  ambiguus:  33,  nucleus  lateralis  (?) ;  34,  cells  of  the  nucleus 
olivaris  accessorius  dorsalis;  35,-  36,  37,  cells  of  the  nucleus  oUvaris  inferior;  38,  39 
cells  of  the  nuclei  arcuati. 
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arcuati  (3),  and  the  nucleus  olivaris  accessorius  medi- 
alis  (34,  35). 

In  the  next  section  (Fig.  913),  taken  from  the  upper 
part  of  the  medulla  oblongata,  the  fourth  ventric-le 
is  very  wide  and  the  corpus  restiforme  has  become 
ver_v  markedly  developed.  In  the  floor  of  the  fourth 
ventricle,  passing  from  the  middle  line  lateralward, 
are  seen  the  nucleus  funiculi  teretis  (19,  22),  the  nu- 
cleus ate  cinereiE  (24),  the  striE  meduUares  or  stri® 
acustici  (17),  the  nucleus  n.  vestibuli  medialis  (15, 
25).  The  corpus  restiforme  (11)  is  seen  as  a  large 
mass  of  fibers  cut  transverseh^  at  the  lateral  dorsal 
angle  of  the  cross-section.  Just  medial  to  it  are 
seen  the  bundles  of  the  radix  descendens  n.  vestibuli 


Fio.  914. — Transverse  Section  through  the  Proximal  Part  of  the  Medulla  Oblongata  at 
the  Region  of  Entrance  of  the  Xer\Tis  .^.custicus  in  an  .Adult  Human  Being.  On  the  left 
the  fibers  have  been  photographed;  on  the  right  the  cells  have  been  drawn  in.  (-\fter  E. 
Flatau,  ".\tlas  Cerebri  Humani,"  Tab.  xii.,  Fig.  A.)  1,  Nuclei  arcuati ;  2,  fibr«  arcuatae 
superficiales  ventrales;  3,  pj-ramis;  4,  stratum  interolivare  lemnisci;  5,  nucleus  ohvaris 
inferior:  6,  fibrae  arcuatae  superficiales  laterales;  7,  fasciculus  tegmenti  centralis,  or  centrale 
Haubenbahn  of  von  Bechterew;  S,  fibrte  arcuatae  internie;  9,  fibr«  cerebello-olivares;  10, 
tractus  spinalis  nervi  trigemini;  11,  substantia  gelatinosa:  12,  nucleus  nerW  cochle:B 
ventralis;  13,  ner\lis  coclile:e;  14,  nucleus  uer\i  cochleae  dorsaJis  (tuberculum  acusticum) ; 
15,  corpus  restiforme;  16,  striae  medullares  (very  markedly  developed) ;  17,  radix  nerW 
glosso-phar>-ngei ;  IS,  radix  descendens  ner%-i  vestibuli;  19,  nucleus  ner\"i  vestibuli  medialis; 
20.  formatio  reticularis  grisea:  21.  stratum  interoUvare  lemnisci;  22,  fasciculus  longitudi- 
nalis  medialis;  23,  raphe;  24,  cells  dorsal  from  the  fasciculus  losgitudinalis  medialis  con- 
nected with  the  nucleus  reticularis  tegmenti;  25,  scattered  cells  of  the  tegmentum  (von 
Bechterew's  nncleus  reticularis  tegmenti) ;  23,  nucleus  nerri  vestibuli  medialis;  27,  nucleus 
neryi  vestibuli  lateralis  (Deiters) ;  2S,  cells  of  the  substantia  gelatinosa;  29,  cells  of  the 
tuberculum  acusticum;  30,  tongue-Uke  collection  of  cells;  31,  ventro-medial  continuation 
of  the  nucleus  nerri  cochleae  ventralis;  32,  nucleus  nerri  facialis;  33,  nucleus  lateralis;  34, 
large  multipolar  cells  (connected  with  the  scatte,-ed  cells  of  the  formatio  reticularis  grisea) ; 
35.  nucleus  olivaris  accessorius  dorsalis;  36,  cells  of  nucleus  olivaris  inferior;  37,  scattered 
cells  at  the  dorsal  periphery  of  the  pyramid  (beginning  nuclei  pontis) ;  3S,  cells  of  the 
nuclei  arcuati. 


(13).  In  many  of  the.se  bundles  are  masses  of  gray 
matter  (27)  which  represent  chiefly  the  nuclei  of  the 
descending  root  of  the  vestibular  nerve.  The  round 
bundle  formed  by  the  tractus  solitarius  (14)  is  clearly 
visible,  and  close  to  it  the  nucleus  tractus  solitarii 
(26);  at  9  the  tractus  spinalis  n.  trigemini  is  seen 
crossed  by  black  bundles  of  fibers,  the  fihroe  cerebello- 
oUvarcs  (8).  Medial  from  the  tractus  spinalis  n. 
trigemini  are  situated  the  cells  of  the  .substantia  gelat- 
inosa (30).  The  nucleus  lateralis  (31)  is  still 
visible.  The  motor  nucleus  of  the  n.  vagus  and  of 
the  n.  glo.s.so-pharyngeus;  or  so-called  nucleus  am- 
biguus,  is  visible.  At  this  level  (33)^  the  fibne  areuataj 
interna  (7)  are  numerous,  crossing  the  formatio 
reticularis   grisea    and    running    toward    the    raphe. 


The  nucleus  olivaris  inferior  (5,  35)  is  accompanied 
by  the  nucleus  olivaris  accessorius  dorsalis  (34) 
and  the  nucleus  olivaris  accessorius  mediaUs  (37). 
Dorso-lateral  from  the  olive  are  the  fibne  arcuata 
superficiales  laterales.  In  the  middle  line  is  seen 
the  raphe  and  close  to  it  the  fasciculus  longitudinalis 
medialis  (20),  the  stratum  interolivare  lemnisci  (3), 
and  the  pyramis  (4);  running  around  the  pyramid 
are  the  fibne  arcuatte  superficiales  ventrales  (2),  and 
the  nuclei  arcuati  (1,  38,  39). 

The  section  which  follows  (Fig.  914)  is  taken  at  the 
uppermost  part  of  the  medul'a  oblongata  just  where  it 
goes  over  into  the  pons.  Here  the  fourth  ventricle  i>  at 
its  widest,  and  running  transversely  across  it  are  seen 
the  stri®  medullares  (16).  Con- 
nected lateralward  with  the  nu- 
cleus n.  cochlea  dorsalis  or  tuber- 
culum acusticum  (14)  is  the  n. 
cochleiE.  In  the  floor  of  the  fourth 
ventricle,  passing  from  the  middle 
line  lateralward,  can  be  seen  some 
cells  of  the  nucleus  reticularis  teg- 
menti (24)  and  the  nucleus  n. 
vestibuli  medialis  (19,  26).  The 
corpus  restiforme  ( 1 5 )  is  separated 
from  the  periphery  by  the  dor.sal 
cochlear  nucleus  (14,  29);  medial 
from  it  the  radix  descendens  n. 
vestibuli  is  present  in  the  form  of 
numerous  discrete  bundles  in 
among  which  are  situated  the 
large  multipolar  ganglion  cells  of 
Deiters'  nucleus  (nucleus  n.  vesti- 
buli lateralis)  (27).  Ventral  from 
the  corpus  restiforme  and  the 
radix  descendens  n.  vestibuli  are 
seen  the  root  fibers  of  the  n. 
glosso-pharyngeus  (17).  A  por- 
tion of  the  nucleus  n.  cochlea  ven- 
tralis is  visible  (12,  31).  Ventral- 
ward  from  the  root  fibers  of  the 
glosso-pharj'ngeal  nerve  are  seen 
the  fibers  of  the  tractus  spinalis  n. 
trigemini  (10),  and  medial  from 
them  the  cells  of  the  substantia 
gelatinosa  (11,  28).  The  forma- 
tio reticularis  (20)  is  well  devel- 
oped. It  is  crossed  as  in  the 
sections  below  by  many  fibne 
arcuatje  internae  (8);  the  fibre 
cerebello-olivares  are  still  \isible 
(9).  The  section  passes  through 
the  upper  part  of  the  nucleus 
olivaris  inferior  (5)  and  a  portion 
of  the  nucleus  olivaris  accessorius 
dorsalis  (21,  35).  The  fibre 
arcuatae  superficiales  laterales  are 
still  present  (6),  and  dorso-lateral 
from  the  olive  are  seen  some  of 
the  fibers  of  the  fasciculus  teg- 
menti centralis  or  centrale  Hau- 
benbahn of  von  Bechterew  (7). 
A  good  many  fibers  run  longitudi- 
nally in  the  raphe  (23).  The  fasciculus  longitudinalis 
medialis  (22)  is  larger  than  in  the  sections  below. 
The  stratum  interolivare  lemnisci  (4)  is  highly 
developed  just  before  going  over  into  the  lemni.scus 
medialis  of  the  pons.  The  pyramis  (3)  is  large,  is  sur- 
rounded bj'  the  fibne  arcuat;p  superficiales  ventrales, 
and  has  close  to  it  the  nuclei  arcuati  (1,  38). 

In  sections  through  the  pons  we  have  to  distinguish 
between  the  pars  dorsalis  pontis  and  the  pars  basilaris 
pontis.  The  pars  basilaris  pontis  includes  the  large 
fasciculi  longitudinales  of  the  pons,  the  large  bundles 
of  transverse  fibers  of  the  pons,  and  the  great  gray 
mas.ses  known  as  the  nuclei  pontis.  The  pars  dorsalis 
pontis  includes  the  upward  continuation  of  the  me- 
dulla oblongata  with  the  exception  of  the  pyramids.    It 
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Fig.  915. — Transverse  Section  through  the  Pons  at  the  Level  of  the  Xer\Tis  Facialis  and  NerrusAbducens 
in  an  Adult  Man.  On  the  left  side  the  fibers  have  been  photographed;  on  the  right  the  cell3  have  been 
dramiin.  (,\fter  E.  Flatau,  "Atlas 
Cerebri  Humani,"  Berlin,  1899. 
Tab.  xii..  Fig.  B.)  1,  Fibne  pontis 
fiuperficiales;  2,  fascicuU  longitudi- 
nales  pontis;  3,  lemniscus  mediaUs; 
4.  fibnie  pontis  profunda?;  5,  brach- 
ium  pontis;  6,  nucleus  oUvaris  su- 
perior; 7,  substantia  gelatinosa 
(beginning  sensory  nucleus  of  the 
trigeminus);  S,  tractus  spinalis 
ner\i  trigemini ;  9,  corpus  resti- 
forme  (ascending  to  cerebellum); 
10,  radix  descendens  nerx'i  vesti- 
buU;  11,  radix  nerW  facialis  pars 
secunda;  12,  nucleus  nervi  vestibuli 
medialis ;  13,  formatio  reticularis 
grisea  with  ascending  fibers  from 
the  nucleus  ner\"i  facialis  and  fibers 
from  the  nucleus  oUvaris  superior 
to  the  nucleus  ner\i  abducentis;  14, 
nucleus  ner\'i  abducentis;  15,  genu 
internum  ner\i  faciaUs;  16,  ner\^s 
abducens;  17,  fasciculus  longitudi- 
nalis  medialis;  IS,  nucleus  ner-\-i 
abducentis;  19,  cells  of  formatio 
reticularis  grisea;  20,  nucleus  ner\i 
vestibuli  lateralis  Deiters;  21,  nu- 
cleus reticularis  t«gmenti  von 
Bechterew;  22,  cells  of  the  sub- 
stantia gelatinosa;  23,  cells  of  the 
proximal  part  of  the  nucleus  nerW 
faciaUs  or  of  the  distal  motor  nu- 
cleus of  the  ner\"us  trigeminus;  24 
and  25.  cells  of  the  nucleus  oUvaris 
superior;  26,  continuation  of  the 
nuclei  pontis  in  the  tegmentum; 
27,  nuclei  pontis. 

contains  the  nuclei  of  the 
nerves  connected  with  the 
pons,  the  fasciculus  longi- 
tudinalis  medialis,  the  me- 
dial and  lateral  lemnisci, 
the  corpus  trapezoideum, 
the  formatio  reticularis  and 
the  superior  olivary  com- 
plex. In  Fig.  915  some  of 
the  principal  structures  of 
the  lower  part  of  the  pons 
are  shown.  The  section  is 
taken  at  the  level  of  the 
nuclei    of   origin   of   the   n. 


facialis  and  the  n.  ab- 
ducen.s.  In  the 
pars  dorsalis  pontis 
the  raphe  is  seen  in 
the  middle  line.  The 
nucleus  n.  abducentis 
is  situated  close  to  the 
floor  of  the  fourth 
ventricle  (14,  18). 
Running  ventralward 
from  the  medial  side 
of  the  nucleus  are 
seen  the  root  fibers  of 
the  n.  abducens  (16); 
the  nucleus  n.  facialis 
is  present  (23);  the 
pars  prima  of  the 
radix  n,  facialis  exists 
as  a  number  of  scat^ 
tered  fibers  radiating 
dorsalward  and  me- 
dialward  (13).  The 
genu  internum  n. 
facialis  (15)  is  indi- 
cated just  medial  to 
the  nucleus  n.  ab- 
ducentis, the  pars 
secunda  of  the  radix 
n.  facialis  passing  ob- 
liquely    ventralward 


Fig.  916. — Transverse  Section  through  the  Pons  at  the  Level  of  the  Xer^nis  Trigeminus  in  an 
Adult  Human  Being.  On  the  left  side  the  fibers  have  been  photograr)hed;  on  the  right  side  the 
cell  bodies  have  been  drawn  in.  (After  E.  Flatau,  ".Atlas  Cerebri  Humani."  Tab.  xiii..  Fig.  A.) 
1,  Fibne  superficiales  pontis;  2,  fasciculi  longitudinales  pontis;  3,  fibnc  pontis  profunda;  4,  radix 
nervi  trigemioi;  5,  brachium  pontis;  6,  radix,  ner^i  trigemini;  7,  nucleus  olivaris  superior;  8, radix 
nerW  trigemini  pars  sensorius;  9,  corpus  restiforme;  10.  nucleus  sensorius  ner^i  trigemini;  11, 
radix  motorius  ner\i  trigemini;  12,  nucleus  motorius  princeps  nervi  trigemini;  13,  radix  descendens 
mesencephalica  norAi  trigemini;  1-4.  brachium  conjunctivum;  15,  crossed  fibers  of  nervus  trigeminus; 
16,  lemniscus  medialis;  17,  formatio  reticularis  tegmenti;  18,  fibne  arcuat^e  interna  tegmenti;  19, 
fibrte  arcuatffi  interniE  ventrales  (compact  bundle) ;  20,  fasciculus  longitudinalis  mediahs;  21,  raphe; 
22.  cells  of  the  middle  fine;  23,  cells  at  the  dorso-lateral  part  of  the  fasciculus  longitudinalis  medi- 
alis (connecting  with  the  cells  of  the  middle  Une) ;  24  and  25,  nucleus  centralis  tegmenti,  a  large 
aggregation  of  cells  in  the  tegmentum  at  the  ventral  part  of  the  middle  Hne  (related  to  the  nuclei 
po;itis);  23,  cells  of  the  stratum  griseum  centrale;  27,  scattered  large  cells  of  the  tegmentum  (nu- 
cleus magnocellularis  diffusus  of  von  Kolliker) ;  28,  nucleus  motorius  princeps  nervi  trigemini;  29, 
cells  of  the  locus  cceruleus;  30  nucleus  sensoruis  nervi  trigemini;  31,  cells  of  the  nucleus  olivaris 
superior;  32,  nuclei  pontis. 
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and  lateralward  at  11.  A  portion  of  the  nucleus  n. 
vestibuli  is  shown  near  the  floor  of  the  fourth  ventricle 
(12,  20),  and  lateral  from  it  stiU  some  fibers  of  the 
radix  descendens  n.  vestibuli  (10).  At  this  level  the 
corpus  restiforme  (9)  turns  dorsalward  to  enter  the 
cerebellum.  The  mass  of  fibers  of  the  brachium  pontis 
(5)  are  shown  in  their  relation  to  the  transverse  fibers 
of  the  pons.  Near  the  raphe,  in  the  formatio  reticu- 
laris, is  a  mass  of  cells,  the  so-called  nucleus  reticu- 
laris tegmenti  of  von  Bechterew  (21).  The  ceOs  of 
the  substantia  gelatinosa  (22)  are  seen  chiefly  medial 
to  the  fibers  of  the  tractus  spinalis  n.  trigemini  (8). 


Fig.  917. — Transverse  Section  through  the  Pons  in  the  Region  of  the  Velum  Medullare  Anterius  in 
an  .\dult  Human  Being.  On  the  left  side  the  fibers  have  been  photographed;  on  the  right  side  the 
ceil  bodies  have  been  drawn  in.  (After  E.  Flatau,  ".^tlas  Cerebri  Humani."  Tab.  xiii..  Fig.  B.) 
1,  Fibne  pontis  superficiales;  2,  fasciculi  longitudinales  pontis;  3.  fibrse  pontis  profundie;  4,  latero- 
dorsal  compact  peduncular  part  of  pons;  5,  latero-dorsal  part  of  nuclei  pontis;  6,  lemniscus  nie- 
dialis;  7,  nucleus  lemnisci  lateralis;  8,  lemniscus  lateralis;  9,  continuation  of  nuclei  pontis  into 
lateral  portion  of  tegmentum;  10,  formatio  reticularis  tegmenti;  11,  brachium  conj^ncti^'um;  12, 
radi.x  descendens  mesencephalica  ner^i  trigemini;  1.3,  fasciculus  longitudinalis  medialis;  14,  Ungula; 
15,  velum  medullare  anterius;  16,  transition  from  the  fossa  rhomboidea  to  the  aqueductus  cerebri 
Sylvii;  17,  aggregation  of  cells  dorsal  from  the  fasciculus  longitudinalis  medialis,  continuous  with  the 
cells  of  the  middle  line;  18.  cell  bodies  of  the  locus  cceruleus;  19,  continuation  of  the  nuclei  pontis  into 
the  tegmentum;  20,  cells  at  the  ventro-lateral  periphery  of  the  brachium  conjunctivum;  21,  scattered 
cells  in  the  tegmentum  (nucleus  reticularis  tegmenti  or  von  BechterewJ;  22,  nucleus  emnisci  later- 
alis; 23,  continuation  of  nuclei  pontis  into  the  lateral  part  of  the  tegmentum;  24,  nuclei  pontis. 


Running  transversely  across  the  pons  at  the  most 
ventral  part  of  the  pars  dorsalis  pontis  are  seen  the 
libers  of  the  corpus  trapezoideum,  and  in  between 
these  fibers  run  lengthwise  the  fibers  of  the  lemnis- 
cus medialis  (3).  In  the  lateral  part  of  the  corpus 
trapezoideum  is  seen  the  nucleus  olivaris  superior 
(6,  24,  25).  In  the  pars  basilaris  pontis  are  the 
fasciculi  longitudinales  (2),  the  fibrae  pontis  pro- 
fundte  (4)  and  the  fibrje  pontis  superficiales.  In 
among  these  transverse  and  longitudinal  bundles  are 
situated  the  nuclei  pontis  (27).  Some  of  the  cells  of 
this  nucleus  extend  into  the  tegmental  region  (26). 
A  section  through  the  pons  at  the  level  of  the  root 
of  the  n.  trigeminus  is  illustrated  in  Fig.  916.  Here 
the  pars  dorsalis  pontis  or  tegmentum  is  more 
sharply  differentiated  from  the  pars  basilaris  pontis 
than  in  the  previous  section.     The  fourth  ventricle 
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is  narrowing  as  the  aqueduct  of  Sylvius  is  approached. 
The  raphe  (21)  separates  the  two  halves  of  the  section 
from  each  other.  Just  lateral  from  the  raphe  on 
each  side  are  seen  the  fibers  of  the  fasciculus  longitudi- 
nalis medialis.  In  the  floor  of  the  fourth  ventricle 
are  seen  the  cells  of  the  stratum  griseura  centrale  (26). 
At  the  lateral  angle  is  a  group  of  pigmented  cells  of 
the  so-called  locus  coervileus  (29):  the  fibers  of  the 
corpus  restiforme  (9)  are  still  visible  at  this  level,  and 
a  cross-section  of  the  fibers  of  the  superior  cerebellar 
peduncle  or  brachium  conjunctivum  (14)  is  met 
with.  The  junction  of  the  n.  trigeminus  with  the 
pons  is  shown  at  4,  the 
radix  n.  trigemini  at  6. 
Lateral  from  it  is  seen  the 
brachium  pontis  (5).  The 
sen.sory  portion  of  the  root 
of  the  n.  trigeminus  (8)  is 
distinguishable  from  the 
motor  portion  (11).  The 
sen.sory  nucleus  of  termi- 
nation of  the  n.  trigem- 
inus (10)  is  situated  more 
lateralward  than  the  nu- 
cleus motorius  princeps  n. 
trigemini  (12).  The 
cros.-^ed  fibers  of  the  tri- 
geminal root  are  indicated 
at  15,  while  the  radix  de- 
scendens mesencephalica 
n.  trigemini  is  shown  at 
13.  The  fibr^E  arcuatse  in- 
ternee (18)  are  present  in 
the  tegmentum  of  the 
pons,  but  are  not  so  much 
curved  as  those  which  were 
seen  in  the  medulla  ob- 
longata. They  are  more 
compact  in  the  ventral 
part  of  the  tegmentum 
(19).  The  lemniscus  me- 
dialis (16)  is  more  laterally 
placed  than  in  sections 
lower  down.  Just  dorso- 
lateral from  it  is  seen 
the  nucleus  olivaris  supe- 
rior (7,  31);  the  nucleus 
centralis  tegmenti  (24,  25) 
at  this  level  makes  a  large 
mass  of  cells  near  the 
raphe  on  each  side.  In 
the  pars  basilaris  pontis 
are  seen  the  fasciculi  lon- 
gitudinales (2),  fibrae  pon- 
tis superficiales  (1),  the 
fibne  pontis  profundse  (3), 
and  the  nuclei  pontis  (32). 
A  section  taken  at  a 
higher  level  (Fig.  917) 
shows  the  beginning  of  the 
■    ■    (16), 


aqueductus  cerebri 
the  roof  of  which  is  formed  by  the  velum  medullare 
anterius  (15).  Above  this  a  cross-.section  of  the 
lingula  (14)  is  illustrated.  In  the  lateral  portion  of 
the  pars  dorsalis  pontis  the  large  mass  of  fibers  of  the 
brachium  conjunctivum  (11)  is  seen.  Lateral  from 
the  aqueductus  cerebri  are  to  be  found  the  fibers  of 
the  radix  descendens  n.  trigemini.  In  the  floor  of 
the  aqueduct,  close  to  the  raphe  on  each  side,  is  the 
fasciculus  longitudinalis  medialis  (13);  it  is  separated 
from  the  aqueduct  by  a  mass  of  cells  (17).  The  cells 
of  the  locus  coeruleus  (18)  are  situated  just  ventral 
from  the  radix  descendens  n.  trigemini.  The  for- 
matio reticularis  tegmenti  (10)  contains  scattered 
cells  of  the  nucleus  reticularis  tegmenti  (21).  \  cn- 
tro-lateral  from  the  brachimn  conjunctivum  are  seen 
the  fibers  of  the  lemniscus  lateralis,  and  among  them 
the  cells  of  the  nucleus  lemnisci  lateralis  (22).     The 
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Ipinniscus  inodialis  (6)  forms  a  broad,  flat  ribbon  in 
tho  floor  of  till-  pars  dor^alis  pontis.  In  the  pars 
dorsalis  pontis  are  mot  with  apiin  tlic  fasciculi  lon^i- 
tudiiialos  (2),  the  fibra^  pontis  supcrficialcs  (I),  tlu; 
fibni'  jjontis  profuiute  (3),  ami  the  nuclei  jiontis  (24). 
The  next  section  is  taken  at  the  level  of  decussation 
of  llie  trochlear  nerves  of  the  two  sides  (I'lg;.  9bS). 
The  lumen  of  tho  aquoductus  cerebri  (20)  is  small 
and  diamond-shaped.  In  the  roof  is  seen  the  docus- 
satio  nervoriun  troehlearium,  and  dorsal  from  it  the 
lateral  part  of  the  velum  medullare  anterius  (16). 
The  radix  n.  trochlearis  before  decussation  (15)  is 
seen  in  the  central  gray  matter  (21).  The  locus 
ca~ruleus  (22)  here  contains  large  colls.  Tho  comma- 
shaped  cros.s-section  of  the  fasciculus  longitudinaiis 
modialis  (18)  is  a  striking  feature  at  this  level. 
The  lemniscus  lateralis  (10)  is  situated  lateralward, 
many  of  its  fibers  coming  into  relation  with  the 
nucleus  lemnisci  lateralis  (11).  The  lemniscus 
modialis  (7)  becomes  displaced  more  and  more  latoral- 
\vai\l.  The  brachium  eoiijunetivum  (9,  12)  is  under- 
going  decussation    (8)    at   this   level;   its   fibers   run 


through  the  formatio  reticularis  tegmenti  (17,  25). 
At  tho  junction  of  the  pars  dor.salis  with  the  pans 
basilaris  ))ontis,  near  the  middle  line,  is  seen  tho 
traetus  maniillo-peduncularis  (iviinger),  and  lateral 
from  it  the  bundle  from  tho  lemniscus  modialis  to  tho 
basis  podunculi.  Closi;  to  the  middle  line,  at  about 
this  level,  arc  .soon  colls  of  the  eori)Us  interpeduncu- 
lare  (28).  In  the  j)ars  basilaris  pontis  the  same 
structures  are  to  be  met  with  as  at  lower  levels. 

The  next  .section  (.see  Fig.  919)  passes  through  the 
midbrain  and  shows  the  corpora  quadrigemina  and 
the  podunculi  coroljri.  In  the  middle  line  is  situated 
the  acjueductus  cerebri  (24).  On  each  side  of  the 
atpieduct  dorsahvard  the  .section  passes  through  the 
superior  coUiculus  of  the  corpora  quadrigemina. 
The  amount  of  the  stratum  gri.soum  ccntrale  (25, 
26)  is  large  in  this  region.  In  the  superior  colliculus 
passing  from  the  dor.sal  surface  inward  can  be  soon 
the  stratum  zonalo  (20)  or  superficial  white  layer, 
the  cappa  cinerea  (17)  or  superficial  gray  layer,  the 
stratum  opticum  (16)  or  external  grayish-white 
layer,  the  middle  gray  layer  (15),  the  stratum  lem- 
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Fig.  918. — Transverse  Section  in  the  Region  of  the  Proximal  Portion  of  the  Pons  and  of  the  Decussation  of  the  Trochlear  Nerves 
(Close  Behind  the  Inferior  Colliculi  of  the  Corpora  Quadrigemina)  in  an  Adult  Human  Being.  On  the  left  side  a  photograpli  of  the 
fibers  is  represented;  on  the  right  side  the  cell  bodies  have  been  drawn  in  from  Nissl  preparations,  (.\fter  E.  Flatau,  "Atlas  Cerebri 
Humani,"  Tab.  xiv.,  Berlin,  1899.)  1,  Blood-vessel;  2,  fibras  pontis  superficiales;  3,  fasciculi  longitudinales  pontis:  4,  lateral  portion 
of  basis  pedunculi;  5,  fibriE  pontis  profund;p;  6,  traetus  mamillo-peduacularis  (Edinger)  and  lateral  from  it  the  bundle  from  the  medial 
lemniscus  to  the  pons  (or  to  the  basis  peduncuh);  7,  lemniscus  medialis;  S,  decussatio  brachii  conjunctivi^  9,  brachium  conjunctivum ; 
10,  lemniscus  lateralis;  11,  bundles  of  the  lateral  lemniscus  cut  transversely  (in  the  nucleus  lemnisci  lateralis);  12,  brachium  conjunc- 
tivum; 13,  radial  transverse  bundles  of  the  lemniscus  lateralis  passing  across  the  radix  descendens  nervi  trigemiui;  14,  nervus 
trochlearis  after  the  decussation;  1.5,  nervus  trochlearis  before  the  decussation;  16,  lateral  part  of  the  velum  medullare  anterius  going 
over  into  the  substance  of  the  tegmentum:  17,  formatio  reticularis  tegmenti;  IS,  fasciculus  longitudinaiis  medialis;  19,  decussatio 
nervorum  troehlearium;  20,  aqueductus  cerebri  Sylvii;  21,  cell  bodies  of  the  stratum  griseum  centrale;  22,  cells  of  the  locus  cceruleus 
(the  dorso-lateral  cell  bodies  belong  probably  to  the  radix  descendens  nervi  trigemini) ;  23,  cell  bodies  of  the  middle  line;  2-J,  nucleus 
lemnisci  lateralis:  2.5,  cell  bodies  of  the  formatio  reticularis;  26,  gray  intermediary  layer  of  the  formatio  reticularis  (dorso-medial  from 
the  lemniscus);  27,  scattered  cells  in  the  neighborhood  of  the  decussatio  brachii  conjunctivi;  2S,  cells  of  the  corpus  interpedunculare 
(substantia  perforata  posterior) ;  29,  nuclei  pontis. 
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nisei  (14),  the  deep  white  layer  (19),  and  the  com- 
missure between  the  two  superior  coUicuU  (21). 
The  cerebral  peduncle  is  di\-isible  into  two  parts,  the 
tegmentum  and  the  basis  pedunculi.  Between  the 
two  is  the  substantia  nigra  (3,  39).  In  the  tegmen- 
tum, below  the  stratum  griseum  centrale,  are  seen 
some  deep  arcuate  fibers  (18)  which  represent  the 
continuation  of  the  fibers  of  the  deep  white  matter 
of  the  superior  colliculus.     The  large  nucleus  ruber 


of  the  parts  shown  b}'  the  sections  figured.  The  model 
was  reconstructed  from  serial  sections  of  the  brain 
stem  of  a  new-born  babe,  stained  by  the  method  of 
Weigert-Pal.  Since  at  this  age  a  considerable  number 
of  important  fiber  tracts  (such,  for  instance,  as  the 
pyramidal  tracts)  are  unmedullated,  these  are  neces- 
sarily omitted  from  the  model.  This  has  the  advan- 
tage^ however,  of  bringing  out  the  parts  which  are  mod- 
eled in  somewhat  clearer  relief,  an  advantage  which  is 


Fig.  919. — Transverse  Section  through  the  Superior  Colljculi  of  the  Corpora  Quadrigemina  and  the  Pedunculi  Cerebn  in  an  Adult 
Human  Being.  On  the  left  side  the  fibers  have  been  photographed;  on  the  right  the  cells  have  been  drawn  in.  (After  E.  Flatau. 
"Atlas  Cerebri  Humani,"  BerUn,  1S99,  Tab.  xv.)  1,  Ventral  tegmental  decussation  of  Forel;  2.  rachx  nerri  oculomotorii;  3,  substantia 
nigra.Soemmeringi;4,  basis  pedunculi:  5,  longitudinal  bundles  in  the  lateral  part  of  the  substantia  nigra;  6,  lemniscus  medialis;  7,  tractua 
opticus  entering  the  corpus  geniculatum  laterale;  S,  corpus  geniculatum  mediate;  9,  formatio  reticularis  tegmenti;  10,  brachium  quadri- 
geminum  superius:  11,  thalamus;  12,  lemniscus  lateraUs;  13,  nucleus  ruber  (proximal  part);  14,  part  of  lemniscus  mediahs:  15,  middle 
gray  layer;  16,  stratum  opticum  (external  graj-ish-white  layer) ;  17,  cappa  cinerea  (superficial  gray  layer  of  superior  colliculus) ;  18,  deep 
arcuate  fibers;  19,  deep  white  layer  of  superior  colliculus;  20,  stratum  zonale  (superficial  white  layer  of  superior  coUioulus);  21,  com- 
missure of  superior  colliculi;  22,  fasciculus  longitudinalis  medialis;  23,  dorsal  tegmental  decussation  of  Mej-nert;  24,  aqueductus  cerebri 
Sylvii:  23,  cell  bodies  in  stratum  griseum  centrale;  26,  aggregation  of  cells  in  peripheral  part  of  stratum  griseum  centrale;  27,  cell 
bodies  of  internal  graj-ish-white  layer;  28,  cell  bodies  of  middle  gray  layer  with  scattered  large  multipolar  cells;  29,  cell  bodies  of  the 
cappa  cinerea;  30,  cell  bodies  of  the  radix  descendens  ncri-i  trigemini;  31,  aggregation  of  cell  bodies  in  latero-dorsal  part  of  tegmentum; 
32,  cells  of  distal  part  of  thalamus  (pulrinar) ;  33,  cell  bodies  of  corpus  geniculatum  mediale;  34,  cell  bodies  of  substantia  nigra;  35, 
cell  bodies  of  proximal  part  of  nucleus  ruber;  36,  nucleus  ner\-i  oculomotorii  extending  ventralward  into  the  region  of  the  fasciculus 
longitudinalis  medialis;  37,  nucleus  nervi  oculomotorii;  38,  most  proximal  remnant  of  nuclei  pontis;  39,  cell  bodies  of  substantia  nigra; 
40,  cell  bodies  of  the  middle  line. 


(13)  is  seen  at  this  level  in  cross-section.  The  for- 
matio reticularis  (9)  is  very  highly  developed. 
Lateral  from  the  nucleus  ruber  are  seen  the  fibers  of 
the  lemniscus  lateralis,  and  still  more  lateralward 
those  of  the  brachium  quadrigeminum  superius  (10). 
The  corpus  geniculatum  mediale  is  shown  at  8  and 
33,  while  the  pulvinar  of  the  thalamus  is  seen 
at  1 1  and  32.  Entering  the  corpus  geniculatum 
laterale  and  the  pulvinar  is  the  tractus  opticus  (7). 
The  fibers  of  the  lemniscus  medialis  (6)  are  seen 
between  the  nucleus  ruber  and  the  substantia  nigra. 
Near  the  middle  line  the  fasciculus  longitudinalis 
medialis  (22)  is  met  with  in  cross-section.  Just 
dorsal  to  it  is  the  nucleus  n.  oculomotorii  (36,  37). 
The  root  fibers  of  this  nerve  (2)  are  shown  passing 
ventralward  to  the  interpeduncular  space.  The 
ventral  tegmental  decussation  of  Forel  is  visible  at  1. 

The  basis  peduncuU  consists  of  a  compact  mass  of 
fibers  that  is  sometimes  known  as  the  pes  pedunculi 
cerebri.  Through  it  run  the  fibers  of  the  pj-ramidal 
tract,  those  of  the  frontdl  cerebrocorticopontal  path, 
and  those  of  the  temporal  cerebrocorticopontal  path. 

The  Brain  Stem,  Models. — A  synthetic  picture  in 
three  dimen.sions  of  the  structures  shown  in  these  cross- 
sections  is  given  by  the  wax  models  constructed  by 
Dr.  Florence  R.  Sabin  (1901).  The  accompanying  il- 
lustrations (Figs.  920,  921,  922,  923,  and  Plate  XVI) 
will  permit  the  reader  to  see  the  complete  form  of  most 
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of  especial  significance  since  the  tracts  fully  meduUated 
at  birth  are  in  general  those  concerned  with  the  more 
fundamental  reflex  sj'stems. 

As  seen  from  the  dorsal  surface  (Fig.  920),  the  bound- 
aries of  the  fourth  ventricle  give  an  important  guide  to 
the  position  of  the  underlying  parts  (cf.  Fig.  905). 
Running  through  the  entire  length  of  the  model  near 
the  mid-line  is  the  fasciculus  longitudinalis  medialis 
(Figs.  920,  12;  922,  19;  923,27).  This  is  an  association 
tract  related  chiefly  with  the  somatic  motor  centers, 
extending  forward  as  far  as  the  thalamus  and  backward 
into  the  fasciculus  proprius  ventraiisof  the  spinal  cord. 
At  the  lower  end  of  the  model  the  ascending  fibers  of 
the  medial  lemniscus  are  seen  leaving  the  nuclei  of  the 
funiculus  gracilis  and  cuneatus,  soon  to  cross  in  the  de- 
cussation of  the  lemniscus  (Fig.  923,  11)  and  then  to  as- 
cend ventrally  of  the  fasciculus  longitudinalis  medialis. 
From  the  funiculus  lateralis  of  the  spinal  cord  fibers 
ascend  (Fig.  921,  3i)  to  join  the  lemniscus  in  the  neigh- 
borhood of  the  pons.  These  constitute  the  spinal 
component  of  the  lemniscus.  At  the  level  of  the  VIII. 
nuclei  the  lateral  lemniscus  receives  a  great  addition 
from  these  nuclei  and  from  the  superior  olive,  chiefly 
by  way  of  the  corpus  trapezoideum  (Figs.  923, 6, 7 ;  922, 
34).  Jlost  of  the  fibers  of  the  lateral  lemniscus  enter  the 
colliculus  inferior  (Figs.  920,  34;  921,  39;  922,  8;  92:i, 
28),  while  the  medial  lemniscus  and  most  of  the  spinal 
component  of  the  lemniscus  ascend  to  the  thalamus 
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Fig.  920. — View  of  tlic  Sa^m  \liMiel  from  the  Dorsal  Surface. 
The  right  side  of  the  view  shows  the  surface  form,  the  left  struc- 
tures of  the  model.  The  position  of  the.se  structures  can  be  related 
to  the  dorsal  funiculi  of  the  spinal  cord,  the  fourth  ventricle,  and 
the  inferior  and  superior  colliculi.  1,  Fasciculus  retroflexus 
(.Meynerti) ;  2,  stratum  album  profundum;  3,  nucleus  n.  oculomo- 
torii;  4,  commissurre  nuclei  collicuh  inferioris;  5,  nucleus  n.  troch- 
learis;  6,  substantia  ferruginea;  7,  ventriculus  cjuartus;  8,  brachium 
conjunctivum;  9,  corpus  restiforme;  10,  radix  n.  facialis  (genu  in- 
ternum);  11,  nucleus  n.  abducentis;  12,  fasciculus  longitudinalis 
niedialis;  1.3,  nucleus  ohvaris  inferior;  14,  nucleus  n.  hypoglossi; 
15,  fasciculus  gracilis;  16,  nucleus  funiculi  gracilis;  17,  fasciculus 
cuneatus;  18,  nuclei  funiculi  cuneati;  19,  tractus  sohtarius  et 
nucleus  aire  cinerex;  20,  corpus  restiforme;  21,  nucleus  n.  cochleie 
dorsalis;  22,  nucleus  et  radix  n.  vestibuli;  23,  corpus  restiforme; 
24,  nucleus  n.  vestibuli  lateralis;  25,  nucleus  n.  trigeniini  (sens.); 
26,  nucleus  motorius  princeps  n.  trigemini;  27,  radix  n.  trigeniini 
(sens.);  28,  radix  n.  trigemini  (mot.);  29,  locus  coeruleus;  30,  radix 
descendens  n.  trigemini;  31,  brachium  conjnuctivum;  32,  same  as 
8,  Fig.  921;  33,  radix  n.  trochlearis;  34,  nucleus  collicli  inferioris; 
35,  lemniscus  medialis. 

Nucleus  et  radix  n.  vestibuli:  The  ascending  root  is  marked  by 
the  most  proximal  of  the  three  hnes  on  the  figure:  the  descending 
by  the  most  distal  line,  while  the  nucleus  n.  vestibuli  medialis  is 
indicated  by  the  middle  of  the  three  Hnes.  The  nucleus  n.  vestibuli 
superior  is  continuous  with  the  medial  nucleus  and  hes  oppsite  the 
ascending  root.  The  nucleus  n.  vestibuli  lateralis  consists  of  two 
parts,  one  between  the  corpus  restiforme  and  the  ascending  root, 
the  other  in  the  notch  between  the  medial  and  superior  nuclei. 

Nurlcns  n.  cochloB  dorsalis:  The  more  pro.ximal  of  the  two 
lines  points  to  the  stria  acusticffi.     (After  Sabin.) 


(Fig.s.  9-'0,  35;  922,  42).  Around  tlie  a.xi.s  forinfd  Ijy 
these  great  loiigil  iKliriul  condiiclioii  sysleni.s  the  cere- 
bral nerves,  their  nuclei  and  a.s.sociat ion  tracts,  the 
cerebellar  connections,  etc.,  are  laid  down  as  illus- 
trated ill  the  figures.  The  form  of  the  inferior  olive  i.s 
illustniled  in  Fig.  924.  Its  chief  connections  are  shown 
diagraiMuuiticaily  in  Fig.  932. 

We  shall  next  review  the  chief  features  of  the 
central  connections  of  the  several  cerebral  nerves. 

Tlu;  oculomotor  nerve  is  known  to  contain  three 
coinjjonents:  (1)  somatic  motor  fibers  for  the  inner- 
vation of  the  muscles  of  the  orbit,  viz.,  the  musculi 
levator  palpebraj,  obliqmis  inferior,  rectus  superior, 
rectus  interims  and  rectus  inferior;  (2)  visceral  motor 
filxTs  for  tln^  ciliary  ganglion;  (ii)  lilx'rs  of  deep  sensi- 
Ijilily  for  the  orbital  muscles  above  mentioned.  The 
motor  miclei  lie  in  the  floor  of  the  aqueduct  of  Sylvius 
(Fig.  919,  36,  37)  and  are  three  in  number,  the  lateral, 
medial  and  small-celled  nucleus.  The  large  multi- 
polar cells  of  the  lateral  and  medial  nuclei  suppl}'  the 
somatic  motor  fibers  of  the  third  nerve  and  arc  ar- 
ranged as  .shown  in  the  diagrams  (Figs.  925,  950).  The 
small-celled  nucleus,  or  nucleus  of  Edinger-Westphal 
(Fig.  925,  o,  6)  is  .supposed  to  supply  the  visceral  motor 
fibers  for  the  ciliary  ganglion,  chiefly  serving  as  con- 
strictors of  the  iris.  Edinger  (1911,  p.  .'510)  considers 
it  probable  that  the  tractus  peduncularis  transversus 
and  its  ganglion  lying  between  the  pes  pedunculi  and 
the  corpus  mammillare  are  parts  of  this  visceral  motor 
system  and  that  it  also  receives  fibers  directly  from 
the  optic  tract  for  optic  refle.xes  of  accommodation. 
Sherrington  and  Tozer  (Proc.  Roy.  Soc,  1910)  have 
shown  that  the  III.,  IV.,  and  VI.  nerves  carry  afferent 
fibers  of  muscle  and  tendon  sensibility,  which  enter 
the  cranial  cavity  in  company  with  motor  root  fibers. 
Their  central  connections  are  unknown. 

The  trochlear  nerve  contains  somatic  motor  and 
soinatic  sen.sory  (proprioceptive)  fibers.  The  former 
arise  from  a  nucleus  lying  immediately  caudad  of  the 
lateral  nucleus  of  the  III.  nerve  and  supply  the  su- 
perior oblique  mu.scle  of  the  eyeball.  The  afferent 
fibers  supply  deep  .sensibility  to  tlie  .same  muscle.  This 
nerve  turns  dorsally  and  backward  to  decus.sate  in  the 
velum  meduHare  anterius  before  it  leaves  the  brain 
(Fig.  91S,  14,  15).  No  satisfactory  explanation  of  this 
aberrant  course  of  the  IV.  nerve  has  been  sug- 
gested. 

The  ahducens  nerve  supplies  with  its  somatic  motor 
fibers  the  external  rectus  muscle  of  the  eyeball  and  it 
contains  afferent  fibers  from  the  .same  muscle.  Its 
nucleus  lies  clo.se  under  the  floor  of  the  fourth  ventricle 
and  is  eml:)raeed  by  the  genu  of  the  facial  nerve  (Fig. 
915,  14,  18).  A  smaller  ventral  nucleus  of  the  VI. 
nerve,  near  the  chief  motor  VII.  nucleus  has  also  been 
described  by  several  authors. 

The  three  eye-muscle  nerves  are  intimately  con- 
nected with  the  optic  centers  in  the  roof  of  the  collicu- 
lus  superior  by  way  of  the  fibers  of  the  posterior  com- 
missure and  the  fasciculus  longitudinalis  medialis. 
The  latter  bundle  also  carries  ascending  fibers  from 
the  nucleus  lateralis  vestibuli  (Deiters).  These  con- 
nections provide  pathways  for  the  nervous  impulses 
nece.ssary  respectively  for  the  fixation  of  objects  in  the 
field  of  vision  and  for  the  reflex  coordination  of  stimuli 
from  the  labyrinth  and  the  eyes  in  equilibration  and 
bodily  orientation.  The  coordination  of  movement  of 
the  six  muscles  of  the  two  eyeballs  with  each  other 
and  with  the  other  bodily  muscles  is  effected  chiefly 
by  ascending  and  descending  fibers  between  the  nuclei 
of  the  III.,  IV.  and  VI.  nerves  and  other  somatic  motor 
centers  in  the  fasciculus  longitudinalis  medialis.  There 
is  also  a  direct  tract  from  the  nucleus  olivaris  superior 
to  the  nucleus  nervi  abducentis  (Fig.  930),  thus  putting 
the  primary  acoustic  center  into  immediate  reflex  con- 
nection with  the  external  rectus  muscle  of  the  eye  of 
the  same  side.  The  cortical  path  of  the  eye-muscle 
nuclei  has  not  been  accurately  determined,  but  fibers 
are  seen  to  pass  dorsally  through  the  tegmentum  from 
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the  pyramidal  tracts  to  the  vicinity  of  these  nuclei, 
which  probably  serve  this  function. 

The  trigeminus  nerve  has  two  roots,  known  respec- 
tively as  the  portio  major  and  the  portio  minor.  The 
former  is  exclusively  sensory,  its  fibers  belonging  to 
the  somatic  sensory  group.  Its  ganglion  is  the  semi- 
lunar or  Gasserian  ganglion,  and  its  fibers  supply  gen- 
eral sensibility  to  the  skin  of  most  of  the  head,  to  the 
greater  part  of  the  mucous  lining  of  the  mouth  cavity, 
and  to  the  anterior  two-thirds  of  the  tongue.  Cen- 
trally these  fibers  in  part  terminate  in  the  so-called 
chief  sensory  nucleus  at  the  level  of  entrance  of  the  root 


The  cerebral  pathways  for  fibers  of  the  second  order 
connected  with  this  root  in  part  pass  to  the  motor 
nuclei  of  the  oblongata  and  to  the  tegmentum  for 
simple  reflexes  and  in  part  enter  the  lemniscus  system 
for  the  higher  cerebral  centers.  Of  the  latter,  there 
are  two  chief  pathwa3's.  (1)  The  dorsal  secondary 
trigeminal  path  arises  chiefly  from  the  spinal  nucleus 
and  ascends  in  the  dorsolateral  part  of  the  tegmentum 
to  reach  the  rostral  end  of  the  lateral  or  ventral  nucleus 
of  the  thalamus.  This  is  partly  an  uncrossed  tract, 
but  there  are  also  crossed  fibers  which  lie  somewhat 
farther  ventral  than  the  others.     Jlany  of  its  fibers 


Fig.  921. — ^'iew  of  the  Model  from  the  Lateral  Aspect,  after  the  Removal  of  the  Following  Structures:  The  Corpus  Restiforme,  the 
Substantia  nigra,  and  the  Medial,  Lateral,  and  Superior  Lemnisci.  The  \'iew  is  designed  to  show  (1)  the  sensorj' nerves  and  their  nuclei, 
and  (2)  the  midbrain.  The  nuclei  of  the  dorsal  funicuU  represent  a  way  station  for  the  sensory  fibers  from  the  spinal  cord;  the  sensory 
cerebral  nerves  are  represented  by  the  nuclei  ner\i  glo.sso-pharyngei,  vagi,  vestibuh,  et  trigemini.  These  include  ail  of  the  sensory 
nerves  of  the  region  of  the  model,  except  the  n.  cochleae,  which  was  removed  with  the  corpus  restiforme.  1,  Nucleus  motorius  princeps  n. 
trigemini;  2,  nucleus  n.  trigemini  (sensory);  3,  radix  descendens  n.  trigemini;  4,  stratum  album  profundum;  5,  nucleus  n.  oculomotorii; 
6,  radix  n.  oculomotorii;  7,  radix  descendens  n.  trigemini;  8,  fibers  running  from  lemniscus  lateralis  to  the  brachium  conjuncti\'um;  9, 
brachium  conjunctivum;  10,  fasciculus  longitudinahs  mediahs;  11,  nucleus  n.  vestibuh  superior;  12,  radix  n.  faciaUs  (genu  internum) ; 
13,  nucleus  n.  abducentis;  14,  nucleus  n.  vestibuli  laterahs;  15,  radix  descendens  et  ascendens  n.  vestibuU;  16,  fibers  to  tractus  sohtarius; 
17,  radices  n.  IX.  and  X.;  IS,  tractus  solitarius;  19,  nucleus  funiculi  cuneati;  20,  nucleus  funicuU  gracilis;  21,  nucleus  funicuU  cuneati 
lateralis;  22,  fasciculi  graciles;  23,  fasciculus  cuneatus;  24,  substantia  gelatinosa  (Rolandi);  25,  fasciculus  cerebello-spinahs;  26,  fibrs 
arcuate  internee  (distal  bundle);  27,  substantia  gelatinosa  (Rolanai);  28,  fasciculus  cerebello-spinalis ;  29,  radix  n.  hj-poglossi;  30, 
nucleus  oUvaris  inferior;  31,  radices  n.  IX.  and  X.;  32,  tract  from  Deiters' nucleus  to  spinal  cord;  33,  fasciculus  JateraUs;  34,  radix  n. 
vestibuU;  35,  radix  n.  facialis:  36,  corpus  trapezoideum;  37,  radix  n.  trigemini  (sens.);  3S,  radix  n.  trigemini  (mot.);  39,  lemniscus 
lateralis;  40,  lemniscus  mediahs;  41,  fibers  to  decussatio  tegmenti  dorsalis;  42,  radix  n.  oculomotorii;  43,  nucleus  columnaris;  44. 
nucleus  capsulse  lateralis  nuclei  rubri;  45,  lectus  substantiie  nigne;  46,  nucleus  ruber. 

Radix  n.  trigemini  {sens.);  The  proximal  line  runs  to  the  root  bundle,  the  distal  to  the  tractus  spinalis  n.  trigemini.  (.\fter 
Sabin.) 


(Fig.  916,  lo)  and  in  part  turn  abruptly  backward  to- 
ward the  spinal  cord  to  form  the  tractus  spinalis  nervi 
trigemini  and  to  terminate  in  the  spinal  nucleus  of  the 
V.  nerve  which  accompanies  this  tract  for  its  entire 
length  and  is  known  as  the  sub.stantia  gelatinosa  of 
Rolando  (Figs.  907  to  915).  The  spinal  V.  tract  extends 
into  the  spinal  cord  as  far  as  the  second  cervical  nerve. 
Some  collaterals  of  these  fibers  pass  through  the  sub- 
stantia gelatinosa  to  terminate  in  the  motor  nuclei  of 
the  v.,  VII.  and  XII.  nerves.  Some  root  fibers  of  the 
trigeminus  also  extend  medialward  and  backward  to 
enter  the  rostral  end  of  the  fasciculus  solitarius. 


terminate  in  the  tegmentum  before  reaching  the  thala- 
mus. (2)  The  ventral  sceondary  trigeminal  path 
ari.ses  chiefly  from  the  frontal  pole  of  the  chief  sensory 
nucleus,  decussates  in  the  ventral  tegmental  decussa- 
tion, turns  forward  in  a  position  dorsomedially  of  the 
medial  lemniscus  and  terminates  chiefly  in  the  rostral 
end  of  the  ventral  nucleus  of  the  thalamus  and  also  in 
the  centre  median  of  Luys  (nucleus  medialis  b,  of  von 
Monakow,  Fig.  9-15).  The  ventral  path  has  been  dem- 
onstrated by  Wallenbferg  in  birds  as  passing  from  the 
.sensory  trigeminus  nucleus  directly  forward  through 
the  midbrain  and  thalamus,  to  which  it  contributes 
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soino  fillers,  and  a  part  of  its  fibers  continue  still  fart  her 
forward  without  interruption  through  the  cerebral 
heniisjiliere  to  end  in  the  area  parolfactoria,  or  tuber- 
cuhini  olfaetoriuni.  This  tract  he  terms  the  tractus 
(liiintofrontalis.  No  fibers  of  the  trigeminal  lemnis- 
cus are  known  to  extend  farther  forward  than  the 
tlialamus  in  mammals. 

Direct  root  libers  have  been  described  from  the  tri- 
geminus to  tlie  cerebelhun.  These  ajijiarcntly  do  not 
occur  in  mammals,  though  fibers  of  t he  second  order 
undoubtedly  connect  witli  the  cerebellum. 

The  portio  minor  of  the  trigeminus  root  (nervus 
masticatorius)  is  of  mixed  function.  The  greater 
part  is  motor  for  the  innervation  of  the  muscles  of 
mast  [cation.  Those  fibers  arise  from  t  he  cliief  motor  V. 
nucleus  (nucleus  masticatorius)  at  the  level  of  the  su- 
perficial origin  of  the  root  (Fig.  63,  12).     The  cortical 


lated,  are  the  processes  of  the  largo  vesicular  cells  of 
the  mesencephalic  nucleus  of  the  trigeminus  which 
form  a  slender  gray  column  accompanying  the  root 
fibers  (Fig.  919,  30). 

Hetween  the  chief  motor  nucleus  and  the  mesen- 
cephalic nucleus  is  a  considc^rablc  collection  of  cells, 
tlie  locus  eoeruleus  (Fig.  917,  18),  which  is  commonly 
regar<ie<l  as  a  jiart  of  the  motor  V.  nucli'us.  Its  con- 
nections and  functions  are,  however,  still  very  uncer- 
tain. Scattered  among  its  characteristic  polymorphic 
and  pigmented  cells  are  others  of  the  same  form  as 
those  of  the  mesencephalic  nucleus  and  probably  of 
the  .same  type. 

The  mesencephalic  V.  nucleus  is  regarded  by  John- 
ston and  others  as  composed  of  cells  of  the  same  type  as 
those  of  the  spinal  ganglia,  which  were  incorjiorated 
into  the  neural  tube  from  the  neural  crest  in  early  em- 
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Fig.  922. — View  of  ttie  Model  from  the  Lateral  Aspect.  The  sensory  nerves  of  Fig.  921  have  been  removed  and  all  of  the  motor 
cerebral  nerves  except  the  n.  trochlearis  are  now  shown.  1,  Fasciculus  retrofle.xus  (Meynerti):  2,  capsula  oorsalis  nuclei  rubri;  3, 
nucleus  n.  oculomotorii;  5,  radix  descendens  n.  trigemini;  6,  lemniscus  medialis;  7,  locus  cceruleus;  8,  lemniscus  lateralis;  9,  fasciculus 
longitudinaiis  tnedialis;  10,  formatio  reticularis  alba;  11,  nucleus  motorius  princeps  n.  trigemini;  12,  formatio  reticularis  alba;  13,  radix 
n.  facialis  (genu  internum);  14,  nucleus  n.  abducentis;  15,  nucleus  n.  facialis;  16,  tract  from  Deiters' nucleus  to  funiculus  lateralis;  17, 
nucleus  ambiguus;  18,  radices  n.  IX.  and  X.  (mot.);  19,  fasciculus  longitudinaiis  medialis;  20,  nucleus  n.  hypoglossi;  21,  radix  n. 
hypoglossi;  22,  radix  n.  accessorii;  23,  fasciculus  gracilis;  24,  canahs  centralis;  25,  position  of  columna  ventralis;  26,  fasciculus  ventraUs 
proprius;  27,  fasciculus  cerebello-spinalis;  28,  fasciculus  cerebello-spinalis;  29,  fasciculus  lateraUs;  30,  radix  n.  hypoglossi;  31,  nucleus 
olivaris  accessorius  medialis;  32,  nucleus  olivaris  superior;  33,  radix  n.  facialis,  pars  secunda;  34,  corpus  trapezoideum;  35,  radix  n. 
trigemini  (mot.);  .36,  lemniscus  medialis  to  substantia  nigra;  37,  radix  n.  oculomotorii;  38,  nucleus  columnaris;  39,  nucleus  capsulie 
lateralis  nuclei  rubri;  40,  lectus  substantia  nigrie:  41,  capsula  lateralis  nuclei  rubri;  42,  lemniscus  medialis;  43,  capsula  superior 
nuclei  rubri.     (After  Sabin,  F.  R.) 


center  for  the  motor  V.  nucleus  lies  in  the  lower  third 
of  the  precentral  gyrus  and  perhaps  in  neighboring 
parts  of  the  middle  and  inferior  frontal  gyri.  Its  pro- 
jection fibers  descend  through  the  genu  of  the  internal 
capsule  and  accompany  for  some  distance  the  medial 
lemniscus,  then  decu.s.sate  under  the  inferior  coUiculus 
before  effecting  connection  with  the  motor  V.  nucleus. 
The  mesencephalic  (cerebral  or  descending)  root 
of  the  trigeminus  is  commonly  described  as  motor, 
though  the  particular  muscles  innervated  are  not 
stated.  Recent  experimental  work  has  shown  that 
this  root  is  probably  sensory  in  function,  supplying 
muscular  sensibility  to  several  muscles  of  the  head 
(not  including  the  eye  muscles).  Its  fibers  turn  for- 
ward along  the  lateral  border  of  the  aqueduct  of 
Sylvius  (Figs.  916,  13;  917,  12)  for  the  entire  length  of 
the  midbrain.     These  fibers,  which  are  heavily  medul- 


bryonio  stages.  Ram6n  y  Cajal  has  ,show-n  that  the 
fibers  of  the  mesencephalic  root  give  off  large  numbers 
of  fine  collaterals  which  terminate  around  the  bodies 
of  the  cells  of  the  chief  motor  V.  nucleus.  These  prob- 
ably represent  pathways  of  direct  reflex  connection 
from  the  sense  organs  within  the  muscles  of  mastica- 
tion to  the  motor  centers  from  which  these  muscles 
are  innervated,  tliough  Ramon  y  Cajal  him.sclf  sug- 
gests a  different  interpretation.  He  regards  the  mesen- 
cephalic root  as  motor  and  is  of  the  opinion  that  by 
means  of  the  collateral  connection  of  its  fibers  with  the 
chief  motor  nucleus  a  relatively  weak  stimulus  from  the 
mesencephalic  nucleus  may  be  reinforced  in  the  chief 
nucleus,  thus  providing  a  much  more  powerful  and  sus- 
tained contraction  of  the  jaw  muscles  than  the  mesen- 
caphalic  nucleus  alone  would  be  able  to  do.  A  very 
complete  experimental  study  of  the  mesencephalic 
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root  has  been  made  by  WOlems  (Le  N^vraxe,  vol.  xii.. 
1911),  who  cut  the  different  motor  branches  of  the  ^'. 
nerve  in  the  rabbit  and  determined  by  study  of  the  re- 
sultant chromatolysis  the  number  and  localization  in 
the  chief  motor  nucleus  of  all  of  the  cells  which  inner- 
vate the  several  trigeminal  muscles.  After  cutting  these 

2 

is 


Fio.  923. — View  of  the  Jlodel  from  a  Dorso-median  Aspect.  This 
view  ia  designed  to  show  the  central  fiber  mass,  that  is,  the  me- 
dulla, pontal  and  midbrain  sheets,  together  with  the  corpus  tra- 
pezoideum.  1,  Capsula  superior  nuclei  rubri;  2,  radix  n.  oculo- 
motorii;  3,  nucleus  ruber;  4,  fasciculus  retroflexus  (-Meynerti) ;  5, 
lemniscus  medialis;  6,  corpus  trapezoideum;  7,  nucleus  olivaris 
superior;  8,  stratum  interolivare  lemnisci;  9,  nucleus  n.  hypo- 
glossi;  10,  nucleus  olivaris  accessorius  medialis;  11,  decussatio 
lemniscorum ;  12,  canalis  centralis;  13,  substantia  gelatinosa  (Ro- 
landi};  14,  nucleus  funiculi  gracilis;  15,  fasciculus  cuneatus  to  for- 
matio  reticularis;  16,  nucleus  funiculi  cuneati;  17,  nucleus  olivaris 
inferior;  18,  radix  n.  cochleie;  19,  corpus  trapezoideum;  20,  radix 
n.  vestibuU;  21,  nucleus  n.  cochleae  dorsalis;  22,  striie  acustic:e; 
23,  nucleus  n.  abducentis;  24,  radix  n.  facialis;  2.5,  nucleus  olivaris 
auperior;  26,  formatio  reticularis  alba;  27,  fasciculus  longitudinalis 
medialis;  28,  lemniscus  lateralis. 

a,  Fibers  running  from  lemniscus  lateraUs  to  the  brachium  con- 
junctivum.     (After  Sabin.) 

motor  branches,  the  mesencephalic  nucleus  also  shows 
chromatolysis,  btit  at  a  different  rate  from  that  of  the 
chief  nucleus.  Since  all  of  the  muscular  branches  were 
shown  to  be  represented  in  the  chief  motor  nucleus, 
he  assumes  that  the  me.sencephalic  nucleus  supplies 
sensory  fibers  to  the  muscles. 

The  chief  connections  of  the  nerv'us  trigeminus  are 
indicated  diagrammatically  on  Fig.  926. 
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The  facial  nerve  has  two  roots,  the  portio  dura 
which  is  exclusively  motor,  and  the  portio  inter- 
media, or  nerve  of  Wrisberg.  The  fibers  of  the  portio 
dura  arise  from  a  compact  nucleus  of  largo  cells 
belonging  to  the  ventrolateral  series  (Figs.  905  and 
914,  32).  Functionally  they  belong  to  the  specialized 
visceral  motor  system  and  supply  the  facial  muscula- 
ture exclusive  of  the  muscles  of  mastication,  all  of 
these  muscles  being  embryologically  derived  from 
the  branchial  muscles  of  the  hyoid  segment.  These 
root  fibers  pass  dorsalward  and  medialward  and  close 
under  the  floor  of  the  fourth  ventricle  they  turn 
lateralward  around  the  nucleus  of  the  VI.  nerve. 
The  genu  of  the  facial  nerve  which  is  thus  formed, 
together  with  the  VI.  nucleus,  produce  an  eminence 
in  the  floor  of  the  ventricle  which  is  variously  named 
the  eminentia  teres,  eminentia  facialis  and  eminentia 
abducentis. 

The  cortical  center  for  the  motor  facialis  root 
lies  in  the  lower  part  of  the  precentral  convolution 
and  its  projection  fibers  descend  through  the  genu 
of  the  internal  capsule  and  the  medial  part  of  the 
pyramidal  tract.  (See  Fig.  934,  tr.  cort.-bulb.m.) 
These  fibers  leave  the  pj-ramidal  tract  near  the  trans- 
verse plane  of  the  motor  VII.  nucleus  and  cross  the 
raphe  to  reach  it.  Root  fibers  of  the  V.  nerve  reach 
the  motor  VII.  nucleus  for  facial  reflexes;  the  other 
cerebral  nerves  are  also  connected  with  it  through  the 
reticular   formation. 

The  portio  intermedia  of  Wrisberg  is  a  mixed  facial 
root,  containing  visceral  afferent  and  visceral  efferent 
fibers.  The  afferent  fibers  arise  from  cells  of  the  geni- 
culate ganglion  and  are  of  two  sorts:  (1)  unspecial- 
ized  fibers  of  sympathetic  type,  and  (2)  specialized 
visceral  sensory  fibers  serving  the  sense  of  taste  in 
the  anterior  two-thirds  of  the  tongue  and  reaching 
the  brain  by  way  of  the  chorda  tympani.  Both  sorts 
of  afferent  fibers  enter  the  fasciculus  solitarius  and 
end  in  the  mucleus  which  accompanies  this  fasciculus. 
This  nucleus  effects  secondary  connections  with  the 
chief  motor  nuclei  of  the  V.,  VII.,  IX.,  X.,  and  XII. 
nerves  for  the  gustatory  reflexes  of  mastication, 
etc.  The  course  of  the  secondarj^  path  from  this 
nucleus  to  the  cerebral  hemisphere  is  wholly  un- 
known in  mammals. 

The  efferent  fibers  of  the  portio  intermedia  belong 
to  the  unspecialized  visceral  efferent  type  and  are 
chiefly  concerned  with  salivary  secretion.  There 
are  two  salivatory  nuclei,  the  superior  connected 
with  the  facial  nerve  and  the  inferior  connected  with 
the  glossopharyngeal  nerve.  The  nucleus  saliva- 
torius  superior  lies  dorsolaterally  of  the  chief  motor 
VII.  nucleus  (between  the  points  marked  22  and  23 
in  Fig.  915)  and  innervates  the  submaxillary  and  some 
other  glands  by  way  of  the  chorda  tympani  nerve. 

The  relations  of  the  roots  of  the  facialis  nerve 
are  shown  on  Fig.  927,  the  portio  dura  on  the  left 
and  the  portio  intermedia  on  the  right. 

The  acoustic  nerve  has  two  roots,  the  radix  coch- 
learis  (lateral,  ventral,  posterior  or  superficial  root) 
devoted  to  the  sense  of  hearing,  and  the  radix 
vestibularis  (medial,  dorsal,  anterior  or  deep  root)  de- 
voted chiefly  to  equilibratory  reactions,  the  proprio- 
ceptive reflexes  of  Sherrington.  The  primary  center 
into  which  these  fibers  discharge  is  widely  diffused; 
taken  as  a  whole  it  is  known  as  the  area  acustica. 
The  vestibular  root  is  the  more  primitive,  it  alone 
being  present  in  the  lower  vertebrates.  In  the  embryo 
the  VIII.  nuclei  are  developed  from  the  rhomboidal 
lip  in  the  region  of  the  facial  nerve  and  represent  a 
differentiation  of  the  somatic  sensory  column,  whose 
unspeciaiized  component  is  reduced  in  this  region. 
In  the  course  of  development  the  vestibular  nuclei 
spread  out  medialward  over  the  floor  of  the  fourth 
ventricle  and  the  cochlear  nuclei  spread  out  lateral- 
ward  around  the  corpus  restiforme  to  form  the  dorsal 
cochlear  nucleus,  or  tuberculum  acusticum,  and  the 
ventral  cochlear  nucleus   (Fig.   914),   the  latter  ex- 
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tending  even  beyond  the  limits  of  the  brain  outward 
into  the  cochlear  root.  The  vestibular  nuclei,  to- 
gether with  fibers  of  the  cochlear  system  which  cross 


l)oc5at- 


Fig.  924. — View  of  the  Dorsolateral  and  Lateral  Surfaces  of  the  Nucleus  Olivaris  Inferior. 
S.dl.,  Facies  dorso-lateralis;  f.l.,  facies  lateralis;  /.p.,  fissura  prima;  /.s.,  fissura  secunda;  J.t., 
fissura  tertia;  ^p.,  lobus  primus;  ^s. ,  lobus  secundus;  /.(.,  lobus  tertius;   ^.g.,  lobus  quartus. 


upward  into  the  cerebellum  in  company'  with  the 
secondary  fibers  of  the  tractus  vestibulo-cercbellaris. 
The  latter  tract  is  made  up  chiefly  of  axones  of  cells 
of  the  superior  and  lateral 
vestibular  nuclei,  with  some 
from  the  medial  nucleus. 
There  is  also  a  descending  tract 
from  the  cerebellum  to  the 
vestibular  nuclei.  The  ascend- 
ing fibers  decussate  for  the 
most  part  in  the  cerebellar 
commissure  and  terminate 
chiefly  in  the  roof  nuclei  of 
the  opposite  side  of  the  vermis; 
also  in  the  nucleus  dentatus. 
These  pathwaj's  play  a  very 
important  part  in  the  pro- 
prioceptive functions  of  bodily 
equilibration  and  the  main- 
tenance of  muscular  tone. 
The  superior  nucleus  (and  ac- 
cording to  some  authors  the 
lateral  nucleus  also)  sends  a 
strong  secondary  tract  into  the 
fasciculus  longitudinalis  medi- 
alis  of  both  sides  for  motor 
coordination.  The  most  im- 
portant of  these  connections  is 
with  the  nuclei  of  the  eye  mus- 
cles. The  medial  nucleus  .sends 
fibers  to  the  reticular  forma- 
tion of  the  same  and  the  oppo- 
site side  for  connection  with 
the  motor  centers  of  the  ob- 
longata. The  lateral  and  spinal 
nuclei     contribute     secondary 


the  floor  of  the  fourth  ventricle  (stri;t  medul- 
lares  acusticie),  spread  medialward  and  more 
or  less  obliterate  the  sulcus  limitan.s,  vestiges 
of  which  are  pre.served  both  above  and  below 
this  level  (Figs.  903,  905). 

The  vestibular  (equilibratory)  and  cochlear 
(auditory)  fibers  are  more  or  less  mingled  in 
the  VIII.  nerve  and  their  cerebral  centers  are 
likewise  incompletely  separated.  In  general, 
the  cochlear  fibers  terminate  in  or  pass 
through  the  ventral  or  dorsal  cochlear  nucleus 
on  the  lateral  surface  of  the  medulla  oblongata, 
while  the  vestibular  fibers  terminate  in  or  tra- 
verse the  vestibular  nuclei  farther  mediall}". 
The  topograpliic  relations  of  these  nuclei  to 
one  another  and  to  the  surrounding  structures 
in  the  oblongata  of  the  new-born  babe  are 
shown  in  flat  projection  upon  the  horizontal 
plane  in  the  accompanying  figure  (Fig.  928) 
after  Miss  Sabin,  and  the  relations  of  most  of 
these  nuclei  are  seen  in  transverse  .section  in 
Fig.  914.     See  also  Figs.  920,  929,  930. 

The  radix  vestibularis  passes  into  the  ob- 
longata medially  of  the  corpus  restiforme. 
Its  fibers  bifurcate  into  ascending  and  de- 
scending branches,  of  which  the  latter  for 
the  most  part  enter  the  spinal  vestibular  nu- 
cleus. There  are  four  vestibular  nuclei:  (1) 
the  nucleus  nervi  vestibuli  superior  (nuc. 
angularis,  nuc.  of  Bechterew  or  Flechsig,  S  on 
Figs.  928  and  929);  (2)  the  nucleus  nervi  vestib- 
uli lateralis  (nuc.  vestibuli  magnocellularis, 
nuc.  of  Deiters,  L,  L');  (3)  the  nucleus  nervi 
vestibularis  medialis  (nuc.  dorsalis,  nuc.  tri- 
angularis, nuc.  of  Schwalbe,  M,  Y);  (4)  the 
nucleus  nervi  vestibularis  spinalis  (receiving 
the  radix  descendens,  Fig.  928,  R.d.n.ve.,  Fig. 
929,  Sp.). 

Root  fibers  of  the  vestibular  nerve  reach  all 
of  these   nuclei  and  some  also  pass  directly 
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Fio.  925. — Diagram  of  the  Motor  Nuclei  of  the  III.  and  IV.  Cerebral 
Nerves  as  seen  from  Above.  The  localization  of  the  oculomotorius  nuclei  in 
part  after  the  researches  of  Bemheiraer  on  apes.  a,  6,  The  small-celled 
nucleus,  or  nucleus  of  Edinger-Westphal,  probably  visceral  motor  in  func- 
tion and  connected  with  the  ciliary  ganglion.  The  other  nuclei  shown  are 
somatic  motor  in  functioa.     (After  Edinger.) 
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Fio  926.— Diagram  of  the  Nuclei  of  the  V.  Cerebral  Nerve,  together  with 
Some  of  the  Secondarj-  Connections.  The  motor  root  is  drawn  on  the  left 
side  and  the  sensory  roots  on  the  right;  cf.  Fig.  905.  desc.  mot.  T.,  Descending 
tract  from  cerebral  cortex  to  the  motor  V.  nucleus;  fasc.  sol.,  fasciculus  soli- 
tarius;  locus  carul.,  locus  cceruleus;  nuc.  fun.  cun.,  nucleus  funiculi  cuneati; 
nuc.  fun.  gr.,  nucleus  funiculi  gracilis;  nuc.  mcd.  b., 
nucleus  medialis  b  (of  von  Monakow,  centre  median 
of  Luys)  of  the  thalamus;  nuc.  mes.  V.,  nucleus 
mesencephalicus  trigemini;  nuc  mot.  Y..  nucleus 
motorius  princeps  trigemini:  nuc.  sens.  V.,  nucleus 
sensitivus  princeps  trigemini;  nuc.  sp.  V.,  nucleus 
spinalis  trigemini;  nuc.  venir.,  nucleus  ventralis 
thalami;  p.  major  V.,  portio  major  trigemini;  p. 
minor  V*.,  portio  minor  trigemini;  par.  int.  \  11., 
portio  intermedia  (Wrisbergi)  faciaUs;  tr.  sec.  dors, 
v.,  dorsal  secondary  trigeminus  tract;  tr.  sec.  ven. 
v.,  ventral  secondary  trigeminus  tract;  tr.  sp.  V., 
tractus  spinalis  trigemini. 


distance  into  the  cochlear  root.  The  struc- 
ture of  these  nuclei  and  of  their  secondary 
connections  is  very  complex.  The  root 
fibers  divide  within  them  and  their  ascend- 
ing and  descending  branches  possess  differ- 
ent tj-pes  of  synaptic  endings  upon  the  cell 
bodies  of  the  nuclei. 

The  secondary  fibers  take  two  pathways, 
both  of  which  run  transversely  across  the 
meduUa  oblongata.  One  part  passes 
through  the  corpus  trapezoideum  (Fig.  923, 
6,  7;  Fig.  930,  D),  which  lies  rostrad  of 
the  cochlear  root  and  crosses  the  oblon- 
gata dorsally  of  the  deep  fibers  of  the  pons. 
The  superior  olives  and  the  nuclei  of  the 
corpus  trapezoideum  lie  in  the  cour.se  of 
these  fibers  and  are  connected  with  them 
bv  means  of  collaterals  or  terminals  (Fig. 
915,  6).  The  other  part  pas.ses  through 
the  strice  meduUares  acusticce,  which  are 
directed  backward  and  medialward  close 
below  the  floor  of  the  fourth  ventricle  (Figs. 
903;  90.5;  91-1,  16)  to  the  raphe,  to  enter 
the  lateral  lemniscus  of  the  opposite  side. 
Secondary  fibers  from  the  ventral  cochlear 
nucleus  take  both  of  these  pathways;  those 
from  the  dorsal  nucleus  almost  all  enter 
the  dorsal  pathway.  Both  kinds  of  fibers 
connect  with  the  opposite  lateral  lemniscus, 
either  with  or  without  a  synapse  in  the 
superior  olive  (Fig.  930).  Collaterals  and 
terminals  of  these  fibers  form  complicated 
synapses  with  the  cells  of  the  superior 
olives  and  nuclei  of  the  corpus  trapezoi- 
deum (see  Fig.  859).  These  nuclei  send 
direct  tracts  to  the  nucleus  of  the  VI. 
nerve  (Fig.  915,  13,  Fig.  930,  D)  and  to 
other  motor  nuclei  of  the  oblongata  through 
the  formatio  reticularis;  but  most  of  their 
fibers  accompany  the  secondary  fibers  of 
the  corpus  trapezoideum  to  the  lateral 
lemniscus. 


nuc  mot  ¥ 


nuc 


fibers  to  a  vestibulospinal  tract  which  de- 
scends without  decussation  into  the  ventro- 
lateral funiculus  of  the  spinal  cord. 

Some  fibers  from  the  vestibular  nuclei  are 
said  to  pass  through  the  striae  meduUares 
acusticce  to  the  lemniscus  of  the  opposite 
side  and  thence  to  the  inferior  colliculus. 
But  the  number  of  such  fibers  is  small  and 
their  presence  is  controverted.  The  corti- 
cal connections  of  the  vestibular  nerve  are 
relatively  unimportant,  for  its  functions 
belong  to  the  proprioceptive  system  of  re- 
flexes and  involve  small  conscious  control. 

The  radix  cochlearis  discharges  chiefly 
into  the  two  cochlear  nuclei,  though  proba- 
bly many  root  fibers  pass  through  these 
nuclei  and  accompany  the  secondary  tracts. 
The  dorsal  nucleus  (lateral  nucleus  or  tuber- 
culum  acusticum),  lies  dorsaUy  and  later- 
ally of  the  corpus  restiforme  (Fig.  914,  14); 
the  ventral  nucleus,  or  nucleus  accessorius 
(Fig.  914,  12),  lies  ventrally  of  the  corpus 
restiforme  and  extends  outward  for  some 
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Fig.  927. — Diagram  of  the  Nuclei  of  the  Fascialis  Nerve.  The  portio  dura  is 
drawn  in  on  the  left  side  and  the  portio  intermedia  of  Wrisberg  on  the  nght; 
cf.  Fig.  905.  desc.  mot.  VII.,  Descending  tract  from  cerebral  cortex  to  the 
motor  VII.  nucleus;  fasc.  sol.,  fasciculus  solitarius;  nuc.  amb.,  nucleus  ambiguus; 
nuc.  com.  Cajal,  nucleus  cominissuralis  of  Ramon  y  Cajal;  nuc.  mot.  V.,  nucleus 
motorius  princeps  trigemini;  nuc.  mot.  VII.,  nucleus  motorius  princeps  faaalis; 
nuc.  sal.  inf..  nucleus  salivatorius  inferior;  nuc.  sal.  sup.,  nucleus  salivatonUB 
superior;  nuc.  seius.  V.,  nucleus  sensitivus  princeps  trigemini;  por.  d.  \  II; 
portio  dura  facialis;  por.  int.  VII.,  portio  intermedia  of  Wrisberg;  tr.  sp.  Y., 
tractus  spinalis  trigemini. 
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The  latoral  loinniscus  contains  the  great  ascend- 
ing path  for  cortical  acoustic  connections.  It  passes 
up  along  tlie  lateral  border  of  the  colliculus  inferior 
(Figs.  918,  10,  II;  922,  8),  where  some  of  its  fibers  are 
interrupted  in  the  nucleus  of  the  lateral  lemniscus. 
The  remaining  fibers  pa.ss  to  the  nucleus  of  the  col- 
liculus inferior  (Fig.  920,  34)  and  to  the  medial  genicu- 
late body  (Fig.  919.  8).  There  is  difference  of  opinion 
as  to  the  importance  of  the  colliculus  inferior  in  the 


the    internal   capsule    to    the   auditory   area   in    the 
temporal  cortex. 

The  Glossopharyngeal  Nerve. — The  IX.,  X.,  and  XI. 
nerves  are  intimately  related,  being  the  derivatives 
of  the  nerves  which  supply  the  gills  in  fishes.  The 
gills  are  visceral  structures  and,  accordingly,  in  this 
part  of  the  body  the  somatic  nerve  components  and 
centers  are  reduced.  The  .sensory  and  motor  roots 
of  these  nerves  form  a  linear  series  which  extends 
backward  from  the  posterior  border  of  the  pons  into 
the  spinal  cord.  In  the  embryo  (Fig.  889)  the  sensory 
and  motor  roots  lie  in  separate  lines,  the  ventral,  or 
motor,  series  extending  backward  into  the  .spinal 
cord  between  the  dorsal  and  ventrai  roots  of  the  first 
cervical  spinal  nerves.  In  the  adult  brain  the  more 
rostral  rootlets  belong  to  the  glo.ssopharyngeus,  the 
more  caudal  rootlets  to  the  acce.ssorius  and  the 
intervening  ones  to  the  vagus;  but  it  requires  a  di.s- 
.section  of  their  peripheral  courses  to  determine  the 
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Fig.  928. — Diagram  Representing  a  Flat  Reeonstructioa  of 
the  Nuclei  of  Termination  of  the  Cochlear  and  Vestibular  Xerves 
in  the  Xew-bom  Babe.  The  scale  at  the  left  is  in  the  median  line; 
the  line  a,  a,  represents  the  lateral  wall  of  the  fourth  ventricle;  the 
line  b,  b,  corresponds  to  the  lateral  outUne  of  the  corpus  resti- 
forme;  the  Une  e,  e,  e,  di,^:,  dz,  marks  the  position  of  the  sulcus 
limitans  (cf.  Fig.  903).  C.d.,  nucleus  ner\'i  cochleae  dorsalis  C.v., 
nucleus  ner\'i  cochleae  ventralis;  Floe,  flocculus;  K.  VII.,  knee  of 
the  ner\-us  facialis:  L,  medial,  and  Li,  lateral,  portions  of  nucleus 
ne^^'i  vestibuU  lateralis  (Deiters) ;  M.Y.,  nucleus  ne^^i  vestibuli 
medialis  (Schwalbe);  X.I.I.,  nucleus  of  lemniscus  lateralis;  Xuc. 
X//., nucleus  ner\i  hjT^oglossi;  Xuc.VI.,  nucleus  ner\"i  abducentis; 
P.f.,  pedunculus  floccxUi;  X.m.p.V.,  nucleus  motorius  princeps 
trigemini;  .V.o.s.,  nucleus  ohvaris  superior;  -V.s.  I'.,  nucleus  sensi- 
tivus  princeps  trigemini;  iV.c,  root  bundle  of  nervus  cochlea?; 
N.vest.,  root  bundle  of  nervtis  vestibuU;  R.d.v.ve.,  radix  descendens 
(spinalis)  nerW  vestibuU;  *S,  nucleus  ner"\"i  vestibuh  superior 
(Bechterew)  (area  enclosed  in  the  broad  black  Une) ;  Tr.s.n.t., 
tractus  spinalis  nerAi  trigemini;  y,  anterolateral  portion  of  nucleus 
ner\i  vestibuU  mediahs;  z.,  decussatio  ner\i  trigemini.  (.\fter 
Florence  R.  Sabin.) 

cortical  acoustic  path.  Here  important  reflex  con- 
nections are  effected  and  some  fibers  also  ascend 
through  the  brachium  of  the  colliculus  inferior  to  the 
corpus  geniculatum  mediale.  All  acoustic  fibers  are 
here  interrupted,  another  neurone  carrying  the 
impulse  upward  through  the  posteroventral  part  of 


v.sp. 
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Fig.  929. — Diagram  of  the  nuclei  of  the  VIII.  Cerebral  Nerve, 
together  ^\ith  Some  of  the  Associated  Fiber  Tracts.  The  secondary 
tracts  associated  with  the  vestibular  nuclei  are  drawn  in  full  lines; 
those  associated  ^ith  the  cochlear  nuclei  are  drawn  in  broken 
lines.  Cf.  Fig.  905.  br.  c.  inf.,  Brachium  of  colliculus  inferior; 
c.o.m.,  corpus  geniculatum  mediale;  collie,  inf.,  colhculus  inferior; 
coUic.  sup.,  colliculus  superior;  f.l.m.,  fasciculus  longitudinalis 
medialis;  Z..,  nucleus  ner\'i  vestibuli  lateralis  (Deiters);  Im.  lat.^ 
lemniscus  lateralis;  M .,  nucleus  nervi  vestibuli  medialis  (Schwalbe) ; 
n.lm.lat.,  nucleus  of  lemniscus  lateralis;  nuc.  amb.,  nucleus  am- 
biguus;  ol.  sup..  oUva  superior;  S.,  nucleus  ner\i  vestibuli  superior 
(Bechterew);  Sp.,  nucleus  spinalis  nerW  vestibuli;  tr.  v.  cereb., 
tractus  veslibulo-cerebellaris;  tr.  i\  sp..  tractus  vestibulo-spinahs; 
VI 11.  c,  radix  cochlearis  of  VIII.  nerve;  VIII.  v.,  radix  vestibularis 
of  VIII.  nerve. 

precise  limits  of  these  three  ner\'es  at  their  superficial 
origins  from  the  medulla  oblongata. 

The  IX.  nerve  contains  several  components:  (1) 
Somatic  sensor}^  fibers  supplying  general  tactile 
sensibility  to  the  posterior  third  of  the  tongue  and 
some  neighboring  parts.  The  superior,  or  jugular, 
ganglion  probably  belongs  to  this  component,  as  is 
known  to  be  the  case  in  lower  vertebrates,  and  its 
fibers  enter  the  spinal  V.  tract  (Ramon  y  Cajal), 
doubtless  terminating  in  the  spinal  V.  nucleus.  (2) 
Unspecialized  visceral  sensory  fibers  probably  enter 
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this  nerve  from  the  sjinpathetic  nervous  system  to 
end  in  the  nucleus  of  the  faiJciculus  solitarius.  (3) 
The  gustatory  fibers  of  the  IX.  nerve  from  the  posterior 
third  of  the  tongue  constitute  a  specialized  visceral 


Lemniscus  lateralis 


Fio.  930. — Diagram  Showing  the  Connections  of  the  Cochlear  Root  of  the  ^^II.  Xerve.  A , 
Section  at  the  level  of  the  coiliculus  superior  and  nucleus  ruber,  showing  the  auditory  radia- 
tions from  the  corpus  geniculatum  mediale  to  the  temporal  cortex  cerebri;  B,  section  at  the 
level  of  the  coiliculus  inferior,  illustrating  the  course  of  the  fibers  of  the  brachium  of  the 
coUiculus  inferior  (^Brachium  Corp.  quad,  post.)  to  the  medial  geniculate  body;  C,  section  at 
the  level  of  the  nucleus  of  the  lateral  lemniscus  (nu.  tern,  lot.) ;  D,  section  through  the  pons  at 
the  level  of  the  VIII.  roots.  In  B  and  C  the  basis  jjedunculi  is  omitted.  (.Aiter  O.  S.  Strong, 
from  Bailey'a  Histologj'.) 

sensory  component.  The  second  and  third  compo- 
nents are  related  to  the  ganglion  petrosum  and  they 
terminate  together  in  the  nucleus  of  the  fasciculus 
solitarius,  which  also  receives  the  corresponding  roots 
of    the    X.    nerve.     This   nucleus    accompanies    the 
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fasciculus  solitarius  for  its  entire  length  and  at  its 
rostral  end  is  expanded  to  form  a  more  dorsal  sensory 
nucleus  under  the  lateral  tip  of  the  trigonum  vagi 
(Fig.  905).  (4)  The  efferent  fibers  of  the  IX.  nerve 
are  of  two  sorts.  The  greater 
_  number  belong  to  the  special- 
ized visceral  motor  tj-pe,  aris- 
ing from  the  nucleus  ambiguus 
and  distributing  to  the  stylo- 
pharyngeus  muscle.  This  "is  a 
striated  muscle  belonging, 
when  phylogenetically  consid- 
ered, to  the  branchial  system. 
(5)  Other  efferent  fibers  belong 
to  sympathetic  preganglionic 
neurones  and  are  excitogland- 
ular  in  function.  The.se  go  out 
by  the  r.  tympanicus  glosso- 
pharyngei  for  the  innervation 
of  tlie  parotid  salivary  gland. 
Their  postganglionic  neurones 
probably  lie  in  the  ganglion 
oticum.  These  preganglionic 
fibers  arise  from  the  nucleus 
salivatorius  inferior,  which  lies 
in  the  reticular  formation  dor- 
sally  of  the  rostral  end  of  the 
nucleus  ambiguus  and  ven- 
traUy  of  the  dorsal  nucleus  of 
the  vagus  (Yagita).  Their 
position  may  be  seen  in  Fig. 
913  between  the  points  desig- 
nated 26  and  28.  (6)  Other 
efferent  fibers,  probably  for  un- 
striped  muscles,  arise  from  the 
dorsal  vagus  nucleus  under  the 
trigonum  vagi. 

The  vagus  nerve  repeats  ap- 
proximately the  same  pattern 
as  the  IX.  nerve,  with  some 
important  additions.  (I)  The 
somatic  sensory  component  is 
larger,  arising  from  the  jugular 
ganglion  and  suppU'ing  a  small 
area  of  skin  through  the  r. 
auricularis  vagi.  It  also  termi- 
nates in  the  nucleus  of  the 
spinal  V.  tract.  (2)  The  un- 
specialized  %isceral  sensory 
fibers  are  more  numerous, 
many  coming  in  through  the 
intestinal  branch  of  the  vagus, 
serving  general  \-isceral  sensa- 
tions, hunger,  thirst,  etc.  (3) 
The  special  ^^sceral  sensory 
component  is  greatly  reduced, 
but  some  gustatory  fibers  are 
doubtless  present  for  the  in- 
nervation of  the  taste  buds 
sparsely  scattered  over  the 
epiglottis  and  surrounding  re- 
gions (J.  G.  WUson).  The 
second  and  third  components 
are  related  to  cells  of  the 
ganglion  nodosum.  (4)  The 
nucleus  ambiguus  gives  rise  to 
a  specialized  \-isceral  motor 
component  for  striated  mus- 
cles of  the  \-isceral  (branchial) 
series  in  the  pharynx,  larynx 
and  upper  part  of  the  eso- 
phagus. (5)  The  dorsal  nucleus 
of  the  vagus  under  the  trigonum 
vagi,  or  ala  cinerea,  supplies  unspeeialized  visceral 
motor  (preganglionic)  fibers  for  the  cardiac,  thoracic 
and  esophageal  plexuses,  the  intestinal  nerve  and 
other  extensive  visceral  distributions. 

The  spinal  accessory  nerve  is  a  motor  nerve  whose 
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fibers  are  of  two  sorts.  (1)  The  accessory  portion 
of  the  nerve  is  derived  chiefty  from  tlie  nucleus 
ainbiguus;  (2)  the  spinal  portion  is  derived  from 
the  cells  of  the  lateral  horn  of  the  spinal  cord  (with 
which  the  nucle\is  ambiguvis  is  directly  continuous), 
as  far  back  as  the  sixth  cervical  nerve.  The  acces- 
sory portion  is  really  a  part  of  the  vagus,  to  which 
it  supplies  specialized  visceral  motor  fibers,  not  of 
sympathetic  (preganslionic)  type.  The  spinal  por- 
tion supplies  the  fillers  to  the  sternomasloid  and 
trapezius  muscles.  Sensory  fibers  in  small  numbers 
have  been  d<'scribed  in  the  XI.  nerve,  but  these  libers 
are  more  commonly  regarded  as  belonging  in  the 
vagus. 

Summary  of  the  IX.,  X.,  anrf  XI.  A^erues. — The  ar- 
rangement of  the  roots  and  nuclei  of  this  group  is  shown 
in  Fig.  9ol,  and  in  cross-section  in  Fig.  8S4.  The  few 
somatic  .sensory  fibers  present  in  these  nerves  have 
no  .separate  cerebral  centers,  but  join  the 
spinal  V.  tract  and  nucleus.  The  unspecial- 
ized  visceral  sensory  fibers  of  sympathetic 
type  and  the  specialized  visceral  sensory 
fibers  of  the  gustatory  system  join  those  of 
the  VII.  nerve  in  the  fasciculus  solitarius. 
Here  the  gustatory  fibers  have  not  been 
separated  from  the  general  visceral  fibers, 
but  so  far  as  now  known  all  end  together  n 
in  the  nucleus  of  the  fasciculus  solitarius 
and  a  closely  associated  dorsal  .sensory  D 
nucleus  which  lies  under  the  lateral  part 
of  the  trigonum  vagi.  The  fasciculus  soli- 
tarius, accompanied  by  its  nucleus,  extends 
downward  into  the  spinal  cord.  A  short 
distance  below  the  calamus  scriptorius  a 
part  of  its  fibers  enter  a  dorsal  commissure 
and  cross  to  the  other  side.  Embedded 
■within  this  commissure  is  a  nucleus  which 
receives  terminals  of  the  root  fibers  of  the 
IX.  and  X.  nerves.  The  commissure  has 
long  been  known  to  occur  in  fishes,  where 
it  was  named  the  commissura  infima  by 
its  discoverer,  A.  von  Haller.  The  con- 
nection of  the  commissure  with  the  fasci- 
culus solitarius  and  the  presence  of  the 
nucleus  were  discovered  by  Ramon  y  Cajal 
and  the  nucleus  is  termed  the  comniLssural 
nucleus  of  Cajal. 

The  visceral  sensory  nucleus  associated 
■with  the  fasciculus  solitarius  effects  numer- 
ous reflex  connections  with  the  reticular 
formation  and  motor  centers  of  the  oblon- 
gata. Its  cerebral  path  to  the  cortex  is 
wholly  unknown  in  mammals.  In  fishes 
there  is  a  large  uncros.sed  ascending  path- 
W'ay  for  gustatory  impressions  which 
reaches  a  nucleus  under  the  ccrebellmn  near 
the  decussation  of  the  IV.  nerve.  Here 
there  is  a  partial  decus.sation  and  a  synapse. 
The  gustatory  neurone  of  the  third  order 
passes  from  this  nucleus  to  the  hypothalamus. 

The  nucleus  ambiguus  is  the  cerebral  extension  of 
the  lateral  horn  of  gray  matter  of  the  spinal  cord,  and 
not  of  the  ventral  horn,  as  is  often  stated.  Its 
neurones  belong  to  the  lateral  series  of  nticlei  of  the 
oblongata  (represented  in  the  XL,  X.,  IX.,  VII.  and  V. 
nerves  (of.  Fig.  905),  which  supply  chiefly  striated 
visceral  muscles  and  belong  to  the  specialized  visceral 
motor  system.  Some  root  fibers  cross  in  the  ventral 
raphe  to  terminate  in  the  nucleus  ambiguus  of  the 
opposite  side.  The  precise  course  of  the  cortical 
motor  path  to  this  nucleus  is  not  known.  The 
unspecialized  (preganglionic)  visceral  components  of 
these  nerves  arise  for  the  most  part  from  nuclei  con- 
taining smaller  cells  which  lie  farther  dor.sally — the 
dorsal  motor  X  nucleus  under  the  caudal  part  of  the 
trigonum  vagi  and  the  nucleus  salivatorius  inferior. 
The  nucleus  salivatorius  superior  and  the  small-celled 
III.  nucleus  also  belong  in  this  series.     The  dorsal 


nucleus  of  the  vagus  has  until  recently  been  commonly 
regarded  as  sensory.  In  1.S91  Forel,  and  after  him 
many  others,  have  presented  experimental  evidence 
of  its  motor  character.  It  is  certainly  not  a  homo- 
geneous n\icleus,  and  its  lateral  part  appears  to  belong 
with  the  nucleus  of  the  fasciculus  .solitarius  as  a  vis- 
ceral receptive  center. 

The.  hi/poglossus  nerve  is  a  simple  somatic  motor 
nerve.  Its  nucleus  is  the  morphological  extension 
of  the  ventral  horn  of  the  spinal  cord,  and  in  lower 
vertebrates  these  are  directly  continuous.  Fishes, 
in  fact,  have  no  separate  XII.  nerve,  but  the  tongue 
musculature  is  innervated  by  branches  of  the  ventral 
roots  of  the  first  .spinal  nerves.  In  higher  forms  the 
sensor}'^  roots  of  the.se  nerves  are  lost  and  the  ncrvus 
hj'poglossus  is  the  survivor  of  the  ventral  roots  of 
one  or  more  of  these  modified  segmental  nerves. 
Parallel  with  th's  evolutionary  history,  the  hypoglos- 


FiG.  931. — Diagram  of  the  Roots  and  Nuclei  of  the  IX.,  X.,  and  XI.  Cerebral 

Nerves.  The  niotor  roots  are  drawn  in  on  the  left  side:  the  sensory  roots  on 
the  right  side.  Cf.  Fig.  905.  fasc.  sol.  Fasciculus  solitarius:  nuc.  amb.,  nucleus 
ambiguus;  nuc.  com.  Cajal,  nucleus  commissuralis  of  C^ajal:  nuc.  dors.  X., 
nucleus  dorsalis  ■\'agi:  nuc.  mot.  t"//.,  nucleus  niotorius  priuceps  facialis;  nuc. 
sal.  inf.,  nucleus  salivatorius  inferior;  nuc.  sal.  sup.,  nucleus  salivatorius  supe- 
rior; nuc.  sen3.  V.,  nucleus  sensitivus  princeps  trigemini;  nuc.  XII.,  nucleus 
hypoglossi;  poT.  int.  VII.,  portio  intermedia  (Wrisbergi)  facialis;  tr.  sp.  V., 
tractus  spinalis  trigemini. 


sus  nucleus  has  migrated  from  a  ventral  position  in 
lower  animals  to  its  place  immediately  below  the 
floor  of  the  fourth  ventricle,  and  also  considerably 
farther  forward,  so  that  the  hypoglossus  lies  in  the 
same  transver.se  plane  as  the  vagus.  Thus,  the 
tongue  musculature  is  brought  into  closer  physiolog- 
ical relations  with  the  sensory  nuclei  of  the  gusta- 
tory .system  of  the  VII.  and  IX.  nerves  (Kappers). 
See  Figs.  90.5,  912,  920,  922,  923. 

The  hypoglossus  nucleus  receives  important  tracts 
froin  the  nucleus  of  the  fasciculus  solitarius  and  from 
the  reticular  formation  for  short  reflexes  connected 
with  the  cerebral  nerves.  The  cortical  path  arises 
from  the  opercular  part  of  the  frontal  lobe,  passes 
downward  through  the  genu  of  the  internal  capsule 
into  the  pyramidal  tract,  whose  most  medial  fibers 
it  forms  (Fig.  9'M,  Tr.  cort.-bulb.  7n.),  then  below  the 
pons  it  bends  dorsalward  to  cross  the  raphe  and 
enter  the  XII.  nucleus  from  the  lower  and  inner  side. 
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The  Formatio  Reticularis. — The  nuclei  of  the  cere- 
bral nerves  which  have  been  enumerated  above  con- 
stitute the  primary  intrinsic  sensori-motor  apparatus 
of  this  region.  Between  these  nuclei  lies  the  retic- 
ular substance,  by  means  of  whose  neurones  the  vari- 
ous reflex  arcs  with  wliich  these  primary  centers  are 
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-Diagram  of  the  Chief  Afferent  Tracts  Connected  with  the  Cerebellum. 
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concerned  are  completed.  The  olivary  nuclei,  the  pon- 
tile nuclei,  the  arcuate  nucleus  and  some  other  espe- 
cially elaborated  gray  centers  represent  more  highly 
differentiated  areas  within  the  reticular  formation, 
whose  connections  will  be  taken  up  in  more  detail 
beyond.  The  cerebellum  is  an  extensive  supraseg- 
mental  apparatus  developed 
from  this  region  to  serve  the 
proprioceptive  functions  of 
equilibration  and  muscular  co- 
ordination, largely  or  wholly 
on  the  reflex  or  involuntary 
plane. 

The  Cerebellum.— To  the 
metencephalon,  as  this  term  is 
here  used,  belong  the  cerebel- 
lum (epencephalon),  pons, 
brachium  pontis,  and  nuclei  nuc.fcistiqii 
pontis.       These    constitute    a  ^ 

functional  unit,  which  is  re-  COrpUS  restitorme 
lated  by  means  of  afferent  and 
efferent  fiber  tracts  with  all 
parts  of  the  brain  stem  which 
are  concerned  with  the  pro- 
prioceptive reflexes,  and  also 
with  the  cerebral  cortex.  The 
brain  stem  connections  are  the 
more  primitive  and  are  related 
to  the  central  cerebellar  mass, 
the  vermis,  while  the  larger 
cerebellar  hemispheres,  the 
pons,  pontile  nuclei  and  brach- 
ium pontis  are  connected  by 
way  of  the  cortico-pontile 
tracts  and  the  pyramidal  tract 

with  the  cerebral  cortex.  Except  for  tins  difference 
in  the  fiber  connections  of  the  cerebellar  hemispheres 
and  vermis,  the  cerebellar  cortex  exhibits  no  struc- 
tural or  physiological  evidence  of  localization  of 
diverse  functions  in  different  parts,  such  as  charac- 
terizes the  cerebral  cortex;  accordingly  we  shall  not 


here  enter  into  a  description  of  its  anatomical  sub- 
divisions. The  deeper  gray  ma.sses  within  the  cere- 
bellum, however,  are  functionally  diverse.  There 
are  two  groups  of  such  gray  masses,  first,  the  roof 
nuclei  in  the  vermis,  immediately  above  the  fourth 
ventricle,  and  second  the  dentate  nucleus  farther 
laterally.  The  cerebellum  is  con- 
'  nected   with    the   brain   stem    by 

three  peduncles,  the  anterior 
(brachium  conjunctivum)  and 
posterior  (corpus  restiforme)  be- 
ing connected  chieflj'  with  the 
vermis,  and  the  middle  peduncle 
(brachium  pontis)  putting  the 
cerebellar  hemispheres  into  rela- 
tion with  the  pons  and  its  nuclei. 

The  accompanying  schemata 
(Figs.  932,  933)  illustrate  the  chief 
systems  of  afferent  and  efferent 
tracts  connected  with  the  cere- 
bellum. It  will  be  noticed  that 
the  entire  some.sthetic  system  of 
the  body  (both  cutaneous  and 
deep  sensibility)  may  discharge 
impulses  into  the  cerebellum  by 
way  of  the  restiform  body  and 
brachium  conjunctivum  and  that 
the  vestibular  nerve  is  in  especially 
close  physiological  connectioa 
with  it.  In  lower  vertebrates 
tnere  is  a  strong  direct  connection 
from  the  optic  centers  of  the  mid- 
brain to  the  cerebellum  (tractus 
tcctocerebellaris).  This  connec- 
tion is  reduced  in  man  (though 
still  present,  as  Edinger  has  re- 
cently shown),  probably  being 
functionally  replaced  by  the  midbrain-olivary  path  to 
the  cerebellum  and  by  cortical  connections.  The  in- 
ferior olive  receives  ascending  fibers  from  the  whole 
length  of  the  spinal  cord  (Goldstein),  descending  fibers 
from  the  optic  tectum  of  the  midbrain  (by  the  central 
tegmental  tract)  and  fibers  from  the  nuclei  of  the  funic- 
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Fig.  933. — Diagram  of  the  Chief  Efferent  Tracts  Connected  with  the  Cerebellum. 

uli  gracilis  and  cuneatus  of  the  opposite  side.  It  is 
connected  with  the  cerebellum  through  the  restiform 
body  of  the  opposite  side,  these  fibers  probably  run- 
ning in  both  the  ascending  and  descending  direction. 
The  fibers  from  the  cerebral  cortex  to  the  cerebellum 
constitute  two  chief  tracts,  the  frontal  corticopontile 
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tract,  passing  through  the  midbrain  medially  of  the 
pyramidal  tract,  and  the  temporal  corticopontile 
tract,  passing  laterally  of  the  pyramidal  tract  (cf.  Fig. 
934).  Some  fibers  probably  come  from  the  occipital 
part  of  the  cerebral  hemisphere,  and  collaterals  are 
given  off  to  the  pontile  nuclei  from  the  pyramidal 
tract  itself.  After  a  synapse  in  the  pontile  nuclei, 
these  corticopontile  tracts  effect  functional  con- 
nections through  the  brachium  pontis.  chiefly  with 
the  cerebellar  hemisphere  of  the  opposite  side.  The 
brachium  pontis  also  carries  descending  impulses 
from  the  cerebellar  hemispheres  to  the  tegmental 
nuclei.     The  other  descending  fibers  from  the  cere- 


FlG.  934. — Diagram  of  the  Basis  Pedunculi  of  the  Human 
Brain  .Showing  the  Localization  of  its  More  Important  Fiber 
Systems.     (After  Edinger.) 

bellum  pass  out  chiefly  through  the  brachium  con- 
juucti\'um  to  the  red  nucleus,  tegmentum  and  thala- 
mus of  the  opposite  side  (Fig.  893). 

The  roof  nuclei  in  the  vermis  are  the  nuclei  fastigii, 
emboliformis  and  globosus.  Situated  more  laterally 
in  the  core  of  the  white  substance  of  each  hemi.?phere 
is  the  nucleus  dentatus.  The  efferent  fibers  of  the 
cerebellum  arise  as  axones  of  the  Purkinje  cells  of  the 
cerebellar  cortex,  and  those  from  the  hemispheres  ter- 
minate in  the  dentate  nuclei,  while  those  from  the 
vermis  terminate  chiefly  in  the  roof  nuclei.  The  latter 
also  receive  some  afferent  fibers  from  the  spinal  cord 
and  brain  stem.  The  cells  of  the  dentate  nucleus  give 
rise  to  most  of  the  fibers  of  the  brachium  con]uncti^'um. 

The  cerebeOar  cortex  is  structurally  similar  through- 
out the  whole  of  this  organ.  External  to  the  central 
white  matter,  which  composes  the  so-called  arbor 
vitae,  there  is  a  wide  granular  layer,  composed  of  very 
minute  granule  cells  densely  crowded  together,  with 
scanty  cytoplasm,  short  claw-like  dendrites  and  slen- 
der unmeduUated  axones  which  ascend  to  the  super- 
ficial layer,  where  they  bifurcate  and  end  among  the 
dendrites  of  the  Purkinje  cells.  The  middle  layer  is 
composed  of  a  single  series  of  Purkinje  cells.  These 
cells  have  large,  globose  bodies  with  massive  bushy 
dendrites  directed  outward  and  slender  axones  di- 
rected inward.  These  axones  soon  acquire  meduUated 
sheaths  and  form  the  chief  efferent  pathway  from  the 
cerebellum.  The  outermost,  or  molecular,  layer  con- 
tains the  dendrites  of  the  Purkinje  cells,  termini  of  the 
axones  of  the  granule  cells  and  of  other  fibers  and  a 
small  number  of  correlation  neurones  of  several  tj'jies, 
among  which  are  the  basket  cells  illustrated  in  Fig.  S60. 
These  relations  are  shown  schematically  in  Figs.  93.5 
and  936.  Afferent  fibers  terminate  in  the  cerebeUar 
cortex  in  two  ways.  They  may  pass  directlj-  out  to 
the  molecular  laj-er  as  climbing  fibers  (Fig.  936,  n), 
where  they  end  in  very  intimate  relation  with  the 
dendritesof  the  Purkinje  neurones,  or  thej'  may  end  as 
mossy  fibers   (Fig.  936,  h),  among  the  cells  of  the 


granular  layer.  Here  the  granule  cells  take  up  the  im- 
pulse and  deliver  it  to  the  dendrites  of  the  Purkinje 
cells,  as  shown  in  Fie.  935.  By  this  means,  as  well  as 
by  the  basket  cells  and  other  types  of  association 
neurones,  a  single  incoming  nerve  impulse  may  be 
distributed  to  many  Purkinje  neurones  and  thus  its 
physiological  effect  be  greatly  enhanced.  The  same 
result  is  also  secured  by  t  he  discharge  of  collateral  fibers 
from  the  Purkinje  cell  axones  as  they  pa.ss  through 
the  granular  layer,  thus  proWding  for  summation 
and  reinforcement  of  stimuli  during  the  process  of 
transmission  through  the  cerebellar  cortex.  This 
type  of  discharge  has  been  termed  by  Ramon  y  Cajal 
"avalanche  conduction,"  and  plays  a  very  important 
role  in  many  parts  of  the  central  nervous  .sy.stem. 
Golgi  believes  that  these  collateral  branches  of  the 
Purkinje  axones  anastomose  with  each  other  within  the 
granular  layer  to  form  a  true  rete  nervo.sa  diffusa,  thus 
permitting  the  efferent  impulse  to  be  diffused  very 
widely  in  this  layer.  Whether  the  fibers  which  com- 
pose this  neuropil  are  in  actual  phj'sical  connection  or 
not,  our  present  technical  methods  are  not  adequate 
to  decide;  but  the  physiological  effect  referred  to  above 
would  be  possible  in  either  case. 

The  Mesencephalon. — The  general  form  of  the 
midbrain  is  seen  in  Fig.  937.  The  dorsal  surface 
is  marked  by  the  superior  and  inferior  colliculi.  The 
latter,  as  we  have  seen,  has  been  differentiated  to 
serve  as  a  reflex  center  interpolated  in  the  cortical 
acoustic  path.  The  superior  colliculus  serves  chiefly 
as  a  center  for  optic  reflexes.  Ventrally  of  the 
aqueduct  of  Sylvius  (see  Fig.  919)  are  found  the 
motor  nuclei  of  the  III.  and  IV.  cerebral  nerves;  the 
nucleus  ruber  which  is  the  chief  center  for  the  dis- 


FlG.  935. — Section  Through  the  Cerebellar  Cortex  taken 
Parallel  with  the  Long  .\xis  of  a  Lamina.  Comparison  with  Fig. 
936,  taken  transversely  to  a  lamina,  illustrates  the  broad  but 
thin  expanse  of  the  dendrites  of  the  Purkinje  neurones  and  the 
way  in  which  each  of  these  is  spread  out  so  as  to  come  into  contact 
with  the  largest  possible  number  of  axones  of  the  granule  cells  in 
the  molecular  layer,  ffr..  Cell  of  the  granular  layer;  n..  axone  of 
granule  cell;  n',  same  in  molecular  layer,  where  it  branches  and 
both  branches  run  parallel  with  the  long  axis  of  the  lamina:  p., 
Purkinie  cell,  with  its  dendrite,  p',  spreading  but  shghtly  in  the 
long  axis  of  the  lamina.  Golgi  method.  (After  KoUiker,  from 
Bailey's  Histology.) 

tribution  of  efferent  cerebellar  impulses;  the  sub- 
stantia nigra  which  is  motor  correlation  tissue  inter- 
polated between  the  ascending  lemniscus  systems 
and  the  descending  systems  associated  with  the 
pyramidal  tracts;  the  medial  and  lateral  lemnis- 
cus; and  the  descending  fibers  along  the  ventral 
surface  which  compose  the  basis  pedunculi,  pes 
pedunculi  or  crusta.  The  region  between  the  gray 
masses  of  the  superior  and  inferior  colliculi  (cor- 
pora quadrigemini)  and  the  substantia  nigra  is  termed 
the    tegmentum.     It   is   a   continuation    of  the  ret- 
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icular  formation   of  the  medulla  oblongata  and  con- 
tains,  in  addition  to  innumerable  short  reflex  con- 


tion  with  the  rhinencephalon.  The  thalamus  proper, 
as  has  been  pointed  out  in  the  second  section  of 
this  article,  is  devoted  to  sensori-motor  cor- 
relation (somatic  systems  chiefly)  and  to  the 
transmission  of  somatic  sensory  impulses  for- 
ward into  the  cerebral  cortex.  The  intrinsic, 
i.e.  non-cortical,  connections  of  the  thalamus 
are  performed  by  the  more  medial  thalamic 
nuclei;  the  cortical  connections  are  effected 
chiefly  by  the  lateral  and  ventral  groups  of 
nuclei.  The  thalamus  is  divided  functionally 
into  a  pars  dorsalis,  which  is  composed  of 
afl'erent  correlation  centers,  and  a  pars  ven- 
tralis,  composed  of  efferent  correlation  centers. 
The  relations  of  these  parts  are  much  more 
clearly  seen  in  some  lower  vertebrates,  like  the 
tailed  Amphibia,  where  the  cerebral  cortex  is 
feebly  developed  and  the  primitive  relations 
of  the  intrinsic  thalamic  centers  are  not  com- 
plicated by  large  cortical  dependencies,  as  in 
man. 

In  Necturus,  the  common  "mud  puppy," 
for  instance,  the  cerebral  hemispheres  are  de- 
voted chieflv  to  the  primary  olfactory  appa- 
ratus and  various  centers  for  the  correlation 
of  this  with  other  sensory  areas  (Fig.  939). 
An  examination  of  the  ventricular  surface 
of  the  diencephalon  and  mesencephalon  of 
Necturus  (Fig.  940)  shows  that  the  hypo- 
thalamus, the  preoptic  nuclei  (pars  optica 
hvpothalami.  His)  and  the  epithalamus 
(habenula)  are  highly  developed,  these  being 
the  chief  avenues  of  discharge  and  correlation 
between  the  olfactory  association  centers  of 
the  hemispheres  and  the  tegmentum.  In  the 
thalamus  the  pars  dorsalis  is  very  rudimentary, 
Fig  936— Semidiagrammatic  Section  taken  Transversely  through  a  Lamina  while  the  pars  ventralis  is  very  large  thU 
of   the  Cerebellar  Corte.-c.     Golgi  method.      A.    Molecular  layer,  filled  n-ith     being    the    converse    of    the  relation   between 

of  granule  cells  cut  at  right  angles  to  their  course;  B,  granular  layer;    these  parts  in  higher  vertebrates.     The  caudal 


C   white  matter;  o.  Purklnje  cell,  with  the  dendrite  broadly  spread  out  m  the 
transverse  plane  (cf.  Figs.  862  and  933) ;  6,  basket  ceU  (cf.  Fig.  830) ;  d   ter- 
nal  arborizations  of  the  basket  cells  enveloping  the  bodies  of  the  Purkinje 


cells-  e.  superficial  stellate  celk;  /.  Goigi  ceU  of  type  II.;  g.  granule  cells  with 
their  axis  cyUnders  ascending  and  bifurcating  in  the  molecular  layer  at  V  h 
mossy  fibers;  j,  neuroglia  cell;  m,  neurogUa  cell 
Ram6n  y  Cajal,  from  Bailey's  Histology.) 


end  of  the  pars  ventralis  thalami  clearly  lies 
below  the  sulcus  limitans  in  the  primary  ven- 
trolateral or  motor  lamina,  but  its  rostral  end 
extends  forward  across  the  site  of  the  sulcus 
chmbing  fibers.  (After  limitans  (which  is  here  obliterated)  into  the 
primitive  sensory  lamina.  This  secondary 
enlargement  of  the  pars  ventralis  by  the  en- 


nections,  several  long  conduction  paths,  such  as 
the  lemniscus  system,  the  brachium  conjunctivum, 
fasciculus  longitudinalis  medialis,  etc.  The  latter 
is«,  strong  tract  which  extends  from  a  nucleus  at  the 
upper  end  of  the  midbrain  throughout  the  entire 
length  of  the  brain  stem  and  downward  into  the 
fasciculus  proprius  ventralis  of  the  spinal  cord.  It 
contains  both  ascending  and  descending  fibers,  most 
of  which  run  a  short  course  and  coordinate  the  reac- 
tions of  the  motor  nuclei.  Some,  however,  run  a 
longer  course  and  carry  impulses  from  the  bram 
stem  to  the  motor  centers  of  the  spinal  cord. 

The  Diencephalon. — Immediately  in  front  of  the 
superior  colliculus  the  brain  stem  expands  laterally 
to  form  the  thalamic  nuclei  (Figs.  938  and  975). 
The  diencephalon,  as  we  have  already  .seen,  consists 
of  three  primary  divisions,  the  epithalamus,  the 
hypothalamus  and  the_  thalamus  proper  (including 
the  metathalamus  of  His) 

The  investigation  of  the  functional  connections 
of  the  diencephalic  nuclei  is  beset  with  many  dif- 
ficulties, and  the  subject  is  still  in  some  confusion. 
Thalamic  lesions,  whether  produced  experimentally 
or  by  pathologic  proccs.ses,  are  apt  to  injure  also 
some  of  the  svstems  of  long  conduction  paths  pas.s- 
ing  through  the  thalamus  and  the  symptom-complex 
is  thus  complicated  by  the  involvement  of  dis- 
turbances of  remote  parts  of  the  brain  which  have 
no  important  functional  relations  with  the 
diencephalon. 

The  Thalamus. — The  connection  of  the  epithalamus 
and  hypothalamus  are  discussed  beyond  in  connec- 


FiG.  937 


-View  of  the  dorsal  Surface  of  the  Midbrain. 
Retzius,  from'  Edinger's  \orlesungen.) 


(.\fter 


croachment  of  tissue  of  the  motor  type  into  the  dorso- 
lateral lamina  arises  from  the  fact  that  the  pars 
ventralis    thalami    in    this   animal   receives   a  large 
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proportion  of  the  efferent  fibers  from  tlie  midbrain 
and  thalamus  (chiefly  by  way  of  the  tracts  of  the 
postoptic    decussation)    and    then    transmits    these 


Fig.  938. — \"iew  of  the  Brain  as  Seen  after  Cutting  it  Transversely  through  the  Pons 
at  the  Level  of  the  E.xit  of  the  IV.  nerves.  The  relations  of  the  medial  and  lateral  olfac- 
tory stjiffi  to  the  area  olfactoria  are  clearly  shown.     (After  Edinger.) 

impulses  by  de.scending  tract.s  into  the  motor  centers 
of  the  tegmentum.  Fig.  9-11  illustrates  the  typical 
arrangement  of  these  tectothalamic  and  thalamo- 
pedunevilar  tracts,  this  being  the  primitive  cor- 
relation mechanism  of  the  somatic  sensory  sj-stems 
in  animals  lacking  a  differentiated  cerebral  cortex. 

But  in  Xecturus  the  beginnings  of  the  cerebral 
cortex  have  already  appeared  and  the  somatic 
sensory  correlation  centers  in  the  pars  dorsalis  thai- 
ami  send  small  but  clearly  defined  sensory  radiations 
into  the  cerebral  hemisphere,  as  shown  in  Fig.  942. 
The  return  pathwaj'  for  corticospinal  impulses  of 
this  system  passes  through  the  ventral  part  of  the 
thalamus,  liere  some  of  its  fibers  end,  but  most  of 
them  pass  farther  back  into  the  pedunculus  cerebri 
and  tegmentum  of  the  midbrain.  The  dorsal  part 
of  the  thalamus  is,  then,  a  sort  of  vestibule  where 
tactile,  acoustic,  optic,  and  other  somatic  sensory 
impressions  are  received  and  then  transmitted 
forward  to  the  cerebral  cortex;  the  ventral  part, 
CO  the  other  hand,  is  adapted  to  receive  the  same 
somatic  sensory  impulses  and  transmit  them  directly 
backward  into  the  motor  centers. 

In  higher  vertebrates,  parallel  with  the  evolution 
of  non-olfactory  somatic  sensory  correlation  centers 
in  the  cerebral  cortex  (neopallium),  the  pars  dorsalis 
thalami  assumes  relatively  greater  importance,  while 
the  pars  vcntralis  shrinks  into  relative  insignificance. 
In  mammals  the  chief  function  of  the  latter  .seems  to 
be  to  receive  collateral  discharges  from  the  descend- 
ing cortical  fibers  of  the  pyramidal  tract  (Ramon  y 


Cajal),  where  they  doubtless  reinforce  the  reflexes 
effected  within  the  thalamus  by  surviving  vestiges  of 
the  intrinsic  primitive  reflex  thalamic  connections 
which  constitute  the  chief  part  of  the 
thalamus  in  the  .\mphibia.  The  re- 
cent researches  of  Head  and  Holmes 
(1911)  make  it  evident  that  even  in 
man  the  thalamus  has  important 
functions  quite  independently  of  the 
cerebral  cortex. 

In  the  embryonic  human  brain  the 
same  elementary  subdivision  of  the 
thalamus  is  evident  in  early  stages. 
The  sulcus  limitans  (marked  sulcus 
hypothalamicus  on  Fig.  896)  is  visi- 
ble throughout  the  entire  prosen- 
cephalon in  an  embryo  of  five  weeks. 
It  turns  ventrally  into  the  preoptic 
recess  in  such  a  way  as  to  leave  the 
entire  hj'pothalamus  and  a  small 
part  of  the  thalamus  on  its  ventral 
side,  whOe  the  greater  part  of  the 
thalamus  and  all  of  the  epithalamus 
lie  dor.sally  of  it.  The  pars  dorsalis 
thalami  lies  immediately  in  front  of 
the  tegmental  swelling  .shown  in  Fig. 
S96,  and  here,  as  in  Necturus,  some 
of  the  tissue  of  the  primary  dorsal 
lamina  which  lies  immediately  in 
front  of  the  primarj'  motor  part  of 
the  thalamus  and  between  the  re- 
cessus  preopticus  and  the  sensory 
thalamic  centers  (Fig.  896)  seems 
.secondarily  to  have  acquired  the 
same  character  as  the  adjacent  motor 
lamina,  i.e.  it  has  become  an  efferent 
center  discharging  directly  into  the 
tegmentum;  it,  therefore,  must  be 
joined  functionally  to  the  pars  ven- 
tralis  thalami. 

The     sensory    correlation    centers 
which    constitute    the   remainder   of 
the  thalamus  discharge  forward  into 
the  cerebral  hemisphere,  these  fibers 
comprising   the   great  sensor}'  radia- 
tions into  the  cerebral  cortex.      The 
pars  dorsalis  thalami  contains  a  me- 
dial group  of  relatively  unspecialized  nuclei  (intrinsic 
apparatus  of  the  thalamus  devoted  to  thalamic  re- 
flexes), the  great  nucleus  sensitivus  (Ram6n  y  Cajal) 


Olfactory  bulb 

Cerebral  hemisphere 

Thalamus 
Mid-brain 

Medulla  oblongata 


Fig.  939. — Dorsal  View  of  the  Brain  of 
Necturus  maculatus.     X  2^. 

or  lateral  nucleus  which  receives  lemniscus  fibers  for 
tactile  and  general  sensibility,  the  lateral  geniculate 
body  and  pmvinar  for  optic  impulses,  the  medial  gen- 
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iculate  body  for  acoustic  impulses,  and  some  other 
sensory  correlation  centers,  all  of  which  are  in  inti- 
mate relation  with  the  cerebral  hemispheres.  The 
two  geniculate  bodies  comprise  the  metathalamus 
of  His.  The  pars  ventralis  thalami  (including  its 
secondary  forward  extension  described  in  the  last 
paragraph)   occupies  the  regie  subthalamica,  which 


Tectum  mesenc. 


Com.  posterior 


sulcus  limitans.  The  latter  is  called  sulcus  hj-po- 
thalamicus  by  Spalteholz  in  his  reproductions  of 
the  figures  of  His  which  are  copied  in  this  article. 
The  pars  ventralis  thalami  of  the  adult  human  brain 
is  not  represented  on  the  ventricular  surface,  but  has 
receded  laterally  along  the  line  of  the  sulcus  Monroi 
of    Reichert.     The    geniculate    bodies    of    the    pars 


Habenula 

Pars  dorsalis  thalanu 
Pars  ventralis  thalami 
Foramen  interveutriculare 

Com.  anterior 
Lamina  terminalis 
Nucleus  preopticus 
Sulcus  limitans 


Hypothalamus 


Chiasuia  ridge 


Fig.  940. — View  of  the  Left  Half  of  the  Midbrain  and  Thalamus  of  Mecturus  after  Vertical  Medial  Section  of  the  Brain,  seen  from 
the  Ventricular  Surface,  to  Illustrate  the  Relations  of  the  Dorsal  and  Ventral  Parts  of  the  Thalamus.  X  13.  After  McKibbea 
(Joiunal  of  Comparative  Xetirology,  Vol.  21,  p.  2S3, 1911). 


is  often  erroneously  joined  to  the  hj'pothalamus,  and 
which  contains  a  part  of  the  zona  reticularis  (lattice 
nucleus  or  Gitterschicht),  the  nucleus  hypothalamieus 
of  Luj-s,  and  other  gray  centers  of  tlie  same  inter- 
mediary motor  type  as  the  substantia  nigra  in  the 
tegmentum  (cf.  Ramon  y  Cajal,  1911,  p.  501-503). 

In  the  brains  of  late  embryos  and  adults  the  thala- 
mus is  separated  from  the  hj'pothalamus  and  pars 

tr.  tecto-Tholamicus 

itr.  tecto-peduncuiaris 
com.  sup. 


a  opticus 
'chiosma   opt 
com.  poiToptlca 
tr.Thalamo-peduncula»*ls 
tr.  tecto -  bolboris 

Fig.  941. — Diagram  based  on  Fig.  940  to  Illustrate  Some  of  the  Intrinsic  Subcortical 
Refle.x  Pathways  of  Necturus.  The  Lemniscus  and  optic  tract  discharge  chiefly  into 
the  tectum  mesencephah,  but  partly  into  the  dorsal  part  of  the  thalamus.  The  return 
motor  pathway  from  the  tectum  follows  two  main  hnes:  (1)  the  tractus  tecto-bulbaris 
to  the  motor  centers  of  the  medulla  oblongata  and  spinal  cord,  part  of  these  fibers 
decussating  in  the  ventral  commissure  of  the  tegmentum;  and  (2)  the  tractus  tecto- 
peduncularis.  The  latter  tract,  after  decussating  in  the  postoptic  commissure,  dis- 
charges in  part  into  the  tegmentum,  in  part  into  the  hjTaothalamus,  and  in  part  into 
the  pars  ventralis  thalami,  from  which  the  tractus  thalamo-pedunctdaris  transmits  the 
impulse  to  the  tegmentum. 

optica  hypothalami  (preoptic  nucleus)  by  a  well- 
defined  sulcus  which  extends  backward  from  the 
interventricular  foramen  to  the  aqueduct  of  Svlvius 
(visible  but  not  labelled  in  Fig.  S92).  This  sulcus 
was  first  recognized  by  Reichert  and  named  by  him 
(1861)  sulcus  Monroi,  a  name  which  has  since  been 
applied  to  other  sulci  by  different  authors,  e.g.  by 
His,  who  gives  this  name  to  the  rostral  end  of  the 
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dorsalis  thalami  (metathalamus  of  Hi.^)  have  also 
been  carried  laterally  in  the  position  of  the  caudal 
end  of  this  sulcus  (Figs.  891,  892). 

The  synonymy  of  the  thalamic  nuclei  is  in  great, 
confusion.  Here  we  shall  follow  the  classic  descrip- 
tion of  von  Monakow,  whose  analysis  of  the  thalamic 
centers  is  illustrated  in  Figs.  943  to  947. 

In  i'lg.  943,  which  represents  a  transverse  section 
through  the  human  brain  at  the  level 
of  the  decussation  of  the  brachium 
conjunctivum,  the  three  nuclei  of  the 
metathalamus  are  seen  (pulvinar. 
medial  and  lateral  geniculate  bodies) 
and  also  the  nucleus  posterior 
thalami.  The  position  of  the  lem- 
niscus is  also  indicated  (S„  <Sj). 
Lateral  and  dor-sal  from  the  lemnis- 
cus is  the  brachium  quadrigeminum 
inferius  or  arm  of  the  inferior  collic- 
ulus,  which  is  a  link  in  the  acoustic 
pathwaj-  between  the  inferior  collic- 
ulus  and  the  medial  geniculate  body. 
A  section  farther  forward  through 
the  upper  border  of  the  superior  collic- 
ulus  (Fig.  944)  shows,  in  addition  to 
the  structures  just  mentioned,  the 
lateral  part  of  the  nucleus  ventralis 
thalami,  to  which  some  of  the  ascend- 
ing fibers  of  the  lemniscus  are  given 
off. 

Fig.  945  passes  through  the  middle 
of  the  thalamus.     The  taenia  thalami 
marks  the  line  of  attachment  of  the 
membranous  roof  of  the  third  ven- 
tricle,    which    has    been     removed. 
The  taenia  is  accompanied  by  a  tract 
of  medullated  fibers,  the  stria  medul- 
laris  thalami,  by  which  the  olfactory  centers  of  the 
cerebral  hemi.*phere  discharge  into  the  epithalamus, 
or  habenula,  which  in  sections  farther  back  would  be 
seen  lying  immediately  caudad  of  the  ta'nia  thalami 
as  here  figured;  cf.  Fig.  94S.     The  hypothalamus  does 
not    appear    in    this    figure,    l\"ing    farther    forward. 
The   regio   subthalamica   at   this  level   includes  the 
corpus    Luysi    (here  termed   "nucleus  hypothalami- 
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cus, "  though  it  docs  not  properly  licloiig  in  tho 
hypothalamus).  The  ventral  and  medial  nuclei  of 
the  thalamus  are  shown;  also  the  caudal  end  of  the 

pars  venTr  thalami 
pars  dors.  Thalami 
habenula 


hypotno 


tr.  UnQlamo-  corticalis 
tr.  sTrio-thalamicus 
nuc.  preopTlcus 


Fio.  942. — A  Diagram  Similar  to  that  of  Fig.  941 ,  to  Illustrate  the  Connections  of  the 
Pars  Dorsalis  Thalami  of  Necturus.  This  part  receives  somatie  sensory  fibers  from  the 
lemniscus  and  from  the  tectum  mescephali  and  its  chief  discharge  pathway  is  by  the 
tractus  thalamo-corticalis  to  the  cerebral  hemisphere.  This  path  is  the  precursor  of 
tlie  great  thalamo-cortical  sensory  radiations  of  mammals. 


latter  is  seen  the  capsula  interna.  The  anterior  part 
of  the  nucleus  ventralis  thalami  is  met  with  in  the 
ventral  part  of  the  thalamus.  At  the  ventral  extrem- 
ity of  the  lamina  meduUaris  medialis, 
in  transverse  section,  is  seen  the  fas- 
ciculus thalamomammillaris  (of  Vieq 
d'Azyr,  better  named  the  tractus 
maminillo-thalamicus),  which  puts 
the  hypothalamus  into  relation  with 
tho  nucleus  anterior  thalami.  In  the 
hypothalamus  is  seen  tlie  cohimna 
fornicis,  which  conducts  from  the 
olfactory  cerebral  cortex  (hippo- 
campus) to  the  mammillary  body  in 
the  hypothalamus.  Surrounding  it, 
but  not  shown  on  the  figure,  are 
fibers  of  the  basal  olfactory  tract 
which  carries  subcortical  olfactory 
impulses  from  the  basal  olfactory 
centers  to  the  hypothalamus  (cf. 
Figs.  948,  973). 

Fig.  947  pas.ses  through  the  most 
rostral  portion  of  the  thalamus. 
Passing  from  the  middle  line  lateral- 
ward  are  seen  the  stratum  griseum 
centrale,  the  tenia  thalami,  the  nu- 
cleus anterior  thalami  with  its  ven- 
tral capsule,  the  tractus  mammillo-thalamicus  (Vicq 
d'Azyri),  the  nucleus  lateralis  thalami,  and  the  nucleus 


Putvmnr. 


Corfms  geniculatum  mediate. 
!    Brachium  quadrigeminmn  inferius. 
Colliculxis  ^tperioT. 


/  Aqueducius  cerebri. 


lateral  nucleus,  though  this  is  not  named  on  the 
figure.  The  lemniscus  fibers  have  terminated  in 
large  numbers  in  the  ventral  nucleus;  other  fibers  of 
this  system  are  represented  in  the  lamina  medullaris 
medialis  for  levels  farther  forward.  The  fibers  of 
the  basis  pedimculi  now  lie  farther  lateralward  nearer 
the  internal  capsule,  within  which  they  are  found  in 
the  next  section  figured.  Numerous  fibers  are  seen 
passing  from  the  lateral  border  of  the  thalamus  into 
the  internal  capsule.  These  are  sensory  radiations, 
or  thalamo-cortical  tracts,  of  the  optic,  acoustic  and 
tactile  systems  from  their  respective  thalamic  centers. 
Fig.  946  illustrates  a  section  taken  immediately 
behind  the  optic  chiasma.     The  greater  part 

of  the  hypothalamus  (mammillary  bodies  and  ^-   ; 

tuber  efnereum)  lies  between  tliis  level  and  corpus  geniculatum  laterals 
that  of  Fig.  94.5,  but  the  rostral  end  of  it  is 
seen  lying  between  the  tractus  opticus  and 
Forel's  Feld  H,.  The  latter  lies  in  the  sub- 
thalamic region  (pars  ventralis  thalami).  In 
the  pars  dorsalis  thalami,  are  seen,  passing 
from  the  third  ventricle  lateralward,  the  tenia 
thalami  (which  with  the  accompanying  stria 
medullaris  is  the  only  representative  of  the  epithala-  I  ventraUs  thalami  (anterior  part).  Bounding  the 
mus  at  this  level),  the  nucleus  medialis  thalami  (not  |  thalamus  lateralward  is  the  capsula  interna  of  the  cor- 
pus striatum.  The  three  parts  of  the 
Nucleus postei'ior  thalami.  ,  .Nucleusvcntrali^  lateralis  thcilami. 


I^ucleus  posfertor  thala 


iDecussatio  hrachii 
conjunctivi. 


I 


Fig.  94.3. — Frontal  Section  through  a  Normal  Human  Brain  at  the  Level 
of  the  Decu.ssati©  Brachii  Coniuncti\'i.  (.\fter  C.  von  Monakow,  Arck.  /. 
Psychiat.^  Berlin,  Bd.  xxvii.,  1S95.)  *Si,  5;,  Lemniscus.  (From  "The 
Nervous  System  and  Its  Constituent  Neurones,"  New  York,  1900.) 


^^^i- 


Pulvinar. 

''  Colb'culus  superior. 

Commissura  posterior  cerebri. 
Aqueductus  cerebri. 


Corpus  geniculatum  laterale. 
Corpus  geniculatum  mediate. 


^;;f^ 


i:^^^^F(isciculus  longitudi* 


i^Ki 


nalis  medialis. 

"^Brachium  conjunctivum 
et  nucleus  ruber. 


Lemniscus. ; 


i 


*Sid}stantia  nigra. 


nucleus  lentiformis  of  the  corpus  stri- 
atum are  represented,  namely,  the  pars 
mediaUs  and  the  pars  lateralis  of  the 
globus  pallidus  and  the  putamen.  Ven- 
tral to  the  globus  pallidus  is  the  com- 
missura  anterior  cerebri.  The  pedunc- 
ulus  thalami  medialis  carries  filjers  be- 
tween the  basal  olfactory  centers  lying 
farther  forward  and  the  medial  group 
of  nuclei  of  the  thalamus,  which  at 
this  level  are  represented  by  the 
stratum  griseum  centrale  and  the  nu- 
cleus anterior. 

In  these  figures  it  will  be  observed 
that  the  sensory  nuclei  of  the  thalamus 
(pars  dorsalis   thalami   of   this   article) 


Lemniscus  medialis. 
Basis  pedunculi. 
FiG.944.— Frontal  Section  through  a  Normal  Human  Brain  at  Level  of  Upper  Ex-  tend  to  be  arranged  in  concentric 
tremity  of  Corpus  Geniculatum  Mediale.  (After  C.  von  Monakow.  .4rcfc, /.  Ps!/r7im(.,  fashion  around  the  third  ventricle  and 
Berlin,  Bd.  xx-\ii.,  1S95,  Taf.  ii..  Fig.  13.)  r,  Lateral  white  matter  of  lateral  genicu-  that  they  fiU  almost  the  entire  thala- 
late  body:  y,  lateral  white  matter  of  puhinar.  (From  "The  Nervous  System  and  mus.  This  part  includes  the  nucleus 
Its  Constituent  Neurones,'"  New  York,  1900.)  anterior     (nucleus     dorsalis     of    many 

authors),     nucleus      medialis,     nucleus 


named  on  the  figure),  the  lamina  medullaris  medialis, 
the  nucleus  anterior  thalami,  the  nucleus  lateralis 
thalami    and  the  zona  reticularis.     Lateral  from  the 


lateralis,  nucleus  ventralis,  nucleus  posterior  and 
the  metathalamus  of  His  (lateral  and  medial  geniculate 
bodies  and  pulvinar).      Each  of   these   nuclei  has  a 
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characteristic  form  and  arrangement  of  its  neurones 
and  is  more  or  less  clearly  separated  from  its  neighbors 


Xjamina  meduUaris  media. 
\       Lamina  nteduUaris  medialis. 
>       :      Sucleus  medialis  ihatami  (ft) 
,'      /       /        {centre  median). 


Capsula  tn/ema.— *.§^: 


NucUtu  lentiformis. 


J^ucleus  medialis  thalami  fa). 
. . .  Tcenia  thalam^i. 

^ — Lamina  meduHaris  thalami. 
a. 

*.  I^ucleits  ruber. 

M  -■  s_'\  'fj_^asciculus  retroflexus 
iV^V  iMe^erti). 

->/  '^^ascicidus    peduncidomam 


Ventriculuslateralislcomutnfefius).;     !     J     ) 
yucleits  ventralis  thalami  (a). ;      I    / 


cleiis  hypothahimicits 
{corpus  Luysi). 


S^'ucleus  ventralis  thalami  v6> 

Baxis  peduncuti. 

Fig.  945. — Frontal  Section  through  a  Xonnal  Human  Brain  at  the  Level  of  the 
Lower  End  of  the  Nucleus  H>-pothalamicus.  (After  C.  von  Monakow,  Arch.  /. 
Psychiat.,  BerUn,  Bd.  sx™.,  1895,  Taf.  iii..  Fig.  20.)  ",  Dorsal  white  matter  of 
nucleus  ruber;  ^,  ventral  white  matter  of  nucleus  ruber;  f ,  lateral  white  matter  of  nucleus 
ruber.     (From  "The  Nervotis  System  and  its  Constituent  Xeurones,"  New  York,  1900.) 


by  laminae  of  medullated  nerve  fibers.  The  suggestion 
tfiat  they  are  functionally  different  is  confirmed  by  the 
limited  data  from  physiological  ex- 
periments and  pathological  cases 
available.  The  medial  nuclei,  as 
elsewhere  in  the  brain,  are  the  more 
primitive  centers  and  serve  the  sim- 
pler intrinsic  thalamic  reflexes.  The 
nuclei  of  the  metathalamus  serve  as 
cortical  dependencies  of  the  more 
highlj-  differentiated  functions  of 
sight  and  hearing,  while  the  inter- 
vening lateral  and  ventral  nuclei  are 
for  the  most  part  similar  cortical  de- 
pendencies of  the  tactile  and  somes- 
thetic  sensor3-  systems. 

The  pars  ventralis  thalami  is  repre- 
sented here  by  a  narrow  zone  lying 
ventrally  and  laterally  of  the  nuclei 
just  enumerated.  It  includes  the 
structures  of  the  regio  subthalamica 
and  zona  reticularis.  It  comprises 
the  Feld  H,  of  Forel,  the  corpus  Luysi 
(often  termed  the  corpus  hypothala- 
micum  of  Luys)  and  at  least  the 
ventral  part  of  the  zona  reticularis. 


pedunculi  and  also  short  tracts  from  tlie  overlying 
nuclei  of  the  pars  dorsalis  thalami  (especially  the 
medial  nuclei)  for  intrinsic  thalamic 
reflexes.  They  discharge  directly 
backward  into  the  tegmentum  and 
do  not  send  important  tracts  forward 
into  the  cerebral  cortex. 

The  lateral  and  ventral  nuclei  of 
the  pars  dorsalis  thalami  and  the 
metathalamus  are  concerned  chiefly 
with  cortical  connections  and  give 
rise  to  the  somatic  sensory  cortical 
radiations.  They  also  receive  return 
cortico-thalamic  tracts  from  the  cor- 
tex. The  medial  group  of  nuclei 
(stratum  griseum  centrale,  nucleus 
medialis  and  nucleus  anterior  or  dor- 
saUs)  are,  as  already  stated,  chiefly 
concerned  with  the  intrinsic  thalamic 
reflexes.  They  are  all  intimately 
connected  with  the  olfaeto-visceral 
centers  of  the  hypothalamus,  the  nu- 
cleus anterior  in  particular  receiving 
the  tractus  mammillo-thalamicus 
(Vicq  d'Azyri)  from  the  mammillary 
body,  these  fibers  arising  as  collater- 
als of  those  of  the  tractus  mammiUo- 
peduncularis.  The  evidence  regard- 
ing cortical  connections  of  these 
medial  nuclei  is  conflicting.  They 
unquestionably  send  ascending  fibers  into  the  cerebral 
hemisphere,  but  these  fibers  are  said  bj'  Sachs  to  reach 


millaris,  pars  tegmentalis. 


Capsula  interna 


Zona  reticularis  {Gitter- 
scMcht) 


yucleus  lateralis  thalami. 

Xucleus  anterior  thalami. 


yLftmina  meduUaris  medialis. 
•  Tcenia  thalami. 


yucleus  ventralis  thalami  ■ —  f-.?'  V    "^^^^^^sifet^ 

iant.).  J  *i-.r^    -;:s^=?«».n 

Ansa  lenticularis^  pars  "y"  ^^ 
dorsalis. 


Fasciculus  thalamo  mammtl- 
laris  (.  Vicq  d'Azyri}. 

..( FureVs  Feld  i/,. 

-■^.Columna  fomicis, 

Commisstira  anterior  cerebri.^    ~   -fi  \'t    \  '*ili^  A-. 

Ansa  lenticularis  ij>ars  ventralis^ 

Pedunculits  cerebri. 

Fig.  946. — Frontal  Section  through  a  Normal  Human  Brain  at  the  Level  of  the  .\nsa 
Lenticularis  (anterior  to  the  nucleus  h\-pothalamicu?).  (.\fter  C.  von  Monakow.  .4rcA. 
/.  Psuchiat.,  Berlin,  Bd.  xx\-ii.,  1895,  Taf.  iii..  Fig.  28.)  (From  "The  Nervous  System 
and  Its  Constituent  Neurones,"  New  York,  1900.) 


These 


regions 


receive  collaterals  of  the  descending  tracts  of  the  basis 


Capsula  interna. 


yttclctis  ventralis^-''' 
thalami  iant.). 

Putamen.'' 

Globu.'i  pallidus,  pars 
lateralis. 


Xucleus  lateralis  thalami. 

Nucleus  anterior  thalami  (a). 
Capsula  ventralis  nucl.  ant. 
/  thalami. 

/Tcenia  thalami.. 

.  ^^^  ,  Fasciculus  thalamo-mammiU 
^i^'    1...     laris  (Vicq  d'Azyri). 
'-^    "^     Stratunt  griseum  centrale. 

medialis. 


-^     i;  r-Vij^  -^  - . -■    ;,  i     ^iraium  gnseum  ce 
'2l    -^^"^^^^^^^ii^v  V  *  ■=-  ■'■  -Pedunculus  thalami 

'>.'  "Vr    =^^6=^!^  . , '■^■•'' Columna  fomicii 


(Globus  pallidus^  pars  medialis.^         , 
Commissura  anterior  Ceribri' 


'  Ansa  lenticularis,  pars  ventralis.^ 


Fig.  947. — Frontal  Section  through  a  Normal  Human  Brain  at  Level  of  .\nterior 
Part  of  Thalamus,  (.\fter  C.  von  .Monakow,  Arch.  f.  Psychiat.,  Berlin,  Bd.  xxvii., 
1S95,  Taf.  iv.,  lig.  33.)  (From  "The  Nen'ous  System  and  Its  Constituent  Neu- 
rones," New  York,  1900.) 


no  farther  forward  than  the  nucleus  eaudatus  of  the 

corpus  striatum.     They  are  also  connected  with  the 

basal  olfactory  area  about  the  anterior 

perforated  space  through  the  peduneulus 

thalami  medialis. 

Some  of  the  connections  of  the  dien- 
cephalon  are  illustrated  bv  the  following 
diagrams,  Figs.  9-lS,  949,  950,  973,  989. 

The  Ophthalmencephalon. — This  name 
may  be  applied  to  those  portions  of  the 
brain  which  are  concerned  with  the 
visual  functions,  a  companion  system  to 
the  rhinencephalon.  It  includes  the 
retina,  the  optic  part  of  the  thalamus 
(pulvinar  and  lateral  geniculate  body), 
the  coUiculus  superior  (optic  lobes  of 
lower  vertebrates}  and  the  optic  centers 
in  the  occipital  lobe  of  the  cerebral 
cortex. 

We  have  already  considered  the  mode 
of  formation  of  the  retina,  as  a  lateral 
evagination  from  the  wall  of  the  dien- 
cephaUc  portion  of  the  neural  tube  in 
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early  embryological  stages  (Figs.  898,  899).  It  is  as 
truly  a  part  of  tho  brain  as  is  the  cerebral  hemisphere, 
andthe  so-called  optic  nerve  is  an  association  tract  of 

Corpus  coUoHUtn 
Fimbria  \      \ 
Nucleus  anterior 
Tr.  iiinTniiiilla-thalanucus    \^      .^ 
Nucleus  l.itcralis    \    ^  ^ 
Metathalaiiuis 


Haheuula  — 

Fase.  retroflexus  — 

Nuc.  posterior  - 

Nuc.  veutralis  — 

Regie  subthalamica 

Nucleus  ruber 

Lemniscus  V 

Brachium  conj. 

Substantia  nigra 

Lemniccus  med. —  m^ 

Tr.  thalamo.  ped. 


centers  are  in  the  strict  sense  of  the  word  cortical 
dependencies,  for  they  attain  to  only  very  insignifi- 
cant   proportions   in   forms  with  rudimentary  cortex 


Fig.  94S.- 


-Scheme  of    the  Nuclei  of  the  Thalamus  seen  as  Projected  upon  a  Parasagittal  Plane. 
The  epithalanius  aiit-1   hypothalamus  are  stippled. 


the  same  order  as  the  lemniscus.  Like  the  lemniscus, 
it  decussates  completely  in  the  optic  chiasma  in  lower 
vertebrates  before  terminating  in  the  thalamus  and 
midbrain.  It  is  only  in  animals  with  an  overlapping 
of  the  fields  of  vision  of  the  two  eyes,  or  stereoscopic 
vision,  that  the  decussation  of  the  optic  tracts  in  the 
chiasma  is  incomplete. 

In  lower  vertebrates  the  midbrain  connections 
of  the  optic  tracts  are  much  more  important  than 
the  thalamic,  the  latter  connection  being  made  by 
collaterals  merely  of  the  optic  tract  fibers  as  they 
cross  the  lateral  face  of  the  thalamus.  The  optic 
connections  in  the  roof  of  the  colUculus  superior 
(tectum  onticum)  are  practically  all  on  the  reflex 
plane  in  all  animals.  Here  in  the  tectum  the  optic 
impulses  are  brought  into  relation  with  general  sen- 
sory and  auditory  impulses  coming  in  by  way  of  the 
medial  and  lateral  lemniscus  respectively.  In  fishes 
and  amphibians  nearly  all  of  the  lemniscus  fibers, 
as  well  as  the  optic  fibers,  end  in  the  midbrain,  very 
few  passing  on  without  interruption  into  the  thal- 
amus. From  the  tectum  mesenccphali  important 
reflex  connections  are  effected  with  the  underlying 
motor  centers  of  the  tegmentum  and  with  lower 
motor  centers  by  important  tecto-bulbar  and  tecto- 
spinal tracts.  The  midbrain  connections  of  the 
optic  system  in  the  human  brain  are  of  this  type, 
only  the  simpler  visual  reflexes  being  localized  here; 
see  Fig.  950. 

The  thalamic  connections  ot  the  optic  tracts  in 
the  lowest  vertebrates  are  very  insignificant,  col- 
laterals of  this  system  being  given  off  to  terminate 
in  the  unspecialized  a.ssociation  tissues  of  the  pars 
dorsalis  thalami.  But  in  all  forms  with  a  differen- 
tiated cerebral  cortex  these  thalamic  optic  connections 
assume  greater  importance,  a  special  part  of  the 
pars  dorsalis  being  set  apart  for  their  use.  Thus 
arises  the  lateral  geniculate  body,  and  in  higher 
mammals  this  is  supplemented  by  the  pulvinar.     These 


CORP  CALIOSUM 


T^  LIMB 
CAPSULF 


LOBE. 


Fig.  949. — Scheme  of  the  Thalamo-cortical  Connections, 
Founded  on  the  Observations  of  Flechsig,  and  Ferrier  and  Turner. 
(From  Cunningham's  Anatomy.) 
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Fig.  950. — Diagram  of  the  Optic  Connections  of  the  Brain 
(ophthahnencephalon).  .4,  Section  at  the  level  of  the  II.  and 
III.  cerebral  nerves;  B,  at  the  level  of  the  IV.  nerve;  C,  at  the 
level  of  the  W.  and  VII.  nerves;  Z>,  spinal  cord.  (Designed  by 
O.  S.  Strong;  troni  Bailey's  Histology.) 

Neurone  Xo.  1. — The  rods  and  cones  of  the  retina,  which  serve 
as  the  sensory  receptive  cells,  and  the  bipolar  cells  of  the  retina, 
which  constitute  the  neui'ones  of  the  first  order,  are  not  indicated 
on  the  diagram. 

Neurone  No.  2. — The  neurones  of  the  second  order  are  the  cells 
of  the  ganglionic  layer  of  the  retina,  whose  axones  make  up  the 
larger  part  of  the  fibers  of  the  optic  "nerve"  and  tract.  Efferent 
fibers  also  pass  from  the  brain  to  the  retina,  which  are  not  indi- 
cated on  the  diagram.  2a,  Axones  of  ganglion  cells  in  the  temporal 
part  of  the  retina  passing  to  the  pulvinar  of  the  same  side;  '2b, 
axones  of  the  gangUon  cells  of  the  retina  passing  to  the  coUiculus 
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^"'■frx--  cerebri,  but  increase  pari 

passu  with   tlie  elabora- 
tion of  the  visual  cortex. 
Various  authors  have 
described      other     optic 
tracts   leaving  the  optic 
chiasma    to    effect    con- 
nections    farther     ven- 
traUy  than  either  of  the 
dorsal  regions  referred  to 
above.       These    connec- 
tions  pass  directly  into 
the  ventral  motor  lamina 
of   the   brain    stem    and 
are    supposed    to    serve 
the  most  simple  and  rapid  optic  reflexes.     They 
have  been  described  as  going  to  the  subthalamic 
region,    the   hypothalamus  and  the  tegmentum. 
But  their  study  is  very  difficult,  for  a  complete 
analysis  of  the  optic  chiasma  and  the  associated 
postoptic  commissural  fibers  (which  have  nothing 
to   do  with   the  visual  apparatus   directly)  has 
never  been  made,  and  the  whole  question  is  one 
for  further  research. 

The  more  important  optic  connections  are  in- 
dicated diagrammatically  in  Fig.  950,  where  the 
sharp  contrast  between  the  more  primitive  mes- 
encephalic connections  of  the  direct  reflex  type 
and  the  thalamic  connections  with  relations  to 
the  cerebral  cortex,  is  clearly  manifest. 

Tlic       TclciicephnIo7i. — The      cerebral      hemi- 
spheres begin   as  lateral   outgrowths   from   the 
rostral  end  of  the  neural  tube.     These,  as  we  saw 
on  a  previous  page,  finally  involve  the  whole  of 
the  lateral  walls   in  this  region  except  the  part 
immediately  adjacent  to  the  optic  chiasma  and 
preoptic    recess   (preoptic   nucleus,    or    ganglion 
opticum    basale).      The    development   of    lower 
brains  shows  that  the  initial  cerebral  evagination 
was  called  forth  by  the  olfactory  apparatus,  and 
in  fishes  and  ampliibians,  even  in  the  adult,  the 
olfactory  function  dominates  practically  the  en- 
tire hemisphere.     Fibers  from  the  non-olfactory  cen- 
ters of   the   brain  stem   ascend   to   enter  the  hemi- 
spheres,  however,   in  fishes,   these   fibers  ending   in 
part   in   various    olfactory    correlation    centers    and 
also    in    a    special    part    of    the    hemisphere    called 
the   "somatic  area,"   which  is   nearly   or   quite   free 
from    direct    olfactory    connections.     When    in    the 
course     of     further     evolution     these     non-olfactory 
association  fibers  become   sufficiently    developed   to 
call  for   associations  iiUcr  se  within  the  hemispheres 
independently  of  the  olfactory  centers,  their  somatic 

superior  of  the  same  side;  2c,  a.xones  of  ganglion  cells  of  the  retina 
passing  to  the  lateral  geniculate  body  of  the  same  side  (Corp. 
gen.  ext.) ;  2c,  axones  of  gangUon  cells  of  the  retina  passing  to  the 
lateral  geniculate  body  of  the  oppo.site  side;  2/,  similar  axones  to 
the  colliculus  superior  of  the  opposite  side;  2y,  similar  axones  to 
the  pulvinar  of  the  opposite  side. 

Neurone  No.  3. — 3a,  Axones  of  cells  in  puhinar  to  cortex  of 
occipital  lobe  of  cerebrum  (this  connection  is  disputed) ;  36, 
axones  of  cells  in  lateral  geniculate  body  to  occipital  cortex*  3c, 
Zd,  and  3e,  axones  of  cells  in  middle  layer  of  tectum  (roof)  of  colli- 
culus superior  decussate  ventral  to  the  fasciculus  longitudinalis 
mediaUs  (dorsal  tegmental  decussation,  or  decussation  of  Meynert) 
and  form  the  tractus  tecto-bulbaris  et  spinalis  {Tr.  tcclo-butb.  et 
spin.)  to  bulb  (medulla  oblongata)  and  ventral  column  of  spinal 
cord,  innervating  by  collaterals  and  terminals,  directly  or  indi- 
rectly chiefly  the  nuclei  of  III.,  IV.,  VI.  and  VII.  cerebral  nerves 
and  motor  nuclei  of  spinal  nerves.  3/  and  3f/,  (possibly  another 
neurone  intercalated  between  these  and  optic  terminals),  axonea 
of  cells  in  nucleus  of  fasciculus  longitudinaHs  mediahs  (jVmc.  fasc. 
long,  post.),  or  nucleus  of  Darkschewitsch,  form  part  of  the  fas- 
ciculus longitudinalis  medialis  (,Fasc.  long,  post.)  and  descend  OQ 
the  same  side  to  the  ventral  column  of  the  spinal  cord  next  to 
the  ventral  medial  fissure,  innervating  nuclei  of  III.,  IV.  and  VI, 
cerebral  nerves  and  motor  nuclei  of  spinal  nerves. 

Neurone  No.  4. — Axones  of  the  cells  in  the  above-mentioned 
motor  nuclei,  transmitting  impulses  directly  to  the  peripheral 
muscles. 
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association  centers  become  separated  from  the  ol- 
factory centers.  Thus  arise  the  corpus  striatum  and 
neopallium.  Those  parts  of  the  brain  which  remain 
under  the  dominant  influence  of  the  olfactory  func- 
tion in  the  aggregate  are  termed  the  rhinencephalon. 
The  adult  lieniisphere  may,  therefore,  be  divided 
into  the  rhinencepnalon,  or  olfactory  division,  and 
the  non-olfactory  division.     The  former,  as  here  de- 


Fia.  951. —  \'iew  of  the  Icside  of  the  Lateral  Wall  of  the 
.interior  Part  of  the  Forebrain  of  a  Human  Embryo  of  about  Four 
and  One-Half  Weeks.  C,  Corpus  striatum;  H,  pallium;  h.R. 
po.iterior  olfactory  lobe;  L,  lamina  terminalis;  O,  recessus  pre- 
opticus:  /?.i.,  rece-ssus  infundibuli.  His  (recessus  postopticus,  Johns- 
ton) ;  5..1/.,  sulcus  h>*pothtlamicus  (sulcus  Monroi,  HisJ ;  St.,  hypo- 
thalamus; T.,  thalanms;  t-./?..  anterior  olfactory  lobe.  (After  His, 
from  Bailey  and  ililler's  Embryology'.) 

fined,   includes   the   primary   olfactory    or  receptive 
center  in  the  olfactory  bulb,  basal  olfactory  correlation 
centers  in  the  anterior  perforated  space,  septum,  etc., 
and  the  olfactory  cortex,  including  the  hippocampus 
and  uncus  (pyriform  lobe  of  lower  mammals).     The 
olfactory    cortex    (sometimes    termed    archipallium) 
is   devoted    chiefl)'    to    the    correlation    of    olfactory 
with  gustatory  and  visceral  impressions.       The  non- 
olfactory  division  includes  the  laasal  corpus  striatum 
complex  and  the  non-olfactory  cere- 
bral   cortex    or    neopallium.       This 
division  is  sometimes  called  the  so- 
matic division  of  the  hemisphere  and 
the  neopallium  the  somatic  cortex. 

The  entire  hemisphere  is  often  sub- 
divided in  accordance  with  a  different 
principle  into  a  basal  or  stem  portion  ^  ,»    ^        j-  ,• 

and  a  dorsal  portion,  the  cortex  or  ^^"^"^  °"'"='- '°^'^=^^ 
pallium  The  basal  portion  includes  ^  ^u^,,  ,^^^-^ 
the  centers  for  reflex  and  instinctive         „  ,.  .. , 

functions  in  the  corpus  striatum  and  *^"^     ^^°^ 

lower  olfactory  centers;  the  cortical 
portion  includes  the  neopallium  and 
archipallium,  devoted  to  higher  cor- 
relations and  conscious  reactions. 

The  form  of  the  hemispheric  evag- 
ination  in  an  embr3'o  of  four  and 
one-half  weeks  (as  computed  by  His; 
probably  in  reality  somewhat  older) 
is  seen  in  Fig.  9.51  (cf.  Fig.  886). 
The  pallium  is  clearly  separate  from 
the  stem  portion  of  the  telencephalon, 
the  latter  at  this  age  being  only  par- 
tially evaginated  into  the  hemisphere.  An  embrj-o 
about  one  week  older  is  seen  in  Fig.  896.  In  both 
of  these  figures  the  basal  or  subcortical  portion  of  the 
hemisphere  consists  of  a  lateral  corpus  striatum  and  a 
medial  olfactory  area,  comprising  an  anterior  olfactory 
lobe,  most  of  which  becomes  the  olfactorj'  bulb,  and 
a  posterior  olfactory  lobe  (the  Trapezfeld  of  His), 
which  later    becomes    the    tuberculum    olfactorium 
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and  other  parts  of  the  anterior  perforated  space, 
the  septum  and  the  precommisural  body,  all  of  which 
belong  in  the  rhinencephalon.  In  later  stages  the 
rhinencephalon  becomes  more  clearly  separated  from 
the  somatic  area  of  the  hemisphere,  medially  by  a 
fissura  prima  (Fig.  952)  and  laterally  by  an  external 


FVAZ- 


vRh     Vmr  Fstr 


hRh 


Fig.  952. — Diagram  of  a  Graphic  Reconstruction  of  the  Medial 
Wall  of  the  Cerebral  Hemisphere  of  a  Human  Embryo  of  Sixteen 
Millimeters  ^about  six  weeks).  CaWties  are  dotted,  cut  surfaces 
are  Uned.  Apt,  Angulus  prethalamus;  AtT.,  preterminal  area; 
Fpr.,  anterior  arcuate  fissure  (fissura  prima) ;  Frhl,  mesial  termi- 
nation of  lateral  rhinal  fissure;  hlih,,  posterior  olfactory  lobe  (tu- 
berculum olfactorium -f-  substantia  perforata  anterior);  Lt,  lamina 
terminalis  (fined) ;  T'mr,,  depression  between  the  two  olfactory 
lobes;  vRh.,  anterior  olfactory  lobe  (bulbus  olfactorius-t- tractus 
olfactorius  +  trigonum  olfactorium).  (After  His  and  Ziehen,  from 
Bailey  and  Miller's  Embryology.) 

rhinal    fissure    which    lies    immediately   external   to 
the  gyrus  olfactorius  laterahs  of  Fig  Oo.'j. 

Plexuses. — The  membranous  roof  of  the  diencepha- 
lon  is  extended  downward  and  forw-ard  to  join  the 
lamina  terminalis,  thus  forming  the  roof  of  the  fora- 


Insula 

Gyrus  olfact.  lat. 

GjTus  ambiens 
Gyrus  semilunaris 


Cerebellum 


Fig.  95.3. — Ventral 
Fourth  Month. 


Ofive 


View  of  the  Brain  of  a  Human  Fetus  at  the  Beginning  of  the 
(.\fter  Kollmann,  from  Bailey  and  Miller's  Embryologj'.) 

men  of  Monro  (Figs.  891,  954).  This  part  of  the 
roof  belongs  within  the  telencephalon  and  is  termed 
by  Johnston  the  lamina  supraneuroporica.  The 
diencephalic  part  of  tliis  rogf  plate  becomes  vascular 
and,  together  with  the  adjacent  pia  mater,  is  con- 
voluted to  form  the  chorioid  plexus  of  the  tliird 
ventricle. 

The  medial  ■wall  of  the  posterior  part  of  the  embry- 
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Fig.  954. — Dorsal  View  of  a  Model  of  a  Brain  of  a  13.6-MiIli- 
nieter  Human  Enibrj-o  (sixth  week).  The  dorsal  part  of  the 
pallium  on  each  side  has  been  removed;  cf.  Fig.  891.  (After  His, 
from  Bailey  and  iliiler's  Embryologi-J 

onic  hemisphere  which  covers  the  thalamus  and  is 
connected  with  the  lamina  supraneur.oporica  is  mem- 
branous. In  the  adult  this  becomes  a  portion  of  the 
medial  wall  of  the  inferior  horn  of  the  lateral  van- 
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Fig.  955. — Medial  Surface  of  the  Hemisphere  of  a  Human 
Fetus  of  about  Three  Months  (5.3  centimeters  long).  /.  arc.  ace, 
Fissura  arcuata  accessoria;  Tz.^  trapezfeld  or  precommissural  body. 
(.\fter  His.) 
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tricle,  bordored  by  the  hippocampus  and  fimbria. 
This  membranous  portion  is  folded  inward  through 
the  chorioid  fissure  to  form  tlie  lateral  plc.^us  of  the 
hemisphere  (Figs.  952,  9.54.95.5,  9!)7, 90S,  971,  977), and 
in  the  adult  a  part  of  it  becomes  secondarily  attached 
to   the   thalamus,   forming  the  lamina  aliixa.     The 


Fig.  956. — Transverse  Section  through  the  Cerebral  Hemis- 
pheres in  Front  of  the  Lamina  Terminalis  of  Human  Fetus  of 
about  Three  Months  (5.6  centimeters  long),  h.o.,  Bulbus  olfae- 
torius:  C.S.,  corpus  striatum:  /.  arc.  ace,  fissura  arcuata  accessoria; 
/.p.,  fissure  prima;  Tz.,  trapezfeld  or  precommissural  body. 
(.\fter  His.) 

hne  of  attachment  of  the  chorioid  ple.xus  to  the 
lamina  afExa  is  termed  the  tsnia  chorioidea,  while 
the  line  of  attachment  of  this  membrane  on  the  other 
side  of  the  chorioid  fissure  to  the  hippocampus  is 
known  as  the  taenia  fornicis.  The  latter  is  bounded 
by  a  strong  band  of  fibers,  the  fimbria.  This  con- 
tains fibers  of  the  commissura  hippocampi,  connect- 
ing the  liippocampus  of  one  hemisphere  with  that  of 
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Fig.  957. — Medial  Surface  of  the  Right  Hemisphere  of  a 
Marsupial  Brain,  the  Tasmanian  Wolf  (Thylacinus  ctjnoccphalus). 
Illustrating  the  Course  of  the  Hippocampus  {fasc.  dent.)  from  the 
Region  of  the  Septum  -Medially  along  the  Border  of  the  Cortex 
and  Around  the  Posterior  Pole  to  the  Pyriform  Lobe  on  the 
Ventro-Lateral  .Surface.  The  corpus  callosum  is  absent.  X  i 
comm.  d.,  Commissura  dorsalis  (hippocampi) ;  conim.  v.,  commissura 
ventralis  (anterior) ;  fasc.  dent.,  fascia  dentata  of  the  hippocampus; 
flip./.,  hippocampal  fissure;  olf.bulb,  olfactory  bulb.  opi.  cAi..  optic 
cbiasma;  sulc,  cole.,  sulcus  calcarinus.     (After  EUiot  Smith.) 

the  other,  and  ascending  and  descending  fibers  of 
the  fornix  system  between  the  hippocampus  and 
various  subcortical  regions.  Compare  the  discus- 
sion of  the  lateral  plexuses  under  tlie  heading  Men- 
inges at  the  end  of  this  article. 

The  Rhinencephalon. — The  basal  part  of  the  rlunen- 
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ceplialon    consists    of    a    gyrus    olfactorius    inedialis 
(wliich    is    contimious    dorsally    with    the    septum 


SULC  CALC. 


Fia.  958. — An  Obli(]ue  Section  through  the  Hemisphere  of 
the  Tasmanian  Wolf  in  the  Plane  ludicated  on  Fig.  957,  Illus- 
trating the  Relations  of  the  Hippocampal  Fissure  and  Hippo- 
campus.     (After  Elliot  Smith.) 

pelluci(him),    a    gyrus    olfactorius   lateralis    and    an 
intervening  series  of  centers  ii\  the  anterior  perforated 


Fig.  959. — Scheme  to  .Show  the  Arrangement  of  the  Hippo- 
campus in  the  Medial  Wall  of  the  Hemisphere  of  a  Marsupial 
Brain,  c.v.,  Commissura  venfralis  (anterior);  /</.,  postcomnii- 
sural  hippocampus;  fi.,  fimbria;  hip'.,  supracommissural  hippo- 
campus; hip".,  precommissural  hippocampus;  o.b.,  olfactory  bulb : 
p.,  neopalhum;  p.a.,  precommissural  body;  s.,  commissure 
bed;  t.,  temporal  pole  of  the  cerebral  hemisphere;  t.o.,  tuberculum 
oifactorivim;  x~x,  plane  of  section  of  Fig.  961;  y—y,  plane  of 
(section  of  Fig.  962.      (.\fter  Elliot  Smith.) 

space  (Pig.  953).  The  corpus  striatum, 
wliich  in  earlier  stages  occupies  the  ventro- 
lateral wall  of  the  hemisphere,  at  this  age 
has  withdrawn  from  the  surface  (Fig.  9.3U), 
so  that  the  entire  margin  of  the  dorsal,  or 
cortical,  part  of  the  hemisphere  rests  upon 
the  basal  olfactory  area. 

This  marginal  part  of  the  cortex  becomes 
the  archipallium.  The  gyrus  olfactorius 
lateralis  extends  directly  backward  into  a 
pallial  eminence  (larger  in  lower  mam- 
mals), the  lobus  pyriformis,  which  in  the 
adult  becomes  the  gyrus  ambiens  and  the 
gyrus  semilunaris  of  the  uncus.  From 
tliese  centers  the  hippocampus  is  con- 
tinued dorsaUj'  around  tlie  posterior  margin 
of  the  embryonic  hemisphere  (buried  within 
the  substance  of  the  temporal  lobe  in  the 
adult)  to  the  medial  surface.  On  the 
medial  surface  the  hippocampus  is  sepa- 
rated from  the  neopallium  by  the  fissura 
arcuata  (Fig.  9.^5),  the  posterior  part  of 
which  in  the  advilt  becomes  the  fissura  hip- 
pocampi. 

In  some  lower  mammals,  where  the  rhi- 
ncncephalon  is  more  highly  developed  tlian 
in  man  and  where  the  corpus  callosum  is 
absent,   this  fissure   is  in   tlie   adult   con- 


tinued forward  into  the  position  of  the  embryonic 
fissura  prima,  and  the  hippocampus  extends  forward 
into  contact  with  the  olfactory  nuclei  of  the  septum. 
Compari.son  of  Fig.  9,j7  with  Fig.  9.'Jo  shows  that  in 
the  adult  marsupial  (opossum,  kangaroo,  etc.),  the 
hippocampal  fissure  is  the  c^iuivalent  of  the  fissura 
arcuata  and  the  fissura  prima  and  that  in  the  mar- 
supial   the    hippocampus    (fascia    dentata)    is    con- 


FlG.  960. — Scheme  similar  to  Fig.  959  of  the  Corresponding 
Region  of  a  more  Highly  De\'eloped  Cerebrum,  Such  as  that  of 
the  Bat,  Pteropus.  Reference  letters  as  before,  and  in  addition; 
CD.".,  commissura  hippocampi;  f.h.,  fissura  hippocampi;  fix., 
the  subsplenial  hippocampal  flexure;  spl.,  splenium  corporis 
caUosi;  *  g>'rus  subsplenialis  (Le\i)  or  gjTUs  Andreie  Retzii. 
(After  EUiot  Smith). 

tinuous  from  the  septum  in  front  to  the  pyriform 
lobe  around  the  posterolateral  border  of  the  cortex. 
In  the  marsupials  the  anterior  commissure  (Fig. 
957,  comm.  v.)  is  very  large  and  the  hippocampal 
commissure  {comm.  d.)  is  also  well  developed,  but 
there  is  no  corpus  callosum.  The  relations  of  the 
hippocampus  in  a  marsupial  brain  are  shown  sche- 
matically in  Fig.  959,  w'here  the  hippocampus  is  seen 
to  be  composed  of  a  postcommissural  portion  (fd.), 
a  supracommissural  portion  {hip.')  and  a  precommis- 
sural portion   {hipp.   ).     The   hippocampal  commis- 


COrtex  hippocampi 
fissura  hippocampi 
fascia    dentata. 
commis.  hippocampi 
COfpus    precommissuraie 
nuc.  lateralis    septi 
jjT — columna.   fornicia 
commit,     anterior 


Fio.  961. — Trans\"L'rse  Seclinn  through  a  Portion  of  the  Cerebral  Hemisphere 
of  the  Opossum,  Didclphys  virginiana.  Including  the  .Anterior  Commissure,  the 
Hippocampal  Commissure  and  the  Supracommissural  Hippocampus.  Drawn 
from  a  preparation  made  by  Dr.  G.  E.  Coghill,  Weigert  method.  X  7.  The 
section  passes  in  approximately  the  plane  marked  x-x  on  Fig.  959. 
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sure  (marked  by  the  arrow)  is  bent  backward  in 
the  form  of  a  U.  In  higher  mammals  corpus  callo- 
sum  fibers  appear  in  the  dorsal  commissure  in  the 


;  Q'jrus  cinguli 

fissur^  hippocampi 
cortex  hippocampi 
limitans  h. 
rj--  -,.»,..  lat  septi 
ii-corpus  precom. 
,com-  anterior 
nue.accumbens 
trqlf.  lateralis 
tuben^ulum  olf- 
:  olf.  mediaU<s 

Fig.  962. — A  Similar  Section  from  the  Same  Series  Fartlier 
Forward,  Approximately  in  the  Plane  marked  y-y  on  Fig.  959. 
The  fissura  hippocampi  is  much  shallower  and  there  is  no  differ- 
entiation between  the  cortex  hippocampi  and  the  fascia  dentata. 
The  hippocampus  is  marked  off  from  the  underlj-ing  septum  by 
a  limiting  sulcus  (sulcus  limitians  hippocampi),  whose  inner  or 
ventricular  location  is  marked  by  a  slight  groove  at  c.  A  similar 
ependymal  groove,  d,  separates  the  septum  from  the  nucleus 
accumbens  septi,  which  belongs  to  the  corpus  striatum  complex. 
The  tuberculum  olfactonum  is  separated  from  the  overlj-ing  pre- 
commissural body  and  septum  by  a  slight  sulcus,  not  named  on 
the  figure.  The  section  passes  through  the  rostral  end  of  the  lobus 
pjT-iformis.  here  perhaps  better  termed  nucleus  olfactorius  lateralis, 
for  its  entire  surface  is  covered  by  fibers  of  the  lateral  olfactory 
tract.  It  is  limited  by  a  fissura  rhinalis  (ectorhinalis,  /.r.)  above 
and  a  fissura  endorhinalis  (/.e.r.)  below. 


position  of  the  deeply  shaded  area  at  the  end  of  the 
arrow.  With  the  increase  in  number  of  the  caUosal 
fibers  this  horizontal  Umb  of  the  dorsal  commissure 
is  extended  both  forward  and  backward,  the  direction 
of  the  backward  growth  being  indicated  by  the 
arrow  in  the  figure.  The  result  is  the  form  shown  in 
Fig.  960,  which  illustrates  the  brain  of  one  of  the 
larger  bats,  Pteropus.  The  supracommissural  portion 
of  the  hippocampus  now  suffers  reduction. 

A  transverse  section  through  the  brain  of  the 
Virginia  opossum  (Fig.  961)  in  the  position  marked 
x-x  on  Fig.  959  illustrates  the  relations  of  the  anterior 
commissure  and  hippocampal  commissure  to  the 
supracommissural  hippocampus.  In  the  absence  of 
the  corpus  callosum,  this  part  of  the  hippocampus 
exliibits  essentially  the  same  structure  as  the  post- 
commissural  part.  A  similar  section  through  the 
brain  of  the  opossum  (Fig.  962),  taken  appro.ximately 
in  the  plane  y-y  indicated  on  Fig.  959,  shows  the 
fissura  hippocampi  and  the  reduced,  but  still  evident, 
liippocampal  cortex  extending  forward  over  the 
septum  and  precommissural  body  into  contact  with 
the  olfactory  bulb. 

Turning  now  to  the  trvie  mammals  (Eutheria),  in 
which  a  corpus  callosum  is  present  and  interpolated 
between  the  hippocampus  and  the  septum  (cf.  Figs. 
959  and  960).  the  supracommissural  part  of  the  hip- 
pocampus suffers  very  great  reduction.  It  is  much 
better  developed  in  tlie  lower  members  of  this  group, 
like  rodents,  bats  and  insectivorous  mammals;  but 
even  in  man  a  vestige  of  it  is  preserved  in  the  indusium 
griseum  of  the  corpus  callosum. 

An  examination  of  the  medial  surface  of  the  cere- 
bral hemisphere  of  the  rat  (Fig.  963)  shows  fundamen- 
tally the  same  relations  as  in  marsupials.  The 
supracommissural  portion  of  the  hippocampus  (gyrus 
supracaUosus)  is  small  but  evident,  the  hippocampus 
as  a  whole  being  arranged  as  in  Fig.  957  save  for  the 
changes  of  size  and  position  necessitated  by  the 
development  of  the  corpus  callosum. 

A  section  through  the  brain  of  the  rat  taken  parallel 
to  the  sagittal  plane  and  close  to  the  midline  (Fig. 
964)  shows  the  dorsal  end  of  the  postcommissural 
part  of  the  hippocampus  (tuberculum  of  the  fascia 
dentata)  and  its  extension  through  the  gyrus  sub- 
splenialis  and  fasciola  cinerea  around  the  splenium 
of  the  corpus  caDosum  into  continuity  with  the 
greatly  reduced  supracallosal  part  of  the  hippocampus 
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Tuberc.  fascuB  dentatae 

Corpus  callosum 


Gynjs  supracaUosus 
Cingulum 


Fasciola  cinerea 
Gyrus  subsplenialis 

Hippocampus 
Fiss.  hippocampi 

Fimbria 
Fiss.  chorioidea 


Columna  fornicis 


— ^\  Bulbus  olfact. 

Art.  cerebri  anterior 
Corpus  preconunissurale 
Commis.  hippocampi 
Com.  anterior  in  lamina  terminalis 


Katharine  Hill,  del. 

Fig.  963. — Medial  Surface  of  the  Left  Hemisphere  of  the  Brain  of  a  White  Rat.     The  thalamus  has  been  cut  away  behind  the 
anterior  commissure  to  expose  the  full  extent  of  the  hippocampus  and  the  medial  border  of  the  pyriform  lobe.     X  6. 
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(cf.   Fig.   9(i0). 


The  latter  enlarges  slightly  at  the 
rostral  end  (gyrus  supracallosus),  and  still  farther 
forward  the  preeoinniissural  part  drops  down  into 
contact  with  tlu-  septum  and  preeomnussural  body 
and  in  considerably  enlarged  form  extends  forward 
to  the  olfactory  bulb.  Fig.  OG.j  illustrates  the  greatly 
reduced  form  of  tlie  supraeommissural  hippocampus 
(gyrus  .supracallosus),  as  seen  in  cross-section  taken 
tlirongh  the  septum  (precommissural  body)  between 
the  anterior  coinmissuro  and  the  rostral  end  of  tlie 
corpus  callosum.  Fig.  9GfJ  is  a  similar  section  taken 
fartlier  forward,  in  front  of  the  corpus  callosum, 
illustrating  the  enlarged  precommissural  hippocampus 


callosum  is  accompanied  by  a  reduction  of  the  supra- 
eommissural part  of  tlie  hippocampus,  until  in  the 
adult  tlu-  latter  is  represented  in  very  vostigeal  form 
in  tlie  gray  iiulusium  of  tlie  callosutn  (Fig.  970). 
Here  tlii^  postcomniissural  part  of  the  hippocampus 
has  remained  unmodificMi  and  is  folded  into  the 
lateral  ventricle  to  form  the  cormi  Ammonis. 

Tlu!  arcuate:  fissure  of  the  embryo  is  a  total  fold  of 
the  medial  wall  of  the  iiallium.  The  adult  liijipo- 
campus  is  constituted  by  the  walls  of  the  same 
fissure,  here  called  fissura  hippocampi,  with  the 
further  c(unplication  that  cells  nave  multiplied  at 
the  free  margin  of  the  hippocampus  where  it  is  bor- 
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Fig.  964. — A  Para.'safrittal  Section  taken  about  0  5  Millimeters  from  the  Medial  Plane  of  the  Brain  of  a  White  Rat.  The  dorsal  end 
of  the  farioia  dentata  and  the  full  extent  of  the  hippocampus  dorsalis  are  shown  in  this  figure,  except  the  extreme  rostral  end  of  the 
precommissural  hippocampus,  which  extends  farther  forward  out  of  the  plane  of  the  section,  as  indicated  by  the  dotted  outline.  The 
full  extent  of  the  sulcus  corporis  callosi  and  its  extension  forward  above  the  precommissural  hippocampus  (c/.,  Fip,  966)  is  projected 
upon  the  figure  from  adjacent  sections,  as  indicated  by  the  broken  line.  This  sulcus  is  morphologically  an  extension  of  the  fissura 
hippocampi,  f.h.-spl.,  Fasciculus  hippocampo-susplenialis,  from  the  stratum  lacunosum  of  the  hippocampus  to  the  gyrus  subsplenialis 
and  neopallium  farther  caudad;  hippoc.  precom.,  precommissural  hippocampus.  (From  a  preparation  stained  by  the  method  of 
V.'eigert-Pai  and  carmine  made  by  Dr.  Elizabeth  H.  Dunn.      X  15.) 


in  relations  -which  are  very  similar  to  those  of  mar- 
supials (cf.  Fig.  9:i2). 

Thus,  in  the  rat,  as  in  the  marsupials,  the  entire 
margin  of  the  pallium  is  bordered  by  the  rhinenceph- 
alon — on  the  medial  and  posterior  borders  by  hippo- 
campus, and  on  the  lateral  border  by  the  pyriform 
lobe  and  gyrus  olfactorius  lateralis.  The  rostral 
end  of  the  latter  is  .seen  in  Figs.  965  and  96(5  lying 
between  the  fissura  rliinalis  (ectorhinaUs)  and  the 
fissura  endorhinalis. 

In  the  human  brain  of  the  fourth  month  the  corpus 
callosum  is  beginning  to  develop,  but  the  relations 
of  the  medial  wall  are  still  very  similar  to  those  of 
adult  marsupials  (Figs.  967,  968).  In  still  later 
stages  (Fig.  9G9)   the  increase  in  size  of  the  corpus 


dered  by  the  fimbria  to  form  the  gj'rus  dentatus,  or 
fascia  dentata  (Fig.  971).  This  has  the  form  of  a 
reverse  fold  of  the  cortex  within  the  hippocampus 
and  in  the  oppo.site  direction,  which  is  marked  by  a 
slight  groove  running  parallel  with  the  fissura  liippo- 
campi,  the  sulcus  fimbrio-dentatus. 

The  hippocampus  is  bordered  by  the  gyrus  hippo- 
campi, a  superficial  convolution  which  is  covered 
with  cortex  of  a  type  transitional  between  the  cornu 
.\mmonis  and  neopallium.  Similarly  the  gyrus 
cinguli  above  the  horizontal  limb  of  the  hippocampus 
in  marsupials  (Figs.  961,  962)  is  transitional  between 
the  supraeommissural  hippocampus  and  neopaUium. 
In  man  its  olfactory  component  is  reduced.  The 
gyrus  hippocampi  and  gyrus  cinguli  are  now  com- 
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nionly  reckoned  with  the  neopalUiim,  though  their 
participation  in  olfactory  associations  is  recognized 
by  their  inclusion,  together  with  the  hippocampus 
and  the  basal  part  of  the  rhinencephalon,  in  the 
great  Hmbic  lobe  of  Broca. 


f.  endorhin 


orpus  caUosam 
a.  supracaUoius 
nuc  Lat  szpti 
corpus  striatum, 
corpus  precom. 
com.  anterior 
nuc.  accumbens 
*^-\^tuberculum  alt 
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opt 
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Fig.  965. — Transverse  Section  through  the  Brain  of  the  White  Rat,  Passing 
through  the  Septum  and  Rostral  End  of  the  Corpus  Callosum  (c/.,  Figs,  96.S, 
964).  The  figure  illustrates  the  greatly  reduced  supracommissural  hippocampus 
(fj.  supracaUosus) ,  which  is  separated  from  the  overlying  neopalhum  by  a 
shght  sulcus  corporis  callosi  (not  named  on  the  figure)  which  is  the  equivalent 
of  the  fissura  hippocampi  of  marsupial  brains  (c/..  Fig.  961).  The  septum  is 
greatly  thickened  to  contain  the  nucleus  lateraUs  septi  (nuc.  lat.  septi)  and 
precommi.ssural  body  (corpus  precom.).  The  tuberculum  olfactorium  occupies 
the  ventral  surface  of  the  brain,  being  bounded  laterally  by  a  shallow  fissura 
endorhinalis,  under  which  is  the  lateral  olfactory  tract.  The  nucleus  olfactorius 
laterahs  (n.  ol.  lat.)  is  bounded  below  by  the  fissura  endorhinalis  and  above  by 
the  fissura  rhinalis,  or  ectorhinalis  (f.r.).  (Drawn  from  a  Weigert-Pal  and 
carmine  preparation  made  by  Dr.  Elizabeth  H.  Dunn.      X  7.) 


distinguished  the  hippo- 
ch  he 


Elliot  Smith  first  clearly 
campus  from  the  remainder  of  the  cortex,  whic 
termed    neopallium.     The    liippocampus    is    some- 
times termed  the  archipalUum.     The  cortex  of  the 
pvriform  lobe  (uncus,  etc.)  is  in  an  ambiguous  posi- 
tion.    By  the  usage  here  adopted  the  arclii- 
palUum   includes  the  liippocampus  (cornu 
Ammonis,  gj'rus  dentatus,  indusium  gris- 
eum,    precommissural  hippocampus,   etc.) 
and  the  pyriform  lobe.     The  remainder  of 
the  cortex  is  neopallium. 

The  human  olfactory  apparatus,  when 
compared  with  that  of  most  lower  animals, 
is  seen  to  be  in  a  verj'  reduced  condition. 
Man,  and  primates  in  general,  are  classed 
as  microsmatic  animals,  wliile  most  other 
mammals  are  macrosmatic  (e.g.  the  opos- 
sum, rat,  dog,  etc.).  From  this  it  follows 
that  the  human  rhinencephalon  can  be 
most  easily  understood  by  comparison  with 
lower  mammalian  forms,  in  which  this  sys- 
tem is  better  developed  and  the  non-olfac- 
tory part  of  the  hemisphere  is  not  only 
relatively  but  absolutely  much  smaller. 
The  general  plan  of  the  rhinencephalon  is, 
however,  surprisingly  constant  throughout 
the  vertebrate  series,  the  neopalUum  being 
the  most  variable  part  of  the  brain. 

The  evolutionary  history  of  the  rhinen- 
cephalon  may   be   briefly  summarized  as 
follows:     In  the  lowest  vertebrates  the  an- 
terior end  of  the  neural  tube  received  the 
peripheral  olfactorj-  fibers  and  thus  became 
differentiated  as  the  primary  olfactory  area, 
or  olfactory  bulb,  which  was  early  enlarged  so  as  to 
cause  an  evagination  of  the  lateral  waU  on  each  side. 
Fibers  of  the  second  order  (olfactory  tracts)  passed 
backward  from  the  bulb  to  end  in  an  association 
center  of  the  second  order,  the  area  olfactoria.     In  the 


lowest  existing  vertebrates  a  part  of  this  secondary 
area  was   also  evaginated  into   the   cerebral  hemis- 
phere.    This  is  the  condition  found  in  the  c}-clostome 
fishes.     Here  the  secondary  area  comprises  a  lateral 
region  which  is  evaginated  to  form  the  greater  part 
of  the  posterior  lobe  of  the  cerebral  hemi- 
sphere and  a  medial  region  which  remains 
unevaginated  in  the  telencephalon  medium 
adjacent    to    the    lamina    terminalis.      In 
cyclostomcs  this  medial  region  consists  of 
two  parts,  (1)  dorsal  part,  the  primordiura 
hippocampi,    which   in  liigher  animals  be- 
comes the  hippocampus,  and  (2)  a  ventral 
part  which  extends  directly  backward  with- 
out interruption  into  the  preoptic  nucleus 
and  hypothalamus.      In  higher  forms  the 
hippocampus  is  also  evaginated  into   the 
cerebral  hemisphere,  as  is  also  the  rostral 
end  of  the  ventral  part  (septum,  tubercu- 
lum olfactorium,  etc.). 

These  various  parts  of  the  secondary 
olfactory  area  at  first  were  functionally 
much  alike  (cyclostomes) ;  but  in  the  course 
of  further  evolution  this  primordial  simple 
secondary  olfactory  area  becomes  differen- 
tiated into  many  regions  of  very  unlike 
nature.  This  specialization  has  taken 
place  under  the  influence  of  fibers  ascend- 
ing from  different  lower  non-olfactory 
centers  in  the  diencephalon,  etc.,  for 
various  kinds  of  olfactory  correlations.  In 
general,  fibers  from  the  hypothalamus  have 
reached  the  medial  and  dorsal  parts  of  the 
olfactory  area,  while  those  from  the  thal- 
amus have  reached  its  lateral  parts. 

In  the  mammals,  accordingly,  we  recog- 
nize in  the  area  olfactoria  the  following 
parts:  First,  at  the  base  of  the  olfactory 
bulb  and  extending  more  or  less  forward 
into  the  bulb  is  a  7iucleus  olfactorius  anterior,  an 
un.?pecialized  remnant  of  the  primitive  secondary 
nucleus  which  receives  no  important  ascending  tracts 
from  the  diencephalon.  This  is  the  region  of  the  tri- 
gonum  olfactorium  of  man.     S?cond,  we  recognize  an 


corpus 
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f.rhinalis. 

tr  olf.  lateralis 

f.  endorhinalis 


callosum. 
itriatum 
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cortex    hippocampi 
)i^zona  limitans 
tuberculum    oLf. 


Fio.  966. — Transverse  Section  from  the  same  Series  as  Fig.  965,  Passing 
through  the  Rostral  End  of  the  Hemisphere  in  Front  of  the  Corpus  Callosum, 
to  Illustrate  the  Relations  of  the  Precommissural  Hippocampus  (c/.,  Fig.  964). 
The  forms  of  the  cortex  hippocampi  and  fissura  hippocampi  here  are  similar 
to  those  of  marsupial  brains  in  the  corresponding  region  (Fig.  962).  The  fissura 
hippocampi  is  the  forward  continuation  of  the  sulcus  corporis  callosi  as  seen 
in  Fig.  961. 

area  olfactoria  lateralis,  which  receives  the  lateral  olfac- 
tory tract.  It  includes  anteriorly  the  relatively  un- 
specialized  nucleus  olfactorius  lateralis  (Fig.  965,  n.  ol. 
Int.),  which  in  the  human  brain  extends  as  far  back  as 
ths  limen  insulae   (Figs.  93S,  953,  Gyrus  olfacl.  lat.). 
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Farther  back  it  is  termed  the  lobus  pyriformis  in  lower 
brains,  a  region  which  in  the  liuinan  liraiii  is  re|)re- 
senled  in  tlie  uncus  region  of  tlie  teni[)()ral  lobe  and 
the  nnderlying  inicleus  amygdala'.  This  entire  area  is 
reached  by  the  lateral  olfactory  tract,  and  the  amyg- 
dala (e|)isiriatum  of  lower  brains)  is  connected  with 
the  medial  olfactory  area  by  a  strong  liber  tract,  tlu^ 


in  a     infrachorioidea. 
thalamus 
lamina  terrmnalts 

Fig.  967. — Diagram  of  the  Medial  Surface  of  the  Cerebral 
Hemisphere  of  a  Human  Fetus  8.3  Centimeters  Long,  c.  Area  of 
contact  of  the  two  hemispheres;  c.c,  rudiment  of  the  corpus  callo- 
sum;  v.,  area  of  fusion  of  tlie  two  hemispheres  (precommissural 
body).     (After  His,  sHghtly  modified.) 

stria  tcrminalis,  pare  of  which  cresses  in  the  anterior 
commissure.  The  pyriform  lobe  develops  in  intimate 
relations  with  the  underlj-ing  corpus  striatum  and 
probably  with  ascending  projection  fibers  from  the 
diencephalon.  Third,  the  area  olfactoria  7ncdia!>s 
comprises  the  region  reached  by  the  medial  olfactory 
tract  and  by  ascending  fibers  coming  chiefly  from  the 
hypothalamus.  It  includes  the  nuclei  of  the  septum, 
gyrus   subcallosus,    pro- 


It  will  be  po.s.sible  to  mention  here  only  the  more 
imj)ortant  fiber  connections  of  the  rhinencei)lialon. 
The  olfactory  fibers  of  the  fir.^t  order  (fda  olfactoria) 
ari.se  from  cells  whicli  lie  in  tlu^  Selmeiderian  mendjrane 
of  the  na.sal  cavitj'  and  terminate  in  tufted  endings 
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Fig.  968. — Cross  Section  through  the  Brain  of  a  Human  Fetua 
8. .3  Centimeters  Long,  cs..  Corpus  striatum: /.a.,  fis.sura  arcuata; 
f.c,  fissura  ehorioidea;  ///.  third  ventricle;  I.e.,  linibus  corticalis; 
l-i.,  lamina  infrachorioidea;  l.m.,  liinbus  medullaris;  (.  c/t.,  taenia 
ehorioidea;  i./.,  taenia  fornicia;  t.  th.^  ttenia  thalami.     (After  His.) 

among  the  dendrites  of  the  mitral  cells  of  the  olfac- 
tory bulb;  these  masses  of  interlacing  unmedullated 
fibers  which  constitute  the  synap.se  are  termed  olfac- 
tory glomeruli  (Fig.  972).  Beiow  the  mitral  cells  is  a 
thick  layer  of   very  minute  granule   cells   which  re- 


commi.ssural  body  and 
preoptic  nucleus  (gan- 
glion opticum  baisale). 
Fourth,  the  area  olfac- 
toria intermedia,  or  tuber- 
culum  olfaetorium  lies 
between  the  lateral  and 
medial  areas  and  receives 
olfactory  fibers  from 
both  lateral  and  medial 
tracts,  but  chiefly  (in 
lower  mammals,  at  least) 
the  lateral.  It  is  devel- 
oped in  intimate  rela- 
tion with  the  head  of 
the  caudate  nucleus  of 
the  corpus  striatum  and, 
according  to  Edinger, 
receives  ascending  fibers 
of  the  sensory  trigem- 
inus system.  In  the 
human  brain  it  occupies 
the  greater  part  of  the 
anterior  perforated 
space,  or  locus  perfor- 
atus  anticus  (Figs.  901, 
938).  Fifth,  the  primor- 
dium  hippocampi  in 
lower  brains  appears 
fir.st  as  a  dorsal  .second- 
ary nucleus,  wdiich  in 
mammals  becomes  the 
hippocampus.  Its  ante- 
rior end  is,  even  in  mam- 
mals   (es])ecially    plainly 


Corpus  callosum 
Fornix  (continuation  of  fimbria^      ' 


Callosal  (continuation  of  hippocampal)  fissure 


Calcarine  fissure 


Olfactory  stalk 

Optic  chiasma 

Lamina  terminalis  | 
Anterior  commissure       )  Hippocampal  fissure 

Uncus 
Fig.  969. — Graphic  Reconstruction  of  the  Medial  Wall    of    the   Hemisphere   of   a    120-Millimeter 
Fetus  (lourth  month).     6.,  Fimbria:  cs.,  cavity  of  septum  pelluciduin  ("fifth"  ventricle  of  Verga); 
Irm.,  limbus  corticahs   (gyrus  dentatus) :   P.,  cerebral  peduncle;  v.,  outline  of  cavity  of  hemisphere 
(lateral  ventricle).     (After  His,  from  Quain's  Anatomy.) 


in    the    lowest    mammals; 


cf.  Figs.  9.59,  9(i4),  in  contact  with  fhe  area  olfactoria 
medialis.  Posteriorly  it  curves  around  the  posterior 
pole  of  the  hemisphere  into  relation  with  the  pyri- 
lorm  lobe  of  the  area  olfactoria  lateralis  (Fig.  963). 


semble  somewhat  the  cerebellar  granules  and  which, 
like  the  latter,  probably  serve  to  reinforce  the  rela- 
tively weak  impul.ses  clischarged  by  the  mitral  cells. 
The  formatio  bulbaris,  or  characteristic  structure  of 
the  olfactory  bulb,  consists,  accordingly,  of  fourwell- 
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defined  layers  which  are  concentrically  arranged. 
Externally  is  a  layer  of  olfactory  nerve  fibers,  then  the 
glomerular  layer,  the  layer  of  mitral  cells  and  finally 


Fig.  970. — Scheme  of  the  Cerebral  Commi.ssurea  and  Margin 
of  the  Cortex  in  the  Adult  Human  Brain,  a'  a" ,  Extraventricalar 
alveus;  c  c',  corpus  callosum;  rf,  fascia  dentata;  / /'  /",  fimbria; 
/(,  gyrus  subsplcniaHs  of  Le\T  (gyrus  Andrea;  Ret/ii) ;  h",  supra- 
commissural  hippocampus  (vestigeal) ;  ii'",  precommissural  hip- 
pocampus (vestigeal);  I,  lamina  terminaU.s;  I'  l'\  lamina  supra- 
neuroporica  (Johnston);  o  o',  olfactory  bulb  and  peduncle;  p,  pre- 
commissural body;  p\  septum  pellucidum  ;r,  uncus  (pyriform 
lobe);  s,  splenium  of  corpus  calIo.sum;  v,  anterior  commissure; 
X,  optic  chiasma.  (After  G.  Elliot  Smith,  from  Johnston's 
Nervous  System.) 


Fio.  971. — Section  through  the  Gyrus  Hippocampi  and  Hip- 
pocampus (Cornu  Ammonis)  of  the  Adult  Human  Brain,  taken 
so  as  to  cut  the  Hippocampus  Transversely.  The  relation  of  the 
gyrus  dentatus  to  the  cortex  hippocampi  is  clearly  indicated; 
also  the  continuity  of  the  latter  with  that  of  the  g>Tus  hippocampi 
and  adjacent  neopallium  of  the  temporal  lobe  {Gyrus  occ.  temp, 
inf.).  Both  of  the  latter  regions  are  connected  with  the  hippo- 
campus by  association  fibers  in  the  alvcus.  A  small  portion  of 
the  gyrus  dentatus  appears  on  the  surface,  being  separated  from 
the  subiculum  of  the  g>Tus  hippocampi  by  the  fissure  hippocampi 
and  from  the  cortex  hippocampi  and  fimbria  by  the  much  shal- 
lower sulcus  fimbrio-den talus  (\'isible  bur  not  named  on  the 
figure).  The  plexus  chorioideus  of  the  lateral  ventricle  is  drawn 
somewhat  simpler  than  in  nature.  The  way  in  which  this 
membrane  forms  a  part  of  the  wall  of  the  inferior  horn  of  the 
lateral  ventricle  is  clearly  shown.     (After  Edinger.) 

the  layer  of  granules.  In  mo.st  vertebrates  the  lateral 
ventricles  extend  into  the  olfactory  bulbs  (rhinocele), 
but  in  the  adult  human  brain  this  cavity  is  obliterated. 
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The  olfactory  fillers  of  the  second  order  arise 
chiefly  from  the  mitral  cells  and  pass  backward  in 
three  tracts,  which  form  eminences  or  striae  at  the  base 
of  the  olfactory  bulb,  as  follows  (cf.  Figs.  901  and  938). 

(1)  The  stria  lateralis  discharges  into  the  gyrus 
olfactorius  lateralis,  which  extends  backward  through 
the  limen  insula  to  the  uncus  of  the  temjioral  lobe, 
these  all  constituting  the  area  olfactoria  lateralis 
(Fig.  9.53).  Fibers  of  the  third  order,  arising  in  the 
gyrus  olfactorius  lateralis,  carry  the  impulse  into  the 
ventrolateral  end  of  the  hippocampus. 

(2)  The  stria  medialis  discharges  into  the  gyrus 
olfactorius  medialis  of  Retzius  (Fig.  953;  this  is  the 
area  parolfactoria  of  Broca,  but  not  the  lobus  parol- 
factorius  of  Edinger  which  belongs  in  the  area  olfac- 
toria intermedia)  and  the  gyrus  subcallosus,  septum, 
etc.;  i.e.  the  area  olfactoria  medialis,  as  above  de- 
fined. From  this  area  fibers  of  the  third  order  pass 
in  different  directions.  The  most  primitive  and  the 
largest  connection  is  directly  backward  through  the 


Fig.  972. — Diagram  of  the  .Structure  of  the  Olfactory  Mucosa 
of  the  Nose  and  the  Formatic  Bulbaris  of  the  Olfactory  Bulb. 
a  .  la>er  of  olfactory  nerve  fibers:  be,  bipolar  cells  (specific  olfactorj 
receptors)  of  the  olfactory  mucosa:  cp.,ependynia  of  the  olfactory 
\'entricle;  ethm.  cribriform  plate  of  the  ethmoid  bone:  mc,  mitral 
cells:  og.,  olfactory  glomeruli:  sm.,  submucosa.  (.After  Ramon  y 
Cajal,  from  Bailey's  Histology.) 

great  basal  olfactory  tract  to  the  hypothalamus  and 
midbrain  (Fig.  973,  ir.  olf.  hijpth.).  Another  extensive 
series  of  fibers,  the  tractus  olfactorius  septi,  ascends 
through  the  septum  to  the  fimbria  under  the  corpus 
callosum,  thence  passing  into  the  dorsal  end  of  the 
subcommissural  hippocampus.  .\  smaller  number 
of  fibers  carry  impulses  upward  around  the  rostnmi  of 
the  corpus  callosum  to  the  indusium  of  the  callosum, 
and  by  way  of  the  striiB  Lancisii  around  the  splenium 
of  the  callosum  to  the  dorso-medial  end  of  the  sub- 
commissural hippocampus.  It  will  be  recaUed  that 
the  indusium  griseum  of  the  corpus  callosum  is  the 
survi\ing  vestige  of  the  large  horizontal  limb  of  the 
hippocampus  (cf.  Figs.  9.59  and  960),  which  has  been 
reduced  by  the  development  of  the  corpus  callosum. 
This  gives  the  explanation  of  the  aberrant  course  of 
the  central  olfactory  tract  through  the  striae  Lancisii. 
(3)  Between  the  lateral  and  medial  olfactory  striK 
an  intermediate  system  of  fibers  passes  backward 
from  the  olfactory  crus  to  enter  the  g>'rus  olfac- 
torius infermedius  in  the  anterior  perforated  space. 
This  region  contains  the  equivalent  of  the  tuberculum 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


Brain,  Anatomy  of 


olfactorium  of  lower  maniinuls  and  receives  unerosseci 
fibers  of  tlie  seeond  order  from  the  olfactory  bulb 
and  also  a  part  of  the  large  tractus  olfaetorius  inter- 
inedius  which  first  decussates  in  the  anterior  conmiis- 
sure.  It  is  said  by  Kdinger  also  to  receive  important 
ascending  fibers  from  the  trigeminus  region  of  the 
thalamus  for  the  correlation  of  tactile  and  other 
stimuli  connected  with  the  nose  and  lips  and  olfactory 
impressions. 

The  intermediate  area,  like  the  medial,  sends 
backward  into  the  hypothalamus  and  tegmentum 
a  large  basal  olfactory  tract,  which  probably  serves 


form  bulb 


Trolf.hypth^ 


^c.mam. 


Fig.  973. — Diagram  of  Some  of  the  Olfactory  Tracts  in  the  Brain  of  the  Rat.  The  chief 
connections  of  the  medial  and  intermediate  olfactory  tracts  are  indicated;  those  of  the  lateral 
olfactory  tract  are  omitted,  c.  mam..  Corpus  mamniillare;  co^/orn.,  columna  fornicis;  com.  ant.^ 
commissura  anterior;  com.  hip.,  commissura  hippocampi;  com.  post.,  commissura  posterior; 
form,  bulb.,  formatio  bulbaris;  /.  retr.,  fasciculus  retrofle.xus  of  Meynert;  hah.,  habenula;  h.  pc, 
hippocampus  pre-commissuralis ;  h.  sc,  hippocampus  supracommissuralis ;  n.  ant.,  nucleus 
anterior  thalami;  n.  olf.  ant.,  nucletis  olfaetorius  anterior;  n.  pop.,  nucleus  preopticus  (ganglion 
opticum  basale) ;  S.,  septum;  str.  med.,  stria  medullaris  thalami;  tr.  mam.  th.,  tractus  mam- 
millo-thalamicus  (Vicq  d'Azyri) ;  tr.  olf.  hyplh.,  tractus  olfacto-hypothalaniicus,  or  basal  olfac- 
tory tract;  tub.  f.  dent.,  tuberculum  fasciie  dentatse  (hippocampus  postcommissuralis ;  tub. 
olf.,  tuberculum  olfactorium. 

for  the  simpler  olfactory  reactions.  It  also  sends 
a  large  component  into  the  tractus  olfaetorius  septi, 
which  runs  through  the  septum  into  the  fimbria 
to  reach  the  dorsomedial  part  of  the  hippocampus 
for  cortical  olfactory  reactions.  Both  the  medial 
and  intermediate  areas  give  rise  to  another  large 
tract  which  ascends  across  the  anterior  face  of  the 
thalamus  to  reach  the  habenula  in  the  epithalamus. 
This  tractus  olfactohabenularis  is  the  most  important 
component  of  the  stria  medullaris  thalami. 

The  stria  medullaris  thalami  is  a  very  complex 
tract  whose  fundamental  characteristic  can  be  stated 
very  simply.  That  is,  it  is  a  conduction  pathway 
by  which  fibers  arising  in  all  parts  of  the  rhinen- 
cephalon  are  led  to  their  termination  in  the  epithala- 
mus. Some  of  these  fibers  terminate  in  the  habenula 
of  the  .same  side;  others  first  decussate  in  the  superior, 
or  habenular,  commissure,  to  reach  the  habenula  of 
the  opposite  side.  In  primitive  vertebrates  (cy- 
clostome  fishes),  where  the  olfactory  area  is  simply 
organized  and  relatively  homogeneous,  fibers  of 
this  system  stream  backward  from  all  parts  of  it 
quite  uniforml}',  to  converge  in  the  habenula.  But 
with  the  analysis  in  higher  forms  of  the  primordial 
olfactory  area  into  functionally  diverse  parts,  as 
outlined  above,  and  their  wide  separation,  some  of 
the  components  of  the  stria  medullaris  which  ari.se 
from  these  several  parts  take  very  devious  courses  be- 
fore they  are  assembled  in  the  diencephalon.  The  stria 
medullaris,  as  thus  constituted,  takes  a  superficial 
course  across  the  anterodor.sal  face  of  the  thalamus 
near  the  middle  plane  and  accompanying  the  taenia 
thalami  (Figs.  948,  973).     It  is  sometimes  termed  the 


tractus  taenia,  or  taenia  thiiUinii,  though  the  hitler 
term  is  reserved  by  the  BN.\  for  the  line  of  attach- 
ment of  the  membranous  roof  to  the  massive  wall 
of  the  thalamus  (Fig.  96S,  t.  th.). 

A  tolerably  complete  analysis  of  the  stria  medul- 
laris has  been  macle  in  the  ca.se  of  some  fi.shes  and 
ainpliil)ians  (Johnston,  Sheldon,  Ilerrick,  etc.); 
but  there  is  no  agreement  as  to  its  compo.sition  in 
the  mammals.  On  the  basis  of  a  still  unpublished 
investigation  made  in  my  laboratory  by  Dr.  F.  A.  C. 
I'errin,  I  am  able  to  give  the  following  summary  of  the 
composition  of  the  stria  medullaris  in  the  white  rat. 

(1)  Tractus  olfactohabenu- 
laris medialis.  From  the  pre- 
optic nucleus  (ganglion  opti- 
cum ba.sale)  to  the  habenula. 
These  fibers  ari.se  from  the 
entire  region  about  the  optic 
chiasma  in  several  fascicles. 
There  is  an  anterior  part  run- 
ning up  in  front  of  the  columna 
fornicis  (shown  in  Fig.  973)  and 
a  posterior  part  arising  behind 
the  columna  fornici.s,  whose 
connections  are  not  entirely 
clear.  Honegger  has  described 
a  tractus  olfactohabenularis 
lateralis,  arising  from  this  re- 
gion and  passing  up  laterally 
of  the  internal  capsule  sj-stem 
of  fibers.  This  occurs  in  am- 
hibians  and  reptiles  and  prob- 
ably in  mammals  also,  though 
we  have  not  been  able  to  dem- 
onstrate it. 

(2)  Tractus  olfactohabenu- 
laris anterior.  In  the  rat  this 
is  the  largest  component  of  the 
stria  medullaris.  Its  fibers 
ari.se  from  the  tuberculum 
olfactorium,  pa.ss  caudad  min- 
gled with  those  of  the  great 
basal  olfactory  projection  tract 
(Fig.  973,  tr.  olf.  hypth.)  and 
at  the  level  of  the  optic  chi- 
asma turn  dorsally  to  join  those  of  component  1. 

(3)  Tractus  septohabenularis.  These  fibers  arise 
from  the  entire  septum  and  precommissural  body, 
particularly  in  the  vicinity  of  the  anterior  commi.ssure. 

(4)  Tractus  corticohabenularis  medialis.  Fibers 
arising  in  the  hippocampus  and  passing  out  through 
the  fimbria  and  columna  fornicis  leave  the  latter 
above  the  anterior  commissure  to  enter  the  stria 
medullaris  (Fig.  973). 

(5)  Tractus  corticohabenularis  lateralis.  This  com- 
ponent is  very  large  in  amphibians  and  reptiles,  aris- 
ing in  the  region  of  the  pyriform  lobe.  It  has  never 
been  identified  in  mammals.  We  find  that  the  stria 
terminalis,  which  passes  between  the  nucleus  amyg- 
dalae (under  the  pyriform  lobe)  and  the  septum,  con- 
tributes fibers  to  the  stria  medullaris  where  these  two 
systems  cross  near  the  medial  plane  above  the  anterior 
commissure.  This  connection  was  probably  observed 
by  Honegger  in  1S90,  but  seems  to  have  been  since 
overlooked;  it  probably  represents  a  pathway  from 
the  amj'gdala  to  the  habenula,  and  therefore  is  the 
equivalent  of  the  tractus  corticohabenularis  lateralis 
as  described  in  lower  vertebrates. 

(0)  Tractus  thalamohabenularis.  Fibers  pa.ss  from 
the  nucleus  anterior  thalami  through  the  stratum 
zonale  thalami  into  the  stria  medullaris. 

(7)  Tractus  striohabenularis.  Fibers  pa.ss  between 
the  stria  medullaris  and  the  medial  part  of  the  globus 
pallidus  of  the  corpus  striatum.  Their  connections 
are  unknown.  They  may  contain  the  descending 
fibers  from  the  habenula  which  some  authors  have 
described  in  the  stria  medullaris. 

In  addition  to  the  preceding,   there  are  also  less 
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perfectly  understood  connections  between  the  haben- 
vila  and  the  thalamus  and  midbrain. 

Another  important  association  tract  of  the  rhinen- 
cephalon  is  the  stria  terminalis  (also  called  the 
taenia  or  stria  semicircularis  and  stria  cornea,  though 
the  best  usage  would  apph^  the  latter  name  to  a  thick 
band  of  non-nervous  tissue  which  accompanies  the 
nerve  fibers).  This  system  puts  the  lateral  olfactory 
area  into  relation  with  the  medial  and  intermediate 
areas.  In  reptilian  brains  these  fibers  pass  simply 
across  the  basis  of  the  hemisphere  in  the  transverse 


tad  ilk 


Fin.  97-4. — Schematic  Representation  of  Some  of  the  Principal  Xeurone  Sj'stems  of  the  Olfae- 
tory  Conduction  Path.  Projected  into  sagittal  plane.  Bulb,  olj.,  bulbus  olfattorius;  Col.  fom., 
eolumna  fornicis;  Col.  sup.,  coUiculus  superior;  Comm.  ant.,  commissura  anterior  cerebri;  Corp. 
mam.,  corpus  mammillare;  Corp.  pin.,  corpus  pineale;  G.  o.  b.,  gangUon  opticum  basale;  Gl.  olf., 
glomeruli  olfactorii;  Gyr.  amb.  rhin.,  gjTus  ambiens  rhinencepbali ;  Gt/r.  olf.  tat,  g>-rus  olfac- 
torius  lateralis;  Gyr.  o.  m.,  e>tus  olfactorius  medialis;  Gyr.  j>emiann.  rhin.,  gyrus  semilunaris 
rhinencepbali;  Gyr.  subcall.,  gj'rus  subcjillosus;  Lam.  crib.,  lamina  cribrosa;  A',  a.  Vt.,  nucleus 
anterior  thalami;  -Vn.  olf.,  nervi  olfactorii;  Sucl.  hab.,  nucleus  habenuLf;  Fed.  cerfbri,  pedun- 
culus  cerebri;  Str.  long.  meA.,  stria  longitudinalis  medialis;  Sir.  meduU.,  stria  medullaris;  Tract, 
olf.,  tractus  olfactorius;  Tract,  opt.,  tractus  opticus;  /,  axones  of  mitral  cells  going  to  stria  olfac- 
toria  lateralis;  /',  axone  of  mitral  cell  terminating  in  gray  matter  of  trigonum  olfactorium; 
//,  axone  of  mitral  cell  terminating  in  gray  matter,  whence  axone  goes  to  conmiissura  anterior 
cerebri;  //',  axones  to  anterior  commissure;  //",  centrifugal  fiber  terminating  in  bulbus  olfac- 
torius; III,  axone  of  mitral  cell  terminating  in  g>'rus  olfactorius  medialis;  IV,  axones  of  neu- 
rones connecting  the  olfactory  portion  of  the  uncus  (gjTus  ambiens  and  gjTUS  semilunaris)  with 
the  hippocampus  (comu  ammonis) ;  V,  axones  from  hippocampus  to  fornix;  V ,  axone  to 
commissura  hippocampi;  V",  axones  from  fornix  to  septum  pellucidum;  V",  axones  from 
fornix  to  corpus  mammillare;  Y"",  axone  from  fornix  to  nucleus  habenule  by  waj'  of  the 
stria  medullaris;  TV,  fasciculus  mammillaris  princeps;  IV,  fasciculus  thalamo-mammillaris 
\'icq  d'.\zyri;  VI",  fasciculus  pedunculo-mammillaris,  pars  tegmentalis  (/fauieniMiffei  of  von 
Gudden) ;  VII,  fasciculus  pedunculo-mammillaris,  pars  basilaris  (pedunculus  corporis  mam- 
millaris); VIII,  fasciculus  retroflexus  MejTierti  extending  from  the  nucleus  habenuke  to  the 
nucleus  inferpeduncularis.  (After  Barker,  from  "The  Kcrvous  System  and  Its  Constituent 
Neurones,"  D.  .Appleton  &  Co.,  1900.) 


plane  between  the  medial  and  lateral  olfactory  areas, 
lying  beneath  the  lateral  ventricle  and  above  the  in- 
ternal capsule  system  of  fibers.  But  in  mammals  the 
great  increase  in  size  of  the  internal  capsule  ss'stem 
has  necessitated  a  wide  backward  loop  across  the 
dorsal  and  posterior  border  of  this  system  of  fibers. 
From  this  it  results  that  the  stria  terminalis  appears  as 
a  well-defined  ridge  extending  across  the  dorsal  sur- 
face of  the  brain  stem  from  the  lamina  terminalis 
(Fig.  93S,  Tcenia  semicircul.)  obliquely  backward  and 
lateralward,  as  seen  in  Fig.  97.5.  Here  it  marks  the 
boundarj-  between  the  thalamus  and  the  corpus 
striatum  and  lies  parallel  with  the  vena  terminalis 
and  the  line  of  attachment  of  the  plexus  chorioideus 
lateralis  of  the  hemisphere  to  the  taenia  chorioidea, 
the  latter,  however,  lying  farther  medialward  being 
separated  from  the  stria  terminalis  by  the  lamina 


affixa  (.see  beyond  under  Metiinges,  and  Fig.  995). 
Behind  the  plane  of  contact  of  the  tlialamus  with  the 
corpus  striatum  the  stria  terminalis  turns  ventral- 
ward,  forward,  and  lateralward  to  connect  with  the 
nucleus  amygdalie  under  the  uncus  of  the  temporal 
lobe  (Fig.  9S7). 

The  olfactory  cortex  (cortex  hippocampi  and 
gyrus  dentatus)  receives  olfactory  tracts  from  the 
lateral  area  olfactoria  at  its  ventro-lateral  end  from 
the  region  of  the  uncus,  and  also  from  the  medial 
and  intermediate  areas  at  the  dorso-medial  end  of 
the  undegenerated  (postcom- 
missural)  hippocampus 

through  the  septum  and  fim- 
bria by  way  of  the  tractus 
olfactorius  septi. 

The  efferent  path  from  the 
hippocampus  follows  the  fim- 
bria (in  the  reverse  direction 
from  the  afferent  fibers  of  the 
tractus  olfactorius  septi  from 
the  medial  olfactory  area)  as 
far  as  the  lamina  terminalis, 
where  it  curves  ventrally  above 
the  anterior  commissure  and 
then  backward  through  the 
diencephalon  to  enter  the 
corpus  mammillare  of  the 
hypothalamus  and  adjacent 
parts  of  the  tuber  cinereum. 
This  is  the  eolumna  fornicis 
(Figs.  948,  973.  974).  A  part^ 
of  the  fornix  fibers,  however, 
separate  from  the  others  im- 
mediately behind  the  lamina 
terminalis  and  turn  abruptly 
dorsally  to  enter  the  stria  me-  . 
dullaris  thalami  and  terminate 
in  the  habenula  of  the  epithal- 
amu.s,  thus  constituting  the 
tractus  cortico-habenularis 
medialis. 

The  accompanying  diagram 
(Fig.  973)  illustrates  the  chief 
connections  of  the  rhinenceph- 
alon  in  the  rat,  where  this 
.system  is  relatively  much  more 
highly  developed  than  in  man; 
and  Fig.  974  presents  some  of 
the  more  important  olfactory 
connections  in  the  human 
brain.  In  the.se  diagrams  it 
wiU  be  observed  that  both  the 
cortical  and  the  subcortical 
parts  of  the  rhinencephalon 
discharge  backward  into  the 
hypothalamus  through  the 
fornix  and  basal  olfactory  tract 
respective!}'  and  into  the  epi- 
thalamus  through  the  stria 
medullaris  thalami. 
From  the  epithalamus  the  chief  descending  path 
is  by  waj-  of  Meynert's  fasciculus  retroflexus  to  the 
nucleus  interpeduncularis  in  the  floor  of  the  mid- 
brain. From  the  hj-pothalamus  there  are  several 
descending  tracts  to  the  pedunculus  cer:bri  and 
tegmentum.  The  latter  are  accompanied  by  fibers 
of  the  second  order  which  pass  direct!}-  back  from  the 
medial  and  intermediate  olfactory  areas  without 
being  interrupted  in  the  corpus  mammillare.  The 
descending  fibers  from  the  mammillary  body  give 
off  collateral  branches  to  form  the  tractus  mammillo- 
thalamicus  (commonly  called  the  tr.  thalamo-mam- 
millaris, or  Vicq  d'.\z}T's  bundle),  which  ends  in  the 
nucleus  anterior  thalami.  Here  the  olfacto-\isceral 
functions  of  the  h}-pothalamus  are  correlated  with  the 
somatic  functions  of  the  thalamus.  The  nucleus  an- 
terior is  also  related   to   the   habenula   by   a  com- 
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poncnt  of  tho  stria  meduUaris  thalami,  the  tractus 
thalainohabpiiularis. 

Tho  roason  for  the  division  of  the  dosrendiiig  ol- 
factory pathway  into  two  systems  rchitcd  with  tlu' 
hypothalamus  and  the  e|)ithahimus  rcsjjectively  i-i 
not  aUosjether  clear.  The  most  |)robahle  hypothesis 
is  that  tlie  ventral  patli  is  conc(-rned  in  the  liyjiothal- 
amus  with  olfacto-visceral  correlations,  while  the  dor- 
sal path  into  t!ie  epithalamus  is  concerned  with  the 
correlation  of  olfactory  impressions  -with  the  somatic 
sensory  functions  of  the  thalamus  and  midl)rain. 
The  olfacto-somatic  correlations  here  efTected  are  un- 
doubtedly of  tlilferent  physiiilog- 
i^al  type  from  those  effected  in  the 
nucleus  anterinr  thalami  which 
receives  its  olfactory  fibers,  not 
directly  from  the  telencephalon, 
but  indirectly  through  ^■icq 
d'Azyr's  bundle  from  the  hypo- 
thalamus, where  they  are  first 
brought  into  physiological  rela- 
tion with  manifold  visceral  (and 
gustatory?)  associations  of  the 
hypothalamic  nuclei.  All  of  the 
relations  of  the  nucleus  anterior 
suggest  that  it  is  to  be  grouped 
with  the  medial  series  of  thalamic 
nuclei,  concerned  chiefly  with  in- 
trinsic visceral  thalamic  functions, 
rather  than  with  the  lateral  series 
of  cortical  deiiendencies  (Sachs). 

It  is  a  well-known  fact,  which 
has  been  emphasized  by  Sherring- 
ton, that  the  sense  of  smell  has  a 
two-fold  function;  first,  the  excita- 
tion of  \asceral  reactions  (intero- 
ceptive) in  connection  with  feed- 
ing and  the  discrimination  of  food 
substances,  etc.,  in  the  mouth, 
and,  second,  the  excitation  of 
somatic  responses,  e.g.  locomo- 
tion, when  distant  objects  are 
smelled  (exteroceptive,  distance 
reactions).  The  neurological 
mechanism  of  coordination  con- 
cerned in  these  two  types  of  re- 
sponse would  necessarily  be  very 
different,  and  it  is  probable  that 
the  hypothalamus  serves  the  in- 
teroceptive and  the  epithalamus 
the  exteroceptive  series. 

The  Corpus  Striatum.  —  The 
somatic  part  of  the  cerebral  hemi- 
sphere comprises  the  corpus  stri- 
atum and  the  neopallium.  The 
corpus   striatum   arises   from  the 

ventro-latera!  wall  of  the  cerebral  hemisphere  vesicle 
(Figs.  SS7,  896.  9.54,  9.50).  In  later  developmental 
stages  the  pallium  completely  envelops  it  except  on 
the  ventricular  side,  where  it  forms  in  the  adult  a 
strong  eminence  projecting  into  the  lateral  ventricle. 
It  is  traver-sed  by  ma.ssive  tracts  of  projection  fibers 
between  the  neopallium  and  the  lower  centers.  These 
projection  fibers  in  part  pass  laterally  of  the  coqius 
striatum  as  external  capsule  fibers  and  in  part  through 
its  substance  and  between  it  and  the  thalamus,  thus 
forming  the  internal  capsule.  The  internal  capsule 
separates  the  corpus  striatum  into  a  medial  gray  mass, 
the  nucleus  lentiformis  (with  two  subdivisions,  puta- 
men  and  globus  pallidus),  and  a  lateral  comma- 
shaped  mass,  the  nucleus  caudatus,  whose  enlarged 
head  is  situated  far  forward  forming  the  lateral  wall  of 
the  anterior  horn  of  the  lateral  ventricle  (Fig.  97.5) 
and  whose  attenuated  posterior  part  follows  the  stria 
terminalis  to  end  in  the  nucleus  amygdate  under  the 
uncus  of  the  temporal  lobe. 

The    intrinsic    fiber    connections    of    the    corpus 
striatum  are  still  somewhat  obscure,  because  these 


fibers  are  so  mingled  with  those  of  the  projection 
.systems  of  the  cerebral  cortex  as  to  make  their 
sej)aration  dithcult.  There  is  a  broad  striothalamic 
Cdiuieetiun  consisting  of  both  ascending  and  descend- 
ing fibers  between  all  parts  of  the  corpus  striatum  and 
t  he  t  halamus.  Some  of  the.se  fibers  pass  farther  back 
to  the  mesencephalon.  There  is  also  a  .special 
ascending  tract  froni  the  nucleus  anterior  thalami  to 
the  liead  of  the  caudate  nucleus  (Sachs),  and  the 
latter  is  in  intimate  relation  with  the  underlying 
intermediate  olfactory  area  in  the  anterior  perforated 
s])aee. 
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Fig.  975. — .\  Dissection  of  the  Brain  from  .\bove  to  expose  the  Optic 
Corpus  Striatum.     (From  Cunningham's  Anatomy.) 


Thala 


and 


Ramon  y  Cajal  teaches  that  the  corpus  striatum  is 
the  anterior  member  of  a  series  of  motor  correlation 
centers  which  is  continued  backward  into  the  nuclei 
of  the  subthalamic  region  and  the  substantia  nigra. 
These  all  receive  collaterals  of  the  fibers  of  the  pyrami- 
dal tract  and  serve  to  reinforce  the  descending  motor 
impulses  from  tlie  cerebral  cortex,  as  well  as  to  efTect 
local  reflex  responses  of  subcortical  type. 

Neopallium. — Practically  all  of  the  exposed  cerebral 
cortex  of  the  adult  human  brain  belongs  to  the 
neopallium.  The  early  stages  of  the  histogenesis 
of  the  cortex  are  similar  to  those  of  other  parts  of 
the  neural  tube,  though  somewhat  later  in  their 
appearance.  The  thickening  in  the  ventro-lateral 
region  destined  to  forni  the  corpus  striatum  begins 
about  the  end  of  the  first  month  and  after  another 
month  tlie  cortical  layer  first  begins  to  appear  super- 
ficially of  the  corpus  striatum.  Fig.  976  illustrates 
the  histogenetic  development  of  the  wall  of  the 
hemisphere  at  the  beginning  of  the  third  month,  at 
which  time  a  distinctive  cortical  layer  has  begun  to 
appear.     The  process  of   the   differentiation   of   the 
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outer  cortical  layer  advances  from  the  lateral  toward 
the  medial   border  of  the  cortex.     In  a  fetus  of  the 


to  the  extreme  medial  margin  of  the  pallium  at  the 
taenia  fornicis.  The  medial  border  therefore  exhibits 
at  this  age  a  limbus  corticalis,  which  marks  the  limit 
of  differentiated  cortex,  and  beyond  this  a  limbus 
medullaris  devoid  of  cortex.  The  limbus  medullaris 
never  becomes  wholly  transformed  into  cortex,  but 
its  marginal  part  becomes  filled  with  the  fibers  of 
the  fimbria. 


Fig.  976. — Section  through  th*.-  PaUial  Wall  of  a  Human  Fetua 
at  the  Beginning  of  the  Third  Month,  a.  Internal  limiting  mem- 
brane; 6,  fibrous  (medullary)  layer;  c,  layer  of  neuroblasts  forming 
rudimentary  cortical  gray  matter;  rf,  marginal  layer  (future  mo- 
lecular layer)  ;  e,  germinal  cellf.g..  neuroblasts  with  radial  processes; 
spongioblasts  and  myelosponpium  are  show"n  on  the  right  side. 
(After  His,  from  Bailey  and  Miller's  Embryology.) 


/c/?\i> 


arcuata 
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Fig.  977. — Margin  of  the  Cerebral  Hemisphere  (Limbus 
Hemisphasrii)  of  the  Human  Fetus  of  Three  ilonths.  I.  c,  Limbus 
corticalis;  /.  ch..  lamina  chorioidea;  /.(-.  lamina  infrachorioidea; 
t.m.^  limbus  medullaris;  T.,  tenia  fornicis.     (.After  His.) 

third  month  (Fig.  977)  the  cortical  layer  has  reached 
as  far  as  the  fissura  arcuata,  but  not  across  this  fissure 
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Fig.  978. — Diagram  of  the  Cortical  .\reas  of  the  Lateral  Surface  of  the 
Cerebral  Hemisphere,  as  Determined  by  the  Myelogenetic  Method.  The 
numerals  indicate  in  a  general  way  the  order  of  myehnation.  The  primary 
areas  (1-10)  are  indicated  by  dots,  the  intermediate  areas  (11—31)  by  oblique 
hnes,  and  the  terminal  or  final  areas  (32-36)  by  clear  spaces,  (.\fter  Flechsig, 
from  Quain's  .-Vnatomy.) 


In  the  third  month  fibers  of  the  thalamic  radiations 
(sensory  projection  fibers)  appear  in  the  medullary 
layer  of  the  cortex.  In  later  development  cortical 
neurones  give  rise  to  descending  projection  fibers  and 
to  association  tracts  connecting  different  parts  of 
the  cortex.  The  latter  process  continues  up  to  adult 
life. 

Further  differentiation  of  the  wall  of  the  cerebral 
hemisphere  involves  the  rapid  thickening  of  the 
medullary  layer  (white  matter)  and  the  arrangement 
of  the  cells  and  fibers  of  the  cortex  into  more  or  less 
definite  layers.  The  sequence  of  medullation  of 
the  nerve  fibers  of  the  cortex  has  been  studied  with 
great  care  by  Flechsig.  Certain  areas  acquire  their 
meduUated  fibers  much  earlier  than  others,  related 
functional  connections  tending  to  appear  at  the  .same 
time.  Figs.  97S  and  979  give  a  siunmary  view  of 
some  of  the  results  of  these  researches.  His  (1904) 
has  given  an  excellent  table  of  the  sequence  of  the 
first  appearance  of  many  of  the  important  tracts 
of  the  brain. 

The  first  cerebral  fissures  to  develop,  as  we  have 
already  seen,  are  those  separating  the  rhinencephalon 
from  the  neopallium.  In  the  third  month  the  fissura 
prima  (His)  appears,  forming  the  anterior  boundary 
of  the  Trapezfeld  of  His  (precommissural  body  of 
Elliot  Smith).  .\  portion  of  this  fissure  on  the  ventral 
surface  is  preserved  in  the  adult  as  the  sulcus  parol- 
factorius  posterior.  In  the  third  month  the  lateral 
rhinal  fi.ssure  and  the  hippocampal  fissure  (fissura 
arcuata)  are  weU  defined.  At  about  this  time  the 
accessory  arcuate  and  the  calcarine  fissures  appear 
on  the  medial  surface  (Fig.  955)  and  the  Sylvian 
fissure  on  the  lateral  surface  (Fig.  9S0).  At  this  age 
numerous  transitory  fissures  are  present,  most  of 
which,  like  the  accessory  arcuate,  disappear  in  the 
adult.  The  calcarine  fissure  is  preserved  as  a  total 
fissure,  the  ventricular  eminence  which  it  forms  being 
the  calcar  avis  (hippocampus  minor).  At  the  begin- 
ning of  the  fourth  month  the  calcarine  fissure  is 
joined  by  the  parieto-occipital  fissure,  thus  delimit- 
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ing  the  cuiieus.  The  posterior  part  of  the  arcuate 
fissure  is  also  preserved  as  a  total  fissure,  the  fissura 
iiippoeampi.  aiul  its  voutricuiar  eminence  is  the 
hippocampus  (cornu  Ammonis).     The  anterior  part 


occupies  the  corresponding  position  (caliosal  fissure) 
has  an  independent  origin. 

Although   the   cortex   begins   to  differentiate   over 
the  corpus  striatum,  yet  in  later  stages  its  develop- 


FiG.  970. — Diagram,  Similar  to  Fig.  978,  of  the  Medial  Surface  of  the  Hemisphere. 
(After  Flechsig,  from  Quoin's  Anatomy.) 


Parietal  lobe 


Occipital  lobe 


Mesencephalon 
Cerebellum 


Frontal  lobe 
Insula 


Bulbus  olfactorius 


Gyrus  olfactorius  lat. 

GjTus  semilunaris 
Gyrus  ambiens 


Fig.  980. — Lateral  View  of  the  Brain  of  a  Human  Fetus  at  the  Beginning  of  the  Fourth  Month. 
(After  Kollmanu,  from  Bailey  and  Miller's  Embryologj-.) 


Sulcus  postcentraiis     Sulcus  centralis 


lobus  parietal.  Sup. 

Region  of  gj-rus  Sup- 

ramarg.  and  angular 

Ramus  post. 


Sulcus  tempor.  med- 

Post.  pole  of  cere- 
bellum 


—  Sulcus  froat.  inf. 

—  Ramus  ant.  asc. 
^Fissura  SyU-ii 


Lobus  temporalis 


Gyrus  temp.  sup.     Gyrus  temp.  med. 

Fig.  981. — Lateral   View  of  the   Right  Cerebral  Hemisphere  of  a  Human  Fetus  at  the  End  of  the  Seventh  Month. 
(.\fler  Kollmann,  from  Bailey  and  Miller's  Embryologj'.) 


of  the  fis.sura  arcuala,  which  corresponds  with  the 
horizontal  limb  of  the  hippocampal  fissure  of  mar- 
supials (Fig.  957),  is  said  by  Cunningham  to  disappear 
in   the   human   embryo  and  the  adult  fissure  which 


ment  is  retarded  in  this  region.  Thus  arises  the 
fossa  lateralis  Syhii,  whose  floor  is  the  future  insula 
and  whose  walls  become  the  opercula  (Figs.  9S0,  981). 
It   thus  appears  that  the  lateral  fissure   (fissure  of 
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Sylvius),  which  is  the  most  conspicuous  fissure  of  the 
hemisphere,  is  not  a  total  fissure,  involving  the  wiiole 
thickness  of  the  wall,  like  the  fissura  hipjjocampi  and 
the  fissura  calcariua.     In.  the  adult  brain  the  fissure 


and  do  not  come  into  apposition  until  after  birth. 
Fig.  984  gives  a  diagrammatic  representation  of  the 
mode  of  development  of  these  opercula,  after  Cunning- 
ham, who  adds  the  following  comments: 


Sulcus  Corp.  callosi 
Corpus  callosum        |      Splenium 


Gyrus  cinguU 


Fi?sura  parieto-occip. 


Cavum  septi  pellucidi 

Lamina  rostraii- 

Area  parolfactoria 

vpneterminalisi 


■^ 


Cuneus 

^IP-  —  — .  Fissura  calcarina 


N.  olfact.     I      1    Fiss.  rhinica 
N.  opticus     Lobxis  temp. 

Fig.  982. — Medial  \'ie\v  of  the  Right  Half  of  the  Brain  of  a  Human  Fetus  at  the  End  of  the  Seventh  Month. 
(.\fter  Kolhnann,  from  Bailey  and  Miller's  Embryology.) 


of  Sylviu.s  ha.s  three  main  branche.s  arising  from  a 
common  stem,  the  anterior  and  posterior  horizontal 
and  an  anterior  a.scending  (Fig.  985).  The  lips  of 
the  three  limbs  of  the  Sylvian  fi.ssure  form  the  oper- 


"The  orbital  operculum  appears  first  and  is  much 
more  constant  in  its  growth  than  the  frontal  opercu- 
lum, which  indeed  frequently  fails  altogether,  and, 
even  when  present,   shows   the  greatest   amount  of 


Fig.  983. — Three  Stages  in  the  Development  of  the  Insula  and  the  Insular  Opercula.  A,  Right  cerebral  hemisphere ^rom  a  fetus 
in  the  latter  part  of  the  fourth  month  of  development;  B,  right  cerebral  hemisphere  from  a  fetus  in  the  fifth  month;  C,  right 
cerebral  hemisphere  from  a  fetus  in  the  latter  part  of  the  eighth  month.  In  C  the  temporal  operculum  h.Ts  been  rcmo^■ed  and  thus  a 
large  part  of  the  insula  is  esposetl.  The  outline  of  the  temporal  operculum  is  indicated  by  a  dotted  line.  Z'.,  frontal  operculum; 
F.  P.,  fronto-parietal  operculum;  O.,  orbital  operculum.      (From  Cunningham's  Anatomy.) 

cula  of  the  island  of  Reil,  which  is  a  buried  convolution 
surrounded  by  the  limiting  sulcus  of  Reil  and  entirety 
invisible  in  the  intact  adidt  brain.  The  limbs  of  the 
Sylvian  fi.ssure  bound  the  opercula  (Fig.  9So),  viz., 


variabilitj-  in  the  degree  to  which  it  is  developed. 
Variations  in  the  degree  of  development  of  the 
frontal  operculum  influence  greatly  the  form  pre- 
sented   by    the    two   anterior   limbs   of    the    Sylvian 


Fig.  984. — .\  diagram  to  Illustrate  the  Development  of  the  Opercula  which  Cover  the  Insula.  A,  .Sylvian  fossa  before  the 
opercula  begin  to  form;  B,  fronto-parietal  and  temporal  opercula  well  advanced;  C,  all  four  opercula  developed  but  not  in  apposition; 
/■'.,  frontal  operculum;  P.P.,  fronto-parietal  operculum;  /•'.  A*.,  frontal  wall  of  fossa;  O.,  orbital  operculum;  O.R.,  orbital  wall  of 
fossa;  .S-..  anterior  horizontal  limb  Of  .Syhial  fissure;  »S2.,  ascending  limb;  S*.,  posterior  horizontal  limb;  T.,  temporal  operculum. 
(From  Cunningham's  Anatomy.) 

the    temporal,    fronto-parietal,    frontal    and    orbital 
operculum.     The  temporal  and  fronto-parietal  oper- 


cula begin  to  appear  about  the  end  of  the  fifth  month; 
the  orbital  and  frontal  opercula  develop  much  later 
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fissure,  between  which  it  hes.  When  strongly  de- 
veloped, it  separates  the  two  Sylvian  limbs  frciin 
each  other  to  such  an  extent  that  they  assume  the 
appearance  of  the  letter  U;  when.the  frontal  opercu- 
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lum  is  less  strongly  marked,  the  anterior  Sj'lvian 
limbs  may  assume  a  V  form  or  a  Y  form.  In  the 
latter  i-ase,  the  orbital  and  fronto-parietal  opercula 
meet  below  the  frontal  operculum  to  form  the  stem 


human  brain.  In  tlie  anthropoid  ape  they  are  absent, 
and,  consequently,  the  fore  part  of  the  island  of 
Keil  is  exposed  on  tlie  surface  of  the  simian  Ijrain. 
The   same    condition   is    not    at   all   an    uncommon 


i  orbitalis 
I  triangularis 


Pars  opercularis       \ 
Operculum 


Fig.  9S5. — Lateral  View  of  the  Left  Cerebral  Hemisphere,  lUustratiag  the  Chief  Gyri 
and  Sulci.      (.Vfter  Toldt.) 


of  the  Y.  In  those  cases  where  the  frontal  operculum 
is  absent  altogether,  a  single  anterior  limb  of  the 
Sylvian  fissure  is  the  result.  The  late  appearance, 
the  slow  growth,  the  variability  of  these  two  opercula 
and  also  the  tendency  to  abortive  growth  or  complete 


occurrence  in  the  brain  of  the  microcephalic  idiot." 
These  con.siderations  are  of  interest  in  connection 
with  the  occurrence  of  the  motor  speech  centers 
(Broca's  region)  in  the  opercula. 

In   early   stages   of  the  de\elopment  of  the  hemi- 


Sulcus  cinguli  (pars  marginalis") 
Postlimbic  sulcus — .Sulcus  subparietalis 


Fissura  calc; 


Anterior  ascending  ramus 

of  the  paracentral  fissure 

Callosomarginal  fissure 

Sulcus  cinguli  (pars  subfrontalis) 

Sulcus  corporis  callosi 


\         '».  Genu  corporis  callosi 

\        \        Rostrum  corporis  callosi 
\      .Sulcus  parol I'actoriuj  anterior 
Parolfactory  area  (area' of  Broca) 
Posterior  parolfactory  .sulcus  (fissura  prima  of  His) 
*  Gyrus  subcallosus  ( pedunculus  corporis  callosi) 

Fig.  986. — Medial  Surface  of  the  Left  Cerebral  Hemisphere,  Illustration  the  Gyri  and  Sulci,     (.\fter  Toldt.) 


suppres.sion  of  the  frontal  operculum,  all  bespeak 
the  fact  that,  from  a  phylogenetic  point  of  view,  the 
frontal  and  orbital  opercula  are,  comparatively 
speaking,  recent  productions  in  the  evolution  of  the 


sphere  many  transitory  fissures  appear,  some  of  whicl), 
like  the  accessory  arcuate,  are  very  constant,  while 
others  are  variable.  After  the  fourth  month  the 
permanent   fissural    pattern    is    rapidly    laid    down. 
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Figs.  981  and  982  illustrate  their  arrangement  in  the 
seventh  month. 

The  adult  hemisphere  has  been  mapped  out  into 
definite  areas  characterized  by  differences  in  the 
structure  and  lamination  of  its  cortical  cells  and 
fibers.  The  relation  between  these  areas,  which  are 
doubtless  functionally  determined,  and  the  fissural 
pattern  is  controverted;  but  there  is  a  sufficiently 
close  correspondence  between  the  most  important 
cortical  areas  and  the  early  cerebral  fissures  to  suggest 
that  the  positions  of  the  latter  are  determined,  in  part 
at  least,  bj'  inequalities  in  the  time  of  development  of 
the  functionally  defined  regions.  Flechsig's  studies 
on  the  medullation  of  cortical  fiber  tracts  also  give 
some  support  to  this  view. 

The  arrangement  of  the  principal  sulci  and  gyri 
of  the  cerebral  hemisphere  is  shown  in  Figs.  9S5  and 
986. 


The  fasciculus  longitudinahs  superior  (/.  I.  s.)  connects 
the  frontal,  occipital  and  temporal  regions  of  the 
hemisphere.  The  fasciculus  longitudinahs  inferior 
(/.  I.  i.)  extends  along  the  whole  length  of  the  occipital 
and  temporal  lobes.  The  fasciculus  occipito-fronta- 
lis  (not  shown  on  the  figure)  runs  lengthwise  of  the 
hemisphere  bordering  the  ventricle  and  the  caudate 
nucleus  on  the  inner  aspect  of  the  corona  radiata. 
The  fasciculus  occipito-frontalis  inferior  (/.  occ.fr.  inf.; 
see  Curran,  Jour.  Comparative  Neurology,  vol.  xix., 
1909)  unites  the  frontal  lobe  with  the  occipital  and 
posterior  parts  of  the  temporal  and  parietal  lobes  and 
lies  farther  ventral  than  the  last.  The  cingulum 
{cin.)  is  a  very  well-defined  bundle  which  borders  the 
corpus  callosum  near  the  medial  plane  and  connects 
all  parts  of  the  limbic  lobe  (olfactory  association 
centers  bordering  the  hippocampus,  etc.).  The 
fasciculus  uncinatus  (/.  u>\c.)  connects  the  anterior 


str.  term. 
f.  I.  s. 


jncus 


f.l.i. 
f.  occ.fr.  inf. 


Fig.  9S7. — Diagram  Illustrating  Some  of  the  Chief  Association  Tracts  of  the  Cerebral  Hemisphere,  seen  as  Projected  upon  the 
Mesial  Surface  of  the  Kight  Hemisphere,  cin.,  Cingulum;  /.Li.,  fasciculus  longitudinahs  inferior;  f.l.s.,  fasciculus  longitudinalis 
superior;  /.  occ.  /r.  inf.,  fasciculus  occipito-frontalis  inferior;  f.p.,  fibras  propriie;  /.  ir.  oc,  fasciculus  transversus  occipitalis;  /.  l/nc. 
fasciculus  uncinatus;  str.  term.,  stria  terminalis. 


Sensory  projection  fibers  from  the  different  thal- 
amic nuclei  pass  upward  through  the  internal  capsule 
to  reach  the  cortical  areas  devoted  respectivel.y  to 
vision,  hearing,  cutaneous  sensibihty,  etc.  Other 
fibers  arise  from  cells  of  the  motor  projection  centers 
in  the  precentral  convolution  (gyrus  centralis  ante- 
rior) .  and  adjacent  parts  and  descend  through  the 
pyramidal  tract  to  effect  connection  with  lower 
motor  centers.  Between  the  sensory  and  motor 
projection  centers  which  are  thus  defined  are  in- 
tercalated the  association  centers  which  are  con- 
nected b)'  an  elaborate  sj'stem  of  subcortical  fibers 
with  the  projection  centers  and  with  each  other.  In 
the  developing  brain,  as  we  have  already  seen  (Figs. 
978,  979),  the  projection  fibers  in  general  mature 
earlier  than  do  the  as.sociation  fibers. 

Each  gyrus  is  connected  with  those  immediately 
contiguous  by  short  superficial  arcuate  fibers  and 
with  more  remote  gyri  by  deeper  association  tracts. 
Tlie  principal  association  centers  are  connected  by 
massive  bundles  of  such  fibers  which  can  easily  be 
dissected  out  in  a  well  preserved  brain  (Fig.  987). 
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end  of  the  temporal  lobe  with  the  frontal  lobe.  The 
fibrae  propria  ( /.  p.)  are  short  association  fibers  form- 
ing the  more  superficial  layers  of  the  white  matter. 

The  histological  structure  of  the  cortex  differs  in 
the  various  regions  and  much  study  has  of  late  been 
devoted  to  the  precise  nature  and  significance  of 
these  differences.  Both  the  fibers  and  the  cells  of  the 
cortex  show  a  more  or  less  evident  lamination  and 
these  layers  are  variously  constituted  in  different 
areas.  Elliot  Smith  has  shown  that  these  differences 
in  lamination  are  sufficiently  evident  in  gross  prepa- 
rations of  fresh  brains  as  to  permit  the  delimitation 
of  the  structural  regions  demonstrated  by  the  histo- 
logical studies  of  Campbell,  Brodmann,  etc.,  with  a 
fair  degree  of  precision. 

Authors  classify  the  cortical  layers  differently. 
Bolton's  researches  have  suggested  to  him  that  the 
cellular  elements  are  arranged  in  three  fundamental 
layers  throughout  the  cortex.  The  deepest  layer  of 
cells  (polymorphous  cells)  is  the  first  to  be  differen- 
tiated and  it  is  the  last  to  fail  in  the  retrogressions  of 
dementia.     Tlie    middle,    or   granular   layer   is   the 
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while  the  outer,   or  pyramidal   C(>1I 
id  it  is  also  the  first  to 


next  to  appear 
layer  is  the  last  to  develop  an 
undergo  retrogression  in  dementia.  Bolton  is  in- 
clined to  associate  the  psychic  or  higher  associational 
functions  of  the  cortex  with  the  |)yramidal  layer, 
the  reception  and  immediate  transformation  of  af- 
ferent impressions  with  the  middle  layer  and  the 
lower  impulsive  functions  of  the  vegetative  life  with 
the  deepest  layer.  This  in- 
terpretation, however,  is 
not  universally  accepted 
and  there  is  controversy  as 
to  whether  any  functional 
analysis  of  the  cortex  in 
terms  of  laj'crs  is  practi- 
cable. 

Brodmann  distinguishes 
si.'s  cortical  layers  which  are 
differentiated  during  the 
seventh  month:  (1)  external 
molecular  layer,  (2)  external 
granular  layer  (layer  of 
small  pyramids),  (3)  pyra- 
midal layer  (medium  and 
large  pyramids),  (4)  internal 
granular  layer,  (5)  gangli- 
onic layer  (internal  pj'ra- 
mids),  (6)  polymorphic  cells. 
The  second  and  third  of 
these  layers  constitute 
Bolton's  outer  layer,  the 
fourth  his  middle  layer  and 
the  fifth  and  sixth  his  inner 
layer.  Campbell  in  the 
adult  recognizes  seven 
layers  of  cells,  dividing 
Brodmann's  third  layer  into 
two.  Ramon  y  Cajal  also 
enumerates  for  the  cortex 
in  general  seven  layers, 
these  being  similar  to  Brod- 
mann's save  that  the  fifth 
layer  is  divided  into  two. 
Tlie  medullated  fibers  of  the 
cortex  in  the  adult  are  also 
arranged  in  layers  which 
have  been  variously  subdi- 
vided. The  arrangement  of 
both  the  cells  and  the  fibers 
differs  in  different  parts  of 
the  cortex,  and  on  tlie  basis 
of  these  differences  various 
authors  have  mapped  out 
the  cortical  areas  of  like 
lamination  and  cellular  pat- 
tern. The  most  extensive 
of  these  studies  are  those 
of  Brodmann  and  Campbell 
(see  Fig.  OSS).  The  details 
of  cortical  localization  and 
function  are  treated  in  other 
articles  in  this  Handbook. 

Fig.  9S9   presents  a  dia- 
gram by  Dr.   O.  S.  Strong 
of    some    of   the   more  im- 
portant     somatic     sen.sori- 
motor    functional     connec- 
tions of  the  neopallium  and  brain  stem  as  .seen  from 
the  left  side  of  the  brain.     This  scheme  will  serve  in 
the  place  of  an  extended  summary  of  the  chief  architec- 
tural features  (except  the  olfactory  sj'stem,  for  which 
see  Fig.  973),  which  we  have  discussed  in  this  article. 

The  Signijicance  of  the  Cerebral  Cortex. — In  the 
spinal  cord  and  oblongata  the  correlation  tissue  is 
developed  within  the  segments  without  great  dis- 
tortion of  their  primitive  segmental  pattern,  to  serve 
the  simpler  stereotj'ped  and  innate  reactions  of  the 
refle.x  type.     The  simplest  form  of  this  correlation 
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tissue  is  known  as  the  reticular  formation  and  serves 
to  put  the  primary  receptive  centers  into  physio- 
logical relation  with  the  efferent  nerve  centers  in  the 
same  and  otlu-r  .segments.  The  neurones  of  the 
reticular  formation  are  so  arranged  as  to  provide 
definite  pathways  for  the  more  common  types  of 
reflex  discharge  and  coordination.  Within  it  certain 
gray  masses  like  the  olives  and  the  pontile  nuclei 


^t^tCo-sentory 


Xtmt< 


Fig.  988. — Diagrams  of  the  Lateral  and  Medial  Surfaces  of  the  Cerebral  Hemisphere,  Illustrating 
the  Limits  of  the  Cortical  .\reas  as  Determined  by  the  Arrangement  and  Distribution  of  Fibers  and 
Cell  Lamination.  Large  portions  of  important  areas  are  concealed  within  fissures,  e.g.,  the 
calcarine  or  \-isual  (Visuo-sensory  within  the  calcarine  fissure),  the  precentral  (motor I.  and  post- 
central (-n-ithin  the  central  sulcus  or  fi.ssure  of  Rolando),  and  especially  the  acoustic  (.\udito- 
sensory),  which  is  almost  completely  hidden  ^\"ithia  the  SylWan  fissure.  -4,  B  and  C  are  parts 
of  the  limbic  lobe,  (.\fter  A.  W.  Campbell,  from  Bailey's  Histologj'.) 

are  highly  differentiated  to  serve  special  combinations 
of  reflexes.  The  axones  of  some  of  these  cells  form 
compact  medullated  fiber  tracts,  such  as  the  fascicu- 
lus longitudinalis  medialis  and  the  central  bundle  of 
the  tegmentum,  to  connect  remote  parts  of  this 
system  of  correlation  centers.  The  cerebellum  and 
the  larger  nuclei  of  the  thalamus  represent  more  elabo- 
rate correlation  centers  of  this  sort  developed  above 
and  quite  independently  of  the  primary  metamerism, 
thus  constituting  the  suprasegmental  coordination 
centers  of  Adolf  Meyer.     And  the  cerebral  cortex  is 
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Fig.  9S9. — Diagram  of  a  Lateral  View  of  the  Braia,  Illustrat- 
ing Some  of  the  Principal  CtJnnections  of  the  Brain  Stem  and 
Neopallium.  Each  neurone  group  (nucleus  and  fasciculus)  is 
indicated  by  one  or  several  neurones.  Decussations  of  tracts  are 
indicated  by  an  X.  ac.  Acoustic  radiation,  from  medial  gen- 
iculate body  to  temporal  lobe  of  cortex;  b.q.i.,  brachium  quadri- 
geminum  inferius,  from  colliculus  inferior  to  medial  geniculate 
body;  br.  conj.,  bracnium  coniuncti\'um;  c.g.l.,  corpus  geniculatum 
lateraJe;  c.g.m.,  corpus  geniculatum  mediale;  c.  quad.,  corpora 
quadrigemina;  /.  cort.-sp.,  fasciculus  cerebro-spinalis  (p>Tamidal 
tract);  /.c.-p.f.,  frontal  cor  tico-pon  tile  fasciculus;  f.c.-p.o., 
occipital  co'-tico-pontile  fasciculus;  f.c.-p.t.,  temporal  cortico- 
pontile  fasciculus;/,  ciin.,  fasciculus  cuneatus  (Burdachi);  /.  grac, 
fasciculus  gracilis  (Golll) ;  /.  sp.-c.  d.,  fascirulus  spino-cerebellaria 
dorsalis     (Flechsigi);     /.    sp.-c.     v.,    fasciculus    spino-cerebellaris 
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a  still  more  highly  complex  sys- 
tem of  suprasegmental  centers  to 
serve  primarily  individually  ac- 
quired variable  associations  of  the 
most  elaborate  kind. 

All  of  the  correlation  centers  of 
the  brain  maj',  therefore,  be  re- 
garded as  derivatives  of  the  for- 
matio  reticularis,  the  higher  mem- 
bers of  the  series  being  progres- 
sively emancipated  from  the 
immediate  dominance  of  the  per- 
ipheral receptors.  These  higher 
centers  thus  receive  only  such 
nervous  impulses  as  have  been 
previously  coordinated  bj-  the 
lower  centers  into  complexes 
whose  organization  is  determined 
by  the  tj-pe  of  reflex  pattern 
habitually  performed  by  those 
lower  centers.  Thus,  the  cerebral 
cortex  does  not  receive  crude 
sensory  impulses  directly  from  the 
periphery,  but  only  such  afferent 
impulses  as  have  ])assed  through 
the  basal  association  centers  of 
the  refle.v  type,  there  coming  into 
synaptic  relation  with  sensory  im- 
puLses  from  other  sense  organs 
and  being  elaborated  into  adaptive 
reflex  aggregates.  These  basal 
centers  maj'  discharge  dfrectly 
downward  into  the  motor  centers 
for  reflex  responses,  or  they  may 
discharge  upward  into  the  cere- 
bral corte.x,  where  a  coordination 
of  a  higher  order  is  effected  and  a 
less  immediate  type  of  response 
follows.  The  cortical  response 
may  reinforce,  modify  or  inhibit 
the  immediate  reflex  response 
initiated  witliin  the  lower  center. 

In  general,  the  nerve  centers  of 
the  brain  stem  serve  the  reflex 
and  instinctive  functions  which 
are  determined  by  the  inborn 
organization,  while  the  cerebral 
cortex  serves  the  indeterminate 
associational  functions  which  to  a 
large  degree  are  individually  ac- 
quired by  experience.  In  the 
human  brain  tnere  are  important 
basal  centers  especially  in  the 
thalamus,  which  have  been  differ- 
entiated within  the  primordial 
segmental  or  intrinsic  correlation 
centers,  to  serve  as  a  sort  of  vesti- 
bule to  the  cortex.  These  centers 
are  especially  the  lateral  and  ven- 
tral nuclei  of  the  thalamus  and 
the  nietathalamus.  Here  the 
afferent  cortical  impulses  of  the 
lemniscus,  optic  tracts,  etc.,  are 
interrupted    by   synapses    before 

ventraiis  (Gowersi);  f.s.-t.,  fasciculus  spino-thalainicus  (spinal 
lemuiscus) :  lem.  lot.,  lemniscus  lateralis:  /em.  mfd.,  lemniscus 
medialis;  n.  cock.,  nervus  cochlearis;  n.  cun.,  terminal  nucleus  of 
fasciculus  cuneatus;  n.  d.,  nucleus  of  Deiters;  n.  dent.,  nucleus 
dentatus;  n.  grac.,  terminal  nucleus  oi  fasciculus  gracilis: 
n.  opt.,  ner^-us  opticus;  n.  r.,  nucleus  ruber;  njt.,  nucleus  tecti  or 
nucleus  fastigii;  n.  trig.,  ner^'us  trigeminus;  n.  veM.,  ne^^■^ls  ves- 
tibularis, pes  ped.,  pes  pedunculi  or  basis  pedunculi;  pith,  thai., 
puhinar  thalami;  p.t/r.,  pj-ramid:  rod.  ant.,  ventral  spina]  root; 
rad.  opt.,  optic  radiation  from  lateral  geniculate  body  to  calcarine 
region  of  cortex;  rad.  post.,  dorsal  spinal  root:  somtes.,  somiesthetic 
radiations  from  thalamus  to  post-central  region  of  corte.x;  »p. 
gamg.,  spinal  ganglion:  t.f.-h.,  tractus  fastigio-bulbaris;  thai., 
thalamus:  t.n.d.,  tractus  vestibulo-spinalis ;  /.  rub.-sp.,  tractus 
rubro-spinalis.     (.\fter  O.  S.  Strong,  from  Bailey's  Histologj'.) 
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they  pass  upward  into  their  respective  cortical  areas. 

Tims,    the    latoral    nucleus   of  the  thalamus  and  tlie 
lateral  and  medial  geniculate  bodies  serve  respectively 


effected  in  the  cortex  itself,  yet  the  chief  function  of 
the  cortex  is  the  establishment  of  associations  of  the 
psychic  typo. 


Arachnoii 


Fio.  990. — Diagram   to  show  the  Relatioas  of  the  Membranes  of  the  Brain  to  the  Cranial  Wall  and  the  Cerebral  Convolutions,  and 
also  of  the  Pacchionian  Bodies  to  the  Superior  Longitudinal  Sinus  and  the  Lateral  Lacume.     (From  Cunningham's  Anatomy.) 


FlQ.  991. — Medial  Aspect  of  the  Right  Half  of  the  Skull,  mth  the  Tentorium  Cerebelli  and  Fabc  Cerebri  in  Place.  1,  Fabc;  2, 
longitudinal  sinus;  ^,  concave  margin  of  falx;  4,  facial  or  inferior  longitudinal  sinus:  5,  baae  of  fabc  where  it  joins  the  tentorium; 
6,  tentorial  sinus  or  sinus  rectus;  7,  narrowed  anterior  end  of  faLx  near  its  attachment  to  the  crista  galli;  8,  tentorium  cerebelli;  9, 
lateral  sinus;  10,  superior  petrosal  sinus;  11,  inferior  petrosal  sinus;  12,  posterior  occipital  sinus;  13,  falx  cerebelli;  1 4,  optic  nerve; 
1-5,  oculomotor  nerve;  16,  trochlearis  nerve;  17,  trigeminus  nerve:  18,  abducens  nerve:  19,  facial  and  auditory  nerves:  20,  glosso- 
pharyngeal, vag'is  and  acce-ssory  nerves;  21,  hypoglossal  nerve;  22,  23,  first  and  second  cervical  nerves;  24,  ligamentum  denticulatum; 
25,  vein  of  Galen.     (After  Sappey.) 


as  way-stations  between  the  tactile,  the  optic  and  the 
acoustic  nerves,  on  the  one  hand,  and  the  corto.\. 
Though  a  considerable  part  of  the  reflex  coordination 
between  these  important  sensory  systems  is,  no  doubt, 


The  Meninges. — The  brain  is  enveloped  by  three 
membranes,  from  without  inward,  the  dura  mater, 
the  arachnoid  and  the  pia  mater. 

The  dura   mater  of   the   brain   is   a   dense   fibrous 
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membrane  which  adheres  closely  to  the  skull,  for 
whose  bones  it  serves  as  internal  periosteum,  at  the 
same  time  that  it  supports  the  brain.  These  two 
functions  are  performed  by  separated  parts  of  the 
membrane  in  the  spinal  region,  where  the  bones  of 
the  spinal  column  are  provided  with  separate  periosteal 


Fig.  992. — Schematic  Transverse  Section  through  the  Parietal  Region  of  a  New-bom  Babe 
to  Illustrate  the  Relations  of  the  Meninges  to  the  Cranium  and  Cerebrum.  C .C .^  Cerebrum; 
F.,  falx;  S,.  longitudinal  sinus,     (.\fter  Langdon.) 

coverings,  while  the  spinal  cord  is  enveloped  by  a 
distinct  cj'lindrical  membranous  dura  mater,  the  two 
being  separated  by  a  wide  epidural  space.  The 
cranial  dura  mater  adheres  more  or  less  closely  to  the 
skull,  with,  however,  in  some  places  small  epidural 
lymph  spaces  between.  Even  within  the  cranium  the 
dura  may  be  separated  in  most  regions  into  two  layers, 
and  in  some  places  these  layers  are  widely  separated 
to  form  spaces  lined  with  endothelium,  the  venous 
blood  sinuses  (Figs.  990,  991). 

From  the  inner  layer  of  the  dura  arise  several  sheets 
of  firm  membrane  which  pass  inward  between  the 
major  divisions  of  the  brain  (Fig.  991).  The  most 
important  of  these  are  the  falx  cerebri,  tentorium 
cerebelU  and  falx  cerebelU.  The  falx  cerebri  descends 
from  the  superior  longitudinal  sinus  into  the  great 
longitudinal  fissure  between  the  two  cerebral  hemi- 
spheres. Along  its  free  border  above  the  corpus 
callosum  runs  the  inferior  longitudinal  sinus.  The 
tentorium  cerebelli  similarlj-  occupies  the  cleft 
between  the  posterior  poles  of  the  cerebral  hemi- 
spheres and  the  cerebellum.  Its  posterior  attachment 
to  the  occipital  bone  is  accompanied  by  the  lateral 
sinus.  The  falx  cerebelli  projects  inward  from  the 
internal  occipital  crest  below  the  tentorium  between 
the  cerebellar  hemispheres. 

The  arachnoid  is  an  exceedingly  dehcate  membrane 
which  closely  foUows  the  inner  layer  of  the  dura,  from 
which  it  is  separated  by  a  narrow  subdural  space. 
Opinions  regarding  its  relations  to  the  dura  differ. 
The  arachnoid  is  now  commonly  described  as  con- 
sisting of  a  single  well-detined  membrane  externally 
and  a  mass  of  very  dehcate  connective-tissue  fibers 
e.xtending  across  the  subarachnoid  space  between  this 
membrane  and  the  underlying  pia  mater  (Fig.  990). 
Some  of  the  earlier  anatomists,  however,  taught  that 
the  arachnoid  is  a  true  closed  serous  sac,  whose  parie- 
tal layer  is  more  or  less  closely  united  with  the  inner 
layer  of  the  dura.  More  recently  this  view  has  been 
revived  by  Wilder  and  Langdon,  who  find  that  in  new- 
born children  a  parietal  layer  of  arachnoid  can  be 
separated  from  the  dura,  but  that  these  membranes 
are  inseparable  in  the  adult  e.xcept  in  some  regions 
at  the  base  of  the  skull.  Fig.  992  illustrates  this 
view  of  the  structure  of  the  arachnoid. 

The  arachnoid,  unlike  the  pia  mater,  does  not  follow 
the  irregularities  of  the  cerebral  surface.  Accord- 
ingly, the  subarachnoid  space  is  wide  in  the  sulci  and 
practicaUy  absent  at  the  summits  of  the  gyri.     In 


some  places  the  subarachnoid  space  is  dilated  to  form 
extensive  cavities,  the  cisterna  subarachnoidales. 
Here  the  subarachnoid  tissue  is  less  abundant.  The 
largest  of  these  is  the  cisterna  magna,  lying  between 
the  cerebellum  and  the  medulla  oblongata  (Fig.  993). 
It  communicates  with  the  subarachnoid  spaces  of 
the  brain  and  medulla  spinalis, 
and  also  through  the  foramen 
of  Magendie,  or  metapore,  with 
the  cavity  of  the  fourth  ven- 
tricle. The  cisterna  pontis  lies 
just  above  the  foramen  mag- 
num on  the  ventral  side  of  the 
oblongata  below  the  pons,  and 
the  cisterna  basahs  farther  for- 
ward in  front  of  the  pons. 

Through  the  medium  of  the 
subarachnoid    spaces    and   the 
metapore  there  is  a  free  com- 
munication for  the  passage  of 
fluid   and   the  equalization  of 
pressure    between     the     brain 
ventricles  and  the  fluid  "bed" 
which  surrounds  the  brain  on 
all  sides.      The   materials  for 
constructive     metaboliEra    are 
added  to  this   fluid   from  the 
arterial  blood  supply  wliich  is 
richly  supphed   to    the    brain 
substance  and   to    the    pia    mater    lying    below    the 
subarachnoid    space.       The   products   of   destructive 
metabohsm  ultimately  leave  the  cranium  chiefly  by 
way    of    the    great   venous   sinuses.       These    sinuses 
not   only   receive   venous  blood  from   the  substance 
of   the    brain   and   its    meninges   by    means    of   the 


—periosteum 


— ectal  arachnoid 
— intrarachnoid  space 
— ental  aracbnoid 

—subarachnoid  space 


pia 


Fig.  903. — Medial  Section  through  the  Brain  Stem  and  Ad- 
jacent Parts,  to  Illustrate  the  Cisterns.  The  cisterna  magna  liea 
between  the  cerebellum  and  the  roof  of  the  fourth  ventricle,  the 
foramen  of  Magendie  if.M.)  putting  the  cavity  of  the  ventricle 
into  communication  with  that  of  the  cisterna.  The  cisterna 
Dontis  and  the  cisterna  basalis  under  the  ventral  surface  of  the 
brain  stem  lie  respectively  below  and  above  the  pons.  (After 
Key  and  Ketzius.) 

cerebral  veins,  but  there  is  a  special  deAice  by 
wliich  fluid  of  the  subarachnoid  spaces  maj'  readily 
diffuse  through  the  brain  membranes  directly  into 
the  large  sinuses.  This  is  provided  by  the  granular 
tiones  arachnoidales,  or  Pacchionian  bodies.  These 
are   small  glomeruli   or   bulbous   protrusions  of  the 
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iiraclmoid  which  are  pushed  outward  into  the  sinuses, 
especially  the  superior  longitudinal  siiuis.  Each  of 
these  is  an  extension  of  the  subaraclinoid  space,  which 
carries   with    it 


a  pouch  or 
globose  sac  of 
a  r  a  c  h  n  o  i  d  ea 
borne  on  a  con- 
tracted pedicle, 
the  whole  being 
thrust  into  the 
cavity  of  the 
sinus.  It  car- 
ries before  it  a 
thin  hiycr  of 
dura  mate  r 
(Fig.  990). 
Thus  the  arach- 
noid space  is 
separated  from 
the  cavity  of 
tlie  sinus  only 
by  two  ^•ery 
thin  m  e  ni  - 
branes  and  the 
d i  tf  u  s i  o  n  of 
fluid  between 
these  cavities  is 
facilitated. 

The  pill  mater 
is  a  delicate 
vascular  mem- 
brane which 
follows  the  con- 
(ours  of   the 

brain  very  closely  and  from  which  the  greater  part  of 
the  internal  blood-vessels  of  the  brain   are   derived. 


Iiilenor  quadrigcminal 
body 
Fourth  Qer\e 


Superior  medullary 
\eluin 

Brachium  cotijunctivuni 


Brachiuni  pontis 


Restifonn  body 

Tela  chorioidea 
Ligula 
Tuberculum  cuneatuni 
Clava 
Lateral  funiculus 


Freuuluui  veil 


Lateral  leintiiscus 


Lingula  cerebcUi 


Fourth  ventricle 


Inferior  medullary 
velum 
Chorioid  plexus 
Foramen  of  JIagendie 


Fig.  994. — Diagram  showing  the  Structures  i 
moval  of  the  Cerebellum.     (From  -Morris's 


^WL 


Genu  of  corpus 
callosum 


Ventricle  V. 
Septum  lucidum 
Caudate  nucleus 


Anterior  pillar  of  fornix 
Vein  of  corpus  striatum 

Optic  thalamus 


interpositum 
Vein  of  Gtilen 


h.  Toid  plexus  01 
..:'-ial  ventricle 


—  Lj-ra 

iL —  posterior  pillar  of  fornix 
(under  surface) 


Body  of  fornix  (thrown 
backwards) 


Fig.  995. — Dissertion  to  show  the  Velum  Interpositum  and 
the  Part^  in  Immediate  Relation  to  it.  (From  Cunningham's 
Anatomy.) 

The  pia  is  closely  joined  to  the  membranous  parts  of 
the  brain  wall  bounding  portions  of  the  fourth,  third 
and  lateral  ventricles,  the  two-fold  membrane  thus 


formed  constituting  a  tela  cliorioidea.  A  portion  of 
ea<'h  of  these  ineinbranes  is  highly  vascular,  folded  and 
convoluted  or  crumpled    downward   into    the   cavity 

of  tlie  underly- 
ing ventricle. 
Tlie.se  vascular 
i  n  vaginations 
are  the  chorioid 
plexuses. 

The  tela  cho- 
rioidea of  the 
fourth  ventri- 
cle (Fig.  994) 
is  attached  to 
the  walls  of  the 
ventricle  by  a 
thickened  bor- 
der at  the  ta;nia 
ventriculi 
quart i,  termed 
the  ligula.  The 
portion  of  the 
ligula  which 
spans  the  cal- 
anms  scriptor- 
ius  is  the  obex. 
The  transverse 
fold  at  the  ros- 
tral end  of  the 
roof  of  the 
fourth  ventri- 
cle where  it 
borders  the 
cerebeOum  is 
the  inferior 
medullary  velum.  The  vascular  chorioid  ple.vuses  of 
the  fourth  ventricle  are  in  the  form  of  two  parallel 
masses  wliich  in  front  meet  a  transverse  mass 
extending  outward  on  each  side  into  the  lateral 
recesses,  where  they  e.xpand  to  form  the  "  cornu- 
copia," which  are  visible  in  the  intact  brain  behind 
the  restiform  bodies. 

The  velum  interpo.situm  is  a  triangular  fold  of  pia 
which  lies   between   the   body   of   the   fornix   of   the 

Lateral  ventricle 


Position  of  t.Tnia/    

semicircuUris     (S^: 


n  the  ruof  of  the  Fourth  Ventricle,  after  the  Re- 
.\natomy,  P.Blakiston's  Son  and  Company.) 


Taiuia  thalami/^N^ji^^- 
Choroid  plexus  Vent.  IIL 


Veins  of  Galen 


Fig.  996. — Dia^ammatic  Transverse  Section  through  the 
Thalamus,  to  Illustrate  the  Mode  of  Attachment  of  the  Chorioid 
riexuses  of  the  Third  and  Lateral  Ventricles.  (From  Cunning- 
ham's Anatomy.) 

cerebral  hemisphere  and  the  thalamus.  It  is  united 
with  the  membranous  roof  of  the  third  ventricle  to 
form  the  chorioid  plexus  of  the  third  ventricle,  and 
with  the  thin  non-nervous  part  of  the  medial  walls  of 
the  lateral  ventricles  to  form  the  chorioid  ple.xuses 
of  the  lateral  ventricles  (Figs.  995,  996).  The  chori- 
oid plexus  of  the  third  ventricle  is  attached  to  the 
walls  of  the  thalamus  by  the  t^nia  thalami.  This 
plexus  is  continuous  fonvard  at  the  interventricular 
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foramen  with  the  chorioid  plexuses  of  the  lateral 
ventricles. 

The  chorioid  plexuses  of  tlie  lateral  ventricles  are 
formed  bv  an  invagination  of  the  membranous  medial 
wall  of  the  lateral  ventricles  (Figs.  968,  971,  996) 
through  the  chorioid  lissure.  One  border  is  attached 
to  the  fimbria  by  the  tsenia  fornicis,  the  other  border 
is  in  the  embryo  attached  to  tlie  line  of  contact  be- 
tween thalamus  and  corpus  striatum,  i.e.  to  a  line 
bordering  the  stria  terminalis.  This  is  the  taenia 
chorioidea  (Fig.  968,  t.  ch.).  The  portion  of  this 
membrane  lying  between  the  chorioid  fissure  and  the 
tffnia  chorioidea  is  termed  the  lamina  infrachorioidea 
(Figs.  967,  968,  977,  Li.).  In  the  adult  a  portion 
of  the  lamina  infrachorioidea  becomes  attached  to 
the  adjacent  wall  of  the  thalamus,  so  that  the  line  of 
contact  of  the  membrane  with  the  massive  wall  of 
the  thalamus  (taenia  chorioidea)  becomes  second- 
arily shifted  medialward  (cf.  Figs.  968  and  996). 
This  band  of  fusion  of  the  lamina  infrachorioidea 
■with  the  thalamus  is  known  as  the  lamina  affixa.  It 
Is  visible,  but  not  named,  on  Fig.  996,  wliere  the  origi- 
nal line  of  attachment  of  the  lateral  chorioid 
plexus  is  indicated  by  the  words,  "position  of  taenia 
semicircularis." 

The  function  of  the  chorioid  plexuses  is  not  clear. 
They  are  distinctly  glandular  in  appearance  and  in 
some  lower  brains  show  con.siderable  differentiation 
of  structure  in  different  parts.  It  is  probable  that 
they  play  an  important  part  in  the  secretion  of  the 
cerebrospinal  fluid  and  in  maintaining  its  chemical 
constitution.  The  meninges  are  supplied  with  nerve 
fibers  which  accompany  the  blood-vessels  and  are 
chiefly  of  vasomotor  type,  though  pain  nerves  are 
known  to  be  present  also.  The  substance  of  the 
brain  itself  is  entirely  insensitive  to  mechanical 
irritation.  C.  Judsox  Herrick. 
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Brain,  Aneurysm  of  .■Vrteries  of.- 

Internal. 

Brain,  Atrophy  of  the. — .\  host  of  conditions  is 
incorporated  under  this  term.  By  reason  of  their 
great  variety,  it  has  ceased  to  be  a  descriptive  term  in 
neurology,  save  in  the  broadest  sense. 

It  has  been  more  or  less  customary  to  consider 
ageneses  of  the  brain  as  forms  of  cerebral  atrophy, 
but,  technicalh'  speaking,  this  is  incorrect. 

-•^.trophies  of  the  brain  may  be  locahzed,  or  they  may 
be  general;  may  be  diffuse,  or  appear  in  isolated 
areas.  They  may  be  due  to  a  vast  variety  of  toxe- 
mias, or  to  a  number  of  infections.     They  may  result 
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Fig.  997. 


-.\trophy  of  One  Hemisphere.     Old  trauma  in  child- 
hood.    Clinically,  epileptic  convulsions. 


from  nutritional  disturbances,  or  from  old  age. 
They  have  no  settled  etiology,  no  uniform  pathology, 
and  no  characteristic  symptomatology.  Therefore, 
their  consideration  here  is  simply  to  call  attention  to 
the  various  forms  of  cerebral  atrophy  that  may  occur, 
independent  of  their  relationship.  Any  scientific  pre- 
sentation of  the  cerebral  atrophies  is  purely  artificial 
and  forced. 

Primary  agenesis,  often  called  primary  atrophy, 
is  seen  more  particularly  in  that  t>-pe  of  maldevelop- 
ment  known  as  microcephalus.  This  is  not  a  true 
atrophy,  it  is  simply  a  failure  to  develop,  a  true  agene- 
sis. Here  the  cerebral  substance  is  reduced  through- 
out more  or  less  irregularly,  for  even  under  the  concept 
microcephalus  one  finds  an  immense  amount  of  varia- 
tions so  far  as  the  distribution  of  agenesis  of  the  dif- 
ferent laj'ers  of  the  cerebrum  is  concerned. 
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Fig.  99S. — Atrophy  with  Unilateral  Hydrocephalus  from  Old 
Pistol  Wound  in  Childhood.  Clinically  epilepsy,  hemiplegia, 
feeble-niindedness.     (Munson.) 


Microfcphalu.s  usually  results  in  various  forms  of 
feeble-iniiulfdness,  inibocility,  or  idiocy.  Here  again 
one  recognizes  broad  general  terms  rather  than 
clear-cut  description.  The  characteristic  feature  in 
luicrocephalus  is  usually  tlie  associated  diminution 
in  size  of  the  skull,  the  chambers  all  being  reduced, 
although  occasionally  a  microcephalic  brain  may  be 
found  within  a  fairly  normal-sized  cranium.  The 
weight  of  the  brain  itself  may  often  be  reduced  consid- 
erably— even  to  a  few  ounces — five  to  six,  the  average 
normal  weight  Ix-ing  forty  to  fifty  ounces.  As  a  rule, 
the  frontal  lobes  suffer  tlie  most,  although  there  is  no 
ilefinite  rule  about  this.  Certain  microcephalic  in- 
dividuals are  known  in  whom  there  is  comparatively 
little  loss  of  intelligence.  The  actual  causes  for  the 
lack  of  development   are   often   unknown.     In  some 


Fir..  999. — Hydrocephalus  with  Atrophy  of  the  Entire  Pallium. 
Clinically  epileptiform  convulsions,  feeble- mindness,  motor  defects. 
(Craig  Colony.) 


Fig.  1000. — Atrophy  of  Entire  Hemisphere.  Clinically  hemi- 
plegia (Little's  disease).     Epileptic  convulsions.     (Craig  Colony.) 

svphilis  plays  a  part;  in  others  gross  constitutional 
disturbance  of  the  mother  seems  to  bear  some  rela- 
tionship to  the  agenesis. 

Congenital  atrophies,  as  distinct  from  ageneses, 
result  from  a  vast  variety  of  pathological  processes. 
Trauma  is  responsible  for  a  certain  number;  acute 
infectious  diseases  for  others;  various  toxemias  for 
still  others.  Syphilis  is  probably  one  of  the  most 
important  factors  in  determining  intrauterine  cerebral 
disease,  with  resulting  atrophies,  which  may  be  local 
or  general.  Poliomyelitis,  as  an  intrauterine  disease 
is  also  a  possibilitj',  and  there  is  reason  to  believe  that 
acute  infections  of  the  mother,  other  than  syphilis,  i.e. 
tuberculosis,  scarlet  fever,  measles,  etc.,  may  play 
a  very  important  part  in  determining  cerebral  di.sease 
of  the  developing  fetus.  These  various  toxemias  or 
infections  give  rise  to  cerebral  disorders,  which  in 
turn  destroy,  in  part  or  in  whole,  areas  of  the  cortex, 

Eossiblv  an  entire  hemisphere,  possibly  parts  of  both 
emisplieres.     Thus    certain   cerebral   inflammations 
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give  rise  to  accumulations  of  fluid  within  the  ventricles 
with  a  formation  of  hydrocephalus  and  porencephah". 
In  these  porencephalies  the  amount  of  fluid  may  be 
excessive,  and  the  cerebral  substance  reduced  almost 
to  a  thin  sac-like  structure.  Here  the  atrophy  is  very 
pronounced.  This  atrophy,  due  to  intracerebral  pres- 
sure, may  be  uniformly  distributed  throughout  the 
cerebral  cortex,  may  involve  the  midbrain  structures, 
even  the  motor  and  sensory  pathways.  The  resulting 
atrophies  will  depend  largely  upon  the  amount  of 
hydrocephalus,  and  the  clinical  pictures  will  vary 
from  idiocy  to  imbecility,  to  high-grade  feeble-mind- 
edness,  epilepsies,  etc. 

Encephahtis,  due  to  certain  of  the  infections  men- 
tioned, is  a  not  infreciuent  cause  for  more  or  less 
localized  forms  of  cerebral  atrophy.  Clinically  they 
show  themselves  in  later  life  as  various  types  of 
feeble-mindedness  or  idiocy;  in  epileptiform  con\'Til- 
sions,  or  possibly  congenital  defects  of  speech,  in 
forms  of  monoplegia,  diplegia,  pseudobulbar  palsy, 
etc.  Here  the  atropliy  of  the  brain  structures  may  be 
more  or  less  localized,  and  is  conditioned  by  acute 
inflammatory  processes  in  the  cerebral  substance. 
Certain  forms  of  pachymeningitis,  or  hemorrhage 
from  traumatism,  occur  in  later  intrauterine  life,  or 
at  the  time  of  birth.  Here  localized  pressure  may 
result  in  localized  atrophies,  giving  rise  to  a  variety 
of  clinical  pictures,  among  which  will  be  found  various 
forms  of  epilepsies,  of  feeble-mindedness,  monople- 
gias, diplegias,  so-called  Little's  disease,  hemiple- 
gias, athetoses,  tremors,  speech  defects,  aphasias, 
congenital  blindness,    congenital    deafness,   etc.,   etc. 


Fig.  1001. — Unilateral  Dilatation  of  Ventricle.  .\trophy  of 
pallium.  Clinically  hemiplegia,  psychic  defect.  Epileptic  con- 
vulsions.    (Craig  Colony.) 


Here  the  atrophies  also  escape  all  attempts  at 
systematic  classification.  They  are  an  extremely 
heterogenous  group. 

Atrophies  Found  in  the  AdttU. — Here  again  no  sj-s- 
tematic  presentation  is  possible.  The  brain  of  a 
chronic  alcoholic  may  be  found  atrophied  as  the  re- 
sult of  his  alcoholism.  Chronic  lead  poisoning  may 
have  the  same  result.  In  patients  suffering  from 
-•Vddison's  disease  localized  atrophies  are  found.  At- 
rophies also  result  from  encephalitis,  meningoencepha- 
litis, tuberculosis  from  tumors,  from  long-wasting  dis- 


eases, from  senility.  A  very  characteristic  and  wide- 
spread atrophy  is  present  in  general  paresis,  one  of  the 
forms  of  cerebral  syphilis.  Irregular  and  diffuse  atro- 
phies are  very  characteristically  found  in  many  forms 
of  dementia  praecox.  These  various  types  of  atrophy 
will  show  considerable  variation  as  to  involvement  of 
particular  layers,  or  as  to  distribution.  Thus  the 
atrophies  in  general  paresis  are  extremely  variable. 
Although  the  frontal  lobes  seem  to  bear  the  brunt 
of  the  disturbance  in  the  majority  of  cases,  yet  there 
are  distinctly  localized  atrophies  in  paresis  in  which 
the  occipital,  or  the  temporal,  or  the  parietal  lobes  are 
more  involved  than  others.  In  amj'otrophic  lateral 
sclerosis  there  is  a  distinct  atrophj-  for  instance  of  the 


Fig.  1002. — .\trophy  of  Cerebellum  in  General  Paresis. 

motor  areas,  more  or  less  limited  to  the  layer  of 
Betz  cells.  In  dementia  pnecox  irregular  atrophies 
are  extremely  frequent  and  widespread.  Here  deeper 
layers  of  tlie  cortex  show  definite  atrophy.  The 
atrophy  of  senility,  often  accompaniecl  by  the 
mental  picture  of  a  senile  psj'chosis,  also  offers  con- 
siderable variation.  That  special  form  of  presenile 
psychosis,  known  as  .\lzheimer's  disease  shows  a 
number  of  extremely  characteristic  alterations  in  the 
cortex,  with  basket-like  areas  of  degeneration  and 
cellular  atrophy. 

In  certain  atrophies  the  ganglion  cePs  suffer,  in 
others  the  neuroglia  tissues,  in  others  the  fibers.  In 
fact  a  multitude  of  changes  are  found  when  one  comes 
to  cite  the  various  atrophies  and  scleroses  of  the  cere- 
bral cortex. 

Properly  speaking  there  is  no  such  thing  as  a  prog- 
nosis of  atrophy  of  the  brain,  since  there  is  no  such 
entitj',  nor  can  one  speak  of  a  diagnosis,  and  still 
less  of  a  treatment.  The  mode  of  looking  at  the 
various  atrophies  here  presented  prevents  any  such 
generalization,  and  therefore  one  is  referred  to  the  vari- 
ous disease  processes  which  are  mentioned  as  ac- 
companied by  or  causative  of  the  cerebral  atrophies. 

S.MITH  ElT  JeLLIFFE. 

Brain,  Cerebellar  Disease. — See  Cerebellum  Dis- 
orders of  the. 
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Brain,  Circulation  in  the. — All  tlie  larger  intra- 
cranial vessels  and  most  of  their  easily  visilile  branches 
lie  in  the  enveloping  membranes — dura,  i)ia,  and  their 
processes.  Over  the  convexity  only  minute  branches 
enter  or  leave  the  brain  proper.  The  largest  arterial 
twigs  directly  entering  the  ccrebnnu  are  those  of  the 
(basal)  pre-  and  postperforated  spaces.  The  largest 
venous  rootlets  diri'ctiy  from  the  organ  arc  the  corre- 
sponding perforants  and  some  in  the  ca>les.  Hence 
tlio  ves.sels  of  the  meninges  have  to  be  included  in  any 
account  of  the  encephalic  circulation;  and  the  vascu- 
lar distribution — especially  the  arterial — can  bo  best 
niappe<l  out  on  the  surface.  In  I  his  article  the  simpli- 
fied terms  of  Wilder,  as  well  as  those  of  the  HNA,  will 
be  employed.  These  are  extended  also  to  the  veins, 
sinuses,  and  so-called  meningeal  vessels.  As  these 
last  lie  wholly  in  one  of  the  membranes,  the  dura,  the 
general  term  mcni)iye<d  does  not  accurately  define 
them;  for  this  the  unequivocal  dural  is  substituted. 


Arterie-s. 

The  encranial  arteries  present  two  distinct  systems 
of  vessels: 

I.  The  dural,  commonly  called  meningeal. 

II.  The  intrinsic,  or  those  of  the  brain  proper. 
These   latter   do   not  anastomose   with   anj'   other 

arteries.  Rarely  there  are  marked  exceptions  to 
this  rule,  and  perhaps  oftener  slight  inosculations 
abovit  the  sella  turcica. 

Heubner  (1S74),  from  injections  in  adults,  says: 
"The  territories  of  the  medidural  and  of  the  cerebral 
arteries  must  be  considered  as  absolutely  independent 
of  one  another."  Langer  (1877),  speaking  of  infantile 
and  young  subjects,  states:  (a)  that  one  or  two  dural 
branches  of  the  precerebral  anastomo.se  in  the  falx 
with  terminal  twigs  of  the  dural  artery;  (h)  also  that 
pial  branches  of  the  precerebral  may  reach  minute 
dural  arteries  accompanying  the  supercerebral  veins 
as  they  spring  over  to  the  dura  near  the  longitudinal 
sinus. 

I.  The  Dural  vessels  (ineningea:)  ramify  in  the 
exterior  of  the  dvira.  In  a  general  way  it  is  true  that 
the  pre-,  medi-,  and  postdural  arteries  are  branches  ■ 
respectively  of  the  internal  and  external  carotid  and 
vertebral  arteries.  The.se  various  branches  in- 
teranastomose  freely,  so  that  dural  infarction  does 
not  occur.  They  are  distributed  not  simply  to  the 
dura,  but  also  to  the  diploic  cranial  bones;  small  twigs 
may  also  pass  to  extracranial  parts. 

1.  The  Branches  from  the  External  Carotid  supply 
the  middle  belt,  and,  in  fact,  nearly  the  whole  of  the 
dura.     They  are : 

(1)  The  Medidural,  the  largest  and  most  constant 
of  all  the  dural  arteries,  arising  from  the  internal 
maxillary  and  entering  through  the  spinous  foramen. 
Its  branches  pass  up  the  divergent  sulci  meningei 
(for  arteries  and  accompanying  veins)  of  the  lateral 
cranial  wall,  connecting  at  the  top  with  those  from  the 
opposite  side.  Of  its  two  main  divisions,  the  larger 
anterior  is  often  for  a  short  distance  arched  over  to  a 
canal. 

The  furrows  of  the  medidural  artery  on  the  ento- 
cranial  wall  deepen  with  years,  and  in  old  age  the 
artery  sinks  cpiite  into  them.  It  has  two  primary 
branches,  a  larger  cephalic  and  a  caudal,  the  former 
again  soon  (at  the  sphenoidal  angle  of  the  parietal 
bone)  separating  into  two  secondary  rami.  The 
anterior  ramus  runs  up  behind  the  coronal  suture, 
though  a  little  more  obliquely,  being,  according  to 
Marchant,  pretty  constantly  from  0  to  1.3  millimeters 
(averaging  5  to  G  millimeters)  away  at  the  foot  of  the 
suture,  about  1  centimeter  at  its  middle,  and  15 
millimeters  at  its  dorsal  part.  The  second  ramus 
starts  on  the  entotemporal  surface  4  centimeters 
behind  the  pterion,  on  an  average.  At  its  middle, 
on  the  entoparietal  surface,  it  averages  54  millimeters 


behind  the  coronal  suture.  Farther  dorsad,  the 
distance  is  very  variable,  .'{0  millimeters  more  or  less. 

Tli('  primitive  caudal  branch  leaves  the  temporal 
squama  58  millimeters  behind  the  pterion,  then 
goes  toward,  and  becomes  parallel  with,  the  lamb- 
doidal  suture. 

The  relations  of  the.so  vessels  to  the  subjacent 
cortex,  important  clinically,  Duchaine  sums  up  thus: 
(1)  Tlic  cephalic  branch  runs  up  opposite  the  frontal 
lobe  some  centimeters  before  the  central  fissure, 
rather  nearer  the  coronal  sut\ire.  (2)  The  midramus 
starts  almost  opposite  the  fissure,  then  runs  up  some 
centimeters  behind  it.  (.'!)  The  caudal  branch  is 
always  a  ccniimctcr  or  more  distant  from  the  fissure, 
and  is  still  farther  .separated  above. 

Besides  many  minute  branches  to  the  sinus  walls, 
outgoing  nerves,  and  orbit  (vide  infra),  it  may  send 
to,  or  receive  from,  the  deep  external  temporal  region 
minute  rami  |)erforating  the  interjjosed  wall;  in  young 
subjects  (Hyrtl)  con.siderable  branches  may  pass 
til  rough  the  anterior  fontanellc  and  the  sagittal  suture 
to  the  soft  cranial  coverings. 

(2)  The  parvidural,  an  inconstant  accessory  medi- 
dural, arising  close  to  the  latter,  or  even  directly  from 
it,  and  entering  by  the  oval  foramen.  It  goes  to  the 
Ciasserian  ganglion  and  adjacent  dura. 

(;?)  The  Mastoid  branch  of  the  occijntal  (or  external 
carotid,  fifteen  in  one  hundred  and  twenty  times, 
Wyeth,  1878),  entering  by  the  nuistoid  foramen, 
within  which  it  always  sends  a  branch  to  the  diploe. 
It  is  small,  variable,  "and  destined  for  the  wall  of  the 
lateral  sinus  and  adjacent  dura.  Here  again  a  reverse 
course  has  been  observed,  where  the  postauricular 
arose  from  a  dural  artery  by  emerging  through  a 
foramen  in  the  mastoid  (Bankart). 

(4)  Supradural  branch  or  Ramus  parietalis,  also 
from  the  occipital,  accompanying  the  emissary 
through  the  parietal  foramen.  It  is  usually  insignifi- 
cant, and  often  absent. 

(5)  The  Subdural  branches  are  very  small  and 
variable.  They  include  twigs  from  the  ascending 
pharyngeal,  occipital,  and  stylomastoid  arteries,  enter 
by  the  pre-  and  postlacerated ,  precondyloid,  and 
stylomastoid  foramina,  and  partly  supply  the  dura  of 
the  posterior  fossa  and  basilar  sinuses. 

2.  Branches  from  the  Internal  Carotid. — (1)  The 
cavernous  carotid  yields  several  small  rami  to  the 
sinus  w-all,  the  pituitary  body,  Ciasserian  ganglion, 
and  dura  about  the  sella  turcica.  These  are  variously 
styled  reeeptacular  and  rayed  arteries,  even  predural 
in  case  of  any  prominent  single  branch.  Their  field 
of  distribution  and  that  of  the  parvidural  are  evidently 
complementary. 

(2)  The  Predural  usually  refers  to  the  one  or  more 
sliglit  branches  of  the  ethmoidal  arteries,  supplying 
the  adjacent  dura  of  the  precranial  fossa. 

3.  Branch  from  the  Vertebral. — The  Postdural  artery 
arises  opposite  or  just  below  the  occipital  foramen, 
]Kisses  with  the  vertebral  into  the  cranial  cavity,  and 
sui^ijlies  the  dura  of  the  postcranial  fossa,  especially 
the  posterior  portions  as  the  cerebellar  falx,  etc. 

The  only  anastomoses  of  special  interest,  between 
dural  and  "extradural  arteries,  are  with  those  of  the 
orl)it.  Such  connections  alwaj-s  exist.  Often  a  medi- 
ihn-al  branch  enters,  through  either  the  sphenoidal 
foramen  or  some  special  opening,  and  supplies  the 
external  wall,  even  substituting  jjartly  or  wholh-  the 
lacrymal  artery,  or  a  branch  of  the  lacrymal  may 
take  the  reverse  course.  Very  rarely  the  medidural 
arises  directly  from  the  ophthalmic  (Zuckerkandl, 
four  cases,  Hulston,  one),  and  then  passes  by  the 
sphenoidal  fissure  to  its  usual  distribution.  This  pos- 
sible origin  should  be  borne  in  mind  in  the  operation 
of  tyhig  the  medidural  at  the  base  of  the  skull. 

II.  Intrinsic  Arteries  (or  those  of  the  pia  and 
brain  .substance). — In  removing  the  brain  from  the 
skull  we  sever  at  its  base  tlie  four  arteries  which  suffice 
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IxTRixsic  Arteries  of  the   Braix. 


Common  Latin  names. 


Proposed  names. 


English  paronyms. 


B.  N.  A. 


Vertebralis 

Basilaris  (az.) 

Cerebellaris  superior 

Cerebellaris  anterior 

Cerebellaris  inferior 

Cerebralis  anterior 

Corporis  callosi 

Cerebralis  media 

Fossa  SylWi 

Profunda  cerebri 

Cerebralis  posterior 

Communicans  anterior  (az.)- 

Communicans  posterior 

Choroidea  anterior 

Choroidea  posterior 

Perforantes  anteriores 

Perforantes  posteriores 

Temiatica 

Cerebralis  ant.  media 


Vertebralis Vertebral 

Basilaris Basilar 

Pre  cerebellaris Precerebellar. .  . 

,  Medi cerebellaris i  Medi cerebellar 

I  Postcerebellaris Postcerebellar. 


1  Precerebralis. 


I 


Precerebral. 


Vertebralis. 
Basilaris. 
CerebelU  superior. 

Cerebelli  posterior. 
Cerebri  anterior. 


Medi  cerebralis. Medicerebral ,  Cerebri  media. 


Post  cerebralis Postcerebral 

Precom  muni  cans Precommunirant  - . 

Postcommunicans. . j  Postcommunicant. 

Prechoroidea Prechoroid. 


(J^O 


Postchoroidea. . . 
Preperforantes.. . 
Postperforantes. 

Termatica 


Postchoroid 

Preoerforants. 
Postperf  oran  ts . 

Termatic. 


Cerebri  posterior. 

Communicans  anterior. 
Communicans  posterior. 
Chorioidea. 


Dural  Arteries. 


Meningea 

Meningea  anterior. 
Meningea  media. . . 
Meningea  parva.  .  . 


Meningea  posterior. 
Meningea  inferior. . . 


Duralis Dural 

Preduralis Predural 

Mediduralis I  Medidurai 

Par\'iduralis Par^idural 


Postduralis ^ |  Postdural 

Subduralis Subdural. 


Meningea. 
Meningea  anterior. 
Meningea  media. 
Ramus  meningeua  acoea- 
sorius. 
Meningea  posterior. 


Sinuses. 


I  (az.) 


Torcular. 


Longitudinalis  superior  (az.) Lon^tudinalis. 

Longitudinalis  inferior  (.az.) Falcialis  . 

Torcular  Ilerophili 

Confluens  sinuum 

Sphenoparietalis \ 

Ake  parvae J 

Petrosus  superior 

Petrosus  inferior 

Petrosus  anterior i  Prepetrosus 

Rectus  (az.) |  Tentorii 


Longitudinal. 
Falcial 

Torcular 

Sphenoidal. .  . 


Sagittalis  superior 
Sagittalis  inferior. 

Confluens  sinuum. 


Spbenoidalis Sphenoidal Sphenoparietalis. 

Superpetrosus '  Superpetrous Petrosus  superior. 

Subpetrosus '  Subpetrous J  Petrosus  inferior. 

Prepetrous. 

Tentorial Rectus. 


Lacunae  laterales  sinuum |  Lacunae  parasinuales Parasinual*  spaces. 

Intrinsic  Veins  of  the  Brain. 


Cerebri  superior 

Cerebri  anterior 

Callosi  anterior  externa 

Cerebri  media 

Fossa  SyK"ii 

Basilaris  Rosenthali 

Cerebri  inferior  s.  ascendens 

Occipitalis  lateralis 

Cerebralis  lateralis  et  inferioris 

Occipitalis  interna 

Cerebri  posterior  inferior 

Callosi  posterior  externa 

Magna  Galeni 

Cerebri  interna  communis 

Cerebri  interna  s.  intima  s.  profunda 

Right  and  left  vein  of  Galen 

Corporis  striati ) 

Lateralis  ventriculi / 

Comu  anterioris 

Septi  lucidi 1 

An  tr. -ventriculi J 

Cornu  posterioris 

Choroidea 

Medullares  superiores 

Rami  corporis  striati 

Rami  thalami  optici 

Ramus  thalami  optici  profundus  (Rosenthal)  | 

Pedunculi  cerebri / 

Azygos   conarii 

Cerebelli  sup.  me<Ua 

Cerebelli  sup.  lateralis 

Cerebelli  inferior 


Supercerebralis . 

Precerebralis 

Medicerebralis.  . 
Sylvii 

Subcerebralis. .  . 


Supercerebral. 

Precerebral. 

Medicerebral.  . 
Sylvian. 

Subcerebral. . . 


Postcerebralis Postcerebral. 

Suboccipitalis Suboccipital. 

Callosalis Callosal. 

Galeni Galen*s. 


Velaris. 


Velar. 


Cerebri  superior. 

Cerebri  media. 
Basalis  (Rosenthali). 


Cerebri  magna  (Galeoi). 

I  Cerebri  interna. 


Taenialis Tenial. 

Precomualis Precomual. 

Paraseptalis Paraseptal. 

Postcomualis Postcomual. 

Medicomualis Medicornual. . .  . 

Superalbales I  Superalbals. 

Striatales ]  Striatal. 

Thalamici j  Thalamic. 

Thalamocruralis Thalamocmral. 


Conariahs 

Supercerebellaris . 
Paracerebellaris. . 
Subcerebellaris. . . 


Conarial. 
Supercerebellar . 
Paracerebellar 
Subcerebellar 


Septi  pellucidi. 
Chorioidea. 


Cerebelli  superior. 
Orebelli  inferior. 


DcRAL  Veins. 


Durae  malris  cerebri. . 

Meningea 

Meningea  media 

Opbthalmomeningea. 


Duralis Dural 

MediduraUs '  Medidurai 

Ophthalmoduralis Ophthalmodural. 


Meninges. 

Meningea  media. 
Ophthalmoineningea. 


*  The  form  parasinual  was  kindly  s'uggested  and  approved  by  Prof.  B.  I.  Wheeler,  the  comparative  philologist. 
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for  its  entire  lilood  supply.  These  are,  niiteriorly, 
the  two  carotids  entering  thnmgh  tlie  carotid  foramen 
and  canal;  posteriorly,  the  two  vertebrals  entering 
beside  the  foramen  magnum.  Hy  means  of  com- 
municating branches  at  the  base  of  the  brain — the 
vertebrals  having  first  united,  and  their  common 
basilar  trunk  having  divided  into  tlie  two  postcere- 
brals — the  primary  vessels  combine  to  form  the  circle 
of  Willis.  From  tliis  practically  all  and  only  the 
cerehriil  arteries  emanate.  Previously,  however,  .sev- 
eral l)ranches  are  given  off  by  the  vertebrals  and 
basilar;  while  the  carotid  yieUls  only  the  ophthalmic. 
The  latter  is  said  always  to  originate  before  any  of  the 
cerebral  branches,  and  .some  millimeters  before  the 
bifurcation  of  the  cerebral  carotid. 

Tlic  Vertebrals  atui  Basilar  supply  in  their  course  the 
organs  of  the  posterior  fo-ssa,  viz.,  cerebellum,  jjons, 
oblongata,  and  their  adnexa.  In  approaching  the 
distal  border  of  the  pons  the  vertebrals  unite  to  form 
the  mesal  basilar.  This  is  occasionally  divided  within 
by  a  septum,  or  separates  into  two  vessels  which  soon 
reunite.  The  basilar  lies  in  the  median  sulcus  of  the 
pons,  directly  on  the  basilar  process  of  the  occipital 
bone;  opposite  the  central  border  of  the  pons  it  ends 
in  the  two  postcerebrals.  Only  occasional  variations 
are  attributed  to  the  vertebrals:  (1)  absence  of  one, 
the  existmg  vessel  being  joined  by  a  branch  from  the 
opposite  carotid;  (2)  both  may  join  the  basilar  on 
the  same  side;  (3)  or  one  may  be  represented  by  two 
or  three  branches  before  entering  the  formation  of  the 
basilar  trunk. 

The  lateral  branches  are : 

1.  Poslcerebellar,  the  largest  offshoot  of  the  verte- 
bral. It  passes  around  the  oblongata,  beside  the 
pneumogastric  nerve,  to  supply  the  extremity  of  the 
cerebellar  lobe  as  far  as  the  median  line,  the  sub- 
vermis  and  adjacent  surface,  and  the  plexus  of  the 
metepicele. 

2.  Recurrent  spinal  twigs,  also  from  the  vertebral, 
are  given  as  follows  liy  Kadyi :  Immediately  after  the 
vertebrals  traverse  the  dura  there  arises  from  each 
a  one-millimeter-thick  branch  (dorsomyelic),  which, 
after  giving  up  twigs  to  the  restiform  body,  descends 
along  the  dorsal  border  of  the  lateral  columns  of  the 
cord.  This  is  homologous  with  other  branches  enter- 
ing by  the  dorsal  nerve  roots.  Sometimes  this  arises 
from  the  vertebral  in  common  with  the  posteerebellar. 

Near  the  union  of  the  vertebral  to  the  basilar  there 
arises — usually  one  on  each  side,  though  unequal — 
the  myelic  branch  for  the  ventromyel.  These  two, 
however,  either  soon,  or  oftener  after  entering  the 
spinal  canal,  combine  to  fortn  the  azygoid  ventromye- 
lic  (anterior  spinal)  artery.  They  are  thus  continu- 
ous and  homologous  with  the  other  myelic  arterioles 
coming  in  along  the  ventral  nerve  roots. 

A  full  consideration  of  the  minute  details  of  the 
arterial  distribution  in  the  oblongata  is  given  by 
Adamkiewicz  {ride  Plate  XVII.).  These  vessels 
come  wholh'  from  the  upper  (intracranial)  part  of  the 
vertebrals  as  they  cross  the  ventral  surface  of  the 
oblongata. 

The  main  facts  regarding  the  three  classes  of 
secondary  or  nutrient  arterioles  (external  or  surface 
vessels)  he  accepts  from  Duret:  1.  The  radicals, 
direct  from  the  vertebrals,  supply  the  outgoing  nerve 
roots  (facial,  acoustic,  glossopharyngeal,  vagus,  ac- 
cessorius,  and  hypoglossus).  2.  The  nuclears,  at 
right  angles  from  the  one  or  two  dorsomyelics  in  an 
extent  of  three  to  four  centimeters.  These  penetrate 
the  median  fissure,  at  the  bottom  of  which  they  form 
a  kind  of  sagittal  leader,  and  end  beneath  the  floor 
of  the  metepicele  (fourth  ventricle).  3.  Arteries  for 
the  other  portions  of  the  oblongata  (olivary  bodies, 
pyramids,  corpora  restiformia),  in  part  at  least  from 
the  myelics. 

Moreover,  on  the  oblongatal  surface  is  a  rich  net- 
work of  vessels.  The  ventromyelics  opposite  the 
oblongata  give  off  a  multitude  of  twigs  that  take  a 


very  sinuous  cour.se  and  soon  settle  into  the  furrows. 
For  the  dorsal  surface  of  the  oblongata  there  is  no 
external  supply  until  below  the  calamus — upper  end 
of  myel.  Its  source  is  the  dorsomyelics.  These 
latter,  at  the  first  cervical  roots,  turn  ca\idad  between 
the  accessory  nerve  roots  (nearer  the  dorsal),  and 
when  at  the  level  of  the  fourth  or  fifth  cervical  roots 
they  end  by  also  anastomosing  with  vessels  of  lower 
origin. 

From  the  middle  portion  of  the  vertebrals,  between 
the  ventro-  and  dorsomyelics  (anterior  and  posterior 
sjjinals)  arise  the  largest  branches  (subcerebellars), 
but  these  dodge  the  oblongata  and  are  whoUy  for  the 
cerebellum. 

Topographically,  Adamkiewicz  distinguishes  three 
sets  of  finer  or  nutrient  arterioles  (internal  or  substan- 
tial vessels)  after  the  manner  of  the  myelic  supply. 

(1)  Ventrofissurals,  relatively  largp,  dividmg  in  the 
ventral  commissure  into  two  branches,  one  to  each 
side  for  the  corresponding  ventromesal  cinerea.  In 
the  oblongata  these  supply  principally  the  pyramidal 
tracts  and  decussation,  lemniscus,  interolivary  tract, 
raph^,  and  the  foUowdng  nuclei — gray  dorsal  columna, 
n.  pyramidalis,  n.  arciformis,  oliva,  and  hypoglossus. 

(2)  Dorsofissurals,  of  course  only  caudad  of  the 
calamus.  These  divide  at  the  dorsal  commissure  into 
two  border  vessels,  and  are  for  the  substance  of  the 
dorsal  columns,  nucleus  gracilis,  accessorius  center, 
and  casually  the  hypoglossus. 

(3)  Coronal,  radial,  or  lateral  system.  These  are 
very  numerous,  penetrate  the  alba  from  all  sides 
(excepting  of  course  the  metepicele,  or  fourth  ven- 
tricle, and  in  part  reach  the  sudjacent  cinerea  to  help 
form  then  its  mass  of  capillaries.  A  subclass  here — 
nuclear  arteries — consists  of  six  to  eight  relatively 
large  twigs  entering  the  angidus  restiformis  olivaris 
and  running  parallel  toward  the  middle  of  the  floor  of 
the  fourth  ventricle,  to  supply  principally  the  centers 
for  glossopharyngeus,  vagus,  hypoglossus,  and  acus- 
ticvis.  The  following  parts  receive  these  radial  or 
lateral  affluents — the  ventral  columns,  lateral  nuclei, 
lateral  cornua,  caput  of  substantia  gelatinosa,  nuclei 
cuneati  gracilis,  arciformis  et  pyramidalis,  and  the 
oliva  itself. 

3.  JMedicerehellar,  usually  from  the  basilar  trunk. 
This  passes  along  the  middle  cerebellar  cms  to  the 
jjreventrad  surface  of  the  respective  cerebellar  hemi- 
sphere, including  the  flocculus. 

4.  Transverse  branches,  three  or  four  in  number. 
These  are  parallel  and  accessory  to  the  preceding. 

5.  Auditiva  Interna. — Starts  like  the  last,  but 
passes  to  the  internal  auditory  meatus  and  structures 
of  the  inner  ear. 

6.  Ponticidar  branches. — These  immediately  enter 
the  pons  perpendicularly,  and  supply  its  substance. 
They  represent  true  terminal  arteries  (Heubner), 
quite  comparable  to  the  perforants  of  the  cerebrmn. 
From  the  importance  of  the  tracts  supplied  they  have 
likewise  great  interest  to  the  pathologist. 

7.  Supercerebellar . — This  starts  near  the  end  of  the 
basilar,  passes  outward  along  the  front  border  of  the 
pons,  winds  around  the  crus  cerebri  near  the  optic 
lobes,  and  is  distributed  to  the  supervermis  and 
general  dorsal  surface  of  the  cerebellum.  It  also 
supplies  the  postoptic  arteries. 

The  basilar  branches  all  emanate  at  practically  a 
right  angle  to  the  mother  tnmk.  Those  going  to  the 
surface  anastomose  much  more  freely  than  do  the 
cerebral  arteries.  Accordingly  Heubner  found  the 
pia  districts  of  single  arteries  much  less  definite  over 
the  cerebellum  than  over  the  cerebrum.  Moreover, 
the  branches  of  the  two  sides  commimicate  dorsad 
across  the  median  line;  this  is  explained  by  the 
development  of  the  cerebellum  from  a  single  median 
vesicle.  The  only  communication  between  this 
system  of  vessels  and  the  cerebral — except  through  the 
basilar  trunk — is  by  small  branches  of  the  precere- 
bellars  and   postcerebrals  across   the   crura   cerebri. 
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CiKCLE  OF  Willis. — The  carotid  ends  at  the  outer 
angle  of  the  chiasma  in  two  main  branches,  the  pre- 
and  medicerebral  arteries.  At  about  one  centimeter 
in  front  of  the  chiasm  the  two  precerebrals  are  con- 
nected by  the  precommunicant.  From  either  the 
medicerebral  or  the  carotid  passes  the  postcommuni- 
cant  to  the  corresponding  post  cerebral.  Hence  the  cir- 
cle (or  polygon)  of  Willis  Ls  made  up  by  one  precommu- 
nicant, two  precerebrals,  two  medicerebrals  (or  two 
carotids),  two  postcommunicants,  and  two  postcere- 
brals.  This  is  the  classical  arrangement;  from  it, 
however,  there  are  frequent  and  important  deviations. 
Windle  found  that  it  held  in  only  70,  or,  overlooking 
any  disproportion  in  the  postcommunicants,  in  119 
out  of  200  cases.     Only  in  the  apes  do  the  vertebrals 


10 
Fig.  1003. — Arteries  of  the  Base.  (After  Duret  )  1,  Carotid;  2,  medicerebral;  3,  pre- 
cerebral;  4.  postcerebral;  5,  preperforants  (striate  arteries):  6,  prechoroid;  7,  postcom- 
municants; S,  postchoroid;  9,  medichoroid;  10,  callosals  (termination  of  precerebrals) :  11, 
medioptics;  12,  prethalamie  (postperforants).  The  carotids  are  drawn  frontad  to  show 
the  preperforants.  The  left  temporal  lobe  is  cut  away,  exposing  tlio  medicerebral  trunk 
at  the  bottom  of  the  Sylvian  fissure,  and  also  its  branches  crossing  the  insula. 

nearly  equal  the  carotids.    In  man,  Ehrmann,  from  157 

measurements,  found  that  very  constantly  the  basilar 
trunk  was  equal  to  one  carotid  (i.e.  furnished  one- 
third  of  the  brain  supply).  The  communicants  are 
not  simply  to  reestablish  a  circulation  in  case  of 
obliteration,  but  they  normally  act  to  equalize  pres- 
sure in  the  local  vessels.  When  this  circle  is  complete 
and  of  normal  structure,  an  adequate  collateral 
circulation  is  established  after  occlu.sion  of  any  one 
part.  From  this  circle  and  the  first  few  centimeters 
of  its  branches  originate  a  multitude  of  arterioles 
passing  to  the  ba.sal  ganglia  and  adjacent  structures. 
Dercum  offers  "A  Collection  of  Anomalies  of  the 
Circle  of  Willis"  {Journal  of  Nervous  and  Mental Dis- 


e'lses,  18S9,  January),  and  J.  H.  Lloyd  (Ibid.,  1890,  p. 
22.5)  gives  such  a  case  of  a  type  described  by  Duret 
(right  vertebral  absent,  both  precerebrals  from  left 
carotid,  etc.).  St.  John  Biillen  (Journal  of  Mental 
Science,  1S90,  January,  p.  33)  bases  the  following  state- 
ments on  the  examination  of  1,565  brains  (from  the 
insane),  but  holds  statistics  too  uncertain.  Arterial 
variations  occur  much  oftener  in  general  paralytics 
than  in  those  dying  of  otlier  forms — this  applying 
equaUy  to  all  segments  of  the  circle  of  Willis. 

The  components  of  this  circle  and  their  branches: 
The  Precommunicant. — This  is  a  transverse  branch 
beneath  the  rostrum,  from  1  to  2  millimeters  in  size, 
connecting  the  two  precerebrals,  and  forming  the 
anterior  side  of  the  circle.  Windle  found  it  normal  in 
159,  double  in  1-t,  incompletely  so 
(forked  at  one  extremity)  in  6, 
triple  in  1,  absent  in  S,  and  asso- 
ciated with  union  of  the  precere- 
brals in  2.  Wilder  notes  the  latter 
condition  in  6  out  of  7  cases,  and 
Starr  in  2  of  14.  Duret  says  thai 
when  double  one  is  of  normal  size, 
the  other  very  small.  Its  place  is 
sometimes  supphed  by  a  fasciculus 
of  small  twigs.  The  precommuni- 
cant, Bullen  finds,  may  be  absent, 
or  merely  rudimentary,  or  double. 
Its  branches — more  numerous 
when  the  communicant  is  unusu- 
ally long — are: 

i.  The  Tennntica. — A  mesal 
vessel  at  its  origin.  WUder  found 
this  present  in  all  of  seven  brains 
examined.  "  It  u.sually  divides 
soon  into  a  right  and  left  portion, 
which  supply  respectively  the 
cinerea  forming  the  surface  of  the 
triangular  area  ventrad  of  the 
genu  and  rostrum,  and  then  ex- 
tend around  the  genu  to  the  dorsal 
a.spect  of  the  callosum."  Windle 
notes  it  in  nine  of  his  cases.  It 
pas.sed  along  the  longitudinal  fis- 
sure for  two-thirds  of  the  length 
of  the  callosum,  and  divided  into 
branches  supplying  the  opposed 
surfaces  of  the  hemispheres. 
When  the  communicant  is  want- 
ing, this  vessel  may  start  from  the 
junction  of  the  precerebrals. 

2.  Small  retrograde  rami  to  the 
lamina  of  the  chiasm. 

3.  Arterioles  which  phinge  into 
the  callosal  rostrum,  and  very 
often  one  or  two  considerable 
branches  completely  perforating 
the  rostrum  and  ramifying  on  the 
crura  of  the  fornix,  the  anterior 
commissure,  and  the  septum. 

The  Precerebral  [vide  Plate  XIX. 
and  Fig.  1003,  3).— This  originates 
at  almost  a  right  angle  from  the 
carotid.  Often  the  artery  of  one 
side  is  larger  than,  and  partly  substitutes,  that  of  the 
other  side.  Windle  found  it  normal  in  ISl  of  200 
cases.  In  2  the  right  was  absent,  its  place  being 
partly  supplied  in  one  by  twigs  from  the  right  medi- 
cerebral, in  the  other  by  a  small  branch  from  the 
carotid.  In  1  the  right  was  double  the  size  of  the  left; 
in  1  the  two  united  to  a  single  trunk;  and  in  S  they 
united  for  a  short  distance,  six  times  replacing  and 
twice  accompanying  the  precommunicant.  Either 
precerebral  may,  according  to  Bullen,  (1)  be  replaced 
by  two  small  tr\mks,  or  (2)  be  ab.sent,  its  region  being 
supplied  by  branches  of  the  opposite  artery. 

The  short  oblique  portion,  dorsad  of  the  optic  nerve, 
between  carotid  and  precommunicant,  represents  part 
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Aeterial  Supply  of  Oblongata  (from  Adamkietvicz),  Eslakged  Six  Diameters. 
Fig.  1. — At  Decussation  of  Pvramids. 


ns.  Dorsal  Column. 

S'g,  Nucleus  gracilis. 

Ac,  Nucleus  cuneatus. 

Sgc,  Substantia  gelatinosa  centralis. 

Cep,  Caput  comu  posterioris  (aut  tuberculum  Rolando). 

Xn,  Root  of  hypoglossus. 

Vr,  Remnant  of  ventral  column. 

Prk.  Decussation  eminence. 

i^,  Pyramid. 

g,  Boundarj"  between  Py  and  Yr. 


5,  Arteria  sulci. 

Sa,  A.  sulci  (at  deeper  layers). 

Ace,  Aa.  centrales  comuum  anteriorum. 

Aca,  Aa.  comu  anterioris. 

Anl,  A.  nuclei  lateralis. 

As  i?,  A.  tuberculi  Rolando. 

Anc,  A.  nuclei  cuneati. 

Ang,  Aa.  nuclei  gracilis. 

F,  A.  flssurse. 


Fig.  2. — Opposite  iliddle  of  iletepicoele. 


H,  Hypoglossus  nucleus. 

Va,  Post,  vagus  nucleus. 

Po,  Ponticulus  (velum  medullare  posticum). 

Gl,  Glossopharyngeus  nucleus. 

Ae,  Acusticus  nucleus. 

U),  Longitudinal  bundle. 

(Krause's  respiratory  fasciculus. ) 
Cr,  Corpus  restiforme. 
X,  Ant.  vagus  nucleus. 
IX,  Root  of  glossopharyngeus. 
Aro.  Angulus  restiformio-olivaris. 
0,  Oliva. 

No,  Nucleus  pyramidalis. 
(h»,  Interolivary  tract. 
R,  Raphe. 


Py,  Pyramid. 

Xa,  Nucleus  arciformis. 

S,  Arteria  sulci. 

See.  Affluents  to  external  nest-like  capillary  coils,  from 

sulcus  artery. 
Sei,  Affluents  to  inner  same. 
Aoli,  Sublateral  olivary  artery. 
Aso,  Olivary  ramus  from  sulcus  artery. 
Aoli,  Subolivarv"  arteries. 
Aolm,  Medilateral  olivary  artery. 
AoU,  Super-olivary  artery. 
An,  Aiteries  of   the  nuclei  (glossopharyngeus,  vagus, 

hypoglossus). 
Vn,  Nuclear  vessels  (glossopharyngeus,  acustictis). 
F,  Arteria  fissurse. 


0,  Oliva. 
Br,  Pons. 


Fig.  3. — Longitudinal  Section  through  Olivary  Body. 

Aoli,  Aa.  olivae  laterales  inferiores. 
An,  Aa.  nuclearite. 
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of  the  circle  of  Willis.  This  portion  may  give  off  the 
following  branches:  1.  Arterioles  to  the  optic  nerve 
of  the  same  side.  2.  Lateral  arterioles  to  the  neigh- 
boring eonvohition  anti  the  callosal  rostrum.  3. 
When,  from  premature  division  of  the  carotid,  the 
precerebral  goes  over  a  long  course,  it  much  oftener 
gives  largo  twigs  to  the  caudate  (preperforaiilcs). 
IJuret  says  that  the.se  branches  take  one  of  two 
courses.  In  one  they  penetrate  almost  within  the 
expansion  of  the  olfactory  nerve,  perforate  the  cal- 
iosum  at  its  junction  with  the  lower  part  of  the  caudate 
liead,  and  divide  into  five  or  six  almost  subependymal 
ramifications  not  extending  beyond  the  first  two 
centimeters  of  the  caudate.  In  the  other,  one  or 
two  arterioles,  of  about  one  millimeter  diameter, 
follow  a  retrograde  course  of  three  to  four  centimeters 
to  the  preperforated  space  beneath  the  caudate,  to 
which  latter  exclusively  they  arc  distributed. 

From  the  precommunicants  on,  the  precerebrals 
run  side  by  side  around  the  genu  and  caudad  at  the 
bottom  of  the  longitudinal  fissure.  After  giving  off 
the  first  few  branches  the  main  trunk  may  divide  into 
three  branches,  as  stated  by  Durct,  whose  description 
is  largely  followed;  or  .several  successive  branches  are 
given  off,  as  in  the  accompanying  plate.  Together, 
they  supply  the  inner  two-tliirdsof  the  ventral  surface 
of  the  frontal  lobe,  the  anterior  four-fifths  of  the  op- 
posed surface  of  the  hemispheres,  the  caUosum 
(largely),  and  a  portion  of  the  convexity. 

1.  Subfrontal  tv.igs,  to  (he  olfactory  groove  and 
region  as  far  as  subfrontal  sulcus.  2.  Prefrontal 
branch,  to  mesal  surface  of  superfrontal  and  convex 
surface  of  superfrontal  and  part  of  niedifrontal  con- 
volutions. 3.  Medifroiital  branch,  to  the  callosal 
convolution,  and  paracentral  lobule.  After  doubling 
the  crest  of  the  hemisphere  it  terminates  about  the 
dorsal  extremity  of  the  central  fissure.  4.  Post- 
frontal  branch,  to  precuneus  and  the  adjacent  portion 
of  the  convexity,  nearly  or  cjuite  reaching  the  occipital 
fissure.  5.  Callosal  UTtery.  This  may  pass  around  the 
splenium  to  terminate  in  the  pineal  gland,  and  even 
posterior  commissure.  It  goes  to  the  callosal  con- 
volution and  vault,  perforating  the  latter  and  rami- 
fying over  the  whole  extent  of  the  roof  of  the 
paraceles. 

The  Cerebral  Carotid  (Fig.  1003,  1).— As  a  rule  the 
postcommunicant  is  a  direct  branch  of  the  carotid, 
though  it  often  starts  from  the  medicerebral.  In  the 
former  ca.se  the  carotid,  from  this  branch  to  its 
termination  at  the  commencement  of  the  Sylvian 
fissure  in  the  pre-  and  medicerebrals,  forms  part  of  the 
circle  of  Willis.  In  this  short  course  a  few  lateral 
branches  are  given  off: 

1.  Arterioles  to  the  external  angle  of  the  chiasm. 
Either  these  or  the  chiasm ic  ai'terioles  from  the  pre- 
cerebral supply  minute  twigs  to  the  first  portion  of  the 
optic  nerve.  2.  Freciuently,  one  or  more  of  the  jjer- 
foranles  to  the  caudate.  3.  Prechoroid  (Fig.  1003,  G). 
This  may  come  from  the  medicerebral,  or  even  from 
the  postcommunicant;  in  any  case  its  origin  is  periphe- 
ral to  that  of  I  he  last  named.  It  is  directed  obliquely 
caudad  along  the  outer  side  of  the  optic  tract  to  attain 
the  choroid  plexus  in  the  lateral  horn  (through 
the  extremity  of  the  transverse  or  Bichat's  fissure). 
It  gives  off:  (n)  internal  and  slightly  recurrent  branches 
to  the  optic  tract;  (b)  internal  branches  for  the  central 
part  of  the  outer  aspect  of  the  crus  cerebri;  (c)  ex- 
ternal branches  to  the  uncus  (a  terminal  arteriole, 
Heubner);  (d)  extrcmelj'  fine  twigs  to  the  two-thirds 
of  the  choroid  plexus   that  it  is  stated   to   traverse. 

In  general,  Kolisko's  work  corroborates  that  of 
Heubner.  In  a  largo  number  of  examinatioi;s  this 
vessel  was  never  absent.  It  has  a  pretty  constant 
diameter  of  0.5  millimeter.  In  the  fetus  it  is  rela- 
tively very  large.  In  animals  (dogs,  cats,  rabbits) 
it  was  regularly  present,  but  aro.se  from  the  Sylvian. 
The  branch  to  the  uncus  was  always  present,  but  has 
free  anastomosis  in  the  pia.     The  branches  in  plexus 


and  tela  also  anastomose  freely  with  others  near;  but 
those  to  the  brain  substance  are  termiiuil. 

The  prechoroid  supplies  the  following  parts:  The 
posterior  arm  of  the  int(>rnal  capsule,  with  the  lamina 
medullaris  externa  of  the  thalamus  to  the  level  of  the 
ujipcr  angle  of  the  midlcnticndur  segment — usually 
only  the  jiosterior  two-thirds;  the  white  suVjstance 
back  of  th(^  internal  capsule  as  far  as  the  roof  of  the 
medicornu;  the  inner  lenticular  segment;  the  uncus, 
the  ojjtic  tract  (in  its  posterior  half);  the  lateral 
choroid  plexus;  the  cndyma  of  the  posterior  and  lower 
parts  of  the  lat(>ral  ventricle;  the  greater  part  of  the 
tail  of  the  caudatum;  exceptionally  the  external  parts 
of  the  upper  half  of  the  thalamus. 

But  tlie  posterior  arm  of  the  internal  capsule  is  also 
in  part  supplied  by  the  medicerebral  and  postcom- 
municant (tiie  anterior  third  of  this  part  by  the  latter 
vessel),  the  deeper  parts  by  the  prechoroid  and 
postcommunicant,  and  the  upper  parts  (above  apex 
of  midlenticular  segment)  by  the  Sylvian  (lenticulo- 
optic  ramus  of  Duret). 

Circulatory  disturbances  in  the  supply  territory  of 
the  prechoroid  cause  opposite  hemiplegia  by  .softening 
in  the  posterior  segment  of  the  internal  capsule,  in- 
volving the  pyramidal  and  cranial-motor  tracts. 

Hemianesthesia,  hemianopsia,  and  heinianosmia 
may  likewise  follow  closure  of  the  prechoroid,  but  arc 
usually  headed  off  by  collateral  supply. 

When  the  postcommunicant  is  large,  its  blocking 
may  cause  opposite  facial  and  hypoglossal  paralysis, 
since  these  tracts  traverse  the  front  partof  the  posterior 
arm  of  the  cap.sule. 

The  Medicerebral  (Sylvian  artery,  vide  Plate  XIX. 
and  Fig.  1003,  2). — The  vessel  represents  the  most 
direct  contiiuiation  of  the  cerebral  carotid.  It  lies 
at  the  bottom  of  the  Sylvian  fissure  as  do  aLso  the 
primitive  portions  of  its  larger  branches  as  they 
spread  out  over  the  insula.  When  the  postcom- 
municant starts  from  the  medicerebral,  the  previous 
short  (four  to  .six  millimeters  long)  portion  of  the  latter 
participates  in  the  circle  of  Willis.  No  branches  are 
assigned  to  this  part. 

The  medicerebral  in  its  further  cour.se  yields  two 
classes  of  branches:  (a)  direct,  perforating,  or  nutrient 
arterioles;  (b)  large  and  small  pia  arteries. 

(a)  A  few  perforantes  (Fig.  1003,  5,  5)  from  the 
earlier  part  of  this  artery  may  pass  directly  to  the 
caudate  head  with  those  described  under  precerebral 
and  mentioned  under  carotid.  But  the  main  group 
from  this  source  take  a  somewhat  different  course, 
and,  as  stated  by  Heubner,  are  often  detached  from 
the  trunk  farther  out  in  the  fissure.  These  have  been 
divided  into  two  sets.  The  first  to  leave  the  trunk — 
lenticular  arteries — are  the  finer,  and  are  similar  in 
deportment  to  the  preceding,  except  that  they  go 
to  the  first  and  second  segments  (apex)  of  the  lenticu- 
lar nucleus.  The  second,  coar.ser  set  runs  along  the 
base  of  the  lenticular  nucleus  on  the  limit  of  the 
external  capsule.  A  portion  of  the.se  pass  caudad 
and  dorsad  to  the  thalamic  extremity  of  the  lenticu- 
lar nucleus,  and  terminate  in  the  thalamus — lenticulo- 
tlialamic  arteries.  One  arteriole,  noticeably  larger 
than  any  of  the  others  and  the  frequent  source  of 
hemorrhage  in  this  region,  pas.ses  dorsad  and  mesad 
to  the  third  segment  of  the  lenticular,  where  it  gives 
off  many  side  twigs,  and  finally  divides  into  four  or 
five  terminal  branches,  supplj-ing  also  the  adjacent 
internal  capsule,  etc.  Two  or  three  accompanying 
arterioles  extend  toward  the  third  segment,  and  may 
attain  the  tail  of  the  caudate.  Collectively  these  are 
termed  lenticulostriate  arteries. 

A  further  group  might  be  made  of  the  small  direct 
vessels  traversing  the  insula  to  gain  and  supply  the 
claustrum;  as  this  is,  however,  a  derivative  of  the  ex- 
ternal gray  layer,  these  twigs  more  nearly  correspond 
to  the  general  cortical  and  albal  arterioles. 

Of  the  perforants  as  a  whole,  it  may  bo  said  that 
they  all  emanate  at  right  angles  from  the  inner  side  of 
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the  mother  vessel.  Their  size  varies  from  0.5  to  1.5 
millimeters.  They  immediately  enter  the  brain  sub- 
stance, only  occasionally  di\iding,  and  never  anasto- 
mosing before  doing  so.  They  usually  run  a  further 
short  course  before  branching.  The  ultimate  distri- 
bution of  each  is  pencil-shaped.  They  are  destined  to 
supph'  the  central  gray  nuclei  and  the  capsules, 
notably  the  inner.  They  are  all  true  terminal  arteries, 
^vithout  any  anastomoses  either  between  themselves 
or  with  other  arteries.  According  to  the  French 
school,  even  their  finest  capillaries  do  not  connect,  but 
on  this  point  the  Germans  teach  otherwise. 

(6)  Pia  branches  of  the  medicerebral.  After  a 
course  of  1  to  2.5  centimeters  the  main  trunk,  either 
at  one  stroke  or  successively,  divides  into  several 
large  branches. 

1.  Previously,  however,  there  are  usually  a  few 
small  rami  for  the  adjacent  borders  of  the  frontal, 
and  especially  the  temporal,  lobes  (see  Plate  XIX.). 

2.  Frontal  branch.  This  is  generally  the  first  large 
ramus.  Like  the  succeeding,  it  runs  some  distance 
deep  in  the  sulcus  and  subdivides,  often  at  least,  before 
appearing  externaUy.  It  is  especially  destined  for  the 
subfrontal  convolution.  It  supplies  the  orbital  sur- 
face of  the  frontal  lobe  external  to  the  orbital  fissure, 
and  the  convexity  dorsad  to  the  middle  of  the  medi- 
frontal  gyrus,  caudad  to  the  precentral  sulcus.  Duret 
found  a  very  constant  corresponding  artery  in  several 
species  of  animals. 

3.  Preparietal.  This  nourishes  the  precentral  and 
the  adjacent  extremitj'  of  the  medifrontal  convolu- 
tions, and  may  by  an  early  branch  include  the  post- 
central also. 

4.  Mediparietal.  This  may  gain  the  fissure  of 
Rolando  to  supply  not  onlj-  the  postcentral  convolu- 
tion, but  dorsad  a  portion  also  of  the  precentral.  It 
may  also  reach  the  adjacent  parietal  region. 

5.  Postparietal.  This  is  a  large  branch  in  the  hori- 
zontal Sj'lvian  fissure.  Its  ramifications  do  not  ex- 
tend bej'ond  the  parietal  or  occipital  fissure,  but  may 
pass  bej'ond  the  supertemporal. 

6.  Temporal.  This  is  included  under  the  last  by 
many,  but  it  is  often  an  early  and  large  branch  of  the 
medicerebral.  Bj-  its  numerous  considerable  sub- 
di\Tsions  it  then  covers  practically  the  whole  external 
temporal  surface.  At  least  the  supertemporal  con- 
volution and  much  of  the  meditemporal  are  regularlj- 
suppUed.  Its  distribution  extends  nearly  to  the  sub- 
occipital convolution. 

There  is  no  special  artery  for  the  insula,  but  it 
receives  several  small  branches  from  the  preceding  as 
they  cross  it. 

The  Postcommunicant. — Connecting  the  pre-  and 
post-  (carotid  and  vertebral)  systems.  Each  starts 
from  the  carotid  or  medicerebral,  and  runs  directly 
caudad  to  inosculate  with  the  corresponding  post- 
cerebral  at  five  to  twelve  milUmeters  from  the  latter's 
origin.  They  pass  ventrad  of  the  optic  tracts  and 
also  encounter  the  crura  cerebri.  In  size  and  occur- 
rence these  vessels  are  variable,  and  frequently  unsym- 
metrical.  The  left  is  more  often  the  smaller  or  even 
absent,  though  some  filiform  anastomosis  from  a 
corresponding  branch  of  the  carotid  usually  does 
exist.  As  a  verj'  large  branch  from  the  carotid,  espe- 
cially the  right,  it  ma5'  replace  the  corresponding 
postcerebral  wholly  or  in  part,  or  conversely;  a  large 
left  communicant  has  been  observed  to  arise  from  the 
postcerebral  and  supply  the  same  medicerebral. 
Aside  from  disparity  in  size  (forty-three  times)  the 
postcommunicants  were  normal  in  175  of  Windle's 
cases.  Excepting  shght  anastomosis,  both  were  ab- 
sent in  3  cases,  the  right  in  9,  the  left  in  13.  In  7 
both  were  very  small;  in  2S  the  right  was  much  larger 
tlian  the  left;  in  15  the  reverse. 

.\nomalies,  says  BuUen,  are  more  common  in  the 
postcommunicants  than  in  all  the  others.  Of  these 
vessels,  either  (1)  may  be  absent;  (2)  may  be  replaced 
by  a  branch  from  the  subcerebellar,  internal  carotid, 
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postcerebral,  or  two  small  nutrient  branches  respec- 
tively from  the  last  two  vessels;  (3)  may  supply 
unusual  regions;  or  (4)  may  be  unconnected  with  the 
carotid  system. 

This  vessel  gives  off  laterally  pia  branches,  (a) 
internal,  (6)  external,  and  (c)  inconstant  penetrating 
rami. 

(a)  1.  Chiasmic  branches  to  the  caudal  side  of  the 
chiasm.  2.  Twigs  to  the  tuber  cinereum  and  infun- 
dibulum,  a  descending  ramus  supplying  the  pituitary 
body.     3.  Two  to  the  mammillary  bodies. 

(6)  1.  To  the  optic  tract.  2.  To  the  cerebral  crura. 
3.  Often  considerable  branches  to  adjacent  temporal 
gyri. 

(c)  1.  Prethalamic  Artery  (internal  and  anterior 
optic  of  Duret).  It  penetrates  between  the  tuber 
cinereum  and  mammillary  bodies,  and  ramifies  in  the 
more  anterior  part  of  the  aula,  on  the  walls  of  the 
infundibulum,  etc.  2.  Medithalamic  artery  (pos- 
terior internal  optic).  At  times  large,  it  enters  the 
postperforated  space  and  passes  directly  dorsad  near 
the  inner  thalamic  wall,  to  which  and  the  graj-  com- 
missure it  is  distributed.  This  vessel  comes  as  often 
from  the  postcerebral  as  from  the  postcommunicant. 
The  prethalamic  may  also  have  the  same  origin. 

The  Poslcerebrals,  from  the  end  of  the  basilar  to  the 
postcommunicants,  complete  the  circle  of  Willis.  This 
part  furnishes:  (1)  three  or  four  arterioles  to  the  inter- 
nal aspect  of  the  crura  cerebri,  suppljnng  its  basal 
layer,  the  locus  niger,  etc.;  (2)  little  branches  entering 
the  thalamus  through  the  postperforated  space.  These 
accompany,  and  often  include,  the  above-described 
medithalamic  artery. 

Windle  found  the  postcerebral  arteries  normal  in 
173  cases.  The  vessel  was  derived  from  the  carotid 
instesd  of  the  basUar  in  11  cases  on  the.right,  9  on  the 
left,  and  4  on  both  sides.  There  were  2  post  cerebrals 
on  the  same  side — the  smaller  from  the  basilar,  the 
larger  from  the  carotid — in  3  cases:  1  on  the  right  and 
2  on  the  left.  Either  of  the  postcerebrals  may  (Bul- 
len)  (1)  be  absent ;  (2)  be  a  branch  of  the  carotid  system; 
(3)  be  replaced  by  a  large  postcommunicant;  or  (4) 
tMj  replaced  b3'  two  thread-like  vessels  from  the  basilar. 

This  trunk,  in  passing  around  the  crus,  describes  a 
kind  of  semicircle,  directed  toward  the  transverse 
fisstire.  Dorsad  of  the  crus,  at  about  one  centimeter 
from  the  optic  lobes,  it  turns  laterocaudad  to  gain  the 
calcarine  fissure,  where  it  breaks  up  to  supplj-  the 
basilar  postcerebral  region.  From  its  crural  portions 
it  supplies,  besides  other  branches,  nearlj'  all  the 
nutrient  arteries  of  the  celian  walls. 

1.  Little  twigs  to  the  outer  part  of  the  crus,  pene- 
trating almost  immediately.  Instead  of  several  in  the 
thalamo-crural  sulcus,  there  may  be  a  single  larger 
one,  parallel  to  the  main  stem. 

2.  The  fairly  constant  Medioptic  (median  quadri- 
geminal).  giving  fine  offshoots  in  its  course  to  the  crus, 
and  terminating  in  a  bunch  of  fine  vessels  in  the 
interval  of  the  optic  lobes. 

3.  Postthalamic  (so-called  posterior  and  external), 
two  or  three,  or  a  single  larger  one,  starting  midway 
from  this  portion  of  the  postcerebral,  and  following  the 
crus  to  enter  the  thalamus  between  the  geniculate 
bodies. 

4.  Geniculate,  emanating  directly,  or  from  the 
thalamic. 

5.  Postchoroid  (posterior  and  lateral^  starting  near 
the  optic  lobes,  and  entering  between  the  layers  of  the 
velum.  It  always  divides  into  two  principal  rami:  a 
lateral  one  for  the  third  of  the  choroid  plexus  not 
supphed  by  the  prechoroid  artery,  i.e.  for  the  plexus 
over  the  thalamus;  the  other  more  median  one  for 
the  velum  (ramus  velaris). 

6.  Mediehoroid  (posterior  and  median  choroidal), 
from  the  postcerebral  at  its  nearest  approach  to  the 
median  fine.  It  courses  beside  the  conarium,  to 
which  it  yields  some  rami,  and  immediately  divides 
into  two  branches,  one  to  the  velum  of  the  aula,  the 
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other  exclusively  to  the  choroid  plexus  of  tlie  same 
cavity. 

Tlic  choroid  plcxi  and  vplum  represent  a  double  layer 
(fi)l(l)  of  the  pia,  within  wliieh  the  cclian  arteries  and 
veins  course.  Duret  states  that  in  all  the  ventricles 
the  arteries  to  the  velum  are  distinct  from  those  to  the 

Elexus,  often  even  from  their  origin  at  the  postcerc- 
ral  and  always  at  their  entrance  into  the  correspond- 
ing cavity,  and  that  they  never  mingle  in  their  dis- 
trioution.  From  the  velar  arteries  arc  detached  a 
multitude  of  little  arterioles,  whieli  penetrate  the 
thalamus  1  to  1.5  centimeters.  Tliey  have  the  ar- 
rangement of  cortical  arterioles,  and  are  peneillated. 
The  two  velar  branches  terminate  in  the  head  of  the 
caudate,  either  simply  subependymal  or  pa.ssing  deeply 
into  its  substance.  The  velar  branches  to  tlie  aula 
emit  little  arterioles  laterally  at  intervals  of  about 
a  millimeter.  These  penetrate  perpendicularly  the 
adjacent  wall.  They  supply  also  the  posterior  and 
gray  commissures,  and  terminate  in  a  fine  pencil  in 
tlie  anterior  commissure.  The  plexus  arteries,  on  the 
contrary,  do  not  usually  participate  in  the  nutrition 
of  the  celian  walls.  They  divide  into  four  or  five 
long  parallel  branches  from  which  little  arterioles  pass 
into  the  plexuses,  properly  speaking.  They  enter  the 
little  tufts  by  their  base,  and  form  very  attenuated 
and  sinuous  capillary  meshes.  It  has  been  suggested 
that  they  are  the  remains  of  former  Ijranches  ramify- 
ing in  the  embrj'onic  celian  pia,  and  that  they  became 
coiled  up  when  this  membrane  retracted. 

7.  Preoptic  (anterior  quadrigeminal),  very  short, 
coming  from  the  most  median  part  of  the  post  cerebral, 
or  from  some  branch  of  the  latter.  It  forms  a  very 
dciicate  pencil  over  the  preoptic  body.  This  makes 
the  third  pretty  constant  pair  of  optic  arteries,  as 
these  lobes  are  very  vascular.  They  have  some  anas- 
tomoses across  the  median  line. 

S.  Artery  of  the  cornu  .\mmonis,  of  tener  from  some 
branch  of  the  postcerebral  than  arising  directly.  It 
docs  not  ramify  on  the  celian  surface,  but  passes 
between  the  Ammonshorn  and  the  hippocampal  con- 
volution, to  traverse  the  cortex  in  the  manner  of  ex- 
ternal arteries. 

9.  Variable  branches  to  adjacent  temporal  gyri. 

Final  Divisions  of  Postcerebral. — These  may  be 
brought  under  three  general  heads  (.see  Plate  XIX.). 

1.  Pretempora]  branches  to  the  imcus  in  part,  and 
the  basal  surface  of  the  temporal  lobe  as  far  as  the 
border  of  the  convexity,  except  the  third  nearest 
the  apex  of  the  lobe,  which  is  supplied  from  the 
medicerebral. 

2.  Postiemporal  to  the  basal  surface  of  the  occipital 
lobe,  including  a  variable  amount  of  the  adjacent 
temporal  region  and  doubling  the  border  of  the  con- 
vexity to  supply  a  little  of  the  external  occipital 
region.  The  liippocampus  may  be  supplied  from  the 
parent  stem,  or  from  either  1  or  2. 

3.  Occipital  arterj\  This  runs  along  the  calcarine 
fissure,  sending  a  large  branch  through  the  occipital 
fissure;  it  supplies  the  cuneus  and  general  median  sur- 
face of  the  postcerebral  lobe,  and  a  considerable  strip 
of  the  adjacent  occipital  convexity.  Spitzka  says 
that  an  artery  large  enough  to  cau.se  fatal  hemorrhage 
enters  the  gray  and  white  of  the  right  occipital  lobe. 

General  Features  of  the  Arterial  Supply. — 
The  distribution  of  each  primary  trunk  includes:  (a) 
basilar  or  nuclear  branches;  and  (6)  pial  or  cortical 
branches. 

(a)  These  are  the  pre-  and  postperforating  and 
celian  arteries,  arising  in  part  from  the  circle  of 
Willis.  They  supply  the  central  ganglia,  celian 
structures,  and  in  part  the  centrum  semiovale.  To 
the  same  cla.ss  belong  the  direct  arterioles  from  the 
basilar  to  the  nuclei  in  the  pons.  Excepting  occa- 
sional and  unimportant  anastomoses,  these  are  all 
true  terminal  vessels.  They  divide  within  the  brain 
substance  at  an  acute,  and  not  a  right,  angle. 


{(i)  The  pial  branches  or  divisions  as  described  are 
only  averages,  complementary  variations  therefrom 
always  being  present;  though  it  is  claimed  that  while 
"their  origin  is  often  verj'  variable,  their  distribution 
is  constant."  The  larger  arterial  trunks  correspond 
to  the  main  fi.ssures.  To  a  marked  extc^nt  it  is  true 
that  the  same  branch  does  not  supply  both  sides  of  a 
sulcus.  Branches  usually  leave  the  parent  stem  at 
almost  or  quite  a  right  angle.  Some  writers  try  to 
show  a  freer  sujiply  to  the  left  hemisphere.  Duret's 
attemjjted  correlation  of  arterial  distrib\ition  and 
physiological  function  was  at  least  premature  (1S77) 
and  faulty. 

Aver  (1909)  sums  up  his  work  as  follows:  "1.  The 
Middle  Cerebral  .\rtery  has  not  plainly  the  predomi- 
nant share.  It  suppliers,  first,  a  limited  jjart  of  caudate 
nucleus  (back  of  the  head);  second,  middle  of  lenticu- 
lar nucleus;  third,  no  part  of  optic  thalamus;  fouHh, 
middle  part  of  internal  capsule;  fifth,  external  capsule 
slightlj'. 

"2.  Anterior  Cerebral  Artery.  Caliber  of  vessel 
equal  to  middle  cerebral  artery.  It  supplies  con- 
stantly head  of  caudate.  Supplies  principally  globus 
pallidus  and  anterior  third  of  putamen;  anterior  third 
of  internal  capsule  and  external  capsule  slightly. 

"3.  Posterior  Cerebral  Artery  not  more  important 
than  anterior  cerebral.  It  supplies  optic  thalamus 
largely. 

"4.  Choroid  Artery  from  Internal  Carotid  Artery. 
It  supplies  posterior  third  of  putamen  slightly,  globus 
pallidus  and  inner  part  of  internal  capsule. 

"In  forty-five  examinations  no  case  of  lenticulo- 
optic  artery  was  found,  a  result  radically  different 
from  what  has  been  accepted." 

Antasomoses. — The  ba.sal  circle  of  Willis  comprises 
all  the  communications- readily  demonstrable  on  the 
uninjected  pial  arteries  of  the  cerebrum.  Only  within 
this  circle  and  over  the  optic  lobesare  there  any  minute 
connections  acroiss  the  median  line  of  the  hemispheres. 

There  has  been  a  dispute  as  to  the  extent  to  which 
the  ramitications  of  adjacent  branches  on  either  hemi- 
sphere are  connected.  Duret,  after  numerous,  varied, 
and  evidently  careful  examinations,  says:  "Never 
have  we  found  an  anastomotic  network  in  the  pia." 
He  also  notes  the  frecjuent  superposition  in  the  pia  of 
fine  arterial  ramifications.  Nevertheless  he  found 
considerable  individual  differences,  and  regularly 
some  fine  (0.2  to  0.25  millimeter  communications, 
especially  at  the  periphery,  i.e.  between  adjacent 
territories  of  distribvition.  On  p.  927  he  acknowl- 
edges that  in  the  great  majority  of  cases,  owing  to 
anastomoses,  "however  rare  and  unimportant," 
softening  from  occlusion  of  any  of  the  largo  basilar 
trunks  spares  the  peripheral  parts  of  the  artery's  terri- 
tory. In  the  four-months  fetus  he  found  abundant 
fine  anastomoses.  Heubncr  (p.  174),  on  the  contrary, 
says:  "The  chief  (pia)  branches  end  in  a  kind  of 
communicating  canal  system  or  reservoir,  which  is 
spread  out  in  the  shape  of  a  tubular  net  over  the  whole 
surface  of  the  brain."  By  injecting  "under  weak 
finger  pressure"  he  found  plentiful  anastomoses  up 
to  one  millimeter  in  diameter.  Heubner's  descrip- 
tion harmonizes  with  that  of  older  writers,  and  is 
corroborated  by  Lucas,  who  by  sufficiently  penetrat- 
ing injections  was  able  to  demonstrate  an  abundance 
of  communicating  arterioles  up  to  0.25  millimeter 
{vide  Plate  XVIII. ,  Fig.  2).  It  remains  true,  how- 
ever, that  when  the  communicants  of  the  circle  of 
Willis  are  poorly  developed,  the  peripheral  anastomoses 
are,  in  a  large  number  of  cases,  incapable  of  substi- 
tviting  them. 

Direct  or  Nutrient  Arterioles  of  the  Convolutions. — ■ 
These  emanate  at  right  angles  from  the  pial  branches, 
of  all  sizes.  They  penetrate  the  crests  of  the  convolu- 
tions perpendicularly,  the  inclined  surfaces  obliquely. 
They  are  innumerable — scarcely  more  than  one  milli- 
meter apart.  According  to  size  and  distribution  there 
are  two  classes: 
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1.  Cortical,  O.Oo  to  U.03  millimeter  in  diameter. 
The  finer  stop  in  the  cortex  proper;  the  others  go  to 
the  boundar}-  of  gray  and  white.  The  capillary  net- 
work from  these  rami  has  been  divided  ito  three  some- 
what differently  cliaracterized  layers,  each  parallel  to 
the  rolling  surface. 

2.  Albal  (arteriolag  longae),  0.08  to  0.14  millimeter 
in  diameter.  These  are  almost  rectilinear,  can  be 
followed  a  distance  of  from  three  to  four  centimeters, 
and  branch  at  an  acute  angle.  They  supply  a  con- 
siderable portion  of  the  centrum  semiovale.  One 
often  passes  down  along  the  axis  of  the  convolution. 
A  group  of  five  or  six  at  the  bottom  of  a  fissure  (in 
section)  diverge  on  entering.  The  capillary  network 
of  the  albals  is  more  elongated  than  that  of  the  cor- 
ticals,  and  accompanies  the  fasciculi  of  nerve  fibers. 

Both  classes  anastomose  freely  in  their  finer 
branches  though  in  general  pencillate. 

From  the  anatomical  arrangement  it  is  believed 
that  the  intravascular  pressure  is  less  in  the  gray  than 
in  the  white  substance. 

It  has  been  claimed  by  many  that  the  thyroid  gland 
acts  as  a  safetj'  diverticulum  to  the  cerebral  supplj'. 

Width  of  Brain  Arteries. — To  make  a  relative 
estimate  of  the  capacity  of  the  arteries  at  the  ba.se, 
Sevan  Lewis   ("Examination  of   Brain,"   1S82,   pp. 


He  remarked  atheroma  of  the  basal  ves.sels  in  410  of 
1,56.5  autopsies,  or  26  per  cent,  of  the  total.  It  was 
present  to  a  considerable  extent,  either  generally  dis- 
persed or  in  special  trunks  only,  in  175  cases,  and 
to  a  less  extent  in  2.35.  The  relative  frequency  by 
location  was:  medicerebral,  38  per  cent. ;  basilar,  30 
per  cent.;  postcerebral,  21  per  cent.;  carotid,  10  per 
cent. 

Mendel  (1891)  has  found  experimentally  that  the 
pressure  in  the  cortical  arteries  is  materially  less  than 
that  in  the  carotids,  while  that  in  the  striatal  arteries 
is  not  materially  less.  This  he  attributes  to  the 
fact  that  the  latter  are  terminal  vessels,  though  it  is 
doubtless  quite  as  much  due  to  their  less  circuitous 
supply.  He  further  thus  explains  the  frequency  of 
hemorrhage  in  the  striatal  region. 

Tedeschi's  conclusions  regarding  the  brain  arteries 
refer  in  part  to  moot  points,  but  really  contain  nothing 
new  and  are  deceptive  in  statement. 

Veins. 

The  venous  passages  of  the  brain  and  its  membranes 
include : 

I.  The  dural  veins. 

II.  The  intrinsic  veins,  or  those  of  the  brain  proper. 

III.  The  sinuses. 


Fig.   1004. — The  Vena  Galeni.      (From  author's  "Veins  of  the  Brain,"  etc.) 


20-22)  determined  their  average  diameters  in  45 
cases  (insane).  That  of  the  vertebral  was,  r.  3.147 
millimeters,  1.  3.42;  of  basilar,  3.82;  of  postcerebral, 
r.  2.658,  1.  2.56;  of  carotid,  r.  3.951,  1.  4.02;  of  medi- 
cerebral, r.  3.133,  1.  3.55;  and  of  precercbral,  r.  2.73, 
1.  2.66.  The  sectional  areas  are  of  course  propor- 
tional to  the  square  of  these  diameters.  .\s  a  rule,  the 
united  areas  of  branches  equal  very  nearly  the  area  of 
the  parent  trunk — excepting  the  preponderance  of  the 
vertebrals  over  the  basilar  (22.4  to  14.8). 

Lowenfeld  has  found  that  the  relation  of  the  artery 
width  to  the  brain  weight  is,  even  normall.v,  somewliat 
variable,  and  that  often,  though  not  by  any  means 
in  all  cases,  the  width  of  the  brain  vessels  rises  and 
falls  with  the  width  of  the  aorta;  moreover,  that  not 
rarely  abnormally  small  brain  arteries  occur  in  other- 
wise well-developed  arterial  systems.  He  also  made 
out  a  difference  in  the  two  sides,  the  left  carotid  being 
usually  wider  than  the  right. 

Pressure  in  the  Brain  Arteries.- — A  further  matter, 
noted  by  St.  John  Bullen  {loc.  cit.),  may  jjartially  indi- 
cate the  relative  pressures  in  the  main  brain  arteries. 
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IV.  The  venous  exits  from  the  skull. 

All  the  intrinsic  and  most  of  the  dural  veins  dis- 
charge into  the  sinuses,  or  appendatory  spaces,  which 
in  turn  convey  the  blood  to  the  exits.  Otherwise 
these  two  sets  of  veins  are  separate  .systems,  not 
interanastomosing,  unless  occasionaUy  near  their 
mouths.  The  intrinsic  veins  without  exception  have 
thin,  readily  collapsing  walls,  while  the  sinuses  are 
held  open  by  the  firm  enclosing  dura.  In  general  it 
may  be  stated  that  the  ivalls  of  all  these  vessels  are 
defoid  of  muscular  elements,  though  occasional  un- 
striped  fibers  have  been  observed  in  the  intrinsic 
veins.  From  this  ab.sence  of  actively  contracting 
fibers,  it  follows  that  the.se  vessels  play  a  merely 
passive  role  in  tlie  encephalic  circulation.  The 
encranial  veins,  like  the  external  veins  of  the  head,  are 
devoid  of  true  valves.  However,  at  the  orifices  of  the 
diploe  veins  (Dupuytren,  Langer,  doubted  by  Tro- 
lard)  and  in  the  ophthalmodural  vein,  valves  may 
occur.  It  has  also  been  claimed  that  the  supercere- 
bral  veins  in  part  present  a  vahiilar  arrangement  at 
their  discharge  into  the  longitudinal  sinus. 


EXPLANATION    OF 
PLATE   XVni. 


EXPLANATION    OF    PLATE    XVIIL 

Pig.  1. — Sinus  Cavemosi  et  Intercavemosi — Sinus  Circularis  of  Ridley. 

Inferior  aspect  of  a  corrosion  preparation  from  a  child,  ■with  afferents  and  eflferents  (some- 
■what  enlarged,  and  also  arbitrary  as  to  execution  of  smaller  vessels).  From  Langer's  "  Der 
Sinus  cavemosus  der  harten  Himhaut,"  Sitzbr.  d.  k.  Akad.,  1885,  Vienna  (Fig.  5). 

V.O.,  Vena  ophthabnica  superior  et  inferior. 

S.i.c,  Sinus  intercavemosi. 

J?,  Emissary  veins  passing  through  the  oval  foramen  to  the  pterygoid  plexus. 

S.p.i.,  Sinus  petrosus  Inferior. 

L.  Space  for  the  dorsum  ephippil. 

Fig.  2. — Fine  anastomotic  network  between  three  arterial  twigs  in  the  pia  of  the  parietal  region. 
(Lucas,  Paris  Thesis,  1879.) 

Fig.  3. — Lobule  of  a  choroidal  villus;  one  portion  bare  of  epithelium.  Sinuous  vascular  loop.  En- 
largement, 500  diameters.     (From  Luschka.) 

a,  Portion  covered  by  epithelium. 

b,  Fibrillar^'  connective  tissue. 

c,  Structureless  connecting  substance  extending  well  beyond  the  capillaries. 

Fig.  4. — ^Very  perfectly  injected  vessels  of  a  choroidal  villus.  Two  hilus  vessels,  a  vein,  and  an 
artery.  Loops,  vascular  nets,  etc.  Enlargement,  50  diameters.  (PVom  Luschka 's  "Die  Ader- 
geflechte  des  menschlichen  Gehims,"  1855,  Taf.  ii..  Fig.  2.) 
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I.  Veins  of  the  Dun.v  (incluciing  tliose  of  the 
diploe). — These  are  many  in  number,  bnt  all  of  small 
size.  They  anastomose  so  freely  that  they  might 
almost  be  denominated  a  plexus.  In  position  they 
are  eoniparable  to  the  plexus  venos;is  existing  be- 
tween dura  and  ])eriosteum  of  the  spinal  canal.  In 
their  ultimate  distribution  they  form  two  vascular 
nets,  according  to  Langcr,  one  in  the  outer,  the  other 
in  the  inner,  layer  of  the  dura.  The  beautiful, 
almost  regidar,  interlacing  of  the  former,  figured  by 
hanger  from  the  fetus,  tlie  'UTiter  is  able  to  corro- 
borate. By  means  of  small  veinlets  penetrating  the 
inner  plate  of  the  skull,  the  dural  veins  communicate 
extensively  with  those  of  the  diploe.     They  include: 

1.  Medidural,  or  Venii;  Comites,  accompanying  the 
medidural  artery  and  its  branches.  The  two  on 
either  side  of  an  artery  repeatedly  connect  with  each 
other  and  with  neigiiboring  veinlets.  The  largest 
pair  is  about  the  common  trunk  of  the  artery.  One 
of  these  passes  externally  through  a  basal  foramen  to 
the  pterygoid  veins.  The  other  ends  in  the  medicere- 
bral  vein  or  its  temporal  sinus,  or  directly  in  the 
sphenoidal  or  cavernous  sinus,  with  which  latter  it 
usually  at  least  connects.  The  diploic  canals  have 
some  special  openings  into  the  larger  medidural 
veins. 

2.  Superdurals.  These  appear  in  part  as  direct 
continuations  of  the  preceding,  and  then  are  double. 
They  pass  to  the  longitudinal  sinus,  largely  through 
the  intermediation  of  its  lateral  spaces.  Labb6  sug- 
gests that  the  supra-  and  medidural  veins  may  con- 
stitute a  small  collateral  path  between  the  long  sinus 
and  basal  conduits. 

3.  Fakial  Trunklets  (Fig.  1004,  A),  running  to  the 
longitudinal  sinus  and  to  the  falcial  sinus  when 
present,  otherwise  to  the.  tentorial.  The  tentorials 
go  to  the  lateral  and  tentorial  sinuses,  also  in  part  by 
way  of  the  parasinual  spaces. 

4.  The  numerous  veinlets  for  the  other  dural  ar- 
teries, e.g.  in  the  occipital  fossa,  have  a  more  indepen- 
dent   course    and    end    in    adjacent    sinuses. 

Venous  Cariah  of  the  Diploe,  even  less  yielding  than 
the  sinuses.  Breschet's  description  is  somewhat 
modified  by  Trolard.  The  diploe  is  made  up  of  little 
areohe.  These  canalize  in  any  direction,  though  in 
general  ventrad  to  discharge  near  the  base.  These 
canals  are  quite  unsj'mmetrical,  and  do  not  increase 
in  size  in  their  course,  excepting  where  there  are 
casual  enlargements;  areolae,  conduits,  and  lacuns 
are  lined  with  a  smooth  membrane.  Generally  the 
diploe  begins  to  appear  about  the  tenth  year,  though 
small  straight  veins  are  evident  earlier.  Resorption 
of  the  cancelli  goes  on  continuously,  and  after  fusion 
of  the  sutures  they  may  pass  from  one  bone  to  another. 
In  the  aged  we  find  a  sort  of  wide-spaced  venous 
plexus,  no  longer  canals.  There  are  several  exterior 
outlets  and  numerous  interior  ones.  Even  the  one 
through  the  supraorbital  notch  passes  to  the  ophthal- 
mic vein  and  so  to  the  cavernous  sinus.  Casual  men- 
tion will  be  made  of  most  of  the  special  terminations. 

II.  Veixs  op  the  Pia  and  Brain  Substance. — 
From  their  derivation  and  discharge,  these  vessels 
naturally  fall  into  three  classes:  A.  The  supercere- 
brals,  passing  to  the  longitudinal  sinus.  B.  The 
internal  or  Galen's  system,  tributary  to  the  tentorial 
sinus.  C.  Basal  veins,  ending  in  the  various  sinuses 
of  the  base. 

A.  The  Supercerebral  veins  return  the  blood  from 
the  convexity  as  far  as  the  Syhaan  fissure,  and  from 
the  median  surface  of  the  hemispheres  as  far  as  the 
supercallosal  fissure.  There  may  be  a  slight  interval 
between  the  frontal  set  and  the  others,  or  a  smaller 
vein  may  here  occur;  otherwise  they  are  all  fairly 
equidistant.  There  are  usually  six  to  eight  large 
trunks  on  each  side.  These  veins  tend  to  empty  into 
the  sinus  in  pairs.  This  is  less  marked  in  the  frontal 
set.     It  is  most    easily  demonstrable  in   the    fetus, 
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owing  to  the  absence  of  Pacchionian  bodies,  or  thicken- 
ing, adhesions,  etc.,  at  the  border  of  the  convexity. 
The  last  pair  ends  in  the  sinus  some  three  to  five 
centuneters  before  the  torcular.  The  second  or  third 
pair  from  the  last  may  be  somewhat  larger  than  the 
others,  and  then  represent  the  so-called  anastomotic 
vein,  though  its  size  is  quite  as  much  due  to  the 
greater  width  of  the  brain  in  this  part.  Although 
Labbi5  says  this  vein  runs  along  the  postcentral  fissure, 
it  is  probably  identical  with  Krause's  fetal  vc?ia 
.'iiilci  ceiitmhs.  Moreover,  each  supercerebral  vein  is 
double,  also  best  .seen  in  the  fetus.  The  two  con- 
stituent veins  are  of  unequal  size,  the  larger  external 
one  coming  from  the  convexity,  the  smaller  inner  one 
coming  from  the  median  surface  (of  hemisphere). 
They  may  soon  unite  to  one  trunk,  but  generally, 
in  their  further  course  to  the  sinus,  they  lie  side  by 
side  within  a  common  .sheath,  and  do  not  lose  their 
integrity  as  independent  conduits  until  about  to  open 
into  the  sinus.  Commonly  some  of  the  paired,  as 
well  as  their  constituent  double  veins,  are  wanting  to 
complete  the  diagram. 

The  frontal  set  take  a  course  very  nearly  at  right 
angles  to  the  sinus,  or  the  first  of  them  may  even  run 
caudad  along  the  sinus  before  discharging.  They 
usually  spring  over  to  the  dura  a  couple  of  centi- 
meters away  from  the  sinus.  This  point  has  since 
been  more  carefully  gone  over  by  Mittenzweig.  In 
200  cases  he  found  59  in  which  the  presupracerebrals 
(to  only  9  in  which  the  postsupracerebrals)  jumped 
over  from  the  piarachnoid  to  the  dura  at  three  or 
four  centimeters  from  the  long  sinus — thus  favor- 
ing their  rupture,  as  he  thinks.  Farther  along  the 
sinus  the  veins  take  a  more  and  more  oblique  course 
until  they  at  last  run  forward  a  distance  of  three  or 
four  centimeters  to  discharge  against  the  current. 
At  the  border  of  the  convexity,  or  farther  out  in  the 
pia,  the  vein  makes  the  necessary  bend  to  approach 
the  sinus  as  described.  It  then  runs  a  short  distance 
in  the  pia,  becomes  in  the  fetus  a  free  trunk  for  a 
further  short  length,  and  finishes  its  course  in  the 
dura. 

Again,  the  frontal  set  open  at  the  lateral  angle  of 
the  sinus,  while  the  others  open  more  and  more  at  the 
side,  and  the  last  quite  at  the  bottom  of  the  sinus,  even 
coming  up  a  distance  through  the  falx. 

Toward  their  field  of  derivation  these  trunks  pur- 
sue an  indifferently  parallel  course.  In  general,  over 
the  cortical  area  the  finest  veinlets  are  richly  distrib- 
uted everywhere,  from  the  bottom  of  the  fissures  to 
the  crest  of  the  convolutions. 

B.  The  Internal  System,  Tribntfiry  to  the  Tentorial 
Sinus. — .\long  its  course  this  mesal  sinus  receives 
only  unimportant,  mostly  dural,  veinlets.  At  its 
commencement  there  may  be  two  affluents:  (o)  the 
falcial  sinus:  (6)  the  vena  Galeni. 

(a)  The  inconstant  falcial  S'lnis  also  receives  only 
dural  tW'igs  in  its  course,  but  at  its  commencement — 
opposite  the  frontal  border  of  the  middle  third  of  the 
callosum — may  take  up  a  small  vein  or  veins  coming 
from  the  frontal  third  of  the  callosum,  and  from  the 
bordering  convolutions.  Labb6  calls  this  the  inter- 
hemispheric  vein,  and  says  that  the  one  to  two  centi- 
meters long  veinule  bifurcates,  sending  one  branch  to 
either  side.  A  parallel  term,  mesolobica,  was  given  by 
Breschet  to  the  precerebral  vein. 

(6)  Vena  Galeni.  This  discharges  through  a  slit 
in  the  basal  wall  of  the  sinus,  just  caudad  of  the  free 
border  of  the  tentorium.  The  name  is  now  limited  to 
the  short  (one  centimeter  long,  six  millimeters  broad) 
trunk  from  the  union  of  the  velar  veins  to  the  sinus. 
Within,  it  is  often  divided  by  a  longitudinal  septum. 

The  course  of  Galen's  vein  and  that  of  the  adjacent 
portion  of  the  velars  is  very  peculiar.  The  vessels 
sink  a  little  after  crossing  tlie  optic  lobes,  then 
encircle  the  splenium,  and  become  subtentorial  before 
ending  in  the  sinus.  The  latter  bears  the  relation 
thereto  of  a  tangent  to  a  circle  {vide  Fig.  1004). 
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Galen's  vein  does  not  usually  receive  any  lateral 
affluents.  It  arises  from  the  union  of  the  right  and 
left  velar  veins.  Each  of  these  consists  of  two  por- 
tions, a  terminal  bent  part  (portio  curvata,  Fig.  1005, 
c  c)  from  the  conarium  to  the  vena  Galeni,  and 
a  peripheral,  or  celian,  straight  part  (portio  recta) 
from  the  origin  of  these  veins,  opposite  the  foramen 
of  Monro.  The  two  curved  portions  start  and  end 
together,  but  midway  diverge  0.5  centimeter;  they 
receive  laterally  manj'  large  branches.  The  straight 
portions  run  parallel  and  adjacent  in  the  velum,  but 
receive  only  few  and  smaU  additions. 


Fig.  1005, — The  Celian  Wins.     (From  the  author's  "  Veins  of  the  Brain."  etc.) 


The  affluents  to  the  portio  curvata  are  largely  of 
cortical  origin;  (1)  v.  suboccipitalis;  (2)  v.  super- 
cerebellaris;  (3)  v.  caUosalis;  (4)  v.  subcerebralis; 
(5)    vv.    optici    et    conarialis;    (6)    v.  postcornualis. 

1.  The  tiuboccipital  vein  (Fig.  1004,  6)  comes  from 
the  collateral  fissure  and  median  portion  of  the 
suboccipital  surface  of  the  cerebrum. 

2.  The  Supercerebellar  vein  (Fig.  1004,  h),  oftener  a 
single  trunk,  but  occasionaUj'  bUateral,  empties  into 
the  main  vein  near  its  termination,  or  even  directly 
into  Ihe  sinus  tentorialis.  It  starts  from  many  little 
branches  over  the  dorsal  surface  of  the  cerebellum,  the 
supervermis,  and  in  its  further  course  takes  up 
small  veins  from  the  crura  cerebri,  and  at  times  also 
from  the  optic  lobes. 
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3.  The  CaUosal  vein  (Figs.  1004  pnd  1005,  g)  (first 
mentioned  by  Labb^,  1S79,  then  independently 
described  by  the  writer  in  1SS4)  may  be  either  single 
or  bilateral.  It  is  a  small  but  long  vessel,  and  tne 
only  one  emptying  on  the  concave  side  of  the  portio 
curvata.  Its  origin  is  near  the  middle  of  the  caUo- 
sum,  and  dorsad  as  far  as  the  caUosal  fissure.  It 
runs  caudad  at  the  bottom  of  the  longitudinal  fissure, 
and  curves  around  the  splenium  close  to  Galen's 
vein.  In  animals  (sheep)  its  size  almost  equals  that 
of  Galen's  vein. 

4.  The   Subcerebral   (Fig.    1004,   e)   is  a  large  vein, 

though  its  derivative  territory  is 
very  variable.  It  forms  by  the 
union  of  many  branches — collec- 
tively termed  Prebasal  Veitis — 
opposite  the  preperforated  space. 
The  prebasilars  include  the  first 
five  next  following: 

(1)  The  Precerebral  vein  takes 
nearly  the  same  path,  but  is  too 
small  and  uncertain  to  be  well 
compared  to  the  precerebral 
artery.  Its  derivative  area  is 
verj-  much  less.  It  comes  around 
the  genu  to  the  base,  where  it 
passes  before  the  chiasm  to  the 
subcerebral  vein.  The  right  and 
left  are  usualb'  of  unequal  size, 
but  communicate  though  by  an 
insignificant  branch  compared  to 
the  arterial  precommunicant.  The 
two  veins  may  also  unite  before 
the  chiasm  and  pass  to  one  of  the 
subcerebraLs,  in  which  case  there 
are  one  or  more  slight  connections 
in  front  of  the  chiasm  with  the 
other  subcerebral  veins.  This 
vein  receives  branches  from  the 
genu  and  adjacent  median  frontal 
surface. 

(2)  The  Olfactory  is  a  tiny 
veinule,  very  constant,  and 
demonstrable  as  far  as  the  olfac- 
torj'  bulb. 

(3)  Subfrontals.  One  of  these 
is  frequently  more  developed,  and 
may  empty  instead  directly  into 
the  Sj'lvian  or  the  medicerebral 
vein. 

(4)  The  Sylvian  vein,  as  shown 
by  the  writer,  is  distinct  from  and 
a  variable  complement  of  the 
medicerebral  vein  {vide  infra). 
It  lies  at  the  bottom  of  the  basi- 
Sylvian  fissure,  covered  up,  except 
near  its  termination,  by  the  tip  of 
the  temporal  lobe.  It  arises  in 
the  region  of  the  insula  from  a 
great  number  of  radicles.  When 
the  medicerebral  is  poorlj'  repre- 
sented, the  Sylvian  may  take  up 
twigs    from    the    surface    of    the 

temporal  and  frontal  lobes,  some  of  the  ven»  perfo- 
rantes  pass,  as  a  rule,  to  this  vein.  There  is  here 
often  a  group  of  perforantes,  separated  from  the  others 
and  coming  from  the  brain  substance  caudad  of  the 
veins. 

(5)  The  TeHffPreper/oranies  are  small,  very  variable 
in  number,  and  take  a  straight  course  for  a  short  dis- 
tance before  splitting  up.  They  come  from  the  striate 
nucleus  amd  adjacent  frontal  albalis.  Their  radicles 
approximate  those  of  the  precornual  veins,  yet  with- 
out observable  anastomoses. 

(0)  The  subcerebral  vein  receives,  in  its  course 
obliquely  across  the  optic  tracts  and  crura  cerebri, 
several  small  veinules  from  the  chiasm,  infundibulum, 
mammillary  bodies,  crura,   etc.     These   anastomose 
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freely  with  one  another,  and  with  those  of  the  other 
side,  thus  inakiiig  an  outstretehed  network  over  these 
parts  whieh  conneet  on  thi;  one  liand  with  a  small 
network  before  the  cliiasni,  and  on  the  other  with 
that  across  the  ])ons.  This  eorresponds  in  general  to 
what  Labbe  terms  the  inferior  interhenuspherio  veins. 
Frequently  there  are  accessory  veinales  from  the  basal 
temporal  surface. 

(7)  The  Subconuutl  vein,  in  that  it  comes  from  the 
end  of  the  middle  horn,  is  comparable  to  the  pre- 
choroid  artery.  It  is  very  constant  in  occurrence,  but 
not  in  size.  Though  connected  with  the  choroid 
plexus  of  the  medicornu,  it  originates  in  the  cerebral 
substance,  sometimes  even  from  the  lateral  wall  of 
the  postcornu,  oftener  opposite  the  caudal  t)order  of 
the  thalamus,  where  branches  are  received  from  the 
albalis  lateral  to  the  thalamus  or  from  other  directions. 
In  its  cour.se  along  the  lateral  wall  of  the  horn  it  re- 
ceives many  accessions,  notably  from  the  cornu  xVm- 
nionis,  and  as  it  curves  around  the  end  of  the  horn 
several  twigs  from  the  albalis  of  the  temporal  apex. 

(S)  Postperforant,  at  least  one  considerable  veinule. 
The  post  perforating  veins  come,  according  to  Hedon, 
from  the  cinerea  of  the  walls  of  the  diacele,  and  even 
from  the  me.sal  surface  of  the  thalamus.  He  also 
claims  that  in  the  striate  nuclei  the  perforating  veins 
anastomose  with  those  going  toward  the  cavities  and 
Galen's  .system.  He  further  recognizes  the  communi- 
cations in  the  medicornu  between  the  choroidal  and 
the  infracornual  veins. 

(9)  Crural  branches,  one  in  particular,  can  be  fol- 
lowed along  the  crus  to  the  cerebellum. 

5.  The  fine  Conarial  vein  and  variable  Optic  twigs 
often  end  in  the  .supercerebellar  vein  instead  of  directly 
in  the  velar.  They  originate  in  a  fine  venous  plexus 
over  the  optic  lobes  and  conarium,  which  appears  to  be 
connected  across  the  ci"ura  cerebri  with  the  basal  net- 
work described  above. 

6.  The  Postcornual  vein  is  variable,  complementary 
in  derivation  to  the  subcornual.  It  may  arise  in  the 
albalis  near  the  tip  of  the  occipital  lobe,  and  then  runs 
subependymal  along  the  eornual  wall.  The  para- 
thalamic  branches  above  ascribed  to  the  subcornual, 
and  some  from  the  Amnion's  horn,  pass  often  in  part 
to  the  postcornual.  The  radiate  radicles  of  this  vein 
are  traceable  through  the  albalis  nearly  to  the  cortex 
(Fig.  1005,  q.  q). 

There  is  frecjuently  another  vein  intermediary  be- 
tween (7)  and  6,  emptying  into  either  the  subcere- 
bral  or  the  postcornual. 

The  straight  portion  of  the  velar  vein  in  its  course 
through  the  velum  receives  the  following,  all  at 
right  angles: 

1.  The  Splenial  veins  (Fig.  1004,  /)  are  very  small, 
and  but  two  or  three  in  number  as  they  come  out 
through  the  fornix.  They  often  combine  with  thala- 
mic radicles  and  empty  as  one  trunk  into  the  velar. 

2.  The  T  ha  lam  OCT  lira  I  vein,  usually  one  on  each 
side,  but  .sometimes  multiple  (Fig.  1005,  jh,  m).  This 
begins  about  the  cerebral  crus,  makes  its  way  dorsad 
and  me.sad  through  the  thalamus,  and  joins  the  portio 
recta  at  about  its  middle  point.  It  approaches  the 
ventral  .side  of  the  velar,  and  hence  is  but  too  easily 
overseen.  Neither  1  nor  2  runs  any  length  in  the 
velum. 

3.  The  Thalamic  venules  are  very  variable  in  size, 
number,  and  po.sition.  They  may  even  be  entirely 
wanting,  or  run  to  neighboring  veins,  e.g.  the  post- 
cornual. These  arise  only  to  a  limited  extent  in  the 
thalamus;  they  come  chiefly  from  the  albalis  beyond, 
running  across  or  a  trifle  embedded  in  it.  Where  one 
of  these  is  specially  large  it  might  be  termed  the 
Translhalamic. 

Opposite  or  toward  the  apex  of  the  thalamus,  the 
velar  vein  is  formed  by  the  immediate  or  mediate 
union  of  several  small  trunks.  Most  of  the.se  are  in  a 
cluster  coming  in  laterally  between  thalamus  and 
striatum;  the  latter  nucleus  appears  much  richer  in 


veins  tlian  the  fonner.     Of  all  but  the  first,  the  intra- 
celial  course  of  these  veins  is  subependymal. 

1.  The  Medicoriiiuil  vein  (Fig.  1()()5,  /)  takes  a  sinu- 
ous course  in  the  outer  edge  of  the  choroid  plexus,  of 
about  double  the  actual  distance.  Its  membranous 
envelopment  makes  it  a  counter|)art  of  the  pial  veins, 
and  lu'iice  the  actual  continuation  of  the  velar,  as  held 
by  Hell.  It  begins  in  the  middle  horn,  where  it  is 
said  to  anastomo.se  with  the  subcornual.  It  comes 
out  of  the  horn  with  the  plexus,  bends  to  follow  the 
lateral  thalamic  border,  and  ends  in  any  one  of  the 
veins  near  the  commencement  of  the  velar.  Mean- 
while it  receives  a  multitude  of  radicles  from  the 
plexus,  and  some  that  seem  to  come  from  the  surface 
of  the  thalamus. 

2.  The  Tenial  vein  comes  from  the  thalamostriatal 
groove,  beneath  the  tenia.  Nevertheless  it  has  few- 
tributaries  from  the  thalamus.  This  short  trunk  is 
made  up  bj'  three  sets  of  venules:  (a)  Striatal.  Of 
these  there  are  usually  two  or  three  larger  and  several 
smaller  branches,  coming  from  the  substance  and  sur- 
face of  the  caudate,  and  passing  to  the  tenial  trunk  or 
to  either  of  the  following:  (b)  A  prealbal  trend  of 
venules,  passing  along  the  outer  celian  bordiT 
toward  the  precornu,  and  thence  largely  to  the  albalis 
of  the  frontal  lobe,  (c)  An  opposite  trend,  directly 
caudad,  a  short  distance  along  the  outer  celian  w-all, 
and  coming  from  the  lenticular  nucleus,  the  internal 
and  external  capsules,  and  the  superimpcsed  portion 
of  the  centrum  semiovale.  Many  of  the.se  various 
albal  radicles  can  be  followed  almost  to  the  cortex; 
their  angles  of  union  are  acute. 

3.  The  Paraseptal  trunk  (Fig.  1005,  o,  o).  This 
•short  vessel,  with  its  two  constituent  Precornual  veins, 
is  the  most  direct  continuation  of  the  velar.  Laterally 
it  receives  small  Septal  a,nd  Gen uaZ  accessions.  There 
are  usually  two  parallel  precornuals  (p,  p).  They 
come  from  the  extremity  of  the  horn  and  follow  its 
contour  around  to  the  septum,  or  run  in  the  adjacent 
border  of  the  caudate,  though  they  take  up  no  impor- 
tant radicles  from  that  nucleus.  Their  multitude  of 
radicles  come  from  the  albalis  in  the  basal  portion  of 
the  frontal  lobe,  also  demonstrable  nearly  to  the 
cortex. 

4.  The  Superalbals  (Fig.  1005,  n,  «)  are  commonly 
two  small  trunks  that  appear  at  the  outer  border  of  the 
ventricle,  opposite  the  body  of  the  caudate,  cross  the 
latter,  and  empty  through  the  tenial  or  paraseptal 
trunk.  They  come  from  the  celian  roof,  and  the 
frontal  and  parietal  albalis  dorsad  of  those  previously 
described. 

C.  Basal  Veins  (Fig.  1006).— These  do  not  consti- 
tute a  s}'stem  in  the  sen.se  of  having  a  common  point 
of  discharge — in  fact,  they  have  already  been  de- 
scribed in  part  under  Subcerebral  Vein,  .\lthough 
they  are  quite  irregular  in  termination — small  veins 
seem  occasionally  to  end  at  any  point  in  the  basal 
sinuses — still  there  are  four  frequent  points  of  dis- 
charge: (1)  Cavernous  (and  sphenoidal)  sinus;  (2) 
superpetrosal  sinus;  (3)  middle  of  lateral  sinus;  (4) 
some  sinus  about  the  foramen  magnum. 

1.  Some  small  veins  from  the  pituitary  body  and 
other  structures  about  the  sella  turcica  have  been 
described  as  tributary  to  the  venous  circle  of  Ridley. 
But  the  largest  vein  discharging  at  this  point  is 
the  M edicerebral,  a  superficial  vessel  following  the 
Syh-ian  fissure.  This  should  be  distingui-shed  from 
the  smaller  though  complementary  Sylvian  vein 
coursing  at  the  bottom  of  the  fissure.  The  medicere- 
bral  is  inclined  to  be  double,  i.e.  there  are  then  two 
parallel  adjacent  v'eins,  one  taking  up  frontal  branches, 
the  other  only  temporal.  In  this  ease  one  vein  may 
receive  some  of  the  prebasals  above  described  and 
empty  into  the  sphenoidal  or  the  cavernous  sinus, 
while  the  other  runs  mesocaudad  in  the  dura  across 
the  temporal  fossa  to  the  middle  of  the  superpetrosal 
sinus.  This  latter  is  the  course  that  the  whole  medi- 
cerebral  vein  takes  in  many  cases,  as  Trolard  rightly 
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says;  the  dural  portion  may  be  termed  the  Temporal 
Sinus;  by  one  or  two  lateral  orifices  it  communicates 
with  the  medidural  veins  which  it  crosses. 

2.  The  discharge  of  the  subcerebral  vein  through  the 
vein  of  Galen,  as  given  above,  holds  for  about  one- 
half  the  cases — not  always  alike  on  the  two  sides. 
The  main  trunk  may  be  diminished  by  the  termination 
of  some  of  its  usual  prebasal  constituents  in  the 
cavernous  sinus  or  medicerebral  vein.  Whether  larger 
or  smaller,  the  trunk  as  often  passes  to  a  basal  sinus 
(superpetrosal)  by  turning  ventrad  instead  of  dorsad 
on  reaching  the  cerebral  crus. 


Fig.  1006. — Veins  of  the  Base  (three-fourths  natural  size).  The  two  sides  represent 
respectively  the  more  common  arrangements  of  these  veins.  Those  of  the  niyel  and 
oblongata  are  largely  after  Kadyi.  A,  A,  Supracerebrals;  B,  ramus  to  olfactory  bulb; 
C,  C,  subfrontals;  D,  precerebral;  E,  E.  Sylvian  or  insular;  F,  medicerebral  (to  cavernous 
sinus);  F',  postmedicerebral  (per  temporal  sinus  to  superpetrosal);  G,  G,  preperforantes; 
H,  postperforantes;  /,  subcerebral  (to  Galen's  vein);  /'.  subcerebral  (when  emptying  at 
base):  J,  J,  subcornuals;  AT,  K,  precerebellars  and  flocculars;  L,  Z-.  hypoglossals  (to  pre- 
condyloid  emissary);  M.  postcerebral  (to  lateral  sinus);  N,  paracerebellar  (to  lateral  sinus)  ; 
O,  ventromyelie  (anterior  spinal). 

One  or  more  Precerebellar  Veins  from  the  flocculus 
region  (Floccuhr  Vein)  pass  to  the  superpetro.sal 
sinus,  with  the  subcerebral  vein,  when  this  terminates 
at  the  base;  otherwise  they  seem  to  connect  with  this 
by  venules  along  the  lateral  surface  of  the  cerebral 
crus.  Among  the  cerebellar  veins  H(5don,  referring 
to  Merkel,  mentions  one  that  "comes  from  the  floccu- 
lus and  empties  into  the  superpetrosal  sinus.  An 
important  branch  of  this  vein  rises  from  the  interior 
of  the  cerebellum  in  the  region  of  the  dentatum,  re- 
ceives also  veins  from  the  cerebellar  medipeduncle, 
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and  emerges  with  the  peduncle  under  the  flocculus. 
The  main  trunk  can  acquire  a  very  considerable  size 
when  it  receives  a  branch  of  the  basilar  vein"  (pre- 
cerebellar vein,  Fig.  1006). 

3.  The  Postcerebral  Veins  (Fig.  1006,  M)  usually 
unite  into  one  trunk  at  the  point  where,  turning 
caudad,  they  form  an  ampulla  in  the  dura  and  enter 
the  sinus.  This  is  at  the  lateral  border  of  the  occipital 
lobe,  opposite  the  e.xoccipital  {i.ssure.  Tlie.se  veins 
come  in  part  from  the  convexity,  in  part  from  the  basal 
surface  of  the  occipital  lobe.  The  latter  may  be  single 
or  multiple;  their  derivative  area  is  lateral  to  that  of 
the  suboccipital  vein.  The  former 
is  represented  by  one  large  trunk 
from  the  direction  of  the  Sylvian 
fissure;  it  receives  varying  tem- 
poral branches  and  larger  ones 
from  the  external  occipital  sur- 
face. The  Paracerebellar  Veins 
are  smaller  than  the  postcerebrals, 
but  often  empty  opposite  them, 
though,  of  course,  subtentorial  in 
origin.  They  come  from  the  lateral 
portion  of  the  cerebellum.  The 
very  inconstant  P  oslcerebellar 
Veins,  one  or  more  in  number, 
terminate  in  the  lateral  sinus  near 
the  torcular,  or  even  in  the  ten- 
torial. 

■1.    The  Suhcerebellar  Veins  in- 
clude an}'  small  vessels  at  the  bot- 
tom   of    the    posterior   fossa   dis- 
charging into  the  occipital  sinus. 
The     cerebellar     veins — supra-, 

pre-,  para-,  post-,  and  sub are 

but   partially    distinct    from    the 
cerebral  veins. 

Oblongata  Region. — The  ventro- 
mesal  chain  of  myelic  veins  (see 
Fig.  1006,  o)  is  continued  cephalad 
on  the  ventral  surface  of  the  ob- 
longata to  the  furrow  between  this 
and  the  pons,  there  connecting 
with  a  fine  venous  network  over 
the  surface  of  the  latter  (Kadyi). 
This  plexus  in  turn  also  connects 
with  the  veins  of  the  cerebellum 
and  of  the  base  forward. 

Besides  irregular  smaller  ones, 
there  are  in  particular  two  con- 
stant and  considerable  veins  pass- 
ing from  this  plexus,  one  on  either 
side  along  the  trigeminal  nerve  to 
the  sinus  petrosus  (or  cavernosas). 
From  the  aljove-mentioned 
chain  on  the  ventral  surface  of  the 
oblongata,  between  the  pyramids, 
there  frequently  ari.ses  a  httle 
trunk  (up  to  0.5  mm.  or  more 
thick)  that  joins  one  of  the  hypo- 
glos.sal  root  bundles  and  passes 
out  with  it  through  the  precon- 
dyioid  foramen — doubtless  a  part 
of  Luschka's  plexus  venosus  h-i-po- 
glos.si. 

The  dorsomyelic  chain  of  veins 
is  continued  cephalad  over  the 
oblongata.  From  a  constant  mesal  vein  here  a  small 
venule  traverses  the  arachnoid,  covering  the  cisterns 
magna.  Sometimes  this  adjoins  the  accessory  nerve, 
and  Ivadyi  thinks  it  probably  empties  into  the  sinus 
plexus  about  the  foramen  m'.gnum. 

General  Fe.vtures  of  the  Intrinsic  Veins. — 
Communications. — In  this  regard  the  pia  veins  must 
be  distinguished  from  those  of  the  brain  substance. 
In  contrast  to  the  arteries,  the  pial  veins  communicate 
freely,  not  only  indirectly  through  the  sinuses,  but 
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everywhere  on  the  surface  by  a  network  of  small 
vessels,  as  well  as  frequently  by  anastomoses  between 
larger  trunks.  The  veins  of  the  convexity  might 
almost  be  said  to  radiate  from  the  Sylvian  fissure 
(horizontal  Sylvian).  At  least  .several  of  the  larger 
ones  connect  toward  the  midiUc  of  the  conve.xity. 
Of  these,  four  may  be  specified:  (1)  One  of  the  frontal 
supercerebrals  (front oclor.sad);  (2)  the  second  or  third 
from  the  last  supcrcerebral  (caudodorsad);  (3)  the 
external  trunk  of  the  postcerebral  (caudoventrad) ; 
(4)  the  medicerebral  (frontoventrad).  Or  any  two 
of  these  trunks  may  communicate  independently,  e.g. 
the  medi-  and  postcerebral  veins  by  a  large  anastomo- 
sis directly  across  the  temporal  lobe  (intrapial,  of 
course).  There  are  many  other  connecting  veins, 
not  as  markedly  bridging  the  fissures,  however.  The 
great  anastomotic  vein  of  Trolard  is  No.  (4)  (medi- 
cerebral) when  continuous  with  No.  (2).  Labbe's 
illustration  includes  also  No.  (3).  Trolard  saj's  it 
"sometimes  takes  origin  at  the  side  of  the  longi- 
tudinal sinus,  but  oftener  it  forms  bj'  the  union  of 
veins  anastomosing  at  the  middle  part  of  the  convex- 
ity." He  encountered  it  twenty-five  times  in  thirty 
subjects.  According  to  Labbe  this  anastomosis,  in- 
stead of  being  witn  the  medicerebral,  may,  in  its 
absence,  be  with  the  deeper  Sj'lvian  vein.  Practically 
these  various  anastomoses  present  a  collateral  path 
in  the  pia,  between  longituclinal,  lateral,  and  cavern- 
ous (spnenoidal  or  superpetrosal)  sinuses.  The  basal 
veins,  excepting  the  perforants  and  the  cerebellars, 
have  ample  though  smaller  anastomoses,  including 
an  indifferent  counterpart  of  the  circle  of  Willis.  It 
is  eviden'  that  the  derivative  area  of  the  pial  veins  can 
never  be  closely  defined. 

The  internal  system  must  be  separated  into  those 
veins  uniting  in  the  curved  portion  of  the  velar,  and 
those  tributary  to  the  straight  portion.  The  former, 
as  the  writer  has  elsewhere  shown,  have  the  following 
sets  of  anastomoses:  (1)  Between  the  callosal  vein — 
including  practically  the  rare  interhemisjjheric  vein — 
and  the  median  branches  of  the  supercerebrals, 
across  the  callosal  fissure;  (2)  between  the  suboccipital 
vein  and  the  basal  branches  of  the  postcerebral;  (3) 
between  the  supercerebellar  and  other  cerebellar 
veins;  (4)  between  the  subcerebral  vein — when,  as 
in  about  one-half  the  cases,  this  discharges  into  the 
velar — and  the  many  veins  adjacent  to  its  derivative 
area.  These  communications  are  all  in  the  pia;  from 
clinical  cases  we  know  tliat  these  may  suffice  to  com- 
pensate fairly  when  only  the  tentorial  sinus  and  the 
short  common  vein  of  Galen  are  closed.  They  do 
not  suffice,  however,  when  there  is  any  impediment  to 
this  collateral  discharge,  and  possibly  not  when  the 
subcerebral  vein  ends  elsewhere.  Of  the  veins  pass- 
ing to  the  portio  recta  of  the  velar  vein,  only  one,  the 
medicornual,  has  superficial  anastomoses.  As  this 
is  a  long,  tortuous  vessel,  and  connects  with  the 
subcornual  only  by  small  and  questionable  anasto- 
moses, it  is  of  itself  entirely  unable  to  compensate 
when  the  portio  curvata  becomes  occluded.  We 
have,  remaining,  the  various  celian  veins  coming 
directly  from  the  brain  substance,  to  which  the 
postcornual  may  also  be  added.  Neither  between 
these  nor  between  their  subdivisions  short  of  the 
ultimate  capillaries  did  the  writer  succeed  in  finding 
any  anastomoses.  The  same  holds  true  for  the  per- 
forating veins  of  the  base.  There  still  might  be  in- 
trasubstantial  connections  between  these  vessels  and 
the  cortical  venules.  However,  the  apparently  posi- 
tive results  of  injections  by  Duret,  and  especially  by 
Labbe,  are  all  explicable  by  the  surface  anastomoses 
above  described.  There  may  be  such  occasional  but 
inadequate  connections  paralleled  by  the  rare  ones 
between  the  otherwise  terminal  perforating  and 
celian  arterioles.  Hedon  (1888)  says  that  a  few 
do  exist.  Clinical  evidence  also  goes  to  show  that 
the  veins  emanating  from  the  celial  walls  are  all 
essentially  terminal  vessels,  and  that  closure  of  the 


velar  vein — unless  just  at  its  mouth — cannot  be  com- 
pensated. 

Cortical  Vemile.^. — Duret  found  only  six  or  eight 
in  the  section  of  a  medium-sized  convolution,  one  or 
two  emanating  pcrpendicidarly  at  the  dorsum  of  the 
gyrus,  and  from  four  to  six  by  the  sides.  However, 
thej-  had  a  diameter  triple  that  of  the  arterioles, 
They  start  principally  from  the  capillary  transition 
plexus — between  gray  and  white — and  from  the  deeper 
albalis. 

Developmental. — From  various  peculiarities  in  the 
vascular  supply  of  the  human  brain,  more  especially 
the  caudad  displacement  peripherally  of  the  post- 
supracerebral  veins,  the  writer  has  adduced  evidence 
favorable  in  a  general  way  to  Hill's  theory  of  adevclop- 
mental  rotation  of  the  brain,  and  showing  further 
that  in  any  such  rotation  the  brain  and  pia  have 
glided  caudad  under  the  dura  and  brain  ca.se. 

Here  may  be  added  a  casual  observation  of  a 
persistent  fetal  form,  made  at  the  autopsy  of  a  child  of 
twentj'-two  months,  dead  of  tuberculous  meningitis. 
The  large  left  medicerebral  vein  took  the  temporal 
course  in  a  deep  groove  (per  temporal  sinus,  intra- 
dural), and  passed  out  at  the  foramen  jugulare 
spurium  instead  of  passing  to  the  suprapetrosal  sinus, 
first,  however,  connecting  with  a  much  smaller  pre- 
petrosal  sinus.     No  such  appearance  on  the  right. 

Gexeh.\l  Rel.\tions  op  the  Veins  and  Ar- 
teries.—In  the  pia,  over  the  convexity  and  on  the 
median  surface,  the  arteries  lie  beneath  the  veins 
(Labb^),  as  generally  in  the  body  elsewhere.  But 
over  the  insula,  and  evidently  in  the  sulci  generally, 
the  writer  has  observed  the  reverse;  while  of  the  finer 
pial  arborizations  Labbe  asserts  that  the  venous  lie 
beneath  the  arterial.  Though  the  larger  veins  often 
jump  across  from  one  gyrus  to  the  next,  the  arteries 
go  clown  with  the  pia  more  or  less  deeply  into  the  fis- 
sures, to  come  up  near  or  distant  over  the  next  gyrus. 

Onh'  by  a  forced  comparison  can  any  of  these  veins 
be  said  to  accompany  the  arteries.  Bj-  contrast, 
the  dural  vessels  conform  in  their  general  bearing  to 
those  elsewhere;  they  have  abundant  collateral 
anastomoses,  most  of  the  arterial  branches  are  ac- 
companied by  two  veins,  etc. 

Dwight  ciuotes  the  suggestion  that,  as  the  blood  in 
the  internal  jugular  and  carotid  flows  in  opposite 
directions,  the  arterial  pulsations  might  interfere 
with  the  venous  discliarge,  if  both  lay  in  a  common 
canal.  Trolard  drew  a  strong  analogy  between  the 
vertebral  artery,  surrounded  by  the  vertebral  vein 
and  plexus,  and  the  carotid  through  the  cavernous 
sinus.  "  The  supply  arteries  of  the  encephalon  bathe 
(?)  in  venous  blood;  the  carotids  from  the  moment 
they  enter  the  carotid  canal;  the  vertebrals  from  the 
moment  they  penetrate  the  vertebral  canal."  This 
point  has  been  elaborated  by  Eiidinger  {i-ide  abstract 
in  Boston  Medical  a7id  Surgical  Journal,  1888,  ii., 
323).  He  shows  that  by  this  cushioning  the  pulsa- 
tory movements  of  the  arteries  are  not  abolished  as 
they  would  be  if  they  filled  the  bony  canals.  The 
diameter  of  the  carotid  canal  he  gives  as  5-7  milli- 
meters; that  of  the  artery,  3-4.3  millimeters.  In  the 
cavernous  sinus  the  artery,  though  situated  at  one  side 
of  the  cavity,  is  not  in  contact  with  either  the  bone 
or  the  dura. 

The  various  retarding  bends  and  angles  in  both 
classes  of  vessels  can  only  be  referred  to.  They 
affect  very  unequally  the  circidation  in  tlie  different 
parts.  The  existence  in  the  pia  of  vessels  larger  than 
capillaries,  connecting  the  arteries  with  the  veins, 
has  been  many  times  asserted  and  denied — the  last 
investigator,  Labb^,  contriving  to  do  both.  This 
point  still  awaits  final  settlement. 

III.  The  DrR.\L  Sinises. — The  encranial  sinuses 
are  all  intradural,  and  all  except  the  tentorial  (with 
the  falcial)  lie  against  the  cranial  wall.  They  do  not 
collapse  on  being  slit  open,  nor  do  they  admit  of 
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much  distention — the  falcial  and  the  parasinual 
spaces  excepted.  They  are  hned  by  a  continuation 
of  the  inner  membrane  of  the  jugular.  Allen  counts 
16  sinuses — 10  paired  (symmetrical),  and  6  unpaired 
(azygous).  But  their  number  depends  so  much  on 
the  way  the}'  are  divided  as  to  cause  the  remark  that 
the  easiest  piece  of  anatomical  work  is  to  describe 
a  new  sinus. 

They  have  been  variously  classified:  (a)  In  two  re- 
ciprocall}-  perpendicular  planes,  the  vertical  plane  in- 
cluding the  longitudinal  and  tentorial  (plus  falcial), 
the  horizontal  including  the  remaining;  or  (b)  in  three 
horizontal  planes;  or  (c)  as  connecting  at  three  points, 
viz.,  the  torcular  and  the  two  cavernous  sinuses  (to 
which  Trolard  sought  to  add  a  precondj'loid  confluens) ; 
or  (d)  according  to  the  area  drained. 

The  Longitudinal  Sinus. — This,  the  longest  sinus, 
runs  parallel  to  the  sagittal  suture,  slightly  grooving 
the  bone  in  a  curved  line  from  near  the  crista  galli  to 
the  internal  occipital  protuberance.  It  lies  between 
the  folds  of  the  falx,  as  they  diverge  to  continue  as  the 
parietal  dura.  Its  section  presents  a  rounded  triangle, 
increasing  in  size  from  the  acce.ssion  of  large  veins. 
Its  lumen  toward  the  bottom  is  crossed  by  numerous 
irregular  strands  (trabeculae,  chordae  "Willisii).  The 
openings  from  the  supercerebral  veins  are  usually 
larger  tlian  those  from  the  parasinual  spaces  (and  dural 
veins).  The  sinus  subalterni  of  Malacarne  are  often 
seen  in  the  falx  just  beneath  the  sinus,  and  present 
more  or  less  developed  parallel  narrow  passages  freely 
connecting  w-ith  the  main  vessel.  At  the  torcular 
this  sinus  more  often  turns  into  the  right  lateral. 
Rarely  it.  or  its  tributaries,  drops  down  through  the 
falx  to  the  falcial  sinus,  or  just  before  the  torcular  to 
the  tentorial,  or  even  divides,  following  the  lambda 
sutures  to  each  lateral  sinus.  The  whole  longitudinal 
sinus  may  be  occluded  without  causing  disastrous 
restilts. 

Falcial  Sinvs. — This  may  run  along  about  two- 
thirds  of  the  free  border  of  the  falx  or  near  the  border, 
and  then  represents  the  continuation  of  the  tentorial 
sinus.  It  is  rather  a  large  dural  vein  than  a  sinus. 
At  its  commencement  the  occasional  interhemispheric 
veins  empty.  Its  only  lateral  tributaries  are  usually 
small  dural  venules,  though  part  of  the  supercerebral 
veins  or  of  the  longitudinal  sinus  have  in  rare  mstances 
been  seen  to  turn  this  way.  On  the  contrary,  Knott 
once  saw  the  falcial  pass  to  the  longitudinal,  and  .some 
connection  between  the  two  is  not  uncommon. 

But,  as  stated  by  Luschka,  this  sinus  is  very  variable 
in  size  and  occurrence.  In  a  series  of  adult  subjects 
the  writer  found  that  its  average  occurrence  was  onty 
one  in  six;  in  the  fetus  it  was  never  present.  Tro- 
lard's  attempt  at  presenting  this  is  an  important  anas- 
tomosis between  the  dorsal  and  internal  .systems,  or  as 
a  safety  diverticle  of  the  latter,  was  quite  overdrawn. 

Tentorial  Sinus. — This  lies  at  the  junction  of  the  falx 
and  tentorium  (Figs.  1004  and  1005,  a).  It  extends 
in  full  size  from  the  torcular  to  the  intersection  of  the 
free  falcial  and  tentorial  borders  opposite  the  point 
where  it  receives  its  main  tributary,  the  vein  of  Galen. 
Its  section  is  a  triangle  with  narrow  ba.se  resting  on  the 
tentorium.  Laterally  it  takes  up  small  dural  radicles, 
and  often  a  supercerebcllar  vein.  It  is  straight,  lies 
in  the  median  line,  and  is  directed  caudad.  "  It  opens 
into  the  lateral  sinus  by  an  oval  mouth  formed  by 
strong  pillars  of  fibers." 

Torcular. — A  confluens  sinuum  in  the  sense  of  the 
old  writers  does  not  exist.  "The  right  lateral  sinus 
for  the  most  part  begins  higher  than  the  left,  and  may 
be  considered  as  the  continuation  of  the  longitudinal. 
In  some  subjects  the  right  or  left  lateral  sinus  begins 
from  the  longitudinal  one,  while  that  of  the  other  side 
is  continuous  from  the  tentorial;  and  then  the  lateral 
sinuses  are  .separated  at  their  origin  by  a  membranous 
isthmus"  (Charles  Bell,  1827).  Riidinger  speaks  of  a 
"valvular  arrangement"  separating  the  two  currents. 
In  26  out  of  Knott's  44  cases,  the  tentorial  opened  into 
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the  left  lateral  sinus,  in  6  into  the  right,  in  12  mesially. 
The  statistics  given  below  on  the  larger  jugular  canal 
bear  on  this  question.  This  peculiarity  of  the  paths 
at  the  torcidar  tends  to  prevent  a  reflux  of  blood  from 
one  into  the  other,  or  any  interference  of  the  currents. 

However,  in  a  considerable  minority  of  cases  the 
currents  must  intermingle.  From  the  arrangements 
of  the  sinu.ses  at  the  torcular,  thrombosis  of  the  longi- 
tudinal and  right  lateral  is  more  often  associated  than 
of  the  longitudinal  and  left.  A  comparison  of  the  few 
casual  cases  at  hand  shows  6  of  the  former  to  2  (or 
possibly  3)  of  the  latter.  Of  course,  much  more  fre- 
quentl}' — in  12 — all  three  sinuses  were  involved. 

Lateral  Sinus.- — This  runs  from  the  torcular,  at  first 
in  the  attached  tentorial  border,  then  curves  (Jlexura 
sigmoidea)  to  follow  the  groove  in  the  mastoid  and 
gains  the  jugular  canal.  It  has  been  seen  to  take  a 
more  basal  course,  running  first  in  the  cerebellar  falx, 
then  beside  the  foramen  magnum  to  its  usual  exit. 
From  the  extensive  investigations  of  Hartmann, 
R.. dinger,  Bezold,  and  Politzer,  it  appears  that  fre- 
quently the  sigmoid  portion  approaches  within  a  few 
millimeters  of  the  posterior  wall  of  the  auditory 
meatus.  The  one  into  which  the  longitudinal  sinus 
turns,  usually  the  right,  is  double  the  size  of  the  other, 
and  also  a  trifle  longer.  Rarely,  one  lateral  is  minimal 
in  size  or  even  absent.  It  receives  laterally  the  post- 
cerebral  and  paracerebellar  veins  and  superpetrosal 
sinus,  and  gives  off  two  inconstant  emissaries. 

Korner  (1889)  has  shown  that  intracranial  disease 
from  caries  of  the  petrous  is  more  freciuent  on  the 
right,  and  from  a  study  of  449  skulls  he  attributes  this 
to  the  fact  that  the  lateral  sinus  at  its  sigmoid  flexure 
enters  deeper  into  the  mastoid  and  the  petrous  pjTa- 
mid  on  the  right  than  on  the  left,  and  thus  on  the  right 
approaches  nearer  the  primary  focus  of  disease.  In 
22  cases  on  the  right  and  8  on  the  left,  there  were  gaps 
in  the  bony  partition.  He  also  holds  that  in  the  bra- 
chycephali  the  sigmoid  excavation  goes  lower  and 
deeper  than  in  the  dolichocephali,  and  that  hence  in 
the  former  such  encranial  sequeloe  follow  more 
readily;  but  this  has  been  disputed  by  Schi  Izke. 

Birmingham  of  Dublin  {Brit.  Med.  Journ.,  1890, 
ii..  683),  from  an  examination  of  100  recent  drj-  speci- 
mens, points  out  that  the  relations  of  the  lateral  sinus 
to  the  surface  are  extremely  uncertain,  owing  both  to 
variations  in  the  sinus  curves  and  to  irregularities  in 
the  bones.  It  begins  opposite  the  external  occipital 
protuberance  in  50  per  cent.;  lower  (bj'  never  more 
than  one-half  inch)  in  33  per  cent.;  and  higher  in  17 
per  cent.  It  does  not  run  forward  horizontally,  but 
is  distinctly  arched.  The  bend  of  the  sinus  where  it 
turns  down  at  the  asterion  may  vary,  within  wide 
limits,  from  a  gentle  to  a  very  sharp  curve.  It  then 
runs  down  in  front  of  the  postmastoid  margin,  about 
one-half  inch  behind  the  meatus,  and  turns  into  the 
rugular  foramen  about  one-quarter  inchlselow  the  level 
of  the  meatus  floor.  Occasionally  the  sinus  is  only 
one-twelftli  of  an  inch  from  the  surface. 

Caverno^is  Sinus  (Plate  XVIIL.  Fig.  1),  distin- 
guished by  its  irregular  outline  and  cellular  or  reticu- 
lated appearance  from  intercrossing  fibrous  bands. 
It  represents  a  colo.ssal  perivascular  structure  about 
the  carotid,  in  a  way  similar  to  that  established  by 
Braune  and  his  school  for  certain  lymphatics  accom- 
panying veins.  The  late  von  Langer,  in  one  of  his 
last  publications,  based  on  corrosion  and  other 
preparations  from  infantile  subjects,  showed  that  the 
cavernous  sinus  is  originally  a  plexiform  network  of 
veins,  which,  by  fusion  of  its  channels,  takes  on  its 
later  characteristics.  The  wall  resorption  goes  on 
to  old  age,  when  villous  offshoots  of  the  remaining 
trabecula"  are  often  seen  to  project  into  its  cavity. 
It  is  traversed  by  the  carotid  (cavernous  portion). 
All  the  orbital  nerves  except  the  optic  pass  near  or 
through  its  outer  wall.  Besides  veins  and  emis- 
saries, it  is  the  communicating  center  for  all  the 
prebasal  sinuses.     Frontad  it  tapers  to  the  ophthal- 
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mic  vein — the  swollen  end  of  which  has  been  dubbed 

Sinus  ()j)lilhali>iicu.'<. 

Laterally,  the  cavernous  receives  the  Sphenoidid 
Sinus.  This  runs  out  along  the  dependent  side  of  tiie 
lesser  si)henoidal  wing.  Knott  notes  great  varia- 
bility i'l  it-s  size,  tliough  never  complete  absence,  a 
sniail  vein  at  least  being  found.  Peripherally  it  re- 
ceives or  connects  with  a  niedidural  vein,  and  also 
a  diploic  canal,  and  may  take  up  the  incdicerebral 
and  connect  with  ophthalmodural  vein.s. 

The  Suhsphcnoidal  Sinus,  on  the  great  wing  of  the 
bone,  was  found  by  Knott  fourteen  times  on  the  right 
and  nine  on  the  left  side. 

Mcsad,  tlie  cavernosi  connect  by  the  two  Transverse 
Sinuses — which  alone  deserve  to  be  called  transverse. 
These  follow  the  walls  of  the  .sella  tm-cica,  curve 
slightly  to  enclose  the  pituitary  body,  ani.1  conii)lete 
the  so-called  circular  sinus  of  Ridley  (Plate  X\III., 

Fig-  1). 

Simis  Prcepetrosus  (jugularis  spurius  of  Luschka, 
petroso-squamosus  of  Hyrtl,  petrosus  anterior  of 
Bell).  This  occasional  sinus,  at  the  bottom  of  the 
temporal  fossa,  describes  a  curve  along  the  petro- 
squamous suture,  from  the  spinous  foramen — con- 
necting with  the  medidural  vein  and  also  with  the 
cavernous  sinus — to  either  (or  both)  the  emLs-sarivun 
temporale  or  the  petrous  portion  of  the  lateral  sinus 
(often  by  perforating  the  pronunent  petrous  ridge). 
Its  physiological  interest  ari.ses  from  the  prominent 
part  which  it  plays  in  the  fetus.  Zuckerkandl 
(1873)  found  this  sinus  22  times  in  280  skulls.  Knott, 
4  times  in  44,  found  what  appears  to  have  been  a 
continuation  of  this  sinus  to  the  sphenoidal;  in  7  of  44 
subjects  he  found  the  prepetrosal  on  both  sides,  in 
19  on  one  side  only. 

Caudad,  the  cavernous  empties  into  the  oblique 
super-  and  subpctrosal  sinuses,  but  principally  the 
former.  The  Supcrpctrosal  Sinus  starts  from  tlie 
cavernous,  runs  in  the  prolonged  attached  border  of 
the  tentorium  along  the  dor.sal  ridge  of  the  petrous 
bone,  and  enters  the  lateral  sinus  against  the  current 
at  the  beginning  of  its  sigmoid  flexure.  It  alone 
offers  a  direct  encranial  connection  between  the 
prebasal  and  lateral  sinuses.  The  temporal  sinus 
(medicerebral  or  anastomotic  vein)  and  tlie  subcere- 
bral  vein  discharge  into  this  in  nearly  one-half  the 
cases,  the  precerebellar  vein  more  constantly.  As  a 
con.seciuence,  its  size  varies  considerably,  though  it  is 
usually  small.  The  vestibular  and  even  tympanic 
veins  of  the  ear  pass  to  the  superpetrosal  sinus, 
either  directly  or  by  a  dural  vein.  In  his  forty-four 
subjects,  Knott  notes  its  absence  twice  on  the  right 
and  once  on  the  left. 

The  shorter  Subpetrosal  Sinus  runs  in  the  petro- 
occipital  groove,  from  the  cavernous  sinus  to  the 
subpetrosal  vein,  which,  by  bending  before  its  dis- 
charge info  the  jugular  vein,  secures  an  imimpeded 
outlet  for  this  sinus  (for  connections,  vide  infra,  Vena 
Subpetrosa). 

Occipilobnsilar  Plexus. — In  the  occipital  fossa  are 
several  sinus  canals  that  vary  much  in  size  and 
distribution.  The  Occipital  Sinus,  usually  bilateral, 
runs  along  the  cerebellar  falx  and  connects  with  tlie 
lateral  sinuses  by  small  mouths  beside  the  torcular. 
Pre-,  trans-,  and  postoccipitals  have  been  made  out. 
The  so-called  circular  sinus  of  the  foramen  magniun 
is  more  often  incomplete  dorsad  of  the  hole.  The 
basilar  sinuses  over  the  like-named  process  connect 
with  the  preceding  and  with  the  prebasal  sinuses. 
Langer  has  shown  that,  like  the  cavernous  sinus,  all 
of  these  are  the  persistent  channels  of  what  originally, 
in  the  fetus,  was  a  vein  plexus;  and  he  has  also 
corroborated  Virchow's  description  of  their  enlarge- 
ment in  the  aged. 

Para^inunl  Spaces. — These  areolar  venous  pockets 
or  derivative  reservoirs  (lacuna",  recessus  laterali,'!), 
though  described  with  increasing  definiteness  by  a  long 
series  of  observers,   find   but  little   mention   in   the 


text-books.  Their  principal  development  is  opposite 
the  ndddlc  of  tlie  longitudinal  sinus  (bilateral).  As 
numerous  minute  spaces  they  further  occur  along 
nearly  the  whole  length  of  the  said  sinus,  and  also 
(Langer)  beneath  it  in  the  falx,  beside  the  lateral 
sinu.ses,  on  both  sides  of  the  tentorial  sinus,  and  it  is 
said  even  about  the  cavernosi.  The  dilated  intradural* 
termination  of  the  postcerebral  and  paracerebellar 
veins  has  also  been  tlius  clas.sed.  They  all  occupy  the 
attenuated  space  between  the  dural  layers  lateral  to 
the  sinuses,  and  hence  are  very  shallow  and  of  irregu- 
lar outline.  They  have  a  lining  membrane,  also  many 
intercrossing  filirous  filaments,  and  are  injectable 
from  or  with  the  sinuses.  In  position  and  character- 
istics they  are  intermediary  between  dural  veins  and 
sinu.ses.  'Where  present  they  receive  most  if  not  all 
the  dural  veins.  The  larger  spaces  are  traver.sed  by 
incoming  pial  veins  with  which  they  connect  by  one 
or  more  openings.  They  increase  in  size  as  life 
advances,  and  then  have  intimate  relations  with  the 
Pacchionian  granulations — so  much  so  that  they 
have  even  been  termed  Pacchionian  blood  cavities. 
The  circulation  in  their  interior  is  not  believed  to  be 
very  active  and  the  spaces  have  repeatedly  been  found 
thrombosed. 

On  opening  a  sinus  or  the  jugular  canal  blood 
usually  flows  out  in  a  more  or  less  pulsatory  stream 
showing  that  the  ruling  interior  pressure  is  positive. 
In  the  cases  of  operative  perforation  of  a  lateral 
sinus  (usually  ending  in  recovery)  there  is  no  record  of 
air  being  aspirated.  But  in  one  case  of  opening  of  the 
longitudinal  (Genzmer,  1877)  so  much  air  was  aspi- 
rated as  to  prove  quickly  fatal,  and  Francois-Franck 
(1881)  has  endeavored  by  experiments  to  show  that 
aspiration  can  be  communicated  through  the  vertebral 
veins  to  the  diploic  canals  of  the  occiput. 

Occlusion. —  Blocking  of  any  single  sinus  is  not 
necessarily  dangerous,  though  occlusion  of  a  cavernous 
or  the  tentorial  is  always  a  serious  matter. 

By  experimental  blocking  of  the  dural  sinu.ses  in  the 
dog  Ferrari  (1888)  has  shown  that  a  large  part  of  the 
whole  sinus  system,  e.g.  all  the  sinuses  of  the  calvariuni, 
may  be  rendered  impermeable  without  injury  to  the 
functions  of  the  brain.  However,  occlusion  of  the 
collective  blood  efferents  from  the  skull  is  of  course 
quickly  fatal,  being  usually  preceded  by  an  epileptic 
attack.  But  all  this  and  more  had  been  already 
determined  by  clinical  experience  in  man. 

IV.  Venous  Openings  through  the  Skull 
(Emissari.\,  etc.). — From  their  number  and  patho- 
logical importance,  and  for  clearness  of  description, 
the.se  passages  ought  to  constitute  a  separate  class. 
Each  of  the  cranial  bones  (except  the  ethmoid)  has  a 
foramen  permitting  direct  communication  between  the 
dural  sinuses  and  veins  and  the  exterior  veins;  still 
these  are  of  very  unequal  size,  and  in  part  disappear 
in  the  adult.  There  is  but  little  topographical  cor- 
respondence between  the  position  of  these  exits  and 
the  area  drained  through  them;  nor  is  the  area  in  any 
case  closely  definable.  They  may  all  act  as  efferent 
vessels,  although  the  ophthalmic  veins  are  usually 
afferent — partially  so,  says  Sesemann,  1869;  largely 
so,  Gurwitsch,  1883,  and  Merkel— and  certain  of  the 
others  may  conduct  either  way  according  to  circum- 
stances. Only  Nos.  2,  6,  7,  and  8  are  superficial, 
while  7,  8,  11,  and  perhaps  4,  belong  rather  to  the 
dural  and  diploic  system.  Nearly  all  the  blood  nor- 
mally passes  out  through  the  two  postlacerated  for- 
amina with  their  four  canals.  But  any  one  of  the  exits 
and,  so  far  as  known,  any  two-^or  in  case  of  the 
smaller  emissaria,  several — may  be  permanently 
closed  without  causing  serious  harm.  Both  internal 
jugulars  have  been  tied  in  the  same  subject  (Pilger, 
1S80),  without  other  evil  consequence  than  a  tem- 
porary headache. 

1.  jugular  Canal. — In  the  lateral  part  of  the  post- 
lacerated  foramen.     This,  by  far  the  largest  of  all  the 
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exits,  leads  from  the  sigmoid  flexure  of  the  lateral  sinus 
to  the  bulb  or  gulf  of  the  internal  jugular  vein.  Its 
path  through  the  foramen  is  often  more  or  less  sepa- 
rated from  the  passing  nerves,  etc.,  by  a  bony  septum, 
thus  forming  a  true  jugular  foramen.  Rarely  it  is 
very  small  on  one  side,  or  even  absent  (four  or  five 
'known  cases). 

By  adding  the  series  of  159  skulls  examined  by 
Dwight  to  the  100  by  Riidinger,  we  have  259.  In  173 
of  these  the  right  jugular  foramen  was  larger  than  the 
left  {i.e.  about  two-thirds),  in  65  the  reverse  (one- 
quarter),  and  in  21  the  two  were  equal  (one-twelfth). 
This  harmonizes  with  what  was  said  above  {sub 
Torcular). 

2.  Emissarium  Mastoideum,  of  most  importance  in 
fetal  life.  It  arises  directly  from  the  lateral  sinus,  and 
empties  usuaUy  into  the  occipital  vein  (extracranial), 
sometimes  into  the  postauricuJar,  or  even  directly 
into  the  external  jugular.  In  the  16  perfect  skulls  ex- 
amined by  Green  {American  Journal  of  Otology,  ISSl, 
vol.  iii.,  p.  96),  it  was  absent  on  both  sides  in  1,  and  on 
one  side  in  1.  It  was  always  just  behind  the  posterior 
limit  of  the  mastoid  process.  The  external  opening 
was  opposite  the  meatus  (at  about  the  middle  of  the 
perpendicular  height  of  the  mastoid)  in  20.  above  this 
in  2,  below  in  6,  and  directly  on  the  base  of  the  skuU 
in  1.  Its  diameter  measured  5  mm.  in  1,  4  mm.  in  4, 
3  mm.  in  10,  2  mm.  in  10,  and  0.5  mm.  in  4. 

3.  Emissarium  Postcondylcrideuvi  (post jugular  vein), 
passing  from  the  lateral  sinus  near  its  termination  to 
the  upper  cervical  or  vertebral  veins.  In  44  skulls, 
Knott  found  this  on  both  sides  in  only  13,  on  the  right 
in  21,  and  on  the  left  in  10.  In  Dwight  s  series  of  142 
skulls,  with  unequal  jugular  foramina,  the  postcondy- 
loid  foramen  was  larger  on  the  same  side  as  the  larger 
jugular  in  53,  on  the  other  side  in  37,  and  equal  or 
absent  in  52  (this  foramen  being  wholly  for  the  transit 
of  the  emissary). 

4.  Emissarium  Precondyloideum,  connecting  with 
the  occipital  sinus  or  its  basal  prolongation,  taking  up 
a  diploic  vein,  and  passing  in  part  to  the  prepetrosal 
vein,  in  part  to  the  plexus  about  the  vertebral.  As 
plexus  venosus  hj-poglossi,  Luschka  described  a 
cluster  of  veins  about  the  hj-poglossal  bundles  as  they 
unite  in  the  inner  portion  of  the  foramen,  from  which 
two  veins  passed  down  the  canal.  Trolard  saj-s  that 
externally  the  precondyloid  foramen  presents  a  deep 
canity  in  which  is  lodged  a  true  venous  confluens. 
Ventrad  its  wall  is  hidden  by  the  external  part  of  the 
atlo-occipital  ligament.  He  saj-s  that  this  confluens 
receives  five  veins:  (1)  Ventrad  and  mesad,  the  medi- 
lacerate;  (2)  lateroventrad,  a  connection  with  the 
subpetrosal  vein;  (3)  dorsad,  a  precondyloid  vein; 
(4)  laterodorsad,  an  inconstant  vertebral  vein  (pass- 
ing between  atlas  and  occiput,  behind  the  internal 
jugular,  sometimes  in  a  bony  canal);  (5)  a  little  vein 
on  the  preatlo-occipital  ligament,  communicating 
across  with  the  intraspinal  sinuses. 

Dwight.  in  the  same  series  of  142  skulls,  found  the 
precondyloid  foramen  larger  on  the  same  side  as  the 
jugular  in  16,  on  the  other  side  in  11,  the  two  sides 
equal  in  115.  "  There  does  not  appear  to  be  any  defi- 
nite relation  between  their  size  and  that  of  the  post- 
condyloids." 

5.  Small  uncertain  veins  through  the  foramen  mag- 
num or  beside  the  vertebral  arteries,  connecting  some 
marginal  sinus  or  vein  with  the  vertebral  and  spinal 
vessels.  The  fine  veins  in  the  spinal  cord  also  connect 
with  interstitial  ones  above. 

6.  Emissarium  Occipitale,  a  small  mesal  conduit 
from  the  torcular  through  the  occipital  protuberance 
to  the  external  veins  of  the  occiput.  It  is  often,  but 
not  always  sinuous,  and  takes  up  an  azygoid  diploic 
trunk.  Knott  found  it  as  a  small  but  traceable  vein 
in  6  of  his  44  cases.  In  most  of  the  others  there  was  a 
small  vein  piercing  one  of  the  bone  plates  and  anas- 
tomosing with  the  diploe  veins. 

7.  Emissarium    Parietale. — In    100    skulls    Gruber 
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found  the  parietal  foramen  on  both  sides  in  29,  on  the 
right  in  19.  on  the  left  in  12;  average  distance  from 
angle  of  occipital  squama,  3-5  centimeters;  distance 
from  sagittal  suture,  2-17  millimeters.  Their  size 
varies  ordinarily  from  J  to  1  miUimeter.  They  do 
not  terminate  internally  directlj-  in  the  long  sinus,  but 
in  the  parasinual  spaces  or  dural  veins. 

8.  Diploic  Connections.- — Innumerable  small  open- 
ings through  the  inner  plate  of  the  skull  connect  the 
dural  veins  and  spaces  with  the  diploe  canals.  These 
are  largest  and  most  numerous  along  the  longitudinal 
sinus  (author's  corrosion  preparation). 

9.  Orbital  Connections. — (a)  The  ophthalmic  vein  is, 
next  to  the  jugular,  the  largest  and  most  constant  of 
all  the  passages.  It  empties  largely  into  the  cavern- 
ous sinus  (through  the  orbital  fissure,  where  it  bears  a 
constant  constriction),  but  has  free  anastomosis  with 
the  prefacial  vein  at  the  inner  canthus.  Allen  says 
that  formerlj-  the  trunk  of  the  facial  was  opened  at 
this  point  to  relieve  cerebral  congestion.  (6)  The 
central  retinal  vein  has  fuU  anastomoses  with  the 
ophthalmic,  but  goes  as  a  rule  to  the  cavernous  sinus, 
or  frequentl}'  to  a  fine  venous  plexus  around  the  optic 
nerve,  and  then  by  several  venules  in  part  to  the  sub- 
ophthahnic  vein,  in  part  to  the  said  sinus,  (c)  The 
smaller  subophthahnic  vein  or  veins  connect  doubly 
with  the  larger  into  which,  or  oftener  into  the  sinus 
cavernosus.  they  discharge  (always  afferent,  say  Sese- 
mann  and  H.  Mej'er).  Peripherally,  they  anastomose 
with  facial  and  even  pterj-goid  veins,  (d)  The  ophthal- 
modtiral  vein  of  Hj-rtl  (1859)  is  practically  included 
under  the  more  or  less  constant  connection  of  the 
medicerebral  vein  and  the  sphenoid  sinus.  Occasion- 
ally this  sinus  or  vein  has  a  small  anastomosis,  through 
the  lateral  part  of  the  orbital  foramen,  with  the 
ophthalmic  or  other  orbital  vein.  Evidently,  the 
vena  aberrans  of  Verga  (lSo6)  should  be  classed  here. 
As  a  passage  from  the  ophthalmic  vein  or  cavernous 
sinus  to  the  lateral  sinus,  Knott  mentions  one  case  (on 
right);  or  between  ophthalmic  vein  and  superpetrosal 
sinus,  three  instances  (on  left). 

10.  The  Emissary  of  the  Foramen  Rotundum  from 
the  cavernous  sinus,  and  accompan5-ing  the  superior 
maxillary  nerve  as  described  by  Xumi,  was  twice  seen 
by  Knott  (on  right). 

11.  The  medidural  vein  discharges  largely  through 
the  oval,  or  spinous,  foramen.  Xuhn  described  a  pair 
of  veins  which,  after  traversing  the  oval  foramen, 
formed  a  plexus  about  the  inferior  maxiUary  nerve  and 
terminated  in  the  infratemporal  veins.  Knott  found 
these  veins  on  both  sides  in  18;  two  veins  on  right  and 
one  on  left  in  6,  the  reverse  in  4;  a  single  vein  on  each 
side  in  11 ;  no  vein  on  one  side  in  5.  Luschka  and  Tro- 
lard describe  a  vein,  from  the  cavernous  sinus,  that 
receives  dural  veins  from  the  anterior  petrous  surface 
and  departs  through  the  oval  foramen;  in  this  case 
the  medidural  emerges  through  the  spinous  foramen. 

12.  Pleru^  s.  Sinus  Caroiicus. — Bell  (1827)  men- 
tions a  rena  sodalis  arteri(F  carotidis,  as  an  emissary 
from  a  petrous  sinus,  descending  through  the  carotid 
canal.  Rektorzik  (1S5S)  seems  to  have  rediscovered 
this.  A  prolongation  of  the  cavernous  sinus  into  the 
carotid  canal  constitutes  the  sinus  caroticus.  This 
breaks  up  into  a  plexus  of  small  veins  about  the  artery, 
converging  to  one  or  more  small  trunks  below,  that 
mav  pass  to  the  internal  jugular.  It  may  connect 
witt  11  and  13.  Knott  was  alwaj-s  able  to  find  this 
communication,  though  the  vessels  varied  much  in 
size  and  number. 

13.  Vena  Medilacerata. — Englisch  is  credited  with 
ha\'ing  described  (1863)  a  constant  communication, 
outside  the  skull,  between  the  cavernous  sinus  and  the 
subpetrosal  vein.  As  inferior  petro-occipital  sinus, 
Trolard  independently  described  the  same.  "On  the 
exterior  base  of  the  cranium  a  small  vein  occupies  a 
groove  extending  between  the  two  lacerated  foramina. 
Its  direction  is  laterocaudad.  It  inosculates  with  the 
cavernous  sinus  or  carotid  plexus,  and  with  the  pre- 
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condyloid    conflucns"    (vide    supra,    sub     4).     Knott 
found  this  in  14  out  of  33  cases. 

14.  l'(//ii  Sitlipctrosn,  from  tlio  .sulipctrosal  sinus, 
tliroujjli  till'  picnu'tliiui  portion  of  tlic  foramen  Jjost- 
iacerum,  to  tlie  jugular  vein.  Here  it  is  separated — 
not  rarely  by  bony  lamina,  tlius  forming  the  foramen 
anonialum  of  tlrulier,  ISdO—  l)y  three  nerve  trunks 
from  the  jugular  eanal.  From  numerous  investiga- 
tions (iruber  found  that  only  rarely  did  this  vein  pass 
quite  through  the  foramen  before  entering  the  jugular, 
and  that  then  it  first  connected  with  the  termination 
of  the  lateral  sinus.  However,  in  8  out  of  22  times 
Knott  found  that  the  vena  subpetro.sa  eiuk'd  at  about 
the  level  of  the  lower  margin  of  the  jugular  foramen, 
in  9  a  little  above,  and  in  5  a  little  below.  It  connects 
also  with  the  precondyloid  vein  or  confluens,  and  com- 
monly receives  the  internal  a\iditory  veins. 

15.  Sphenotemporal  Emissar;/,  described  by  the 
writer  (1897).  More  marked  in  the  monkey,  but  trace- 
able in  forty-five  of  si.xty  human  sphenoid  aliE._  A 
minor  venous  confluence  connecting  the  sphenoidal 
sinus,  the  pretemporal  diploic  vein,  the  medidural 
vein,  and  externally  the  deep  temporal  veins. 

To  these  may  be  added  the  following,  of  rare  occur- 
rence in  the  adult: 

16.  Ennssarium  Temporale  (foramen  jugulare  .spur- 
ium).  This  is  held  to  be  a  relic  of  the  primary  jugular 
vein.  When  present,  it  proceeds  from  the  prepetrosal 
sinus,  perforates  the  temporal  bone  beneath  the  root 
of  the  zygomatic  arch,  emerges  just  behind  the  glenoid 
fossa  at  the  edge  of  the  porus  acusticus  externus,  and 
ends  in  the  external  jugular  system. 

17.  Foramen  Cucum,  in  fetal  life  a  communication 
between  the  longitudinal  sinus  and  the  veins  of  the 
frontal  sinus,  ethmoid  bone,  and  nose.  Rarely,  if  ever, 
observed  in  the  adult. 

18.  The  very  rare  pathological  venous  blood  tumors 
of  the  cranium  (vide  Mastin,  Journal  of  the  American 
Medical  Association,  1886),  arteriovenous  aneurysms 
of  the  scalp,  etc.,  occasionally  comnmnicate  on  the 
one  hand  with  external  veins  of  the  head,  on  the  other 
through  openings  in  the  bone  usually  with  the  long 
sinus. 

19.  Possibly  a  couple  should  be  added  from  Hedon. 
Small  rami  accompany  the  olfactorj'  bundles  through 
the  cribriform  plate  of  the  ethmoid,  represented  by 
the  so-called  Zuckerkandl's  vein,  of  course  connect- 
ing above  with  the  vein  of  the  olfactory  bulb.  "A 
vein  leaves  the  aqueduct  of  Fallopius  by  the  stylo- 
mastoid foramen  to  anastomose  with  the  external 
jugular  or  postauricular  (Sperino).  It  joins,  accord- 
ing to  Blandin,  a  small  dural  ramus  traversing  the 
hiatus  of  Fallopius." 

Lymph.\tic  System  in  the  Brain. — There  are  no 
lymphatic  glands  in  the  cranial  cavity;  nor  does  the 
brain  possess  a  system  of  independent  lymphatics. 
Within  the  brain  substance  all  the  larger  lymph  pas- 
sages accompany  the  blood-vessels  as  cylindrical 
enveloping  spaces.  These  are  at  least  twofold:  (a) 
Adventitial  spaces  between  media  and  adventitia, 
which  latter  are  not  clo.sely  bound  together  in  the 
vessels  of  the  central  nervous  system  as  in  the  re- 
mainder of  the  body;  (h)  perii^ascular  spaces  of  His 
and  Robin,  connecting  with  the  subpial  or  so-called 
epicerebral  space.  Their  existence  in  normal  tissues 
has  been  repeatedly  disputed,  and  unquestionably 
their  size  is  artificially  much  increa.sed  by  the  usual 
methods  of  preparation.  Rossbach  and  Sehrwald, 
assert  very  positively  the  real  existence  of  these  spaces. 
They  worked  by  Golgi's  method,  claiming  that  this 
marks  the  lymph,  and  thus  the  lymph  spaces,  rather 
than  the  ganglion  cell  and  its  processes. 

The  beginning  of  the  lymph  passages  is  to  be  sought 
in  the  very  narrow  spaces  surrounding  the  ganglion 
cell.s — pericellular  spaces  (Obersteiner).  To  each  of 
the.se  latter  spaces  run,  according  to  Rossbach  and 
Sehrwald,  many  fine  canals  (rootlets),  often  coming  a 


long  distance  through  the  albalis,  and  starting  aVjout 
vessels  and  from  glial  lymph  spact's.  These  surround 
the  protoplasmic  cell  processes.  The  eirerents  from 
these  cell  spaces  pass  along  the  apex  process,  branch, 
and  empty  into  perivascular  and  superficial  glial 
spaces,  or  directly  into  the  <'picerebral  space.  The 
lymph  system  of  each  ganglion  cell  has  no  direct  an- 
astomo.ses  with  that  about  any  other  s\ich  cell.  They 
also  describe  a  lymphatic  plexus  about  the  glia  cells 
(perigliid  space),  especially  in  the  external  cortical 
layer,  and  in  the  first  subcortical  albalis.  These  are 
often  intermediary  between  the  pericellular  spaces 
and  the  perivascular  spaces,  into  which  latter  and  the 
epicerebral  space  they  empty. 

The  results  of  Ro.ssbach  and  Sehrwald,  regarding 
lymi)liatics  in  the  brain  substance,  are  evidently  di.s- 
credited  by  Fronimann  (Centhl.  f.  tried.  Wiss.,  1888, 
pp.  881,  882).  As  regards  the  hypophysis,  Piscnti  and 
Viola  (ibid.,  1890,  pp.  4.51,  452")  believe  that  certain 
structures  observed  by  them  represent  lymph  spaces. 
\  cortical  lymph-connective  system  has  been  studied 
by  Bevan  Lewis. 

The  lymphatics  of  the  choroid  plexus  in  the  paracele 
unite  (Arnold)  to  one  trunk  following  CJalen's  vein.  In 
the  ependyma  Ij'mphatic  networks  have  occasionally 
been  observed. 

The  lymph  passages  collect  in  the  pia  to  larger 
trunks,  follow  the  course  of  the  veins,  and  pass  out, 
in  part  through  the  jugular  foramen  to  superjugular 
glands,  in  part  through  the  carotid  canal  to  the  deep 
cervical  glands,  in  part  beside  the  vertebral  vessels  to 
the  infrajugular  glands. 

Little  evidence  of  lymphatics  in  the  myel  is  found  by 
Kadyi.  The  perivascular  spaces  of  His  occur,  but  are 
likely  of  artificial  origin.  From  the  results  of  one 
injection  he  figures  a  network  of  voluminous  canals 
running  longitudinally  beside  the  central  canal,  and 
that  possibly  represent  a  lymphatic  system. 

Serous  Cavities,  Cerebrospinal  FLtiiD,  etc. — 
Between  dura  and  arachnoidea  is  the  subdural  space. 
In  the  normal  condition  this  contains  only  a  capillary 
layer  of  fluid.  The  dura  has  a  system  of  lymphatics 
accompanying  the  blood  capillaries,  within  their 
adventitia.  Besides,  in  the  endothelium  of  the  dura 
independent  lymphatic  plexi  and  stomata  have  been 
described,  presenting  a  communication  with  the  sub- 
dural space,  and  conducting  oflf  the  subdural  fluid. 
Through  the  oval  and  spinous  foramina  pass  (Arnold) 
lymphatics  to  the  deep  facial  glands,  probably  coming 
from  the  dura. 

The  interstices  of  the  pia,  i.e.  the  somewhat  broken 
room  between  arachnoid  and  pia  proper,  constitute 
the  subarachnoidal  space  (cavvtn  subarachnoidale). 
This  is  the  retainer  of  the  cerebrospinal  (cephalo- 
rachidian)  fluid.  Although  this  fluid  can  pass  back 
and  forth  between  the  corresponding  cephalic  and  spi- 
nal spaces,  it  is  no  longer  held  that  there  Ls  a  continuous 
ebb  and  flow  from  one  to  the  other  at  each  respiratory 
movement  and  even  pulsation.  This  space  is  exceed- 
ingly attenuated  wherever  the  brain  lies  close  to  the 
skull,  as  over  the  convexity.  At  other  points  it  forms 
lacuna-like  pockets,  termed  by  Key  and  Retzius 
cisternse.  Among  these  may  be  mentioned:  Cistcr?ja 
magna  (cerebello-oblongata),  where  the  arachnoid 
spreads  across  from  the  caudad  border  of  the  cere- 
bellum to  the  oblongata;  cistern  if  frontis  (laterales  et 
media);  cisterna  Sylrii;  and  over  the  optic  lobes  the 
cisterna  ambiens.  The  ventricles  connect  with  these 
cavities  (the  cclian  fluid  comes  from  the  choroid 
plexuses — ride  Plate  X  VIII.,  Figs.  3  and  4) ;  the  mete- 
picele  with  the  cisterna  magna  through  the  foramen 
Magondii  and  the  aperturse  laterales;  the  paracele 
with  the  diacele  per  the  foramen  of  Munro;  and  the 
diacelc  with  the  metepicele  through  the  aqueduct. 
There  is  no  canalis  Bichati,  formerly  suppo.sed  to 
connect  the  paracele  with  the  subdural  space.  Hence, 
while  the  celian  and  subarachnoid  cavities  are  united, 
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neither  has  any  direct  connection  with  the  subdural 
space.  An  indirect  connection  may  be  offered  by  tlie 
nasal  lymph  net,  as  this  maj'  be  injected  from  the  sub- 
dural as  well  as  subarachnoidal  space  by  way  of 
perineural  lymph  passages  about  outgoing  nerves. 
Another  assumed  indirect  connection  is  by  Pacchionian 
bodies  and  the  sinuses.  The  experiments  of  Key  and 
Retzius,  confirmed  by  KoUmann  (18S0),  seemed  to 
show  that  the  perforations  of  the  dura — opposite 
venous  spaces — by  these  bodies  furnish  one  of  the 
principal  discharge  paths  for  both  subarachnoidal  and 
subdural  spaces.  Certainly  they  do  not  usually 
attain  any  development  until  long  after  youth  has 
passed.  Furtlier  reasons  in  opposition  are  given  by 
Adamkiewicz  in  his  polemic  (Eulenburg's  "  Real- 
Encyclopadie,"  1886,  art.  "  Gehirndruck")  against 
Bergmann's  theory  of  brain  compression,  and  in 
favor  of  his  own  somewhat  novel  views.  Material 
injected  into  the  subarachnoidal  space  in  animals 
traverses  the  supercervical  and  submaxillary  glands. 
In  man  it  can  pass  out  in  the  optic  sheath  to  the  bulb, 
in  the  sheath  of  the  facial  and  the  acoustic  as  far  as  the 
internal  auditory  meatus — whence  fracture  of  the 
petrous  with  tearing  of  the  nerve  sheath  leads  to  ooz- 
ing out  of  cerebrospinal  fluid — and  finally  to  the 
Ij'mphatics  in  the  nasal  mucous  membrane,  the  sup- 
posed path  of  meningeal  infection  from  nasal  sources. 

The  writer  has  shown  that  during  the  whole  of 
fetal  life  in  the  human  subject,  there  exist  efferent 
passages  for  the  cerebrospinal  fluid  along  the  larger 
nerve  trunks  from  the  spinal  cord,  notably  those 
from  the  lumbar  enlargement.  After  birth,  however. 
the.se  promptly  close  ud,  thus  constituting  the  spinal 
arachnoidal  sheath  a  blind  sack.  In  the  lower  ani- 
mals they  are  more  persistent. 

The  subarachnoidal  cisternse  protect  the  large  basal 
vessels  from  compression,  and  in  like  manner  tne  peri- 
cellular spaces  shield  the  enclosed  cell  and  its  process 
from  shock  and  distortion.  Further,  the  perivascu- 
lar channels  protect  the  brain  substance  (His)  in  a 
more  general  way.  Willi.wi  Browning. 
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1876." 

Rossbach  and  Sehrwald;  Ueber  die  Lymphwege  des  Gehirns. 
Centbl.  f.  med.  Wiss.,  1888,  Nos.  25  and  26. 

Zwnllinger:  Die  Lymphbahnen  des  oberen  Nasenabschnittes  und 
deren  Beziehungen  zu  den  perimeningealen  Lymphraumen 
Montsch.  f.  Ohrnheilkunde,  1912,  ISO. 


Brain,  Circulatory  Disturbances  in  the. — Anemh. — 
.\ncmia  of  the  brain  is  a  condition  resulting  either 
from  a  reduction  in  volume  or  alteration  in  character 
of  the  cerebral  blood  supply.  In  either  type  the 
resulting  symptoms  are  usualh'  closely  comparable 
e-xcept  that  when  a  reduction  occurs  in  the  volume  of 
blood  supplied  to  the  brain,  the  expression  is  apt  to  be 
more  sudden  and  much  more  severe. 

We  have  no  definite  figures  concerning  the  actual 
quantitj'  of  blood  contained  in  the  intracranial  blood 
vessels,  but  Tschuewsky  estimates  that  the  blood- 
content  at  any  instant  is  equal  to  four  times  the 
amount  in  one  lower  extremity.  Sand  states  that 
the  brain  in  man  and  the  mammals  can  withstand  a 
complete  cessation  of  blood  flow  for  twenty-five  min- 
utes, but  that  in  many  instances  periods  even  as 
short  as  three  minutes  may  result  in  its  death. 

In  experimental  anemia  of  the  brain  by  ligation  of 
both  carotids  and  both  vertebral  arteries  the  results 
differ  with  the  animal  employed  and  this  variation  is 
probably  due  to  differences  in  the  richness  of  the 
anastomotic  supply,  which  is  called  into  service 
following  the  ligations.  When  the  anastomoses, 
which  are  by  way  of  the  intercostal,  ascending 
cervical  and  anterior  spinal  arteries  which  in  turn 
feed  the  basilar,  are  sufficient  to  maintain  the  activity 
of  the  bulbar  centers,  the  animal  will  survive  the 
operation  and  will  ultimately  by  development  of  the 
anastomotic  pathways  recover  from  its  effects. 
Hill  states  that  in  none  of  the  animals  which  he 
e-xamined,  does  ligature  of  the  carotids  and  vertcbrals 
entirely  cut  off  the  brain  from  blood,  but  that  in 
goats,  "horses,  nearly  all  rabbits,  and  forty  per  cent. 
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of  cats  tho  anastomotic  supply  is  too  slight  to  main- 
tain the  activity  of  tho  bulbar  centers  when  the 
ligature  is  suddenly  appliofl,  though  the  cfTiciency  of 
the  ana-itoniosis  can  be  gi-eatly  increased  if  the 
application  is  gradual.  All  ilogs  have  survived  the 
quadruple  ligature  and  four  have  recovered  com- 
pletely after  an  initial  period  of  paralysis  and  idiocy. 
Astley  Cooper  recorded  the  first  of  these  e.xperimcnts 
and  tlie  animal  recovered  and  hvcd  to  be  an  excellent 
house  dog.  Kussmaul  and  Tenner  tied  ofT  the 
cerebral  supply  and  recorded  .spasms  in  ten  to  forty- 
five  seconds.  Immediately  following  the  ligature  the 
symptoms  were  loss  of  consciousness  and  volitional 
motion,  then  clonic  spasms  an<l  cessation  of  respira- 
tion except  for  gasps  at  long  intervals.  Removal  of 
the  ligatures  after  two  to  three  minutes  immediately 
stopped  the  spasms  and  the  brain  showed  the  power 
of  complete  recovery.  Jolly  showed  that  washing  out 
of  the  blood  from  the  brain  by  physiological  saline 
solution  at  ordinary  arterial  pressure  also  produced 
the  typical  spasms.  Blocking  of  the  venous  return 
from  the  cranium,  if  complete,  will  give  rise  to  similar 
symptoms,  but  their  onset  under  tliese  conditions  is 
delayed.  Hill  gives  the  following  description  of  one 
of  his  quadruple  ligature  experiments  on  the  dog. 

"December  4,  1S95. — Two  carotids  and  vertebrals 
tied. 

"December  .5. — The  dog  alternately  sleeps  and 
wanders  round  the  room.  When  asleep  powerful 
stimulations  are  required  to  rouse  him.  All  his 
movements  and  tactile  sensations  are  paresed.  He 
stumbles  into  every  object.  His  pupils  react  to 
light  and  the  discs  appeared  pale  with  small  arteries 
and  large  veins.  Sounds  are  audible  to  it,  as  is 
evidenced  by  pricking  up  of  the  ear.  Smell  seems 
to  be  the  most  efficient  sen.se.  He  continually  keeps 
his  nose  on  the  ground,  snifRng  as  he  wanders  about 
the  room.  Whenever  meat  is  put  into  his  mouth 
he  eats  reflexly,  but  does  not  notice  pieces  of  meat 
that  drop  or  hang  out  between  his  teeth.  He  drinks 
reflexly  when  his  nose  is  put  into  water.  He  showed 
no  concern  at  a  cat.  although  the  cat  spat  with  rage: 
nor  at  a  lighted  match,  nor  at  tobacco  smoke  blown 
into  his  face.  He  tries  for  manj'  minutes  to  get 
through  impossible  objects — through  crannies  which 
are  too  small  for  him,  bumps  his  head  into  every 
obstacle  in  the  way.  and  finally  drops  asleep  in  front 
of  such  an  obstacle.  Sleep  overtakes  him  at  any 
moment  during  his  perambulation.  The  scratching 
reflex  did  not  seem  to  be  exaggerated.  Mouth 
temperature  equals  36°  C.  Rectal  temperature 
equals  39°  C.  Here  was  e^^dence  of  the  deficiency  of 
circulation  in  the  head.  Pulse  120,  high  tension. 
Respiration  normal.     Urine  passed  normall}'. 

"  December  6. — Much  more  susceptible  to  noise. 
Starts  back  on  the  firing  of  a  match,  and  follows  the 
light  with  his  eyes  like  an  infant.  He  shows,  how- 
ever, no  fear  of  the  hght.  There  is  still  apparent  no 
fear  of  a  cat,  for  while  the  cat  was  hissing  and  trying  to 
scratch,  the  dog  calmly  smelt  round  it.  He  showed 
difficulty  in  picking  up  and  eating  meat  thrown 
before  him.     Walks  more  strongly. 

"December  7. — Came  across  the  room  when  called, 
and  .seemed  pleased  at  notice.     Passed  feces. 

"  December  S. — Answered  by  movements  to  a  call, 
and  responds  to  patting.  Seems  frightened  by  a 
hghted  match.  Cannot  locahze  a  clip  placed  on  his 
car.  Just  as  .sleepy.  Goes  to  sleep  in  any  unnat- 
ural posture — on  his  back,  or  standing  on  his  head, 
propped  up  against  a  cage.  Quite  uncertain  how 
to  jump  down  from  a  small  height,  gazed  hesitatingly 
over  the  edge.  Growls  and  turns  to  bite  when  irri- 
tated. ,\11  his  acts  appear  reflex.  Howled  when  meat 
was  placed  in  his  mouth,  and  then  chewed  and 
swallowed  it. 

"  December  9. — Much  more  obtuse.  Would  not 
eat  or  drink.  Fed  with  a  tube.  Growls  at  being 
interfered  with. 


"  December  10. — .\te  meat  when  placed  in  his  mouth. 
Very  little  power  of  mastication.  I  injected  glycerin 
into  the  rectum,  and  the  dog  ran  round  and  round  the 
room  many  times,  then  had  a  motion,  and  straight- 
way fell  asleep;  scarcely  feels  and  does  not  localize  a 
clip  placed  on  the  ear.  When  a  string  was  tied  on  his 
tail  lie  wound  himself  round  and  round  a  post  and 
then  tried  to  get  under  his  own  tail.  After  this  date 
tiie  dog  rapidly  recovered. 

"On  December  14  he  was  shown  to  the  Physio- 
logical Society,  and  .seemed  practically  a  normal  dog, 
save  for  some  weakness  and  hesitation  in  jumping  from 
heights. 

'■  On  December  16  the  dog  was  killed,  the  ligatures 
verified.  The  anastomotic  arteries  were  found  to  be 
the  intercostals  and  ascending  cervicals,  and  mainly 
the  branches  of  the  superior  intercostals.  These 
last  had  become  dilated  up  to  the  size  of  the  verte- 
brals and  supplied  the  basilar  arteries,  and  thence 
the  whole  brain." 

Considerable  discussion  has  arisen  over  the  question 
of  an  indeiiendent  vasomotor  nerve  supply  to  the 
intracranial  vessels.  Hill  reviewing  the  .situation  in 
1895  came  to  the  conclusion  that  there  was  no  evi- 
dence of  the  existence  of  vasomotor  nerves  or  local 
vasomotor  control  of  the  cerebral  supply  and  that 
the  whole  regulation  of  the  intracranial  circulation 
was  by  means  of  the  reciprocal  relations  of  the  splanch- 
nic field,  i.e.  that  vasoconstriction  in  the  splanchnic 
area  results  in  forcing  a  larger  volume  of  blood 
into  the  general  circulation  and  thus  indirectly  in- 
creasing the  cerebral  supply  and,  vice  versa,  that 
splanchnic  dilatation  by  withdrawing  blood  from  the 
circulation  will  tend  to  diminish  it.  He  also  con- 
cludes that  there  is  no  evidence  of  the  causation  of 
cerebral  anemia  by  spasm  of  the  cerebral  arterioles. 
These  conclusions  embody  the  opinion  of  the  majority 
of  the  physiologists,  but  the  presence  of  nerve  fibrillae 
accompanying  the  cerebral  vessels  has  been  demon- 
strated by  histological  methods  by  a  number  of 
investigators — notably  Huber,  who  found  that  both 
pial  and  dural  vessels  were  accompanied  by  nerve 
iibriUoe  of  two  types — a  slender  non-medullated  plexus, 
similar  in  all  respects  to  the  vasomotor  supply  of 
vessels  in  other  parts  of  the  body,  and  larger  medul- 
lated  fibers  which  are  interpreted  as  sensory  fibers. 
Kolhker  describes  nerve  fibers  on  the  branches  of  the 
circle  of  WilUs  which  branch  to  follow  all  of  the  vessels 
of  the  pia  and  states  that  he  has  followed  them  on 
arteries  of  90u  and  smaller  into  the  substance  of  the 
brain.  Ober.steiner  believes  that  the  vasomotor 
nerves  of  the  brain  are  more  easily  fatigued  and  fail 
to  respond  at  times  when  other  vasomotor  nerves  of 
the  body  still  react  and  suggests  this  as  a  part  at 
least  of  the  reason  why  phj-siological  e.'cperiments 
have  given  negative  results. 

In  view  ;of  the  demonstration  of  fibrillre  on  the  cere- 
bral vessels  which  in  all  respects  accord  with  tho.se 
of  arterial  plexuses  elsewhere,  one  feels  inclined 
to  accept  the  conclusion  of  Testus  that  "  they  are 
here  as  in  other  parts  of  the  bodj'  regulators  of  the 
circulation."  On  the  other  hand,  however,  manj'  of 
the  experiments  of  Hill  and  others  are  equally  im- 
pressive in  suggesting  the  importance  of  the  splanch- 
nic area.  It  seems  reasonable  therefore  to  conclude 
that  the  condition  of  the  vessels  in  the  splanchnic 
field  may  play  a  very  important  part  in  the  regulation 
of  the  gross  changes  in  blood  volume  witliin  the 
cranium,  but  that  the  finer  variations  (too  fine  pos- 
sibly to  be  recorded  by  the  methods  employed)  may  be 
controlled  by  active  vasoconstriction  and  vasodilata- 
tion under  command  of  vasomotor  nerves.  This  may 
apply  equally  to  the  intracranial  circulation  as  a 
whole  and  to  the  variations  of  blood  volume  in 
various  areas  of  the  cerebral  supply. 

Ligation  of  the  carotid  arteries  is  occasionally 
indicated  in  man  by  aneurj-sm,  injury,  etc.,  and  if  car- 
ried  out   suddenlv   Jacksonian   convulsions   or  tran- 
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sient  hemiplegia  maj'  occur.  Shiff  and  Hill  each 
report  the  production  in  themselves  of  spasms  on  the 
opposite  side  of  the  body  by  compression  of  one  car- 
otid. This  bespeaks  a  tardy  or  incomplete  compensa- 
tion by  the  circle  of  Willis.  .\n  interesting  light  is 
thrown  on  this  question  by  the  experimental  work  of 
Kramer,  who  found  that  in  dogs  and  monkeys  methy- 
lene blue  solution  injected  into  one  carotid,  if  the 
operation  was  carried  out  carefuU}'  so  as  not  to  raise 
the  intra-arterial  pressure  of  that  side,  made  its  way 
to  only  a  very  limited  extent  to  the  opposite  hemicere- 
brum.  Variations  in  the  size  of  the  communicating 
branches  of  the  circle  of  Willis  are  frequent  and  would 
play  an  important  part  in  indi\-idual  reaction  to  caro- 
tid ligation.  The  causes  of  anemia  of  the  brain  through 
considered  here  as  the}'  pertain  to  anemia  in  general. 
The  causes  of  acute  anemia  of  the  brain  as  a  whole 
maj'  be  stated  as  follows: 

1.  Occlusion  of  the  whole  cerebral  arterial  supply 
bj'  ligature,  emboUsm  or  compression.  This  is  largely 
an  experimental  condition  and  needs  no  further 
elaboration. 

2.  Occlusion  of  all  the  cerebral  venous  sinuses. 
Hermann  and  Esher  by  hgation  of  the  superior  vena 
cava  and  azygos  veins  and  obUteration  by  cautery 
of  the  veins  of  the  spinal  cord  and  vertebral  canal 
obtained  the  same  sequence  of  symptoms  as  are  seen 
in  ligation  of  the  arterial  supply.  Ferrari  obtained 
a  similar  result  by  the  injection  of  wa.x  into  the  sinuses. 

3.  Hemorrhage.  The  sudden  withdrawal  of  a 
large  quantitj'  of  blood  from  the  general  circulation 
may  result  in  a  reduction  of  the  volume  sent  to  the 
brain.  This  must,  however,  be  a  sudden  withdrawal 
and  the  quantity  of  blood  must  be  large,  as  the  vaso- 
motor mechanism  is  active  in  readjusting  the  dis- 
tribution. The  effect  of  this  type  of  reduction  in 
volume  will  be  aggravated  bj'  the  erect  posture  and 
alleviated  if  the  head  be  on  as  low  or  a  lower  level 
than  the  heart  when  the  influence  of  gravity  is  less 
directlj'  exerted  against  the  cerebral  blood  stream. 

4.  Sudden  vasomotor  paralysis  plus  the  effect  of 
gra\'ity.  HiU  has  shown  that  when  the  vasomotor 
center  of  a  dog  has  been  destroj-ed  by  pithing,  gravity 
plays  a  most  important  part.  Thus,  in  such  a  dog  a 
vertical  position  with  the  head  up  produces  syncope, 
which  immediately  disappears  on  reversal.  In  the 
monkey  (as  is  probably  also  true  in  man)  the  compen- 
sation for  the  effects  of  gravity  is  much  greater  than 
in  those  animals  which  are  not  upright. 

In  close  relation  with  this  cause  is  that  of  the 
sudden  withdrawal  of  blood  to  other  parts  of  the  body, 
as  for  instance  after  violent  labor  with  incomplete 
contraction  of  the  uterus  but  without  much  external 
bleeding,  syncope  may  result  from  the  amount  of 
blood  withheld  from  the  general  circulation  in  the 
suddenly  released  uterine  sinuses.  The  symptoms 
of  collapse  following  aspiration  of  large  serous  exu- 
dates from  the  bodj-  cavities  due  to  the  sudden  release 
of  pressure  on  large  vascular  fields  are  probablj-  also 
of  this  nature  in  some  cases. 

Chloroform  poisoning  may  result  in  a  vasomotor 
paralj-sis  without  cardiac  involvement,  giving  rise 
to  symptoms  of  collapse  which  may  be  reUeved  by 
pressure  on  the  abdomen  by  giving  rise  to  mechanical 
vasoconstriction,  thus  returning  to  the  general  cir- 
culation some  of  the  blood  which  had  drained  into 
the  splanchnic  field. 

5.  A  sudden  increase  of  intracranial  tension.  The 
brain  substance  is  relativeh'  incompressible  and  the 
amount  of  cerebrospinal  fluid  which  is  present  in  the 
cranial  cavity  in  physiological  conditions  is  small,  so 
that  large  changes  in  volume  within  the  rigid  cranium 
are  dependent  largeh-  on  the  blood  volume.  If  now 
there  be  a  sudden  increase  in  tension,  the  smaller 
capillaries  will  be  obUterated  until  such  time  as  read- 
justment through  venous  outflow  can  occur.  This 
consideration  is  of  interest  in  experiment,  where  it  is 
found  that  dangerous  s3-mptoms  do  not  occur  through 
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gradual  injection  of  foreign  material,  until  the  arterial 
pressure  is  reached,  thus  suggesting  that  the  symp- 
toms themselves  are  the  result  of  anemia  from  inter- 
ference with  the  inflow  of  arterial  blood.  When, 
however,  the  injection  is  rapid  the  symptoms  foUow 
a  minor  increase  of  pressure.  In  cerebral  hemorrhage, 
the  influx  of  blood  into  the  brain  is  at  the  arterial 
pressure  and  hence  capable  of  obliterating  capillaries, 
and  here  again  many  of  the  major  symptoms  maj'  be 
due  to  the  effects  of  anemia,  brought  about  by  the 
pressure,  rather  than  to  the  pressure  it.'ielf. 

6.  Heart  disease.  In  patients  suffering  with 
insufficient  action  of  the  heart  any  sudden  increase  of 
exertion  may  give  rise  to  syncopal  attacks.  This  is 
especiall}'  true  in  aortic  regurgitation  and  in  fatty  or 
fibrous  myocarditis,  and  is  also  frequently  seen  in 
convalescents  from  acute  febrile  diseases. 

7.  Spasm  of  the  cerebral  arteries.  This  is  a  cause 
which  has  long  received  credence  as  one  of  importance 
in  the  explanation  of  syncope  and  even  in  epilepsy. 
The  negative  evidence  adduced  by  the  physiologists, 
while  not  excluding  this  factor,  renders  it  improbable 
that  it  is  a  prominent  one. 

S.  -\s  a  miscellaneous  group  may  be  mentioned 
the  syncopal  attacks,  which  probably  result  from  a 
cerebral  anemia  following  emotional  and  mental 
excitement  in  delicate  or  neurotic  persons,  intes- 
tinal disturbances,  especially  when  associated  with 
abdominal  pain,  and  the  immediate  syncope  and 
collapse  which  occur  in  gastric  and  intestinal  perfora- 
tion. Both  of  these  conditions  probably  bear  a  close 
relation  to  splanchnic  vasomotor  paralysis  and  sudden 
withdrawal  of  blood  from  the  general  circulation 
into  the  splanchnic  vessels. 

Symptoinatology. — In  cases  of  acute  cerebral  anemia 
the  onset  of  the  symptoms  varies  somewhat.  In 
many  cases  loss  of  consciousness  is  the  first  indication. 
In  more  gradual  ones  the  first  sj-mptoms  are  a  feeUng 
of  lightness  in  the  head  and  a  slight  difficult}-  in  breath- 
ing frequently  followed  by  tinnitus  aurium.  dizziness, 
slight  nausea  or  even  vomiting,  uncertain  equi- 
Ubrium  and  generally  a  marked  reduction  in  the 
acuity  of  perception  of  sensory  impressions,  \ision 
is  blurred  and  audition  indistinct.  Objectively  the 
face  is  pale,  the  pupils  at  first  contract  and  then  dilate, 
the  skin  is  pale,  cold,  and  moist,  and  the  pulse  becomes 
slow  and  small  in  volume. 

In  cases  of  severe  sudden  loss  of  blood  in  p^e^^ously 
healthy  patients,  convxilsions  may  occur.  These 
may  be  Jacksonian  in  t}'pe  or  general.  Marshal  Hall 
states  that  in  blood  letting  convulsions  stand  next 
to  syncope  in  order  of  frequence.  Complete  paralysis 
does  not  occur,  though  a  transient  henfiparesis  or 
hemiplegia  may  follow  hgation  of  one  carotid  artery. 
Curiously  enough  convtilsions  rarely  follow  hemor- 
rhage, even  when  sudden  and  severe,  in  patients  who 
are  much  debihtated. 

The  symptoms  following  experimental  cerebral 
anemia  have  been  tabulated  by  Hill  as  follows:  1. 
Loss  of  consciousness  and  convulsions.  2.  Respira- 
tory spasm.  3.  Slow  heart  and  rise  of  blood  pres- 
sure with  cessation  of  respiration.  4.  Fall  of  blood 
pressure,  acceleration  of  the  heart,  and  death.  He 
states  that  the  fatal  symptoms  arise  only  when  the 
bulbar  circulation  ceases,  and  that  when  the  anemia 
is  slow  in  advancing  it  fails  to  produce  the  excitatory 
symptoms,  and  calls  attention  to  the  similarity  to 
the  symptoms  of  asphyxia. 

Diagnosis. — The  diagnosis  of  anemia  of  the  brain 
depends  on  the  general  symptoms  outlined,  .\tten- 
tion  should  be  directed,  however,  toward  the  question 
of  severe  heart  lesions  or  general  anemic  states. 

Prognosis. — The  prognosis  in  simple  syncopal 
attacks  is  good,  although  fatal  results  occasionally 
occur.  It  is  a  trifle  less  favorable  in  cases  following 
severe  hemorrhage,  while  as  a  result  of  cardiac 
disease,  syncope  serves  as  an  index  of  a  weakened 
compensator}-  activity  which  offers  a  serious  outlook. 
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Treatment. — In  simple  syncoue  a  liorizontal  posi- 
tion, frosli  air,  and  simple  stinuilant  inlialants  such  as 
tho  familiar  smcUins  salts  arc  usually  cllicafious.  In 
more  severe  at  lacks  euld  water  or  the  electric  brush 
externally,  with  cofTee,  alcohol,  or  ether  internally 
are  indicated.  Tight  bandaging  of  the  abdomen 
(preferably)  or  of  the  limbs  is  freq\iently  of  value 
by  returning  blood  to  the  general  circulation. 

When  complicating  lieart  disea.se  or  general  anemia, 
the  treatment  must  be  directed  to  these  conditions. 

Hyperemia. — Hyperemia  of  the  brain  is  usually 
considered  under  the  two  subdivisions  of  active  or 
arterial  hj-peremia  and  passive  or  venous  congestion. 
Hill  has  pointed  out  that  any  marked  increase  of 
arterial  inflow  into  the  cranial  cavity  can  take  place 
only  at  the  expense  of  the  capillary  or  venous  blood 
content  as  the  brain  substance  is  incompressible,  the 
cranial  cavity  rigid,  and  the  amount  of  cerebrospinal 
fluid  under  normal  physiological  conditions  is  so  small 
as  to  be  practically  negligible.  A  sudden  marked 
increase  on  the  arterial  side  will  thus  result  in  either 
the  temporary  obliteration  of  capillary  areas  where 
the  intracapillary  pressure  is  lower,  or  by  compression 
of  the  sinuses  at  their  points  of  outflow,  thus  tending 
to  raise  the  whole  intracranial  pressure  to  that  of 
the  arterial  tree.  In  either  event  the  result  will  be 
a  more  or  less  widespread  anemia  (either  by  expres- 
sion or  by  stasis)  and  the  s}'mptoms  arising  will  be 
closely  comparable,  if  not  identical,  with  those  of  cere- 
bral anemia.  Hill  further  states  that  in  all  physio- 
logical conditions  the  volume  of  the  blood  in  the  brain 
is  practically  constant  and  that  rise  of  arterial  pressure 
results  in  acceleration  of  the  flow  without  notable 
increase  in  volume.  A  consideration  of  phj'sical 
conditions  under  which  the  cerebral  circulation  is 
at  work,  would  lead  to  the  conclusion  that  this  must 
be  equally  true  of  pathological  states  except  in  tho.se 
cases  where  the  increa.se  of  blood  flow  is  so  sudden  in 
onset  that  sufficient  time  is  not  available  for  a  com- 
pensatory increase  of  venous  outflow,  which  will 
result  in  the  increased  intracranial  tension  with  the 
results  outlined  above.  In  ca.ses  with  persistently 
high  arterial  tension,  therefore,  the  evidence  warrants 
us  in  assuming  that  the  effect  on  the  cerebral  circula- 
tion is  that  of  an  acceleration  of  flow  rather  than  of 
an  augmentation  of  volume. 

Venous  congestion,  on  the  other  hand,  is  of  greater 
pathological  importance.  Intracranial  pressure  can 
be  shown  to  vary  directly  and  absolutely  with  venous 
pressure  while  it  varies  only  proportionately  with 
arterial  pressure.  Ferrari  injected  wax  into  the  ve- 
nous sinuses  and  found  that  the  symptoms  occurring 
on  complete  obstruction  were  entirely  comparable 
to  those  occurring  in  cerebral  anemia.  Hermann 
and  Esher  obtained  a  similar  result  by  venous  hgation 
and  cautery.  The  only  difference  observed  by  these 
authors  between  this  operation  and  ligation  of  the 
arterial  supply  was  that  of  the  time  of  onset  of  the 
convulsive  seizure,  which  in  the  case  of  the  veins 
was  double  that  of  the  arterial  operation.  They  also 
found  that  ligation  of  the  superior  vena  cava  and 
azygos  veins  had  no  effect  unless  supported  by  ob- 
literation of  the  veins  of  the  spinal  cord  and  vertebral 
column,  thus  indicating  the  freedom  of  the  cranio- 
vertebral  anastomosis. 

At  autopsy  the  findings  -nath  regard  to  the  cerebral 
blood  volume  are  inconstant  and  a  review  of  the  fac- 
tors will  tend  to  shed  some  light  on  the  question.  In 
acute  inflammatory  reactions  within  the  cranium, 
such  as  acute  meningitis  or  acute  encephalitis,  the 
widespread  capillary  engorgement  of  both  the  ves.sels 
of  the  meninges  and  the  brain  it.self  are  self-evident. 
This  of  course  is  a  local  inflammatory  reaction.  It 
is  probable  that  the  intense  congestion  of  the  brain 
found  in  chronic  alcoholics  and  opium  eaters  is  of 
like  nature,  i.e.  a  reaction  to  the  to.xic  or  inflamma- 
tory action.     Active  general  hyperemia,  however,  as 


well  as  venous  cotigestion  are  depenilent  on  conditions 
which  are  varied  during  the  agonal  state  and  entirely 
altered  after  death.  Thus  if  the  agonal  conditions 
are  such  as  to  r(\';ult  in  a  marked  lo.ss  of  vasomotor 
compensation  before  the  cessation  of  the  heart's  beat, 
the  relaxation  of  the  large  vascular  fields  in  the  trunk 
and  extremities  and  especially  that  of  th(^  snlanchnic 
area  will  result  in  such  a  nuirked  withdrawal  of  blood 
from  the  general  circulation  that  the  heart  may  not 
receive  a  supply  sufficient  to  engorge  the  cerebral 
ves.sels,  even  tnough  they  are  in  a  receptive  condition. 
Conversely,  if  the  vasomotor  activity  is  continued 
well  into  the  agonal  period,  the  tendency  will  be 
toward  the  production  of  a  congestion  of  the  brain 
which  may  be  demonstrable  at  autopsy.  Condi- 
tions of  posture  after  death,  when  all  the  ves.sels  are 
relaxed  and  the  tendency  of  the  blood  is  to  seek  its 
gravity  level,  may  also  prominently  affect  the  post- 
mortem findings. 

Sijmpiomatology. — We  know  nothing  of  the  clinical 
symptoms  of  active  hyperemia  of  the  brain.  In 
acute  experimental  venous  congestion  the  symptoms 
are  exactly  comparable  to  those  of  cerebral  anemia. 
Venous  stasis  of  the  brain  gives  rise  to  a  sense  of 
fulness  in  the  head,  slight  dizziness,  flashes  before  the 
eyes,  and  occasionally  to  syncope.  Though  often 
ascribed  to  cerebral  congestion,  there  is  large  question 
whether  mental  disorders,  delirium,  paresthesias,  and 
motor  disturbances  are  not  results  of  a  cau.se  common 
to  the  circulatory  disturbance  and  in  no  way  depend- 
ent on  the  latter,  much  as  we  explain  delirium  tremens 
on  the  basis  of  the  alcohol  rather  than  of  the  cerebral 
congestion  which  accompanies  it. 

Treatment. — Venous  congestion  is  best  combated 
by  rest,  removal  of  any  constricting  clothing  from  the 
neck  or  abdomen,  and  moderate  purgation. 

Cerebr.'V.l  Embolism  and  Thrombosis. — Embolism 
and  thrombosis  of  the  cerebral  arteries  both  give  ri.se 
to  a  similar  group  of  symptoms.  When  the  condition 
is  presaged  by  a  series  of  prodromes,  the  probabili- 
ties may  be  said  to  favor  the  diagnosis  of  thrombosis 
rather  than  embolism,  though  the  growth  of  a  propa- 
gating thrombus  from  a  small  embolus  may  mask 
the  picture.  Emboli.sm  of  the  cerebral  veins  and 
sinuses,  however,  yields  a  rather  different  picture,  and 
while  differential  diagnosis  may  be  difficult  or  even 
impossible,  the  symptoms  warrant  separate  treatment. 

Cerebral  emboli  may  arise  from  any  of  the  major 
sources  of  arterial  embolism  e.xcept  those  pertaining 
to  the  aorta  below  the  origin  of  tlie  innominate  and 
carotid  arteries.  By  far  the  most  common  origin  is 
that  of  valvular  endocarditis  of  the  left  heart.  Mural 
endocarditis  either  primary  or  dependent  on  an  un- 
derlying myocarditis  of  the  left  auricle  or  ventricle  is 
another  frequent  source  of  cerebral  emboU.  Save- 
liew  states  that  eighty-nine  per  cent,  of  all  cases  of 
cerebral  embolism  are  associated  with  heart  disease. 
Ciangrenous  or  thrombotic  processes  in  the  lungs  with 
the  advent  of  free  particles  into  the  returning  pul- 
monary blood  may  also  give  rise  to  emboli  which  may 
find  their  way  into  the  cerebral  ves.sels.  This  path 
of  translation  is  also  of  considerable  importance  in  the 
origin  of  cerebral  abscesses,  as  the  embolic  material 
in  many  of  these  cases  is  septic.  The  writer  has  seen 
on  the  autopsy  table  one  such  case  of  cerebral  abscess 
in  a  child,  where  the  focus  of  origin  was  without  much 
doubt  due  to  a  septic  embolus  from  a  purulent  peri- 
bronchial process,  set  up  and  kept  active  by  a  large 
black-headed  pin  which  nad  been  swallowed  six  years 
before  the  onset  of  the  cerebral  symptoms  (reported 
by  Beebe) .  Atheromatous  degeneration  of  the  ascend- 
ing aorta  may  also  serve  as  an  origin  of  emboli, 
through  the  formation  of  thrombi,  small  portions  of 
which  are  whipped  off  into  the  blood  stream.  Rarely, 
as  in  Cohnheim's  case,  the  embolus  may  arise  in  the 
veins  of  the  trunk  and  find  its  way  through  a  patent 
foramen  ovale.     The  foramen  ovale  may  be  shown 
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to  be  patent  in  a  considerable  number  of  hearts  (one 
in  three,  Lewandowsky)  though  in  the  majority  the 
opening  is  well  covered  by  endocardial  flaps.  The 
right  heart  appears  to  be  less  susceptible  to  the  causes 
underlying  endocarditis  and  thrombosis,  and  this 
coupled  with  the  infrequency  of  a  foramen  ovale, 
which  wiU  allow  of  ready  transmission  of  blood  from 
one  side  to  the  other,  places  this  possible  source 
among  the  improbable  ones. 

The  explanation  of  cases  of  sudden  death  or  paraly- 
sis occurring  during  aspiration  of  the  pleural  cavities 
on  the  basis  of  emboUsm  from  the  pulmonary  veins, 
has  been  in  part  substantiated  br  autopsy  findings, 
but  in  many  cases  such  emboli  have  not  been  dis- 
covered even  after  painstaking  search,  and  it  is  prob- 
able that  while  embolism  may  be  the  active  factor 
in  some  of  these  cases,  the  anemia  produced  by  the 
sudden  reopening  of  a  large  vascular  field  is  also  an 
important  cause,  especially  in  those  cases  where  the 
paralyses  are  transient. 

The  embolus  itself  is  usually  made  up  of  particles 
of  fibrin  containing  leucocytes  and  erythrocj-tes, 
though  occasionally  bits  of  ulcerated  valves  or 
atheromatous  detritus  are  included. 

The  course  of  the  embolus  and  in  consequence  the 
group  of  locahzing  sjmptoms  is  inconstant.  There 
are,  however,  certain  sites  of  predilection  and  chief  of 
these  is  the  middle  cerebral  artery.  Von  Monakow 
claims  that  this  arterj-  is  involved  in  eighty  per  cent, 
of  cases.  Gelpcke  states  that  the  left  middle  cerebral 
is  more  frequentlj'  involved  than  the  right  in  the  pro- 
portion of  6  to  5.  The  occurrence  in  the  middle 
cerebral  is  explained  on  the  ground  that  this  vessel  is 
a  more  direct  continuation  of  the  internal  carotid 
than  the  other  cerebral  vessels,  while  the  slight  pre- 
ponderance of  the  left  over  the  right  is  explained  like- 
wise because  it  forms  a  more  direct  path  from  the 
heart. 

Saveliev  states  that  cerebral  embolism  is  more 
frequent  in  women  than  men  in  the  proportion  of 
8  to  7.  Osier  explains  this  on  the  basis  of  the  greater 
frequency'  of  mitral  endocarditis  in  women. 

With  regard  to  the  age  of  occurrence  Saveliew  has 
given  the  following  distribution  by  decades  in   134 


1-10  years 4  cases. 

1 1-20  years 17  cases. 

21-30  years 33  cases. 

31-40  years 23  cases. 


41—50  years 25  cases. 

51—60  years 26  cases. 

Over  60  years. ...   6  cases. 
Total 134  cases. 


Capillary  emboli  need  not  be  described  here,  but 
mention  might  be  made  of  the  fat  emboUsm  following 
crushing  bone  injuries  and  occasionally  after  ortho- 
pedic operations.  Tumor  cells  may  also  be  found 
forming  capillary  emboli  or  larger  bits  may  give  rise 
to  areas  of  softening  as  described  by  Winkler.  Liver 
cells  have  been  reported  in  the  cerebral  capillaries  in 
acute  yeOow  atrophj'  of  the  Uver,  and  occasionally 
in  fulminant  cases  of  malaria,  capillary  pigment 
emboli  are  found. 

Cerebral  arterial  thrombosis  may  arise  from  an 
embolus,  or  from  lesions  of  the  vessel  walls,  in  aneu- 
rysms both  gross  and  miUary  and  occasionally  as  a 
result  of  abnormality  in  the  blood  itself. 

When  an  embolus  finds  lodgment,  it  quite  fre- 
quently serves  as  a  point  of  origin  for  a  propagating 
thrombus.  In  the  case  of  a  rider  embolus,  tliis 
propagation  may  serve  greatly  to  increase  the  inter- 
ference with  the  amount  of  blood  passing  into  either 
branch  of  the  bifurcation.  When  an  embolus  is 
stopped  only  when  it  reaches  a  point  of  too  small 
cahber  for  its  passage,  it  serves  to  block  completely 
the  vessel  and  the  clotting  which  takes  place  in  per- 
ipheral portions  will  not  give  rise  to  further  disturb- 
ance. There  is  also,  however,  usually  clotting  in 
the  proximal  portion  of  the  vessel  back  as  far  as  the 
first  branch,  and  extension  or  fragmentation  of  this 
clot  may  serve  to  cut  off  additional  areas. 


Endarteritis  of  the  cerebral  vessels  may  give  origin 
to  thrombi.  This  is  especially  true  of  areas  of  athero- 
matous softening.  It  is  also  widely  stated  that 
thrombosis  is  apt  to  follow  sj-phihtic  endarteritis. 
The  problem  here  is  somewhat  complicated  by  the 
similarity  both  in  cUnical  course  and  ultimate  ana- 
tomical findings  of  thrombosis  and  sj-phUitic  obUtera- 
tive  endarteritis. 

The  obhteration  of  an  aneurysmal  sac  by  throm- 
bosis maj'  be  the  starting-point  from  which  occlusion 
of  the  diseased  vessel  may  take  place. 

Certain  conditions  of  the  blood  seem  to  favor 
thrombosis  without  local  vascular  lesion.  This  type 
is  of  much  more  frequent  occurrence  in  the  veins  than 
in  the  arteries  and  makes  up  the  group  of  priman.-  sinus 
thromboses  (q.v.).  It  does  occur,  however,  also  in  the 
arteries  in  the  cachexia  of  carcinoma  and  marasmus 
and  in  association  with  the  infectious  diseases. 

Pathological  Anatomy. — The  majority  of  the  vessels 
of  the  substance  of  the  brain  are  described  as  terminal 
arteries,  while  even  in  the  pial  vessels,  the  anas- 
tomoses are  sUght.  Observations  on  the  extent  of 
softening  in  various  cases  of  plugging  of  arteries 
suggest  that  there  is  wide  individual  variation  in  the 
extent  of  the  anastomoses  between  various  branches, 
but  that  if  the  vessel  involved  be  a  large  one.  there  will 
always  be  a  certain  proportion  of  its  distribution 
which  will  not  receive  blood  supply  in  sufficient 
amount  to  maintain  its  integrity,  and  in  general  the 
statement  that  the  deep  vessels  are  terminal  arteries 
is  warranted.  The  variation  in  the  anastomoses  of 
the  pial  and  cortical  vessels  probably  accounts  for  the 
differences  observable  in  the  resultant  lesions.  In- 
farcts of  the  brain  as  a  rule  are  of  the  pale  or  anemic 
variety,  though  the  capillaries  may  be  filled  bj-  reflux  of 
venous  blood  (Cohnheim)  or  from  adjacent  capillary 
fields  (Litten).  This  refiUing  may  give  rise  to  a  red  or 
hemorrhagic  infarct  and  this  type  is  seen  almost 
exclusively  in  the  cortex.  In  large  areas  of  recent 
infarction,  invohing  both  cortex  and  subjacent  white 
matter,  one  often  sees  the  two  tj-pes  well  contrasted, 
the  hemorrhagic  infarct  more  or  less  sharply  localized 
in  the  cortex  while  the  white  matter  is  anemic. 

Following  this  acute  stage  the  necrotic  process 
begins.  The  analogy  offered  by  experimental  anemia 
of  the  brain  suggests  that  probably  a  functional  loss 
results  within  a  few  seconds  after  the  plugging  and 
that  death  of  the  nerve  elements  occurs  within  twenty- 
five  minutes  thereafter,  while  the  liquefaction  prob- 
ablj'  does  not  begin  actively  until  the  second  or 
third  day.  AU  of  these  periods  will  depend  of 
course  very  largely  on  the  ricnness  of  the  anastomotic 
supply.  The  nerve  cells  and  fibers  of  the  involved 
area  undergo  fatty  degeneration  and  finally  lique- 
faction and  absorption,  lea\ing  the  so-called  cj'st  of 
softening  wliich  will  show  color  varying  from  slightly 
yellowish  to  a  decided  brown,  depending  on  the 
amount  of  blood  pigment  which  is  taken  up  by  the 
wall  of  the  cyst.  Yellow  areas  of  softening — the 
placques  jannes—SiTe  not  uncommon  in  elderly  persons 
and  are  seen  as  areas  of  one  to  two  centimeters  in 
diameter,  sometimes  angular  in  shape  and  filled 
with  grumous  j-ellow  material  or  clear  serous  fluid. 

Sympto7tiatolngy. — EmboUsm  of  the  cerebral  vessels 
gives  rise  usually  to  a  group  of  primary  symptoms 
which  are  the  counterpart  of  those  of  cerebral  hemor- 
rhage, and  a  differential  diagnosis  is  often  impossible. 
The  attack  is  usually  sudden  and  without  prodromes, 
and  varies  in  severity  from  the  deep  coma  of  a 
tj-pical  apoplectic  stroke  to  a  short  loss  of  conscious- 
ness, or  even  to  a  transient  vertigo  and  confusion. 
General  or  unilateral  convulsions  may  occur.  L'sually 
in  embolism,  however,  the  characteristic  rise  of 
temperature  which  follows  shortly  after  an  attack  of 
cerebral  hemorrhage  is  wanting.  There  is  usually  a 
shght  rise  of  temperature,  but  it  is  sliort-li\ed  and 
variable,  though  in  fatal  cases  a  marked  and  persist- 
ent rise  may  occur. 
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Tlirombosis  of  the  corchnil  arteries,  while  giving 
rise  to  a  very  similar  series  of  syinptoins,  is  much 
more  apt  to  show  prodromes.  Abrupt  loss  of  con- 
sciousness is  much  less  common  than  in  eml)olisin  antl 
the  patient  has  often  previously  complained  for  some 
time  of  headache,  vertigo,  tingling  in  the  extremities 
or  weakness  of  one  side  or  dysarthria.  Finally  if  the 
paralysis  appi-ars,  it  is  apt  to  be  slowly  progrcssi\-e 
and  is  often  incomplete  or  variable. 

No  attemiit  will  be  made  here  to  enumerate  the 
various  localizing  symptoms,  but  a  general  review  of 
the  more  common  sites  with  their  results  may  be 
given.  As  iiuiicated  above,  in  the  majority  of  cases 
embolism  affects  one  of  the  middle  cerebral  arteries — 
the  left  somewhat  more  frequently  than  the  right. 
If  the  embolus  lodges  before  the  point  of  origin  of  the 
deep  branches  is  reached,  a  permanent  complete 
hemiplegia  will  result  from  softening  of  the  internal 
capsule  in  the  iieighborhood  of  the  basal  ganglia. 
If  the  obstruction  takes  place,  however,  beyond  the 
origin  of  the.se  vessels,  the  paralysis  is  more  apt  to  be 
transient  and  the  involvement  of  the  face  and  arm 
will  be  greater  than  that  in  the  leg.  When  left 
sided,  the  paralysis  is  apt  to  be  accompanied  by 
aphasia  which  is  usually  of  the  subcortical  motor  type 
(Marie's  anarthria)  though  by  involvement  of  the 
left  superior  temporal  branches  of  the  Sylvian  artery, 


portions  of  the  precentral  gyriis.  Monoplegia  of  the 
leg  may  result  though  usually  branches  of  the  middle 
cerebral  arc  sulhcient  to  keep  up  the  circulation  in  this 
field.  Intellectual  disturl«inces,  emotional  instability, 
hebetude,  and  somnolence  are  conditions  which  may 
result. 

I'hnboli  are  probably  much  less  frequent  than 
thrombi  in  the  vertcbrals  and  basilar,  but  the  result- 
ing symptoms  of  either  are  cliaract<'ristic.  Paralysis, 
eitlier  unilateral  or  bilateral,  may  occur  through 
damage  to  the  pyramidal  tracts.  More  frequent  is 
the  occvuTence  of  crossed  paralysis.  In  this  condition 
the  paralysis  of  the  extremities  is  of  the  type  associated 
with  lesions  of  the  pyramidal  tract  (corticospinal 
neurone),  while  the  paralysis  in  the  face,  which  is  on 
the  opposite  side  of  the  body  from  that  in  the  extremi- 
ties, is  of  the  peripheral  type  (spinomuscular  neurone) 
due  to  the  destruction  of  the  nuclei  of  origin  of  the 
involved  nerves  below  the  point  of  crossing  of  their 
respective  cortical  paths. 

Embolism  or  thrombosis  in  the  internal  carotid 
is  variable  in  its  results.  There  may  be  no  paralysis 
or  a  transient  or  permanent  hemiplegia.  The.se 
variations  depend  on  the  size  of  the  anastomoses  in 
the  circle  of  Willis  and  the  ease  with  which  collateral 
circulation  may  he  established  through  them.  When 
the  blocking  is  within  the  skull,  the  thrombosis  usually 


FlQ.  1007. — Distribution  of  the  Major  Cerebral  .\rteries.     Vertical  lining  represent.s  field  of  .supply  of  the  anterior  cerebral; 
horizontal,  that  of  the  posterior  cerebral;  diagonal,  that  of  the  middle  cerebral.     (After  Beevor  from  Lewandowsky.) 


a  word  deafness  and  sensory  aphasia  may  result. 
If  the  branches  to  the  angular  and  supramarginal 
gyri  be  occluded  on  the  leftside,  ale.xiaor  the  so-called 
visual  aphasia  will  follow.  Disturbances  of  tactile 
sensation  may  follow  lesions  involving  the  postcen- 
tral gyrus,  but  these  as  a  rule  do  not  include  a  total 
hemianesthesia,  as  it  seems  probable  that  the  lower 
centers  (i.e.  thalamus,  etc.)  are,  to  a  limited  extent 
at  least,  capable  of  jjerception  of  tactile  impressions 
though  they  do  not  serve  to  localize  them  accurately. 

When  the  posterior  cerebral  is  involved,  the  chief 
symptoms  arc  referable  to  the  occipital  lobe,  i.e. 
hemianopsia  and  alexia,  though  hemianesthesia  mav 
result  from  involvement  of  the  posterior  parts  of  the 
internal  capsule  and  of  the  optic  thalamus. 

Following  involvement  of  the  anterior  cerebral,  the 
localizing  symptoms  may  be  few.  This  artery  usually 
feeds  the  paracentral  lobules  and  a  part  of  the  upper 


extends  to  the  branches  of  the  carotid  resulting  in 
hemiplegia,  coma,  and  usually  death. 

The  accompanying  chart  (Fig.  1007)  shows  the  usual 
distribution  of  the  tlireo  major  cerebral  vessels.  The 
po.ssibility  of  wide  individual  variations  both  in  dis- 
tribution and  richness  of  anastomosis  must  be  kept 
in  mind. 

The  secondary  symptoms  of  cerebral  embolism  are 
again  hke  those  of  cerebral  hemorrhage  with  a  marked 
exception  in  their  cour.se.  In  cases  of  either  which 
do  not  succumb  to  the  primary  disturbance,  a  certain 
degree  of  amelioration  is  to  be  expected.  Thus  in  a 
hemiplegia  from  either  cause,  the  extent  of  the  paral- 
ysis immediately  apparent  will  be  much  greater  than 
the  residual.  In  embolic  hemiplegia,  however,  the 
recovery  is  more  rapid  than  in  that  following  hemor- 
rhage. This  is  probably  due  to  the  fact  that  the  dis- 
turbance of  function  in  the  area  immediately  sur- 
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rounding  an  infarct  is  more  readi^'  alleviated  througli 
the  more  rapid  absorption  of  the  products  of  degenera- 
tion than  in  a  case  with  formation  of  clot.  In  general, 
it  may  be  said  that  paralysis  remaining  at  the  end  of 
two  weeks  after  the  onset  of  cerebral  embolism  will 
be  permanent,  while  in  hemorrhage  gradual  improve- 
ment may  be  expected  for  a  considerable  period. 

Following  the  period  of  partial  recovery,  the  para- 
lyzed limb  becomes  spastic  or  contractures  may  occur. 
Atrophy  is  as  a  rule  slow  and  of  minor  grade.  The 
residual  paralysis  is  rarely  of  even  distribution 
throughout  the  affected  side.  Thus  in  one  case  the 
leg  will  bear  the  brunt  of  the  permanent  disabiUtj', 
while  the  remaining  paralysis  in  the  arm  and  face 
will  be  of  lesser  grade  or  the  arm  may  show  the  greater 
involvement,  while  the  leg  and  face  show  less  per- 
manent paralysis.  Facial  residuals  are  much  more 
infrequent  than  those  in  the  extremities.  The  arm 
shows  the  greatest  tendency  to  contracture  resulting 
in  a  flexion  of  elbow,  wrist,  and  fingers,  which  becomes 
permanent.  The  spacticity  of  the  leg  occurs  usually 
without  much  contracture  and  makes  it  possible  for 
the  patient  to  get  about  through  movements  of  the 
bilaterally  controlled  hip  and  trunk  muscles.  The 
leg  is  stiffened  and  acquires  a  characteristic  drag,  and 
the  movement  is  entirely  or  almost  entirely  through 
revolution  of  the  pelvis  about  the  axis  of  the  sound 
side.  The  condition  at  this  stage  is  that  of  a  uni- 
lateral pyramidal  tract  sclerosis  and  the  deep  reflexes 
on  the  paralyzed  side  are  increased  through  the  with- 
drawal of  the  inhibitory  activity  of  the  pyramidal 
tract  impulses.  Babinski's  sign  and  ankle-clonus 
are  usually  present.  Hemianesthesia  or  irregular 
anesthesias  may  occur. 

Cerebral  arterial  thrombosis  shows  a  tendency 
toward  involvement  of  two  of  the  major  cerebral 
vessels  as  contrasted  vnth  cerebral  embolism  in  which 
the  vessel  affected  is  usually  single.  In  some  of 
these  cases  a  direct  communication  bj'  way  of  the 
branches  of  the  circle  of  Willis  seems  probable,  for 
instance,  in  bilateral  involvement  of  the  posterior 
cerebrals  or  in  thrombosis  of  posterior  and  middle 
cerebrals  of  the  same  side.  On  the  other  hand.  Von 
Monakow  has  pointed  out  that  thrombosis  of  the  pos- 
terior cerebral  of  one  side  is  frequentl}^  associated 
with  a  like  disturbance  in  one  of  the  branches  of  the 
opposite  middle  cerebral. 

Diagnosis. — The  differential  diagnosis  between 
cerebral  embolism  or  thrombosis  and  cerebral  hemor- 
rhage is,  as  can  be  seen  from  the  foregoing  account  of 
the  symptoms,  often  impossible.  The  prodromes 
and  more  slowly  progressive  character  of  the  onset 
often  wiU  serve  to  distinguish  thrombosis.  The 
occurrence  of  a  sudden  right-sided  hemipelgia  and 
aphasia  in  persons  with  no  previous  signs  of  disease 
is  sometimes  said  to  warrant  the  diagnosis  of  cerebral 
embohsm,  but  a  left  interna!  capsule  hemorrhage 
may  give  rise  to  the  same  syndrome.  As  may  be  seen 
from  the  above  table  from  Saveliew  cerebral  embolism 
is  not  characteristically  a  disease  of  advancing  years. 
Hemorrhage,  on  the  other  hand,  is  definitely  so  and  the 
occurrence  of  apoplectiform  seizures  in  young  patients 
in  whom  syphilitic  disease  of  the  vessels  can  be  readily 
excluded  would  suggest  the  diagnosis  of  cerebral 
embohsm.  The  presence  of  a  demonstrable  heart 
lesion  is  Hkewise  strong  evidence  in  favor  of  an  embohc 
disturbance,  though  most  cases  of  cerebral  hemor- 
rhage rest  also  on  a  basis  of  widespread  cardiovascular 
disease.  The  irregular  temperature  reaction  of  the 
few  days  following  the  stroke  may  aid  in  the  diagnosis, 
while  rapid  clearing  up  of  the  initial  paralysis  also 
suggests  embolism  rather  than  hemorrhage.  Rapid 
and  increasing  rise  of  blood  pressure  is  said  to  be  an 
accompaniment  of  hemorrhage. 

Prog7iosis. — The  following  table  quoted  from 
Jones  in  Lewandowsky's  Handbuch  suggests  the 
relative  severity  of  the  three  conditions  with  regard 
to  life. 
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Death  occurs  from 


Within  24 
hours. 


By  end  of 
first  week. 


By  end  of 
first  month. 


Cerebral  hemorrhage. . 
Ventricular     hemor- 
rhage 
Cerebral  thrombosis. .  . 
Cerebral  embolism .... 


37.7^ 
60.05 


8.7% 
0.0% 


72.5% 
90.0% 


30.4% 
30.7% 


86.2% 


60.8% 
30.7% 


In  the  individual  the  prognosis  will  depend  largely 

on  the  concurrent  conditions,  -i.e.  heart  disease, 
chronic  nephritis,  alcohoHsm,  diabetes,  etc.  In 
young  patients  recovery  from  the  attack  is  the  rule 
and  a  certain  amount  of  improvement  in  the  paralysis 
or  aphasia,  etc.,  is  to  be  expected,  but  the  warning 
should  be  given  that  some  permanent  disturbance  is 
almost  certain  and  that  recurrent  attacks  are  possible. 
Rapid  and  continuous  rise  in  temperature,  respiratory 
disturbances,  and  prolonged  coma  are  danger  signals. 
In  embolism  or  thrombosis  of  the  vertebrals  or 
basilar,  giving  rise  to  definite  bulbar  symptoms,  death 
may  be  expected. 

Treatment. — Treatment  of  cerebral  embolism  and 
thrombosis  is  unsatisfactory  and  in  the  main  symp- 
tomatic. The  patient  should  be  placed  in  bed  with 
the  head  slightlj-  elevated,  witn  all  constricting 
clothing  removed  from  the  neck,  and  should  be.kept 
absolutely  quiet.  Venesection  or  depletion  by 
purgatives  is  contraindicated,  but  the  bowels  should 
be  opened.  Small  doses  of  digitalis  may  be  required 
if  the  heart's  action  is  feeble  and  irregular.  \Yhen 
sj'philis  is  an  active  factor  potassium  iodide,  from 
twenty  to  thirty  grains  or  more  daily,  may  be  given 
with  the  addition  of  mercurial  inunctions  if  the  case 
is  of  recent  infection.  There  is  grave  dou))t  whether 
the  use  of  salvarsan  should  be  attempted  in  the 
presence  of  cerebral  involvement,  but  it  may  be  con- 
sidered as  a  last  resort. 

For  the  treatment  of  the  residual  paralysis  little  can 
be  done.  The  recovery  of  power  is  bmited  by  the 
extent  of  the  lesion,  but  passive  motions,  gentle 
massage  toward  the  bod)-  and  faradic  stimulation  may 
all  be  applied  after  the  lapse  of  ten  days  to  two  weeks 
with  the  intention  of  preventing  too  great  deformity 
or  to  aUeviate  contractures  after  their  occurrence. 

Thrombcsis  of  the  Cerebhal  Veins  .\nd  Sindses. 
— This  condition  may  be  divided  for  discussion  into 
two  classes — primary  and  secondarj-. 

Primary  sinus  thrombosis  is  rare.  It  occurs 
typically  in  marasmus  or  during  diarrhea  in  infants, 
in  chlorosis  and  anemia,  and  in  the  terminal  cachexia 
of  tuberculo.sis,  carcinoma,  etc.  As  additional  etio- 
logical factors,  the  acute  infectious  diseases,  typhoid 
fever,  syphilis,  and  trauma  may  be  mentioned.  In 
many  of  these  conditions  there  is  doubt  whether  or  not 
bacterial  infection  does  not  play  a  prominent  part. 
In  chlorosis  and  aneniia  as  in  the  marantic  thrombi, 
however,  it  is  probable  that  blood  conditions  are  the 
chief  factor  and  in  all,  thrombi  may  occur  without 
relation  to  adjacent  foci  of  infection  and  hence  may  be 
properly  termed  primary. 

The  site  of  election  seems  to  be  the  superior 
longitudinal  sinus  (seventy  per  cent. — Vaitl),  but  any 
of  the  sinuses  or  veins  may  be  implicated,  or  several 
may  be  involved  at  once.  When  a  vein  or  sinus 
without  ready  collateral  anastomosis  becomes  throm- 
bosed, widespread  red  softening  and  massive  bleeding 
occur  first  into  the  brain  substance  and  finaUy  into 
the  ventricle. 

Symptomatology. — The  symptoms  of  primary  or 
autochthonous  thrombosis  are  very  variable.  Fever 
may  or  may  not  be  present,  or  it  may  be  present  only 
at  the  onset.  Occasionally  it  may  be  hi^h,  more 
frequently  the  temperature  is  subnormal.  Local 
symptoms  are  not  often  present  but  when  massive  red 
softening    attacks    isolated    areas,    symptoms    may 
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arise  which  can  in  no  way  be  cliffprcntiatcd  from 
those  following  arterial  ihromhusis.  Among  the 
general  symptoms  may  be  mentioned  choked  disc, 
headache,  mental  dulness,  vomiting,  dehrious  condi- 
tions, and  motor  unrest.  Thrombosis  may  occur, 
however,  without  any  symptoms  of  sufficient  severity 
to  attract  attention.  This  is  particularly  true  of 
thrombosis  of  the  superior  longitudinal  sinus  which 
may  be  unsuspected  until  revealed  at  autopsy.  The 
experiments  of  Hermaim  and  Ksher  quoted  above 
show  a  parallel  absence  of  symptoms  in  experimental 
partial  blocking  of  the  cerebral  venous  return. 
Exoplithalmos  may  be  a  prominent  symptom  and 
Lewandowsky  states  that  choked  di.sc  may  be 
practically  the  only  sj'mptoin  of  the  .'^inus  thrombosis, 
and  the  occurrence  of  choked  disc  in  the  course  of 
chlorosis  should  therefore  always  suggest  the  possi- 
bihty  of  thrombosis. 

Prognosis. — The  prognosis  is  as  a  rule  very  un- 
fa\-orable  when  the  case  has  reached  the  point  where 
a  diagnosis  is  made,  but  cases  of  recover}' in  chlorotie 
girls  with  choked  disc,  etc.,  are  recorded.  (Haw- 
thorne et  al). 

Trealment. — No  satisfactory  treatment  of  the  throm- 
bcsis  is  available.  The  patient  should  remain  in  bed 
in  absolute  quiet,  with  the  neck  unrestricted  and 
further  treatment  should  be  aimed  at  the  underlying 
conditions. 

Secondary  or  -purulent  thrombosis  is  due  to  an  ex- 
tension of  a  septic  process  from  some  adjacent  focus. 
In  eighty  per  cent,  of  cases  the  source  is  from  otitis 
media  with  or  without  complicating  mastoiditis, 
thiugh  it  seems  to  be  less  frequent  from  the  mastoid 
than  from  the  middle  ear.  Its  path  may  be  directly 
through  the  affected  bones  or  it  may  pass  in  bj'  way  of 
emissary  or  tributary  veins.  Other  sources  are 
facial  erj'sipelas,  carbuncle,  suppurating  disease  of  the 
accessory  nasal  sinuses,  parotitis,  tuberculous  caries 
of  any  portion  of  the  cranium  and  fracture  of  the 
skull.  The  infected  thrombus  may  give  rise  to 
septicemia  or  pyemia  or  it  may  become  walled  off  and 
form  an  abscess,  or  in  verj'  rare  cases  maj'  go  on  to 
organization  and  spontaneous  cure. 

Symptomatology. — The  greater  part  of  the  symp- 
toms are  those  associated  with  the  local  focus  of 
suppuration  plus  the  sudden  addition  of  signs  of 
septicemia  or  pj-emia.  Localizing  symptoms  and 
severe  disturbances  of  consciou.sness  are  rare.  Throm- 
bosis of  the  lateral  sinus  often  results  in  painful 
edema  of  the  mastoid  region,  probably  resultant  on 
thrombophlebitis  of  the  mastoid  emissary  veins. 
When  continued  down  into  the  jugular  vein  the  clot 
can  be  recognized  by  palpation.  When  the  sinus 
cavernosus  is  attacked,  edema  of  the  eyelids,  retro- 
bulbar edema  with  exophthalmos  and  optic  neuritis 
may  occur.  In  disea-se  of  the  longitudinal  sinus 
edema  of  the  parietal  region,  edema  of  the  face,  and 
epistaxis  are  occasional  though  not  constant  symp- 
toms. Paralysis  of  certain  areas  of  nerve  supply 
may  result  from  extension  of  a  periphlebitis  to  the 
adjacent  nerves  in  their  passage  through  the  bonj- 
foramina  of  the  skuU.  Thus  the  vagus,  spinal  acces- 
sory, and  glossopharyngeus  nerves  may  be  involved 
in  the  jugular  foramen  and  the  oculomotor,  patheticus, 
aiid  abducens  may  be  affected  at  the  point  of  relation 
with  the  cavernous  sinus. 

Diagnosi.s. — The  diagnosis  of  septic  sinus  throm- 
bosis depends  largely  on  the  association  of  local  foci 
of  suppuration  with  the  signs  of  septicemia  and  pye- 
mia, as  the  special  symptoms  are  by  no  means  con- 
stant in  appearance.  The  appearance  of  pulmonary 
or  other  distant  pyemic  symptoms  is  an  important 
clue. 

Prognosis. — .Septic  thrombophlebitis  within  the 
cranium  rarely  heals  spontaneouslv.  In  the  great 
majority  of  cases  death  occurs  from  septicemia, 
pyemia,  pj-emic  metastases  (especially  to  the  lungs), 
meningitis,     brain     abscess,    or    sinus     hemorrhage. 
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Lung    involvement    gives    a    distinctly    unfavorable 
outlook. 

Treatmetxt. — Surgical  intervention  offers  the  best 
hope  of  relief.  Especially  is  this  true  of  .septic 
thrombosis  of  the  lateral  .sinus  which,  after  ligation 
of  the  jugular  vein,  can  be  readily  opened  and  drained. 
In  the  event  of  operation  the  prognosis  depends  on 
the  resistance  of  the  individual,  the  .severity  of  the 
infection,  and  the  freedom  of  the  drainage. 

Softening  of  the  Bhain. — Softening  of  the  brain 
had  already  been  in  part  described  under  the  heading 
of  embolism  and  thrombo.si.s,  but  certain  other 
conditions  are  of  sufficient  interest  and  importance 
to  warrant  separate  treatment. 

General  Enccphnlomiitacia. — At  the  autop.sy  table 
one  frequently  finds  a  condition  of  general  encephalo- 
malacia — characterized  by  a  general  reduction  in 
firmness  of  the  brain  mass  not  unlike  the  result  of 
postmortem  autoly.sis.  Its  occurrence,  however,  in 
brains  removed  within  an  hour  or  .so  postmortem 
excludes  the  autolytic  change  unless  it  be  conceded 
that  such  changes  may  take  place  before  death,  or 
may  be  agonal  in  character.  The  condition  is  not 
associated  with  vascular  disease  nor  has  it  been  cor- 
related with  any  particular  antemortem  conditions. 
Its  existence  is  of  interest  purelj'  from  the  patho- 
logical standpoint.  A  soft  brain  is  not  increased  in 
volume  or  weight  as  is  an  edematous  brain  and  the 
characteristic  plasticity  of  edema  is  wanting.  The 
softness  of  the  cerebral  structures  seems  to  be  the 
only  alteration.  Normally  one  can  detect  by  palpa- 
tion a  distinct  difference  between  the  frontal  and 
occipital  poles  and  the  main  mass.  This  variation 
in  resistance  may  be  destroyed  in  general  encephalo- 
malacia,  or  the  reduction  in  con.sistence  may  be  pro- 
portional. Southard  and  Hodskins  have  reported 
diffuse  axonal  reactions  and  diffu.se  March!  degenera- 
tions as  one  of  the  concomitants.  More  recently 
.\lzheimer  has  noted  a  widespread  destruction  of 
the  finer  glia  fibrils  in  acute  infectious  processes  in 
the  brain.  He  says  ''it  is  noteworthj'  that  with  the 
appearance  of  the  ameboid  glia  cells,  the  fibrillar 
glia  may  disintegrate  to  a  con.<<iderable  extent." 
The.se  changes  occur  with  others  which  appear  in  the 
brain  in  many  acute  infective  processes  and  are  not 
specific.  Thus  in  warning  against  too  lax  inter- 
pretation of  the  appearance  of  ameboid  glia  cells, 
Alzeheimer  states  that  it  must  be  remembered  that 
severe  somatic  disease  of  various  types  may  give  rise 
to  an  entirely  similar  picture.  This  possibility  of  the 
destruction  by  antemortem  processes  of  preformed 
glia  fibrils  when  considered  with  our  knowledge  of 
the  essential  role  of  gliosis  in  the  formation  of  local 
foci  of  induration,  suggests  a  possible  mechanism  of 
general  encephalomalacia. 

Chronic  Progressive  Softening  of  the  Brain. — Wer- 
nicke has  described  a  condition  of  chronic  progressive 
softening  of  the  brain  in  which  through  a  long  course 
of  years  progres.sive  focal  signs  occur  without  general 
symptoms.  The  localization  is  variable  and  the  con- 
dition is  probably  due  to  a  variety  of  causes,  such  as 
slowlj'  progres.'iive  arteriosclerosis,  syphilitic  endarter- 
itis, thrombosis,  etc.  Aside  from  these  vascular 
lesions,  however,  are  cases  in  which  the  vessels  are 
reported  as  normal  and  yet  progres.sive  softening  is 
recorded  (Henneberg).  Carbon  monoxide,  phos- 
phorus, and  various  organic  toxins  have  been  ad- 
vanced as  etiological  factors.  Local  foci  of  primary 
degenerative  encephalitis  are  also  mentioned.  The 
condition  inaj'  be  allied  to  that  giving  rise  to  poren- 
cephalic conditions  in  infants. 

Focal  Softening  of  the  Brain. — The  causes  of  focal 
encephalomalacia  are  numerous.  Arteriosclerosis, 
thrombosis  and  embolism,  and  sj-philitic  endarteritis 
obliterans  are  probably  the  most  frequent.  Local 
softenings  due  to  the  pressure  of  tumors,  abscesses, 
and  hemorrhages  are  not  uncommon.     The  mechanics 
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of  this  type  of  softening  is  probably  that  of  oblitera- 
tion of  capillary  fields  through  pressure  which,  on 
account  of  the  viscosity  of  the  brain  mass  and  the 
resistance  of  the  fibrous  septa,  is  not  transmitted 
equally  in  all  directions.  Venous  stasis  bj-  throm- 
bosis, when  complete,  gives  rise  to  widespread  red 
softening.  Carbon  monoxide  and  phosphorus  poison- 
ings are  held  accountable  for  focal  softenings.  Trauma 
is  a  not  infreciuent  cause. 

At  autopsy  the  cj'st  varies  markedly  in  appearance. 
In  the  gray  matter  red  softenings  are  frequent,  though 
generally  the  color  varies  from  pale  yellow  to  reddish 
brown.  This  is  dependent  on  first,  the  amount  of 
reflux  hemorrhage  and  second,  the  length  of  time 
elapsing  between  the  softenings  and  the  autopsy. 
The  yellowish-brown  color  of  the  typical  plaque  jaune 
is  due  to  the  pigment  deposited  free  and  in  phagocytes 
in  the  cyst  wall.  In  tne  wliite  matter  tlie  color  is 
usually  bluish-white  or  gray,  occasionally  pinkish  or 
yellow,  rarely  deep  red.  After  a  time  absorption 
takes  place  leaving  a  cavitj'  filled  with  clear  or 
grumous  fluid.  The  connective  tissue  of  the  pia 
and  vessels  is  more  resistant  to  ischemia  than  the 
brain  structures  and  as  a  rule  the  pial  covering  is 
in*;act,  while  there  may  be  strands  of  perivascular 
connective  tissue  and  remains  of  vessels  through  the 
cyst.  In  a  case  observed  by  the  writer  of  a  large  cyst 
consequent  on  sj'philitic  endarteritis  which  had  de- 
stroyed nearly  all  of  one  temporal  lobe  and  most  of 
the  occipital  lobe  of  one  hemisphere,  no  brain  sub- 
stance remained  between  the  ependymal  lining  of  the 
dorsal  and  temporal  horns  of  the  ventricle  and  the  pial 
covering,  except  several  very  small  masses  adherent 
tc  the  pia  along  one  of  the  large  vessels.  The  poste- 
rior cerebral  arter}'  had  been  the  site  of  extensive 
disease,  but  was  not  completeh'  obliterated  and  there 
had  apparentlj'  been  sufficient  continuous  circulation 
to  maintain  the  structural  integrity  of  the  small 
masses  of  brain  matter,  which  were  cut  off'  entirely 
from  any  connection  with  the  remaining  brain 
substance. 

The  destruction  of  the  brain  substance  takes  place 
by  means  of  liquefaction  and  absorption.  Fatty 
degeneration  is  the  first  demonstrable  step.  Phago- 
cytes of  both  the  endothelial  type  and  of  the  kind 
which  are  usually  interpreted  as  glia  cells  are  present 
in  greater  or  less  abundance,  and  laden  with  products 
of  disintegration.  Surrounding  the  area  of  licjue- 
faction  and  corresponding  to  the  zone  where  the 
blood  supply  by  collaterals  must  be  below  normal  in 
amount  the  nerve  elements  disappear,  while  the 
fibrillar  glia  is  increased  in  amount,  forming,  in  long- 
standing cases,  a  thick  mat.  There  is  not  in  the 
brain,  however,  replacement  of  lost  substance  at  all 
comparable  to  the  cicatricial  replacement  of  infarcts 
in  other  organs  of  the  body.  The  glia  is  not  able  to 
replace  large  losses  when  their  occurrence  is  sudden, 
and  the  connective  tissue — either  because  of  its  small 
amount  or  for  some  unexplained  reason — likewise  fails 
to  fill  the  gap.  The  glia  can  undoubtedlj'  survive  and 
proliferate  in  degrees  of  ischemia  in  which  the  nerve 
elements  are  lost.  One  occasionally  meets  areas 
where  the  destruction  of  parenchymatous  structures 
is  complete,  but  where  glial  replacement  has  pre- 
vented actual  loss  of  substance.  In  the  case  of  soft- 
ening from  syphilitic  endarteritis  described  above, 
the  first  temporal  gyrus  of  the  hemisphere  opposite 
to  the  cyst  of  softening  had  been  the  seat  of  such  a 
process  and  while  the  gyrus  was  somewhat  shrunken 
there  was  no  true  cyst.  Microscopic  examination 
showed  that  the  nerve  elements  had  entirely  dis- 
appeared and  there  remained  practically  a  glial  cast 
of  the  original.  This  is  interpreted  as  a  result  of  a 
long-standing  partial  interference  with  the  blood 
stream  or  a  gradually  progressive  and  ultimately 
complete  obliteration,  resulting  in  the  establishment 
of  sufficient  collateral  supply  to  keep  the  glia  struc- 
tures aUve,  but  not  to  support  the  nerve  elements. 
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Acute  Red  Softening. — Strictly  speaking,  this  condi- 
tion belongs  in  the  group  of  the  encephahtides  and 
hence  may  be  omitted  from  full  treatment  here.  As 
usually  accepted  it  is  a  result  of  septic  inflammation. 
Staphylococcus  pyogenes  aureus  and  the  pneumococ- 
cus  are  the  most  common  organisms.  (Southard  and 
Keene.)  The  writer  has  found  a  septicemia  of  B. 
pyocyaneus  in  one  case,  though  a  staplij-lococcus  was 
also  recovered  from  the  meninges.  It  is  characterized 
by  innumerable  punctate  or  larger  hemorrhages  in 
the  corte.x  and  adjacent  white  matter  and  varying 
degrees  of  softening  from  a  mere  reduction  in  con- 
sistence to  a  marked  diffluent  condition. 

S.v.MUEL  T.   Orton. 
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Brain,  Compression  of  the. — Cerebral  compression 
is  brought  about  by  any  condition  that  causes  a  con- 
traction of  the  intracranial  space  providing  that  there 
is  no  coincident  brain  atrophy  to  compensate.  The 
diminished  capacity  of  the  cavity  of  the  skuD  may  be 
due  to  changes  in  the  bone  itself,  either  general  or 
localized.  The  latter  is  sometimes  due  to  over- 
growths of  bone  from  the  inner  table  but  more 
frequently  due  to  depressions  in  the  skull  of  traumatic 
origin.  Any  increase  in  the  amount  of  cerebrospinal 
fluid  such  as  edema  of  the  brain,  hydrocephalus 
allows  less  space  to  be  occupied  b}'  the  brain.  Patho- 
logical formations  may  encroach  on  the  intracranial 
space,  including  among  these  not  only  tumors,  aneu- 
rysms, etc.,  but  also  collections  of  pus  or  blood.  The 
pressure  within  the  intracranial  cavity  is  increased 
by  any  of  the  above  conditions  but  whether  it  is 
strictly  correct  to  speak  of  brain  tissue  as  compressible 
is  open  to  question  since  it  is  stated  by  von  Bergmann 
that  its  compressibility  is  less  than  that  of  water. 
There  is  no  doubt,  however,  that  the  brain  as  an 
organ  may  be  compres.sed  by  driving  some  of  the 
contained  cerebrospinal  fluid  into  the  .spinal  cavity 
or  causing  its  absorption. 

The  disturbances  in  the  brain  resulting  from  a 
rapid  increase  of  intracranial  pressure,  such  as  would 
be  caused  by  a  large  depres.sed  fracture  of  the  skull  or 
the  rapid  development  of  a  blood  clot,  probablj'  differ 
somewhat  from  those  caused  by  the  slowly  increasing 
pressure  of  a  brain  tumor.  In  the  former  case  we 
must  reckon  on  the  more  marked  disturbances  in  the 
vital  centers  in  the  medulla,  greater  disturbance  in 
con.sciousness,  etc.,  which  result  from  the  fact  that  the 
cerebral  mechanism  has  no  time  to  adjust  itself  to  the 
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altered  circumstances.  A  rapidly  increasing  pressure 
tends  to  cause  venous  stasis  which  in  turn  leads 
to  edema  and  more  increase  in  pressure,  the  process 
terminating  fatally  if  continu''d.  With  a  slowly 
increasing  pressure  the  brain  may  be.  immensely 
compressed  without  marked  disturbance  in  con- 
sciousness or  the  development  of  dangerous  circula- 
tory, or  respiratory  symptoms.  That  this  is  due  to 
the  slow  adjustment  of  the  brain  to  the  altered  [ires- 
sure  is  shown  l)y  the  fact  that  a  liunbar  pvnu-t\ire  done 
in  a  brain  tumor  case  may  cau.se  the  development  of 
these  symptoms  even  though  there  is,  by  this  pro- 
cedure, a  lowering  of  the  intracranial  tension.  The 
sudden  clumge  in  tension  does  not  permit  of  time  for 
adjustment. 

Light  pressvire  on  the  brain  substance,  so  long  as  it 
does  not  produce  any  marked  circulatory  change  in 
the  part  pressed  upon,  is  not  incompatible  with  a 
continued  function  of  that  part.  More  .severe  pres- 
sure cau.ses  venous  congestion  and  irritation  of  the 
part.  .-V  further  continuation  or  increa.so  of  the 
pressure  results  in  softening  or  degenerative  change. 

Symptoms. — The  symptoms  of  cerebral  compres- 
sion are  divided  into  the  general  and  local.  The 
character  of  the  former  depends  somewhat  upon  the 
rapidity  of  increase  of  the  pressure;  the  character 
of  the  latter,  upon  the  part  of  the  brain  that  is 
compressed. 

Headache  is  usually  an  early  and  constant  symp- 
tom. It  is  usually  of  the  bursting  or  throbbing 
variety  and  even  the  partially  unconscious  patient 
indicates  his  suffering  from  it.  Its  location  need 
not  necessarily  have  any  relation  to  the  site  of  the 
compression. 

Vertigo,  in  some  cases,  may  be  a  constant  symp- 
tom; in  others  the  vertigo  is  present  only  in  attacks. 

Disturbance  of  consciousness  is  an  early  and  im- 
portant symptom  where  the  pressure  is  rai.sed  sud- 
denly or  rapidy.  In  such  cases  dulled  .sensorium 
gives  place  to  stupor  and,  soon  after,  to  deep  coma. 
There  are  no  voluntary  movements.  The  eyes  are 
half-opened,  the  pupils  unequal  if  the  pressure  is 
greater  on  one  .side  than  the  other  and  may  show  no 
reaction  to  light.  The  breathing  is  usually  stertor- 
ous; it  may  be  of  the  Cheyne-Stokes  or  Biot  type. 
The  skin  is  hot  and  moist,  the  lips  blue,  and  the  face 
congested.  The  pulse  is  at  first  slow  and  full  due  to 
vagus  irritation;  later  on,  vagus  paralysis  is  attended 
by  a  rapid  pul.se  whicli,  with  deepening  coma,  is  a 
sign  of  grave  import.  The  conjunctival  reflex  may  be 
lost.  The  tendon  reflexes  may  be  diminished  or  lost. 
Usually  there  is  incontinence  of  urine  and  feces. 
Convulsive  twitching  may  be  present.  Frequently 
there  is  a  hemiplegia  on  tlie  side  of  the  body  oppo.site 
to  the  pressure  but  the  deep  coma  may  make  it 
difficult  to  show  this  unless  by  some  procedure  such 
as  that  described  by  Raimiste'  in  the  Revue  Neurolo- 
giqiie,  November  .30,  1909.  Conjugate  deviation  of  the 
eyeballs  is  often  an  aid  in  the  diagno.sis.  The  eye- 
grounds  are  usually  congested  and  there  may  be  an 
edenia  of  the  nerve  head  if  the  pressure  is  persistent. 

\\  hen  the  increase  of  pressure  occurs  more  slowly, 
as  it  does  with  brain  tumor  or  abscess,  the  disturbance 
of  consciousness  and  the  circulatory  and  respiratory 
signs  are  usually  much  less  marked.  Tumors  the 
size  of  a  large  orange,  if  located  in  a  so-called  silent 
area,  may  cau.se  no  interference  with  cerebration. 
Frequently,  however,  there  is  some  dulling  of  thought, 
the  patient  is  .slow  to  comprehend  and  respond. 
General  convulsions  may  occur,  attended  with  loss  of 
consciousness.  \'ertiginous  attacks  and  even  general 
epileptiform  attacks  may  occur.  Attacks  of  vomiting 
apparently  cau.seless  aiid  unattended  with  nausea 
constitute  a  frerpient  symptom.  The  vomiting  is 
likely  to  be  of  the  "projectile"  type.  One  of  the 
most  positive  signs  is  an  edema  of  the  optic  nerve 
head,  or  the  so-called  choked  disc.     The  disc  may  be 


swollen  eight  to  ten  diopters  and  accompanying  this 
there  may  be  retinal  hemorrhage.  The  choking  of 
the  disc  does  not  usually  cau.sc  any  disturbance  of 
vision  but  a  continuation  of  this  condition  results 
in  secondary  atrophy  and  blindness.  A  rever.sal 
of  the  normal  range  of  the  color  field  is  also  a  .sign  of 
increased  intracranial  pressure,  according  to  Cu.shing. 
ICxtraocular  i)araly.ses,  especially  external  rectus 
palsy,  may  occur  from  the  general  increase  of  intra- 
cranial pressure.  In  infancy  or  in  young  children 
there  may  be  changes  in  the  size  and  .shape  of  the  head. 
The  pulse  is  usually  slow  and  full  though  in  a  later 
stage  it  may  be  rapid  and  weak.  Blood  pressure  is 
usually  increased.  Respiration  is  affected  only  in  the 
later  stages  or  when  some  rapid  increa.se  of  pressure 
has  occurred  and  is  then  fre<iu(uitly  of  the  Riot  type. 
The  increa.sed  intracranial  i)ressure  may  be  directly 
ob.served  by  lumbar  punctiire. 

Didgnosix. — The  diagnosis  of  ca.sos  of  rapid  compres- 
sion of  the  brain  may  be  made  by  the  increasing  stu- 
por and,  later,  deep  coma  with  diminished  refle.xes; 
the  slow  pulse,  congested  face  and  ocular  fundi,  and 
usually  some  evidence  of  pressure  on  a  certain  part 
of  the  brain,  such  as  pupillary  inequahty,  paralyses, 
Jacksonian  epileptic  attacks,  and  the  like.  The 
history  is  of  value  if  it  can  be  obtained.  A  history 
of  cranial  injury  which  cau.ses  no  unconsciousness 
or  symptom  of  concussion,  from  which  the  patient 
recovers  and  then  gradually  becomes  unconscious,  is 
most  suggestive  of  hemorrhage. 

Such  ca.ses  are  to  be  diagnosed  from  the  uncon- 
sciousness in  epileptic  or  hysterical  attacks  and  the 
comatose  stage  of  certain  poisonings,  particularly 
opium  or  alcohol.  The  absence  of  pupillary  inequality, 
paralysis,  or  other  localizing  signs  and  the  presence 
of  other  signs  of  the  poisons  is  sufficient  to  make  the 
diagnosis.  Uremic  or  diabetic  coma  sometimes 
resembles  clo.sely  that  from  cerebral  compression 
and  a  diagnosis  in  some  cases  is  exceedingly  difficult. 
Other  signs  of  nephritis  are  necessary  to  diagnose  the 
former  but  it  should  not  be  forgotten  that  albumin 
sometimes  occurs  in  the  urine  as  a  result  of  brain 
injury;  and  on  the  other  hand,  that  nephritis  is  fre- 
quently accompanied  by  arteriosclerosis  and  high 
blood  pressure,  a  condition  predisposing  to  cerebral 
hemorrhage.  Furthermore,  uremic  poisons  may  act 
locally  on  the  brain  to  produce  hemiplegia,  epileptic 
attacks,  etc.,  and  then  an  albuminuric  retinitis  is  not 
always  easily  distinguishable  from  a  choked  disc. 
Diabetic  coma  is  more  easily  distinguished  from 
cerebral  compression  but  it  should  be  remembered 
that  pressure  or  injury  to  the  floor  of  the  fourth 
ventricle  may  cause  glycosuria. 

The  diagno.sis  of  slowly  increasing  cerebral  com- 
pression is  based  upon  the  presence  of  headache, 
vertigo,  nau.sea  and  vomiting,  some  disturbance  in 
consciousness,  epileptiform  attacks,  and  papilloedema 
or  choked  disc.  In  infants  where  the  cranial  cavity 
can  enlarge,  these  symptoms  may  all  be  absent. 
Usually  not  all  of  them  are  present  in  any  case. 
Headache  is  probably  the  most  frequent,  although  it 
may  be  absent.  Choked  disc  is  the  most  reliable 
symptom  but  is  frequently  absent. 

The  diagnosis  of  the  conditions  causing  increased  in- 
tracranial pressure  is  of  the  greatest  importance  from  a 
therapeutic  standpoint.  There  may  be  some  increase 
in  intracranial  pressure  after  trauma  to  the  lieadeven 
though  there  is  no  fracture  and  no  hemorrhage. 
Weitz  has  shown  that  the  pressure  found  by  lumbar 
puncture  in  sucii  ca.ses  may  be  200  to  300  millimeters 
of  water  and  de  Schweinitz  reports  sometimes  finding 
a  choked  disc  in  such  cases.  Tlie  pressure  is  probably 
produced  by  a  transudation  of  serum  and  disappears 
without  treatment;  but  a  continued  choked  disc  may 
cause  the  development  of  a  secondary  optic  atrophy 
and  permanent  impairment  of  vision.  Electrical 
shocks  and  sunstroke  may  cause  the  same  phenomena. 
Cerebral  emboli  and  apoplectic  attacks  may  cause 
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signs  of  suddenl}-  increased  pressure.  Dural  hemor- 
rhages are  usually  traumatic  in  origin,  and  result 
from  a  tearing  of  the  middle  meningeal  artery.  The 
characteristic  symptoms  for  all  cases  of  rapid  cerebral 
compression  are  the  same  as  those  described  above. 
Sinus  thrombosis,  especially  the  autochthonous 
thrombosis,  may  cause  marked  symptoms  of  cerebral 
compression  (Camp,  Riggs). 

Internal  hydrocephalus  may  cause  marked  com- 
pression sj-mptoms,  especially  the  acquired  form, 
coming  on  after  childhood.  Such  cases  are  usually 
due  to  blocking  of  the  flow  of  cerebrospinal  fluid  from 
the  ventricles  by  a  chronic  meningitis  around  the 
foramen  of  Magendie,  as  observed  by  BramweU  ct 
a!,  or  by  a  tumor  which,  in  its  growth,  obliterates  the 
ca^^ty  of  the  fourth  ventricle  as  in  a  case  reported  by 
Judson  and  Camp.  A  tumor  growing  in  the  vicinity 
of  the  foramen  of  Munro  may  block  that  opening  and 
cause  a   unOateral   internal   hj'drocephalus   (Camp). 

The  collection  of  pus  in  the  meninges  in  cases  of 
acute  meningitis  may  cause  some  sj-mptoms  of  cere- 
bral compression  but  these  are  more  marked  in  cases 
of  chronic  meningitis,  especially  in  the  .so-called  inter- 
nal hemorrhagic  pachymeningitis.  This  condition 
is  not  infrequently  found  in  chronic  alcoholics,  and 
in  senile  and  paretic  dements.  It  is  occasionally 
caused  by  trauma  to  the  head.  The  diagno.sis  of 
these  ca.'ies  is  not  usually  made  antemortem  as  the 
symptoms  are  obscured  by  the  sj-mptoms  of  the  pri- 
mary affection.  Serous  meningitis  may  give  rise  to 
pressure  symptoms  and  these  cases  are  frequentlj- 
mistaken  for  cases  of  tumor  of  the  brain.  The  course 
of  the  case  and  an  abscess  of  definite  localizing  signs 
are  the  chief  points  of  difference. 

Cerebritis,  encephalitis,  and  polioencephalitis  may 
cause  marked  compression  .symptoms  coming  on 
suddenly  with  fever  and  other  indications  of  an  in- 
flammatory process.     They  may  be  of  toxic  origin. 

Abscesses  within  the  brain  are  not  uncommon  as  a 
result  of  trauma,  extension  of  an  infectious  process 
from  contiguous  structures,  or  a  general  pyemia. 
They  usuaUy  give  symptoms  of  slowly  increasing 
intracranial  pressure.  Their  rate  of  enlargement  is 
very  variable.  They  tend  to  become  incapsulated  and, 
when  surrounded  by  a  strong  capsule,  may  remain 
latent  for  years.  In  such  a  condition  they  may  pro- 
duce no  .symptoms  and  only  be  discovered  accidentally 
at  the  postmortem  examination  or  they  may  take  on 
renewed  activity  at  any  time.  The  intensitj-  of  the 
compression  symptoms  varies  with  the  rate  of  enlarge- 
ment, but  they  are  of  the  same  general  character  as 
those  produced  by  a  brain  tumor. 

Tumor  of  the  brain  is  one  of  the  commonest  causes 
of  slowly  increasing  cerebral  compression.  They  are 
of  various  kinds  and  the  intensitj-  of  the  pressure 
symptoms  and  their  character  depend  not  only  upon 
the  rate  of  growth  but,  to  some  e.xtent,  upon  the 
location  of  the  tumor,  being  usually  more  marked 
when  the  tumor  is  beneath  the  tentorium  cerebelli. 

Prognosis. — The  prognosis  in  cerebral  com- 
pression in  general  depends  upon  the  nature  and 
removabilit3'  of  the  cause.  In  traumatic  cerebral 
hemorrhage  the  question  as  to  whether  there  is  one  or 
more  than  one,  plays  an  important  part.  Where 
there  is  onty  one  hemorrhage  and  the  clot  can  be 
removed,  complete  recovery  may  occur  unless  the 
pressure  has  been  so  long  continued  that  secondary 
changes  have  occurred  in  the  brain  cortex.  Many  of 
these  patients  die  in  spite  of  operation,  possibly  from 
cerebral  concussion  and  the  added  shock  of  opera- 
tion. Accurate  and  early  diagnosis  of  the  cause  is  a 
first  requisite  for  efficient  treatment;  without  that 
only  palUative  measures  can  be  adopted. 

Tre.\tment. — The  treatment  of  cerebral  com- 
pression is  the  treatment  of  the  cause  of  the  com- 
pression if  a  permanent  cure  is  to  be  looked  for.  In  the 
main,  such  treatment  is  surgical  although  gummata 
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maj'  be  influenced  by  potassium  iodide  and  mercury 
and  the  treatment  of  chlorosis,  mye.xdema,  etc.,  may- 
result  in  a  lessening  of  the  symptoms  if  due  to  these 
causes. 

A  decompression  of  the  brain  by  removal  of  a  part 
of  the  skuU  may  be  necessary  if  the  cause  of  the  com- 
pression is  not  definitely  known  or  if  it  appears  to  be 
irremovable.  In  the  case  of  an  irremovable  brain 
tumor  it  may  make  the  patient  more  comfortable, 
prolong  Ufe,  and  preserve  the  eyesight.  The  indica- 
tions for  decompression  may,  therefore,  be  summed 
up  as:  intolerable  headache  or  vomiting;  marked 
circulatorj-  or  respiratory  symptoms  due  to  pressure; 
or  choked  disc  wliich  is  persistent  and  which,  if  it  con- 
tinued, would  lead  to  optic  atrophy  and  bUndness. 
Such  decompression  operations  may  be  done  at 
almost  any  point  of  the  skuU  but  the  temporal  region 
is  favored  by  many  as  being  easj-  of  access  and  the 
temporal  muscle  affords  some  protection  to  the 
uncovered  brain.  The  actual  amount  of  protection, 
however,  is  verysliglit  since  almost  invariably  in  such 
cases  the  development  of  a  cerebral  hernia  causes 
atrophy  of  the  muscle.  The  headache  and  vomiting 
are  usually  promptly  reUeved  by  decompression;  the 
choked  disc  also  subsides,  as  a  rule,  and  the  patient  is 
much  more  comfortable. 

Lumbar  puncture  has  also  been  advocated  as  a 
method  of  reducing  intracranial  pressure  but  it  is  not 
without  danger  in  such  cases.  Almost  all  the  deaths 
that  have  occurred  from  lumbar  puncture  have  been 
in  cases  of  brain  tumor  and  tliis  is  attributed  either  to 
a  too  sudden  change  in  intracranial  pressure  or,  what 
is  more  Ukely,  to  a  disturbance  of  the  pressure  equilib- 
rium between  the  cranial  and  spinal  cavities,  the 
result  being  that  the  medulla  is  forced  down  into  the 
foramen  magnum  like  a  cork  into  a  bottle  and  the 
vital  centers  in  the  medulla  are  thereby  paralyzed. 

Ventricle  puncture  is  probably  a  safer  procedure 
than  lumbar  puncture  in  these  cases,  von  Bergmann 
suggests  boring  a  hole  in  the  skuU  with  a  Doyen  burr  a 
little  above  and  internal  to  the  tuberosity  on  the 
frontal  bone  and  passing  a  hollow  needle  from  before 
backward  and  a  little  downward  until  fluid  flows. 
Keen  chooses  a  point  in  the  parietal  region  for  the 
same  procedure.  L'nfortunately,  the  effects  of 
either  lumbar  puncture  or  ventricular  puncture  are 
but  temporary  and  there  is  always  danger  of  infection 
or  setting  up  a  traumatic  encepliaUtis.  Various 
procedures  have  been  attempted  for  the  permanent 
drainage  of  the  ventricles  but  they  have  all  been 
either  unsuccessful  in  their  object  or  followed  by  fatal 
results.  A  stiff  drainage  tube  causes  too  much 
traumatism  to  the  brain  as  it  pulsates,  a  soft  tube  does 
not  drain  well.  Carl  D.  Camp. 
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Brain,  Concussion  of  the. — Cerebral  concussion  or 
jarring  of  the  contents  of  the  cranial  cavity  may  be 
produced  either  by  direct  impact  on  the  cranium  or 
by  a  jar  transmitted  through  bones  that  are  con- 
tiguous to  the  skull,  such  as  the  spine  or  the  bones  of 
the  face.  Tlie  knockout  blow  on  the  lower  jaw  is  a 
good  Olustration  of  the  latter. 

The  degree  of  concussion  depends  upon  the  force 
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af  the  blow,  the  area  of  impact,  and  the  direction  of 
[he  impact.  A  series  of  light  blows  may  produce 
the  same  amount  of  concussion  as  one  more  severe 
alow,  as  shown  by  the  experiments  of  Koch  and 
Filchne  on  animals.  Owing  to  the  ovoid  shape  of 
the  skull  the  direction  of  the  blow  exercises  a  very 
?onsiderable  influence  on  the  degree  of  disjilacenient 
md  compression  of  the  brain  that  will  result.  Tlie 
nvestigations  of  Kocher  and  Ferrari  would  show  that 
;he  effect  is  greater  when  the  impact  is  on  the  lesser 
lianieters  although,  owing  to  the  semifluid  consistency 
jf  the  brain,  the  pressure  is  transmitted  in  all 
lirections. 

Th.ere  is  a  considerable  difference  of  opinion  as  to 
,vhat  actually  takes  place  in  the  brain  to  cause  the 
;ymptoms  of  cerebral  concussion.  On  the  one  hand 
t  must  be  admitted  that  the  clinical  symptoms  are 
iften  so  transient  that  one  cannot  conceive  of  an 
irganic  change  as  their  basis  and,  in  some  cases,  even 
io  severe  as  to  cause  death,  no  demonstrable  patho- 
ogical  change  is  found  at  necropsy.  For  such  cases 
.-arious  exjjlanations  are  offered.  Shock,  with 
;ransitory  cerebral  anemia,  is  a  frequent  explanation, 
jorne  out  to  some  extent  by  the  clinical  symptoms 
uid  by  the  rapid  and  apparently  complete  recovery 
icen  in  many  cases.  Jlolecular  change  in  the  nerve 
'cU,  causing  a  transient  inhibition  of  function,  is 
mother  explanation  which  would  account  for  the 
act  that  degenerative  changes  occasionally  follow. 
\nother  explanation  is  that,  as  the  white  matter  has 
I  greater  consistency  than  the  gray,  it  would  be  more 
lisplaced  as  the  result  of  an  impact  and  a  slight 
•leavage,  sufficient  to  inhibit  function,  w-ould  take 
jlace  between  the  white  and  graj-  matter. 

By  many  authors  concussion  of  the  brain  is  re- 
;arded  as  synonymous  with  contusion  of  the  brain. 
[n  the  latter  there  is  more  or  less  laceration  of  bi-ain 
iubstance,  and  miliary  hemorrhages  brought  about 
jy  the  tearing  of  capUlary  blood-vessels.  Such  a 
condition  is  rarely  followed  by  a  complete  restitutio 
id  integrum  and  the  symptoms  will  depend,  to  a  con- 
siderable extent,  upon  the  part  of  the  brain  most 
njured. 

Symptoms. — The  most  striking  symptom  of  con- 
3ussion  of  the  brain  is  a  disturbance  of  consciousness, 
rhis  may  be  light  and  only  momentary  in  duration 
Dr  it  may  be  a  total  lo.ss  of  consciousness  which  re.sists 
ill  efforts  at  restoration  and  persists  for  days  and  even 
weeks.  The  author  examined  one  case  in  which 
there  was  practically  complete  loss  of  consciousness 
For  four  weeks  following  a  severe  blow  on  the  head, 
rhe  patient  then  gradually  recovered  consciousness 
with  no  paralysis  nor  any  other  permanent  sj'mptoms. 
In  light  cases  the  patient  may  not  fall  but  becomes 
confused,  his  face  is  pale,  the  skin  cold  and  damp 
and  he  feels  weak  and  dizzy.  He  becomes  nauseated 
and  may  vomit  but  soon  reacts  with,  usually,  a  se- 
vere headache.  The  pulse  is  usually  rapid  and  weak. 
In  more  severe  cases  there  is  muscular  relaxation, 
though  rarely  to  the  extent  of  loss  of  the  tendon 
reflexes,  and  the  patient  reacts  only  to  strong  stimuli 
and  then  only  momentarily.  The  skin  is  cold,  espe- 
cially in  the  extremities,  the  pulse  very  weak  and  rapid, 
and  the  skin  covered  with  perspiration.  Sometimes 
there  is  incontinence  of  urine  and  feces.  The  pupils 
are  usually  equal,  they  may  be  dilated  but  contract 
if  a  bright  light  is  thrown  in  them.  This  stage  is 
usually  followed  by  a  stage  of  reaction  in  which  the 
patient  is  nauseated  and  vomits,  shows  marked 
dizziness  on  change  of  position  and  is  very  irritable, 
sometimes  almost  maniacal.  The  pulse  becomes 
normal  and  the  temperature  a  little  higher  than  nor- 
mal. There  is  usually  a  severe  headache  which  may 
last  for  weeks  or  months.  A  transitory  blindness  may 
result  from  cerebral  concussion.  Wilbrand  and 
Sanger  have  collected  .seven  such  cases  from  the 
literature  and  cases  have  also  been  reported  by  Hirsch 


and  by  A.  II.  Allen.  In  the  case  reported  by  Allen, 
there  was  al.so  a  unilateral  Babinski  reflex  which 
disappeared  inside  of  twenty-four  hours. 

If  laceration  of  brain  substance  has  occurred,  there 
may  be,  in  addition  to  the  above  symptoms,  evidence 
of  a  localized  cerebral  lesion,  such  as  twitching  and 
•lacksonian  epileptic  attacks  or  even  generalized 
convulsions,  paralyses,  anesthesia,  aphasias,  and 
disturbances  in  the  special  senses.  Also  in  such  ca.ses 
signs  of  increased  intracranial  pressure  are  soon 
evident  if  the  lesions  are  severe. 

Sequel.e. — The  result  of  light  concus.sion  is  u.sually 
recovery  with  only  a  temporary  discomfort  although 
lieadache  maj'  persist  for  some  time.  This,  as  Weitz 
has  shown,  is  probably  due  to  an  increased  intra- 
cranial pressure  .since  the  cerebrospinal  fluiil  is  shown, 
by  lumbar  puncture,  to  be  under  increased  pressure 
in  such  cases. 

There  is  frequently  a  complete  amnesia  for  the 
accident  causing  the  concussion  and  .sometimes  for 
occurrences  which  preceded  the  accident.  This 
so-called  retrograde  amnesia  is  illustrated  by  a  patient 
of  mine  who  had  vi.sited  another  city  on  business.  In 
the  evening  he  was  struck  by  an  automobile  and  sus- 
tained a  severe  cerebral  concussion.  He  recovered 
from  this  but  with  an  entire  loss  of  memory  of  the 
day's  events.  Although  he  had  transacted  business 
all"  that  day  he  had  no  recollection  of  anything  after 
leaving  home  in  the  morning. 

A  not  uncommon  sequel  to  cerebral  concussion  is 
the  development  of  a  traumatic  neurosis.  While,  in 
these  cases,  the  symptoms  are  probably  due  to  the 
psychic  shock  rather  than  to  the  brain  injury,  the 
differentiation  is  sometimes  exceedingly  difficult. 

An  extensive  cerebral  softening  has  been  described 
as  a  result  of  cerebral  concussion;  in  such  cases,  how- 
ever, there  are  probably  other  factors  also  at  work. 
The  traumatic  late  apoplexy  (spdt-apoplexie)  is  also  to 
be  considered  as  among  the  sequckB.  Opinions 
differ  as  to  whether  the  rupture  of  the  blood-vessel  is 
due  to  a  degeneration  of  the  vessel  wall  or  to  a  degener- 
ation of  the  brain  tissue  about  the  blood-vessel  thus 
depriving  it  of  support. 

The  development  of  epilepsy  after  concussion  of 
the  brain  may  probably  be  ascribed  to  laceration  of 
brain  substance  which  is  followed  by  a  locaUzed 
gliosis.  In  one  case  that  I  have  seen  a  cerebral  con- 
cussion was  followed  by  the  development  of  a  local- 
ized serous  meningitis.  The  chief  symptom  was  epi- 
leptic attacks  of  the  Jacksonian  type  and  the  patient 
was  reheved  by  trephining  over  the  affected  area. 

Traumatic  encephalitis  is  a  not  infrequent  occur- 
rence as  a  sequel  of  cerebral  concussion  and  this  in 
turn  may  lead  to  the  development  of  brain  abscess. 
Such  abscesses  are  not  caused  by  any  direct  infection 
of  the  brain  but  probably  develop  because  a  locus 
minoris  resistenliw  is  formed  by  the  concussion.  _  These 
abscesses  are  sometimes  situated  deep  within  the 
brain,  as  I  have  seen  in  two  cases. 

Paresis  has  been  described  as  a  sequel  of  cerebral 
concussion.  Careful  study,  however,  shows  that  a 
positive  Wassermann  reaction  can  be  obtained  in 
such  cases  and  the  trauma,  if  it  stands  in  any  causal 
relation  to  the  disease,  simply  excites  to  activity  a 
latent  process. 

Barany  has  called  attention  to  the  presence  of 
marked  "cerebellar  symptoms  following  cerebral  con- 
cussion. I  have  observed  such  a  case  with  necropsy 
but  no  demonstrable  organic  changes  were  found  in 
the  central  nervous  system. 

A  number  of  cases  are  on  record  in  which  a  cerebral 
concussion  has  been  the  apparent  exciting  cause  of 
the  growth  of  a  brain  tumor. 

The  PROGNOSIS  of  cerebral  concussion  should  always 
bo  guarded,  especially  if  there  are  any  signs  of  cerebral 
laceration,  on  account  of  the  numerous  grave  sequete 
that  may  develop. 
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Treatment. — The  treatment  of  the  initial  symp- 
toms of  cerebral  concussion  is  the  treatment  of  shock 
— a  recumbent  posture,  warmth  applied  by  hot  water 
bottles  and  warm  covering.  Stimulants  may  be 
necessary  such  as:  inhalations  of  aromatic  spirit  of 
ammonia,  the  faradic  brush  to  various  parts  of  the 
body  and  the  hypodermic  administration  of  strych- 
nine or  ether  and  camphorated  oil.  Artificial  respira- 
tion may  be  necessary.  Care  should  be  taken  not 
to  overstimulate  for  fear  of  causing  a  violent  reaction. 
During  the  reaction  stage  an  ice-bag  to  the  head  may 
give  some  rehef  and  the  patient  should  be  kept  cjuiet 
and  isolated.  Morphine  is  advised  by  some  but  con- 
demned bj'  others  on  the  grounds  that  it  increases 
venous  congestion.  It  is  probably  better  not  to  use  it. 
For  the  insomnia  we  may  use  veronal  or  chloretone. 

The  patient  should  keep  on  a  light  diet  and  avoid 
overexertion  or  excitement  for  some  time  after  such 
a  trauma.  Lumbar  puncture  is  sometimes  of  value 
in  relieving  the  persistent  headache  and  dizziness. 

C.\RL    D.    Camp. 
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Brain,  Diagnosis  of  Local  Lesions  of  the.    History. 

— Although  it  was  known  in  the  first  century  that 
each  hemisphere  of  the  brain  is  in  functional  relation 
with  the  opposite  half  of  the  body,  the  facts  upon 
which  the  prevailing  theory  of  the  localization  of 
different  functions  in  separate  parts  is  based  were 
not  discovered  until  1S22.  At  that  time,  Thomas 
Hood  in  England,  and  Bouillaud  in  France,  noticed 
that  disturbances  of  speech  were  caused  by  disease  in 
the  frontal  lobes  of  the  brain.  JI.  Dax  (1S36)  was 
the  first  to  limit  the  area  governing  .speech  to  the  left 
frontal  lobe,  and  Broca  (1S61)  locatecl  it  more  exactly 
in  the  left  third  frontal  convolution.  The  discussion 
of  aphasia  in  the  Academy  of  Medicine  in  Paris  in 
1864  awakened  general  interest  and  led  to  further 
investigation.  Until  that  time  scientific  men,  re- 
jecting the  unwarrantable  conclusions  of  Gall  and  the 
phrenologists,  had  believed  the  teachings  of  Flourens, 
that  the  brain  acts  as  a  whole,  its  various  parts  not 
posses-sing  various  powers.  The  pathological  evi- 
dence against  this  position  collected  by  Broca,  and 
strengthened  during  1S64-67  by  facts  ob,served  by 
Hughlings  Jackson  and  Meynert,  received  con- 
firmation in  1S70  from  a  new  series  of  physiological 
experiments  made  by  Fritsch  and  Hitzig  "in  Berlin. 
These  investigators  found  that  in  animals  the  anterior 
portion  of  the  convexity  of  the  brain  is  motor;  that  its 
irritation  by  electricity  cau.ses  coordinated  motions 
in  the  limbs  of  the  opposite  side,  and  that  its  destruc- 
tion causes  paralysis.  Ferrier  (1873-76),  Xothnagel 
(1877),  Munk  (ISSl),  and  Luciani  (1884)  confirmed 
these  results,  and  showed  further  that  the  posterior 
portion  of  the  convexity  is  sen.sory,  its  destruction  be- 
ing attended  by  impairment  of  the  powers  of  perception 
throiigh  the  various  senses.  Goltz,  though  opposing 
a  strict  limitation  of  functions  to  definite  regions,  ad- 
mitted that  the  results  of  destruction  of  various  parts 
are  different,  and  he  noticed  that  extensive  injury  to 
the  anterior  portion  changes  the  character  of  an  anfmal 
from  kind  to  vicious,  whUe  injury  to  the  posterior  por- 
tion has  the  opposite  effect.  The  conclusions  of  physi- 
ologists differ  regarding  the  results  of  experiments,  but 
do  not  overt  hrow  the  theory  of  localization  as  applied  to 
man;  for  a  mass  of  pathological  evidence  has  been  col- 
lected which  will  bear  but  one  interpretation.  Char- 
cot and  his  pupils  in  France,  Nothnagel,  Exner,  and 
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Wernicke  in  Germany,  H.  Jackson  and  Ferrier  in 
England,  and  others,  have  gathered,  classified,  and 
analyzed  a  very  large  number  of  cases  of  brain  disease 
of  limited  extent,  which  were  accompanied  by  defi- 
nite symptoms,  and  have  estabhshed  a  causal  relation 
between  lesions  of  certain  portions  of  the  brain  and 
disturbances  of  certain  functions,  both  motor  and 
.sensory.  It  has  also  been  discovered  that  deficient 
development  of  an  organ  is  accompanied  bj-  deficient 
development  of  that  part  of  the  brain  which  is  in 
functional  relation  with  that  organ,  and  vice  versa 
(von  Gudden). 

Further,  the  researches  of  Flechsig  (1877-99) 
have  proven  that  an  anatomical  connection  exists 
between  certain  organs  and  certain  parts  of  the  brain 
by  means  of  tracts,  which  can  be  distinguished  from 
one  another  by  peculiarities  in  the  time  and  process 
of  their  development;  and  that  each  functional  area 
of  the  brain  has  its  own  period  of  development  during 
the  early  months  of  life.  To  these  same  tracts  are 
limited  the  secondary  changes  which  ensue  when  the 
active  organ  at  one  extremity  of  the  tract  is  destroyed. 
Furthermore  Campbell  (1900)  has  shown  that  the 
cortical  structure  of  the  brain  differs  in  different 
regions,  which  offers  a  probability  that  their  functions 
differ. 

All  these  various  kinds  of  evidence  combine  to 
establish  the  conclusion  that  definite  parts  of  the 
brain  possess  distinct  functions,  and  although  there 
remain  numerous  functions  wliose  location  is  unknown 
and  many  parts  of  the  brain  whose  fimction  is 
undetermined,  a  sufficient  number  of  facts  is  available 
to  warrant,  in  many  ca.ses  of  cerebral  disease,  a 
localization  of  the  lesion. 

General  Considerations. — Since  the  different 
parts  of  the  brain  preside  over  different  functions,  the 
symptoms  present  in  any  lesion  will  depend  as  much 
upon  its  situation  as  upon  its  nature.  Certain  general 
symptoms,  such  as  headache,  vertigo,  convulsions, 
coma,  or  optic  neuritis,  occur  in  many  forms  of 
disease,  and  being  indications  of  disturbances  of 
nutrition,  or  of  increased  intracranial  pressure,  do 
not  indicate  the  position  of  the  disease.  Other 
symptoms,  however,  such  as  disturbances  of  motion, 
of  sensation,  of  sensory  perception,  of  memory, 
or  of  speech,  are  known  as  local  .symptoms,  since 
each  is  present  only  when  a  certain  part  of  the  brain 
is  involved.  It  is  from  these  that  the  localization  of  a 
lesion  can  be  determined.  Local  sj'inptoms  must, 
however,  be  interpreted  with  caution,  and  the  direct 
effect  of  the  lesion  must  be  distinguished  from  its 
indirect  effect.  For  example,  immediately  after  a 
cerebral  hemorrhage,  attended  with  headache,  vertigo, 
or  coma,  and  possibly  general  convulsions  and 
vomiting,  the  local  .sj-mptoms  of  hemiplegia,  hemi- 
anesthesia, and  aphasia  maj'  be  present,  and  may  lead 
to  the  suspicion  of  a  very  extensive  lesion.  After  a 
few  days,  however,  there  may  remain  only  a  partial 
hemiplegia,  all  other  symptoms  having  subsided. 
In  such  a  case  the  hemiplegia  is  the  only  direct  local 
symptom;  the  indirect  local  .symptoms — aphasia  and 
hemianesthesia — being  incidental  to  the  pressure  on, 
or  to  disturbance  of,  circulation  in  parts  adjacent  to 
the  actual  seat  of  di.sease.  It  is  only  when  a  lesion  is 
single,  its  effects  stationary  and  of  some  duration,  that 
a  diagnosis  of  its  position  is  to  be  made. 

In  diagnosticating  the  position  of  a  lesion  it  is 
necessary  to  distinguish  disease  in  the  cortex  from 
disease  within  the  hemisphere.  The  functions  of 
these  parts  are  different.  The  gray  cortex  receives 
and  initiates  impulses.  The  white  matter  within 
the  hemisphere  transmits  the  impulses.  The  impulses 
.sent  along  white  tracts  to  the  cortex  become  conscious 
perceptions  only  when  they  reach  their  destination 
in  the  gray  matter.  The  impulses  passing  along  the 
white  tracts  from  the  cortex  have  been  started  in  the 
gray  matter  as  conscious  volitions  by  effort.     Thus 
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sonsation  or  motion  may  be  suspended  either  by 
disease  in  the  cortex  or  by  disease  in  tlic  tracts  witliin 
the  lieniisplirre.  The  cortex  lias  another  function. 
A  sensation  once  perceived,  or  a  motion  once  ac(|uired, 
leaves  behind  it  a  trace,  whose  nature  is  unknown, 
which  shows  itself  in  a  disposition  in  the  cells  of  the 
cortex  to  react  more  promptly  to  a  similar  impulse 
than  to  a  dissinular  one.  This  is  the  physical  basis 
of  memory.  Since  similar  impulses  always  enter 
by  the  same  sensory  organ,  and  since  each  organ  is 
connected  with  its  own  region  of  the  cortex,  it  fol- 
lows that  the  various  memories  are  distributed  in 
various  regions.  But  these  memories  are  often 
a.ssociated  in  eonsciou.«ness,  and  this  association  is 
secured  by  means  of  white  fibers  which  pass  between 
and  connect  the  various  regions.  It  becomes  eviuent, 
therefore,  that  diseases  of  memory  may  afford  an 
important  clue  to  the  location  of  a  lesion;  and  that 
the  distinction  between  a  disease  of  the  gray  cortex 
invohing  a  loss  of  a  certain  kind  of  memory,  and 
one  of  the  white  tracts  within  the  hemisphere  inter- 
fering with  the  proper  association  of  ideas  must  not 
he  overlooked.  No  part  of  the  gray  matter  can  act 
vicariously  for  another  part.  Each  tract  conveys 
its  own  impulses. 

DuGNOsis. — I.  Cortex  Cerebri. — 1.  Lesions  involv- 
ing the  frontal  lobes  upon  the  base  may  destroy 
the  olfactory  bulb  or  tract  and  produce  anemia  on 
the  side  of  the  lesion.  Lesions  in  the  other  convolu- 
tions of  the  frontal  lobes,  excepting  those  in  the 
posterior  part  of  the  third  convolution  of  the  left 
side,  present  no  distinctive  local  symptoms.  Some 
disturbance  of  mental  action,  manifested  by  an 
inabilitj'  to  concentrate  the  attention,  to  think  con- 
nectedly, and  to  control  the  emotions,  or  even  by  a 
condition  of  imbecility,  may  be  caused  by  disease  in 
this  region;  and  lesions  in  the  frontal  lobes  often 
cause  a  loss  of  control  over  the  sphincters. 

These  convolutions  are  often  defective  in  idiots, 
and  their  comparative  development  in  animals 
determines  the  mental  power  of  the  individual. 
But  disease  in  this  region  in  man  does  not  cause  a 
loss  of  any  particular  mental  faculty,  and  for  the 
higher  powers  of  mind  no  location  can  be  determined. 
Normal  mental  action  implies  the  integrity  of  the 
entire  brain.  When  genei-al  symptoms  of  cerebral 
di-sease  are  present,  but  no  local  sj'mptoms  can  be 
found,  the  possibility  of  disease  in  the  frontal  con- 
volutions is  to  be  considered,  and  the  occurrence  of 
the  mental  disturbance  mentioned  affords  a  pre- 
sumption in  favor  of  this  location. 

Lesions  in  the  posterior  part  of  the  third  frontal 
convolution  on  the  left  side  in  right-handed,  and  on 
the  right  .side  in  left-handed  persons  give  rise  to 
ataxic  or  motor  aphasia  (Fig.  lOOS).  In  this  area  are 
located  the  memories  of  the  combination  of  motor 
acts  necessary  to  the  pronunciation  of  words,  memo- 
ries which  have  been  acquired  by  practice.  If 
these  memories  are  blotted  out,  the  ability  to  initiate 
the  impulse  recjuired  to  produce  a  given  sound  is 
lost,  and  speechlessness  results.  When  this  convolu- 
tion alone  is  affected  the  patient  can  understand  what 
is  said  to  him,  but  cannot  talk  (see  Speech,  Disorders  of: 
Aiiliasia). 

2.  Lesions  of  the  anterior  central  convolution  and 
of  the  paracentral  lobule  produce  disturbances  of 
motion  (Fig.  1008).  The  motor  tracts  which  connect 
these  convolutions  of  each  hemisphere  with  the  bod.y 
decus.sate  partially  in  the  medulla,  and  the  degree  of  the 
decussation  differs  in  different  individuals.  In  the  large 
majority  of  persons  the  tracts  which  cross  to  the  op- 
posite side  are  so  much  larger  than  those  which  go  to 
the  same  side  that  the  sj'mptoms  of  cerebral  disease 
are  noticed  only  on  the  side  of  the  body  opposite  to 
the  side  of  the  lesion.  In  all  cases,  however,  except 
in  those  in  which  the  decussation  is  complete  (one  in 
sixty),  the  side  wliich  is  apparently  normal  is  sUghtly 


affected.  The  disturbance  of  motion  may  be  in  the 
form  of  spasms  and  convulsions,  or  in  the  form  of 
paralysis.  Lesions  irritating  the  motor  region  give 
ri.se  to  the  former;  tho.se  whicli  destroy  the  cortex  to 
the  latter.  The  lower  third  of  the  anterior  central 
convolution  is  in  functional  relation  with  the  muscles 
of  the  face  and  tongue  (Fig.  lOOS).  The  middle  third 
of  the  anterior  central  convolution  governs  the  arm 
(Fig.  lOOS),  the  motions  of  the  shoulder,  elbow,  and 
hand  lying  from  before  backward  and  from  above 
downward  in  the  order  named.  The  upper  portion  of 
the  anterior  convolution  and  the  paracentral  lobule 
contain  the  motor  centers  for  the  body  and  leg,  the 
motions  of  the  hip,  knee,  and  foot  lying  from  before 
backward  and  from  above  downward  in  the  order 
named.     The  area  related  to  the  movement  of  the 


Fig.  1008. — Diagram  of  the  Fissures  and  Convolutions  of  the 
Convexity  of  the  Left  Hemisphere  of  the  Brain,  with  the  Areas 
Presiding  over  Various  Functions.  The  speech  areas  are  shown 
on  this  hemisphere.  The  motor  area  is  more  extensive  on  the  left 
than  on  the  right  hemisphere. 

eyes  is  located  just  in  front  of  the  area  for  the  arm  in 
the  posterior  part  of  the  middle  or  second  frontal  con- 
volution. As  these  areas  for  each  part  are  distinct, 
cortical  lesions  of  limited  e.xtent  may  affect  one  alone, 
or  two  adjacent  areas;  but  it  is  oiily  lesions  of  very 
great  extent  which  can  destroy  them  all.  Mono- 
spasms, or  monoplegia,  are,  therefore,  prominent 
symptoms  in  disease  of  the  motor  region.  An  irrita- 
tion beginning  in  one  area  may  e.Ktend  to  adjacent 
areas,  in  which  case  a  convulsion  may  commence  in 
one  part  and  then  involve  other  parts.  The  relative 
position  of  the  areas,  then,  determines  the  order  of  pro- 
gress of  the  convulsion,  face,  arm,  and  leg  being  suc- 
cessively affected,  or  vice  versa;  and  face  and  leg  never 
being  involved  together  without  affection  of  the  arm. 
When  the  entire  side  is  involved  the  convulsion  may 
become  general.  The  seat  of  the  initial  irritation 
may,  therefore,  be  indicated  by  the  order  in  which  the 
spasms  extend.  After  such  a  spasm  there  remains  a 
paresis  in  the  muscles  affected,  tnose  last  and  least  in- 
volved recovering  first  {see  E pilepsy) .  If  the  irritating' 
lesion  becomes  a  destroying  lesion  the  monospasm  is 
succeeded  by  monoplegia,  and  from  the  part  of  the 
body  affected  the  area  in  the  motor  region  which  is 
destroyed  can  be  determined.  In  cortical  disease  it  is 
seldom  that  the  lesion  involves  a  single  area  without 
encroaching  upon  adjacent  areas;  hence,  associated 
monoplegise  of  face  and  arm,  or  arm  and  leg,  are  more 
frequently  met  with  than  paralysis  of  one  part  alone. 
But  even  in  these  cases  the  disturbance  of  motion 
usual!}''  begins  or  is  more  marked  in  one  part,  rather 
than  in  both  equally,  and  the  order  of  e.xtent  of  paral- 
ysis may  indicate  the  direction  in  which  the  di.seasc  is 
jjrogressing,  and  the  place  from  which  it  started. 

In  paralysis  from  cortical  lesion  there  is  a  loss  or 
marked  impairment  of  the  muscular  sense,  and  there 
may  be  some  disturbance  of  general  sensation.  A 
los.s  of  motor  memories,  e.g.  the  motions  involved  in 
writing,  pla3-ing  an  instrument,  using  a  tool,  occurs  in 
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cortical  disease,  and  may  indicate  that  the  seat  of  the 
lesion  is  in  the  area  of  the  arm.  The  hmits  of  the 
region  receiving  impulses  which  awaken  the  per- 
ception of  touch,  temperature,  and  pain  are  not  fully 
determined.  It  is  thought,  however,  that  the  motor 
and  sensory  regions  coincide,  while  it  is  probable  that 
the  sensory  region  extends  beyond  the  motor  and  in- 
cludes the  posterior  central  convolution  and  parietal 
lobules  which  lie  posterior  to  the  motor  area.  Fer- 
rier,  however,  teaches  that  the  gjTTis  hippocampus  is 
the  region  in  which  these  sensations  are  received. 
Lesions  affecting  the  posterior  central  convolution 
give  rise  to  sensory  symptoms,  the  sensory  areas 
lying  in  the  same  order  as  the  motor  areas,  face,  arm, 
and  leg  in  the  lower,  middle,  and  upper  thirds  respec- 
tiveh'.  Lesions  in  the  motor  area  anterior  to  the 
fissure  of  Rolando  usuaUj'  produce  paralysis  without 
anesthesia.  Lesions  in  the  parietal  lobules  may  pro- 
duce anesthesia  but  do  not  cause  paralysis. 

Each  sensorj'  area  is  in  functional  relation  ^ith  the 
opposite  limb  to  a  much  greater  degree  than  with  the 
limb  of  the  same  side.  Monoanesthesia  may  there- 
fore occur  from  cortical  lesion.  The  loss  of  sensation 
is  rarely  total,  as  it  is  probable  that  the  decussation 
of  sensory  impulses  is  rarely  complete.  The  degree 
of  impairment  of  sensation  is  to  be  ascertained  only 
by  comparison  of  the  affected  limb  with  the  other 
three.  If  the  sensory  area  is  not  destroyed  but  is 
only  irritated,  subjective  sensations  in  the  limb  whose 
area  is  affected  occur,  and  such  monoparesthesiae  are 
valuable  indications  of  cortical  lesion,  when  disease 
in  other  parts  is  excluded. 

Monospasm  and  monoplegia,  monoparesthesia,  or 
monoanesthesia,  are  therefore  the  chief  symptoms 
of  cortical  disease  in  the  sensorimotor  area.  The 
two  former  indicate  an  affection  h-ing  anterior  to  the 
fissure  of  Rolando:  the  two  latter  lesions  posterior 
to  that  fissure.  Xo  local  symptoms  of  disease  in  the 
parietal  lobules  are  known,  the  disturbances  of  speech 
or  of  sight  which  occur  occasionally  when  the  supra- 
marginal  gyrus  is  involved  being  due  to  a  coincident 
lesion  of  the  tracts  passing  beneath  it. 

3.  Lesions  of  the  three  occipital  convolutions  and 
of  the  cuneus  produce  disturbances  of  \'ision  (Fig. 
1009,  D).  Each  occipital  lobe  is  in  anatomical  con- 
nection with  the  like-named  half  of  each  retina,  and 
hence  a  lesion  of  one  occipital  lobe  produces  an  affec- 
tion of  vision  in  the  opposite  half  of  both  \-isual 
fields.  The  visual  tract  terminates  in  the  cuneus,  the 
upper  part  of  which  is  related  to  the  lower  half  of 
the  retina  and  the  lower  part  to  the  upper  half.  The 
fibers  to  the  cuneus  pass  so  near  to  the  cortex  of  the 
convexity  of  the  occipital  lobe  that  lesions  in  the  lobe 
are  likely  to  cause  the  same  symptoms  as  lesions  of 
the  cuneus.  Irritation  of  the  cortex  of  this  region 
ma3'  cause  hallucinations  of  vision,  and  if  the  irrita- 
tion is  in  one  lobe  the  subjective  sights  wiU  appear 
upon  the  opposite  side  of  the  median  line,  and  wOl 
move  with  the  eyes  of  the  patient.  Destruction  of 
the  cortex  will  produce  bilateral  homonj'mous  hemi- 
anopsia, i.e.  blindness  in  the  opposite  half  of  both 
ej-es,  and  maj-  also  cause  a  loss  of  visual  memories; 
the  patient  wOl  fail  to  recognize  familiar  objects, 
and  cannot  recall  scenes  and  faces  formerh'  known. 
If  the  lesion  is  in  the  left  occipital  lobe  near  to  its 
junction  with  the  inferior  parietal  lobule  (.^ee  Fig. 
1008),  written  and  printed  language  also  may  no  longer 
be  recognized,  and  the  patient,  therefore,  may  lose 
the  power  of  reading  while  speech  remains.  This  con- 
dition is  known  as  alexia.  If  the  capacity  to  recog- 
nize objects  bj'  touch  is  lost  the  condition  is  termed 
asteriognosis.  This  is  often  due  to  a  lesion  involving 
the  tracts  under  the  junction  of  the  occipital  and 
parietal  convolutions,  or  in  the  parietal  lobe.  It 
indicates  a  destruction  of  a.ssociation  fibers  bj-  means 
of  which  the  memories  are  grouped.  The  relation 
of  the  angular  gjTus,  which  lies  anterior  to  the  occi- 
pital lobe,  to  vision  is  undetermined.     While  it  was 
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formerlj'  supposed  to  be  the  center  of  the  visual 
area  by  Ferrier,  this  \-\e\\  has  been  opposed  by  Ger- 
man authorities,  who  hold  that  the  disturbances  of 
vision  which  have  occurred  occasionally  when  it  was 
diseased  have  been  due  to  a  lesion  of  the  visual 
tract  which  lies  beneath  it  and  which  passes  to  the 
occipital  lobe  (see  Hemianopsia). 

4.  Lesions  of  the  first  and  second  temporal  con- 
volutions produce  disturbances  of  hearing,  each 
lobe  being  related  to  both  ears.  Irritation  of  these 
convolutions  may  cause  hallucinations  of  hearing, 
and  destruction  of  them  maj-  cause  deafness.  If  the 
lesion  is  upon  the  left  side  and  involves  the  first  con- 
volution,  the  symptom  produced  is  word-deafness. 


Cenfro^ 


Fig.  1009. — The  Projection  Tracts  Joining  the  Cortex  with  Lower 
Xerve  Centers.  Sagittal  section  show-ing  the  arrangement  of 
tracts  in  the  internal  capsule.  -\,  Tract  from  the  frontal  lobe  to 
the  pons,  thence  to  the  cerebellar  hemisphere  of  the  opposite  side; 
B,  motor  tract  from  the  central  convolutions  to  the  facial  nucleus 
in  the  pons  and  to  the  spinal  cord;  its  decussation  at  K;  C,  sensory 
tract  from  ijosterior  columns  of  the  cord,  through  the  posterior 
part  of  the  medulla,  pons,  cms,  and  capsule  to  the  parietal  lobe; 
D,  \"isual  tract  from  the  optic  thalamus  (O.T.)  to  the  occipital 
lobe:  E,  auditorj'  tract  from  the  internal  geniculate  body  (to 
which  a  tract  passes  from  the  ^^II.  nerve  nucleus)  to  the 
temporal  lobe:  F,  superior  cerebellar  peduncle;  G,  middle  cere- 
bellar peduncle;  H,  inferior  cerebellar  peduncle;  CX,  caudate 
nucleus;  C.Q.,  corpora  quadrigemina;  Vt.,  fourth  ventricle.  The 
numerals  refer  to  the  cranial  nervte. 

or  loss  of  memory  of  the  sound  of  words,  with  con- 
sequent inabOity  to  recognize  the  meaning  of  spoken 
language  or  to  recall  the  words  necessary  to  speech. 
This  is  also  known  as  sensory  or  amnesic  aphasia  or 
word-deafness.  It  can  be  distinguished  from  motor 
or  ataxic  aphasia  by  the  inability  of  the  patient  to 
understand  what  is  said  to  him  (see  Speech,  Disorders 
of:  Aphasia), 

5.  Lesions  at  the  apex  of  the  temporo-sphenoidal 
lobe  may  produce  disturbances  of  taste  and  smell. 
If  this  region  is  irritated— as  b3-  the  growth  of  a 
tumor  of  the  pituitars'  gland  or  elsewhere — hallucina- 
tions of  taste  or  smell  are  produced.  These  some- 
limes  occur  as  an  aura  of  epileptic  attacks  and  then 
indicate  the  beginning  of  organic  disease. 

6.  Lesions  of  the  island  of  Reil  have  caused  disturb- 
ance of  motion  in  the  face  and  arm  of  the  opposite  side, 
and  also  have  caused  aphasia  when  the  left  island 
was  involved.  It  is  not  certain,  however,  to  what 
extent  these  sj'mptoms  were  dependent  upon  the 
aflection  of  adjacent  convolutions,  of  tracts  beneath 
the  island,  or  of  the  basal  ganglia  (.Figs.  1010  and  1011). 
The  associating  tract  which  joins  the  sensory  with  the 
motor  speech  centers  lies  just  under  the  convolu- 
tions of  the  island  of  ReU  and  destruction  of  this 
tract  causes  paraphasia.  Lesions  of  the  island  of 
ReU  would  be  especially  liable  to  affect  the  circula- 
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lion  in  the  motor  area,  since  tlie  branches  of  the  mid- 
dle cerebral  arteries  pass  over  it.  While,  therefore, 
it  can  be  stated  that  hemiplegia  and  aphasia  may  l)e 
produced  by  lesions  here,   it   is  probable  that  they 


Fig.  1010. — The  Motor  Tract.  S,  Fissure  of  Sylvius;  X.L., 
lenticular  nucleus;  O.T.,  optic  thalamus;  X.C.,  caudate  nucleus; 
C,  cms;  P,  pons;  JI,  medulla;  O,  olivary  body.  The  tracts  for 
face,  arm,  and  leg  gather  in  the  capsule  and  pass  together  to  the 
lower  pons,  where  the  face  fibers  cross  to  the  opposite  VII.  nerve 
nucleus,  while  the  others  pass  oq  to  the  lower  medulla  where  they 
partially  decussate,  to  enter  the  lateral  columns  of  the  cord;  the 
non-decussating  fibers  pass  to  the  anterior  median  columns.  The 
effect  of  a  lesion  situated  at  three  points  in  the  tract  is  shown  on 
the  left  side  of  the  figure. 

would  be  indirect  and   not   direct  local  .sj-mptoms. 
The  function  of  the  island  of  Reil  is  unknown. 

The  facts  which  have  been  stated  regarding  cortical 
lesions  are  ba.sed  upon  autopsies  and  are  independent 
of  any  physiological  considerations  regarding  the 
functions  of  the  various  parts,  although  they  agree 
with  the  results  of  experiment  on  animals.  It  is 
evident  that  disease  which  affects  an  extensive 
region  of  the  cortex  may  produce  a  nmnber  of  symp- 
toms arising  from  the  implication  of  several  areas 
at  the  same  time.  Such  widespread  disease  is  usually 
attended  by  general  symptoms,  marked  mental 
disturbance,  loss  of  memory,  and  lack  of  self-control, 
as  well  as  by  the  local  sj-mptoms. 

II.  Cerebr.^l  TR.iCTs. — I.  The  white  matter  of 
the  brain  consists  of  fibers  of  two  varieties:  associa- 
tion fibers  which  join  the  different  convolutions  and 
functional  regions  with  one  another,  and  projection 
fibers  which  join  the  diff'erent  convolutions  with  the 
basal  ganglia  and  with  the  gray  matter  of  the  pons, 
medulla  oblongata,  and  spinal  cord.  These  fibers 
are  so  interlaced  in  the  centrum  ovale  that  neither 
can  be  injured  without  affecting  the  other.  .\n 
interference  with  the  passage  of  impulses  through 
association  fibers  produces  s^-mptoms  of  a  mental 
character.  An  example  of  this  has  been  cited  in 
describing  lesions  of  the  island  of  Reil,  viz.,  para- 
phasia. The  patient  suffering  from  this  disease  can 
recall  the  desired  words,  and  is  able  to  initiate  the 
motions  neces.sary  to  speech;  but  the  associating 
tract  between  the  memory  of  a  definite  word  and  the 


memory  of  its  motion  being  broken,  he  does  not  speak 
the  desired  word  but  replaces  it  by  another.  Thus, 
in  a  case  known  to  the  writer,  whenever  the  patient 
spoke  she  said,  "  .Vh,  dear  me,  I  don't  know,  much 
to  her  own  annoyance,  as  she  understood  what  was 
said  to  her  and  knew  what  she  ought  to  .say  in  reply. 
The  forms  of  paraphasia,  or  transcortical  aphasia, 
are  numerous,  but  are  all  to  be  referred  to  lesion  of 
association  fibers.  It  is  very  probable  that  many 
defects  of  memory,  and  much  of  the  apparent  dulness 
of  mind  in  brain  diseases,  are  to  be  ascribed  to  a 
failure  of  function  in  these  fibers  by  which  ideas  are 
associated.  Nothing  more  definite  can  be  stated 
regarding  their  injury,  and  the  mental  symptoms, 
aside  from  paraphasia,  do  not  indicate  the  location 
of  the  disease. 

2.  Lesions  of  projection  fibers  produce  well-marked 
local  sjMuptoms.  It  is  by  means  of  these  fibers  that 
all  parts  of  the  body  are  joined  to  connecting  parts  of 
the  brain,  so  that  in  imagination  a  map  of  the  body 
can  be  projected  upon  the  cortex  of  the  brain.  An 
interference  with  any  separate  bundle  of  fibers  will 
therefore  produce  symptoms  in  the  organ  with  which 
it  is  joined,  and  therefore  wUl  cause  effects  some- 
what similar  to  those  produced  by  a  lesion  of  the 
corresponding  part  of  the  cortex.  It  is  necessary  to 
consider  the  lesions  of  the  various  tracts,  as  they 
produce  different  sj-mptoms.  The  projection  fibers 
passing  inward  and  downward  from  the  extensive 
cortical  surface  of  each  hemisphere  converge,  and  are 
finally  collected  into  a  compact  tract  which  lies 
between  the  basal  ganglia  and  is  known  as  the  internal 
capsule.  Many  fibers  pass  into  the  basal  ganglia, 
but  their  function  is  only  conjectured,  and  the  effect 
of  their  destruction  is  unknown.  Others  pass  between 
the  ganglia,  through  the  capsule,  and  issuing  from 
its  ba.sal  portion  enter  the  crus  cerebri,  and  traversing 
it  go  down  to  the  pons,  medulla,  and  cord. 

Since  the  fibers  passing  through  the  capsule  are 
gathered  from  distant  and  widely  separated  regions 
of  the  corte.x,  a  small  focus  of  disease  in  the  capsule 
may  produce  as  serious  and  widespread  symptoms  as 
disease  of  great  extent  in  the  cortex.  Extensive 
disease  in  the  cortex,  or  in  the  centrum  ovale,  pro- 
duces considerable  mental  impairment,  but  this  is 
not  true  of  capsular  disease.  Hence  in  any  case  in 
which   the  symptoms  are  extensive,   but   the   mind 


Fig.  1011. — The  .\.-.-u--i.i>iuu  Fibers  in  the  Centrum  Ovale.  A, 
Between  adjacent  convolutions;  B,  between  frontal  and  occipital 
lobes;  C,  between  frontal  and  temporal  lobes,  the  cingulum; 
D,  between  temporal  and  frontal  lobes — lesion  of  this  tract  causea 
paraphasia:  E,  between  occipital  and  temporal  lobes — lesion  of 
this  tract  causes  word-blindness;  C.X.,  caudate  nucleus;  O.T., 
optic  thalamus. 

unimpaired,  the  probability  is  in  favor  of  a  smaO 
lesion  in  the  brain  tracts  rather  than  of  a  large  lesion 
in  the  cortex.  The  brain  tracts  in  the  capsule  may 
be  injured  either  directly,  by  lesions  in  their  cour.se, 
or  indirectlj',  by  lesions  in  the  basal  ganglia  in  whose 
vicinity  they  pass.     In  both  cases  the  initial  symp- 
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toms  will  be  the  same  if  the  disease  begins  suddenly; 
but  in  the  latter  case  recovery  may  follow,  while 
in  the  former  the  symptoms  may  increase  in  number, 
owing  to  secondary  degenerations  following  a  lesion 
of  a  tract.  If  the  disease  is  a  slowly  progressive  one 
{e.g.    tumor),    general  symptoms  may  precede  local 

symptoms,  and  indi- 
rect local  symptoms 
will  be  succeeded  by 
direct  local  symp- 
toms. 

The  internal  cap- 
sule is  divided  into 
two  halves,  an  ante- 
rior and  a  posterior 
division,  by  the  pro- 
jection of  the  apex  of 
the  lenticular  nucleus, 
which  lies  on  its  outer 
side.  Through  the 
anterior  division  pass 
tlie  projection  filx'rs 
from  the  frontal  lobes 
(Fig.  1012,  IC),  and 
the  fibers  which  join 
the  anterior  parts  of 
the  cortex  with  the 
Ijasal  ganglia.  Noth- 
ing is  known  as  to  the 
exact  function  of 
cither  of  these  bun- 
fUes  of  fibers,  and  no 
S3'mptonis  of  their 
injury  can  be  stated. 
Extensive  lesions 
may  occur  in  the 
white  matter  of  the 
frontal  lobes,  affect- 
ing both  association 
and  projection  tracts 
without  producing 
,,     u     T,    •        ,.r^     o.  -        any      symptoms, 

through    the    Brain.       (.\fter  btnim-       i.iT i,       ;  .„„ 

pell.)  .VC,  Nucleus  caudatus;  F.  although  in  many 
forni.x;    IC.  anterior  half  of   internal     SUch   cases  the  Symp- 


FiG.     1012. — Horizontal     Sertion 


capsule:  or,  optic  thalamus  Fa, 
facial  tract;  M,  motor  tract;  5,  sen- 
sory tract;  O,  visual  tract,  in  po.sterior 
half  of  internal  capsule;  IR,  island  of 
Reil;  NL,  nucleus  lenticularis;  EC, 
external  capsule:  V,  lateral  ventricle, 
posterior  cornu. 


toms  present  in  corti- 
cal lesions  of  the 
frontal  lobes  do  oc- 
cur. Through  the 
posterior  division  of 
the  internal  capsule 
pass  several  impor- 
tant tracts.  These  are 
(1)  the  motor  tract  from  the  lower  third  of  the  cen- 
tral convolutions,  which  curves  over  the  lenticular 
nucleus  and  passes  down  in  the  anterior  part  of  the 
posterior  division  of  the  capsule,  enters  the  second 
quarter  of  the  crus,  thence  passes  into  the  median 
part  of  the  ventral  half  of  the  pons,  and  turning 
clownward  ends  in  the  facial  and  Hypoglossal  nuclei 
(Fig.  1012,  Fa);  (2)  the  motor  tract  from  the  other 
thirds  of  the  central  region  (Fig.  1012,  M),  which  is 
known  as  the  pyramidal  tract,  since  its  fibers,  after 
passing  through  the  third  quarter  of  the  crus  and 
the  ventral  portion  of  the  pons,  make  up  the  pyramid 
of  the  medulla;  (3)  the  tract  conveying  general  sensa- 
tions from  the  entire  body  (Fig.  1012,  S),  which  lies 
just  behind  the  pyramidal  tract,  ancl  having  come 
from  the  tegmentum  of  the  crus,  and  passed  through 
the  posterior  third  of  the  capsule,  radiates  toward 
the  parietal  convolutions;  (4)  the  visual  tract,  whose 
fibers,  issuing  from  the  pulvinar  of  the  thalamus, 
pass  upward  and  turn  backward  in  the  capsule  on 
their  way  to  the  occipital  lobe  (Fig.  1012,  O);  (5)  the 
auditory  tract,  wliich  passes  tnrough  tlie  lower 
posterior  segment  of  the  capsule  on  its  way  from  the 
auditory  nucleus  to  the  temporal  lobe  (Fig.  1009,  E). 
Lesions  of  the  internal  capsule  which  affect  one  or 
more  of  these  tracts  cause  distinct  local  symptoms. 


Lesions  in  the  motor  tract  produce  paralysis,  whose 
distribution  will  depend  upon  the  extent  to  which 
the  tract  is  involved.  Usually  the  entire  tract  is 
affected  and  hemi])legia  results;  but  occasionally 
the  facial  and  hj-poglossal  muscles  are  only  slightly 
affected.  In  all  cases  the  upper  branch  of  either 
facial  nerve  escapes,  since  its  cortical  centers  are 
bilateral.  In  lesions  of  the  pyramidal  tract  the  arm 
and  leg  of  the  opposite  side  are  always  paralyzed 
together.  Lesions  lying  in  the  sensory  tract  cause 
hemianesthesia,  which  is  rarely  absolute,  but  usually 
in  the  form  of  great  impairment  of  sensation  on  the 
oppo.site  side  from  the  lesion.  Lesions  lying  still 
farther  back  may  affect  the  visual  tract  and  cause 
blindness  in  the  opposite  half  of  both  eyes.  Lesions 
in  the  lower  part  of  the  capsule  may  produce  loss  of 
hearing  in  the  opposite  ear.  Whether  taste  and  smell 
are  ever  affected  by  capsule  lesions  is  undetermined. 

It  is  evident  that  an  extensive  lesion  in  the  capsule 
may  involve  two  or  more  of  these  tracts;  and  Hemi- 
plegia, with  hemianesthesia  and  hemianopsia,  could 
not  be  produced  by  a  single  lesion  lying  in  any  other 
part.  The  initial  effects  of  a  hemorrhage  or  throm- 
bosis, which  invoh-es  the  internal  capsule,  may  be 
extensive,  as  several  tracts  may  be  affected.  If  but 
one,  however,  is  really  destroyed,  the  affection  of  the 
others  will  be  temporary,  and  the  symptoms  will  de- 
crease in  extent  and  severity  until  they  are  limited 
to  the  affected  tract.  It  is  only  after  the  temporary 
effects  have  subsided  that  the  disease  can  be  located 
accurately.  On  the  other  hand,  a  slowly  progressing 
lesion,  tumor,  or  abscess  may  involve  one  tract  after 
another  in  succession,  and  the  progress  of  the  case 
will  determine  the  localization  of  the  lesion. 

3.  Aphasia  may  be  due  to  a  lesion  in  the  tract  which 
joins  the  third  frontal  convolution  with  the  facial  and 
hypoglossal  nuclei  in  the  pons.  Two  courses  have 
been  described  as  taken  by  this  tract.  One  corre- 
sponds to  the  course  of  the  fibers  from  the  face  area 
of  the  motor  region  through  the  internal  capsule, 
already  detailed.  The  other  is  from  the  frontal  re- 
gion, backward,  cro.ssing  at  right  angles  the  motor 
tract,  and  going  along  the  upper  border  of  the  len- 
ticular nucleus,  in  the  external  capsule,  to  its  pos- 
terior limit,  where  it  curves  over  the  nucleus  and 
enters  the  internal  capsule  near  the  sensory  tract, 
then  crosses  this  tract  to  the  second  quarter  of  the 
crus,  and  .so  reaches  the  pons.  Lesions  in  the  course 
of  either  of  these  tracts  have  produced  aphasia  when 
in  the  left  hemisphere.  Such  an  aphasia  resembles 
ata.xic  or  motor  aphasia,  and  is  not  to  be  distinguished 
from  it.  It  is  more  liable  to  be  associated  with  agra- 
phia than  when  the  lesion  is  in  the  frontal  convolution, 
as  association  fibers  are  likely  to  be  destroyed  when 
the  lesion  is  in  the  centrum  ovale. 

4.  Lesions  of  the  cortex  and  of  the  tracts  as  they 
are  collected  in  the  capsule  having  been  considered, 
it  is  evident  that  lesions  of  the  centrum  ovale,  through 
which  the  tracts  pass  on  their  way  from  one  to  the 
other,  will  produce  .similar  effects  to  those  in  either 
part,  according  as  it  lies  nearer  one  or  the  other.  The 
association  fibers  which  pass  through  the  centrum 
ovale  are  shown  in  Fig.  1011.  Any  interference  with 
them  will  produce  defects  in  the  association  of  con- 
cepts and  ideas,  and  hence  be  shown  by  mental  de- 
fects, especially  defects  of  memory.  Lesions  of  the 
centrum  ovale  have  no  distinctive  symptoms  by 
which  they  can  be  differentiated  from  lesions  in  the 
cortex  or  capsule,  unless  the  affection  of  association 
fibers  as  well  as  of  projection  fibers  adds  distinct 
mental  symptoms.  If  the  lesion  is  so  situated  as 
not  to  affect  any  of  the  projection  tracts  it  wiU  not 
produce   any   local   symptoms. 

III.  Lesions  op  the  B.\s.\l  G.\xgli.\^  are  very 
frequent  and  give  rise  to  many  symptoms.  These 
symptoms  are,  However,  to  be  ascribed  to  a  coincident 
affection  of   the   tracts  just   mentioned,   which  pass 
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through  the  internal  oapsule  between  the  ganglia 
(Figs.  1012  and  1013),  and  hence  the  local  symptoms  of 
lesions  in  the  lenticular  or  caudate  nucleus  and  optic 
thalamus  are  those  of  lesions  of  the  internal  capsule 
opposite  those  bodies,  viz.,  in  its  posterior  division. 
If  the  symptoms  are  permanent,  the  capsule  is  prob- 
ably injured.  If  the  symptoms  pass  away,  the  cap- 
sule was  incidentally  affected.  And  the  effects  of  tlie 
lesion  may  entirely  sub.side  while  the  lesion  remains, 
if  it  is  limited  to  either  of  these  ganglia.  It  is  there- 
fore evident  that  we  cannot  locate  a  lesion  in  the 
ganglia  from  any  direct  local  symptoms;  for,  as  we 
ire  ignorant  of  the  function  of  the  ganglia,  we  do  not 
know  what  is  the  effect  of  their  destruction.  Hemi- 
chorea  and  hemiathetosis  occasionallj-  remain  after 
lesions  of  the  thalamus  and  are  to  be  regarded  as 
symptoms  of  irritation.  The  optic  thalamus  is  a 
sensory  ganglion  and  acts  as  a  center  for  the  re- 
:eption  of  impulses  which  give  rise  to  many  reflex 
)r  automatic  acts,  e.g.  the  variations  of  facial  ex- 
aression.  Permanent  lesions  in  it,  which  cause 
rritation,  may  give  rise  to  spontaneous  pains  in  the 
opposite  side  of  the  body,  or  to  an  excessive  appre- 
ciation of  ordinary  or  slightly  painful  stimuli,  and  to 
iiinor  degrees  of  anesthesia.  Tremor  is  also  common 
ifter  such  lesions.  The  basal  gangUa,  doubtless, 
lave  important  reflex  functions,  and  comparative 
inatomy  indicates  that  some  functional  relation  exists 
jctween  the  lenticular  nucleus  and  the  arm;  between 
:he  caudate  nucleus  and  the  leg.  The  effects  of  a 
esion  limited  to  any  one  of  these  ganglia,  and  produc- 
ng  no  influence  upon  adjacent  parts,  are,  however, 
Deyond  detection.  As  a  matter  of  fact,  seventy  per 
■ent.  of  the  cases  of  hemiplegia  are  due  to  a  lesion  in 
;he  basal  ganglia  and  affecting  the  internal  capsule; 
ind  from  the  symptoms  and  nature  of  the  disease  its 
ocation  there  can  usually  be  affirmed.  The  diagno- 
sis is,  however,  made  from  the  capsular  symptoms, 
IS  already  detailed. 

IV.  Lesions  op  the  ExxERx.iL  Cvpsule  and  of 
rHE  Cl.vustrum  cannot  yet  be  located  (Figs.  1010  and 
1012).  If  on  the  left  side,  they  usually  produce  para- 
ibasia  like  the  lesions  of  the  island  of  Reil. 

V.  Lesions  of  the  Corpor.%.  Quadrigemina  are 
."ery  rare.  If  the  anterior  pair  is  involved,  blindness. 
OSS  of  pupil  reflex,  strabismus,  and  nystagmus  may 
)e  produced.  If  the  posterior  pair  is  involved  dis- 
urbances  of  hearing  and  of  coordination  may  be 
narked.  As  both  pairs  are  usualh'  affected  together, 
he  combination  of  these  symptoms  may  aid  a  diagno- 
ds.  Blindness  is  such  a  common  symptom  of  cere- 
jral  disease  that  it  is  onh'  when  it  is  not  due  to  choked 
lisc,  optic  atrophy,  or  neuritis,  and  when  it  is  not 
)f  the  nature  of  nemianopsia,  that  it  is  to  be  thought 
1  local  symptom  of  quadrigeminal  lesion.  A  de- 
ective  action  of  the  same  branches  of  the  oculo- 
notor  nerves  on  both  sides  is  rather  more  charaeter- 
stic  of  quadrigeminal  disease  than  the  total  affection 
)f  one  nerve.  In  manj-  cases  of  disease  here  ophthal- 
noplegia  externa  (<?.)'.)  is  the  first  symptom,  and 
.•ertigo  with  incoordination  of  gait  soon  follows. 

W.  Lesions  of  the  Tegmentum  of  the  Crura 
i^EREBRi,  which  lies  beneath  the  corpora  quadri- 
;emina.  Since  the  sensory  tracts  pass  through  this 
*gion,  anesthesia  may  be  produced  by  such  a  lesion, 
ind  the  proximity  of  the  corpora  quadrigemina  would 
jive  rise  to  indirect  local  symptoms  of  their  affection. 
Lesions  of  the  red  nucleus  cause  the  symptom  of 
ncoordination  which  occurs  when  the  posterior  pair 
)f  the  corpora  quadrigemina  are  involved.  This  is 
nanifested  by  a  staggering  gait.  They  also  cause 
jaralysis  of  the  thiril  nerve,  which  passes  through 
;his  nucleus.  Lesions  of  the  foot  of  the  crus  cerebri, 
n  wliich  the  motor  tract  passes,  cause  hemiplegia  of 
:he  opposite  side.  As  the  third  nerve  issues  through 
;he  foot  of  the  crus,  a  lesion  here  causes  a  paralysis 


of  tills  nerve  on  the  side  of  the  lesion.  Hence  hemi- 
plegia of  one  side,  with  third-nerve  paralysis  of  the 
other  side,  indicates  a  lesion  of  the  foot  of  the  crus 
cerebri  on  the  side  of  the  third-nerve  paralysis.  This 
is  called  AVobcr's  svndrome.  Lesions  on  the  base 
which  press  upon  this  part  will  produce  the  same 
combination  of  sj-mptoms. 

VII.  Lesions  of  the  Cerebellum,  if  located  in 
the  hemispheres  and  not  in  the  median  or  vermiform 
lobe,  and  if  of  such  a  nature  as  not  to  e.vert  pressure  on 
surrounding  parts,  may  not  produce  any  symptoms. 
If  the  lesion  is  in  the  vermiform  lobe,  disturbances 
of  coordination  known  as  cerebellar  ataxia  occur, 
which  consist  in  an  inabihtj'  to  walk  without  stag- 
gering like  a  drunken  man.  The  ataxia  exists  only 
while  the  patient  is  in  an  upright  po.sition;  it  rarely 
affects  the  motions  of  the  arms,  and  when  it  does  it 
never  interferes  with  the  fine  adjustments,  but  only 
with  extensive  movements  in  space,  e.g.  grasping  ob- 
jects at  a  distance.  These  patients  can  stand  with 
eyes  closed  without  swaying.  In  these  respects  the 
ataxia  differs  from  that  of  posterior  sclerosis.  A 
second  characteristic  symptom  of  cerebellar  disease 
located  in  the  vermiform  lobe  is  vertigo.  Tliis  may  be 
very  severe,  but  as  it  may  occur  witliout  ataxia,  and 
ataxia  may  be  present  without  vertigo  (though 
rarel}'),  the  two  are  not  to  be  considered  as  interde- 
pendent. Vertigo  is  increased  by  rising  to  an  erect 
position,  but  may  persist  when  the  patient  is  in  bed. 
It  decreases  somewhat  when  the  patient  has  remained 
fixed  in  any  position  for  some  time;  but  is  always 
increased  when  he  closes  his  eyes.  The  vertigo  is 
usually  an  earlj'  sj'mptom  of  cerebellar  disease.  It  is 
more  constant  and  persistent  in  cases  in  which  the 
intracranial  pressure  is  increased.  It  may  gradually 
pass  off  in  other  cases.  Cerebellar  vertigo  does  not 
differ  from  vertigo  in  Meniere's  disease,  and  is  prob- 
ably due  to  an  affection  of  the  terininal  fibers  of  the 
eighth  nerve,  from  the  .semicircular  canals  or  their 
nuclei.  The  vertigo  of  Meniere's  disease  is,  however, 
usuallj'  accompanied  by  deafness.  Ataxia  and  vertigo 
together  afford  strong  presumption  of  disease  in  the 
vermiform  lobe,  although  neither  alone  is  sufficient 
for  a  diagnosis.  Nystagmus  is  a  constant  symptom 
of  cerebellar  disease  and  may  be  found  on  any  move- 
ment of  the  eyes.  The  patient  may  not  be  aware  of 
it.  In  cerebellar  disease  on  one  side,  the  head  may 
be  turned  downward  to  the  side  of  the  lesion. 

The  indirect  local  symptoms  of  cerebellar  disease 
may  be  numerous.  They  are  due  to  an  affection  of 
the  tracts  and  nerve  nuclei  in  the  pons  and  medulla 
(.see  Fig.  1009).  Various  forms  of  paralysis  and  anes- 
thesia, vasomotor  disturbances,  obstinate  vomiting 
of  a  projectile  character,  general  symptoms  of  intra- 
cranial disease,  e.g.  headache,  optic  neuritis,  are  usu- 
ally present  with  tumors,  abscesses,  or  hemorrhages 
in  the  cerebellum,  especially  if  they  are  in  the  median 
lobe.  The  combination  of  cerebellar  ataxia  and  ver- 
tigo with  these  and  other  symptoms  of  pons  disease 
(see  Section  IX.)  affords  clear  evidence  of  disease 
in   the   cerebellum. 

Lesions  of  the  cerebellum  have  no  apparent  effect 
upon  the  mental  powers  when  they  occur  in  adults. 
A  deficient  development  of  the  cerebellum  is,  how- 
ever, a  frequent  cause  of  congenital  idiocj".  When 
one  cerebellar  hemisphere  fails  to  develop,  the  oppo- 
site olivar}'  body  in  the  medulla  and  the  opposite 
hemisphere  of  the  cerebrum  usuaUj'  present  an 
atrophic  appearance. 

Lesions  of  the  middle  peduncles  of  the  cerebellum, 
the  crura  cerebelli  ad  pontem,  produce  characteristic 
symptoms.  These  consist  in  a  tendency  on  the  part 
of  the  patient  to  assume  a  forced  position,  to  turn 
toward  or  fall  toward  one  side  in  walking,  or  even 
to  revolve  constantly  about  one  axis  of  liis  body. 
The  forced  movements  may  be  made  by  the  eyes 
(conjugate  deviation  in  one  direction),  by  the  head, 
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or  by  the  entire  body.  In  a  case  seen  by  the  writer, 
in  which  the  autopsy  showed  a  tuberculous  tumor  in 
the  left  middle  peduncle  and  in  the  vermiform  lobe, 
in  addition  to  ata.xja,  vertigo,  vomiting,  and  headaclie, 
the  patient  lay  constantly  on  his  left  side,  and  when 
he  turned  upon  his  back  or  toward  the  right  side  the 
vertigo  became  so  excessive  that  he  was  obhged  to 
resume  at  once  his  former  position.  In  walking, 
this  patient  showed  a  tendency  to  fall  toward  the 
right  side,  and  found  it  impossible  to  turn  around 
toward  the  right.  Such  patients  may  lose  their 
balance  in  moving  in  one  direction,  e.g.  forward  or 
backward,  and  in  attempting  to  regain  it  they  ma.y 
be  obliged  to  hasten  their  movements.  This  has 
been  interpreted  wrongly  as  a  tendency  to  compul- 
sory walking  in  one   direction,  e.g.  backward.     It  is 


d.  ca 

Fig.  1013. — The  Base  of  the  Brain  and  the  Cranial  Xerves. 
Pons  and  Medulla.  /  to  XII,  The  cranial  nerves;  Th,  optic  thala- 
mus; h,  pituitarj'  body;  tc,  tuber  cinereum;  a,  corpora  albicantia; 
p,  pes  pedunculi;  i,  internal,  and  e,  external,  geniculate  body; 
PV,  pons  Varolii;  pa,  anterior  pjTamid  of  medulla;  o,  olive; 
d,  decussation  of  anterior  pj-ramids;  ca,  anterior  column  of  spinal 
cord;  cl,  lateral  column  of  spinal  cord;  Ce,  cerebellum;  .^,  flocculus 
of  cerebellum;  Cl,  first  cervical  nerve. 

really  due  to  the  vertigo.  Lesions  of  the  other 
peduncles  of  the  cerebellum  do  not  produce  any 
known  characteristic  sj'mptoms  aside  from  those  of 
cerebellar  disease.  It  is  to  be  remembered  that  the 
cranial  nerves  pass  through  or  near  the  peduncles 
of  the  cerebeOum  and  will  necessarily  be  imphcated 
in  lesions  there. 

VIII.  Lesions  upon  the  Base  of  the  Brain, 
tumors,  chronic  meningitis,  may  produce  local 
symptoms  by  affecting  the  parts  lying  near  them. 
Thus,  all  the  cranial  nerves  may  be  involved  either 
separately  or  in  various  combinations,  and  the  nerve 
first  or  most  severely  affected  may  indicate  where  the 
lesion  began.  If  such  a  lesion  affects  the  optic  nerve  of 
one  side,  the  optic  chiasm,  or  the  optic  tract,  blind- 
ness, either  in  the  form  of  amaurosis  of  one  eye  or 
of  lieinianopsia  of  some  variety,  will  be  produced. 


If  the  lesion  affects  the  crus  cerebri  or  pons,  the 
symptoms  of  lesion  of  this  part  {vide  supra  and 
Section  IX. ")  may  be  present  in  addition  to  cranial- 
nerve  paralysis.  In  aU  ca.ses  progressive  bulbar 
paralj-sis  and  myasthenia  gravis  are  to  be  excluded 
before  the  diagnosis  is  made.  The  local  symptoms 
of  lesion  of  those  parts  of  the  corte.x  which  lie  on 
the  base  of  the  skull  are  undetermined,  but  a  tumor 
of  some  extent  which  invades  the  left  Sylvian  region 
may  cause  aphasia  from  pressure  upon  the  island  of 
Reil.  The  variety  of  symptoms  possible  in  basal 
disease  can  be  determined  by  the  study  of  the  organs 
upon  the  base  of  the  brain,  and  any  unusual  com- 
bination of  sj-mptoms  in  intracranial  diseases,  especi- 
ally if  of  sj-phihtic  origin,  should  lead  to  a  question 
as  to  the  possibiht}'  of  a  lesion  in  this  locality. 

IX.  Local  Lesions  in  the  Pons  Varolii  and 
Medulla  Oblongata. — The  pons  Varolii  and  med- 
ulla oblongata  lie  upon  the  base  of  the  brain,  between 
the  cerebrum  and  its  crura  above,  the  spinal  cord 
below,  and  the  cerebellum  behind.  Through  them 
pass  important  tracts  which  join  these  organs  with 
one  another,  and  bj-  means  of  which  motor,  sensory, 
vasomotor,  and  trophic  impulses  are  sent  from  the 
brain  to  the  bodj-,  and  from  the  body  to  the  brain. 
Diseases  in  the  pons  and  medulla  cause  symptoms  of 
wide  extent  and  serious  nature,  bj'  interfering  with 
the  transmission  of  these  impulses.  The  pons  and 
medulla  are  not,  however,  merely  organs  of  trans- 
mission. They  contain  centers  of  great  importance, 
and  preside  over  numerous  functions.  In  them  are 
located  the  nuclei  of  origin  of  the  cranial  nerves  from 
the  fifth  to  the  twelfth  inclusive,  and  through  them 
the  cranial  nerves  pass  outward  from  these  nuclei 
to  the  surface.  In  them  are  also  situated  complex 
,intomatic   centers,   which   preside   over   the   acts  of 
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Fig.  1014. — The  Projection  Tracts  Joinins  the  Corte:?;  with  the 
Lower  Xerve  Centers.  Sagittal  section  showing  the  .arrangement 
of  tracts  in  the  internal  capsule.  The  Roman  numerals  indicate 
the  cranial  nerves.  References  to  the  letters  the  same  as  in 
Fig.  1009. 

combined  movement  of  the  eyeballs,  deglutition, 
articulation,  respiration,  and  cardiac  inhibition,  and 
which  regulate  the  tone  of  the  entire  vasomotor 
system,  and  the  secretion  of  saliva,  perspiration,  and 
urine.  Disease  in  the  pons  and  medulla,  by  affecting 
these  various  centers,  produces  important  sj-mptoms, 
and  the  complexity  of  those  symptoms  is  evident 
from  the  number  of  normal  functions  which  will  be 
interfered  with  in  any  ca.se  of  extensive  lesion.  These 
functions  and  their  affections  must  be  considered 
separatelj'. 

1 .   The  Tracts  Passing  through  the  Pons  and  Medulla. 
— These  may  be  studied  by  the  aid  of  a  schematic 
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drawing  (Fig.  1018),  and  by  comparing  a  nunilwr  of 
sections  made  at  differont  levels  through  the  pons 
and  medulla  (Figs.  1015  to  102(i). 

(1)  Triicls  Connecting  the  Cerebrum  and  Cerebellum 
(Fig.  1014,  A). — From  the  frontal  lobe  of  each  cere- 
bral hemisphere  tracts  pass  downward  through  the 
corona  radiata,  enter  tlie  anterior  division  of  tlie 
internal  cajjsuh",  and  issue  upon  the  ba.se  of  the  brain 
in  the  inner  third  of  the  pes  pedunculi  (Fig.  1015,  p). 
From  the  parietal,  occipital,  and  temporal  lobes  of 
each  hemisphere  tracts  pass  downward  through  the 
corona  radiata,  enter  the  posterior  division  of  the 
internal  capsule,  and  issue  upon  the  base  of  the  brain 
in  the  outer  third  of  the  pes  pedunculi  (Fig.  1015,  /;). 


Fig.  101.5. — Section  through  the  Crura  Cerebri.  (Wernicke 
X  2.)  p.  Pes  pedunculi:  pi,  median  f.isciculus;  sn,  substantia 
ni^ra;  cgi^  corpus  geniculatum  internum;  g/>,  corpus  quadri- 
geminum  posterior;  I,  lemniscus;  rk,  red  nucleus  of  tegmentum 
through  which  pa-ss  fibers  of  oculomotor  nerve,  //T,  from  its 
nucleus  in  the  gray  matter  below  the  aqueduct  of  Syh-ius,  to  its 
exit  between  the  crura;  cp,  fibers  in  the  formatio  reticularis  which 
have  come  from  the  posterior  commissure;  hi,  posterior  longitudinal 
bundle;  V,  descending  root  of  the  trigeminal  nerve;  I'A,  upper  part 
of  the  decussation  of  the  superior  peduncles  of  the  cerebellum, 
which  end  in  the  rk;  r,  raphe;  al,  lenticular  loop. 


A  section  through  the  crura  cerebri  at  the  level  of  the 
anterior  corpora  quadrigemina  (Fig.  1015),  shows  the 

C?s  peduncuh  (p  +  p')  .separated  from  the  tegmentum 
y  the  sul^stantia  nigra  (.s)!)- 
The  outer  and  inner  thirds  of  each  pes  (exclusive 
of  the  median  fasciculus  p')  are  made  up  of  these 
tracts  from  the  cerebral  lobes.  After  passing  through 
the  pes  the.se  tracts  enter  the  pons  Varolii,  where 
they  are  split  up  into  small  bundles  by  the  trans- 
verse fibers  of  the  pons.  Sections  through  the  pons 
Varolii  at  various  levels  (Figs.  1016  to  1021)  show  that 
the  basal  half  of  the  pons  con.sists  of  longitudinal  and 
transver.se  bundles  of  fibers  interlaced,  and  that 
considerable  masses  of  gray  matter,  consisting  of 
large  polygonal  cells,  lie  between  the  fibers.  It  is 
in  these  gray  mas.ses  that  the  longitudinal  bundles 
under  consideration  from  the  cerebral  lobes  termi- 
nate. Hence,  in  the  sections  through  the  lower 
portion  of  the  pons  (Figs.  1020  and  1021),  fewer  longi- 
tudinal bundles  are  seen  than  in  the  upper  sections. 
From  the  masses  of  graj'  matter  in  the  pons,  the 
transverse  fibers  originate  and  pass  laterally  to  the 
cerebellum.  The  majority  of  the  fibers  from  one-half 
of  the  pons  pass  to  the  opposite  hemi-sphere  of  the 
cerebellum,  and  thus  cross  the  median  line,  where 
they  interlace  with  those  of  the  other  side.  The 
gray  masses  of  the  pons  are  thus  interposed  in  a 
continuous  tract  between  the  cerebrum  and  the  cere- 
bellum; each  cerebral  hemisphere  being  connected 
with  both  cerebellar  hemispheres,  but  to  a  far  greater 
extent  with  the  opposite  hemisphere  than  with  the 
one  upon  the  .same  .side.  Lesions  of  the  frontal, 
parietal,  and  occipital  lobes,  if  exten.sive,  are  followed 
by  degeneration  in  the  tracts  from  these  lobes  to  the 


masses  of  gray  matter  in  the  pons.  Congeintal 
absence  of  the  cerebral  cortex  (Porencephalic) 
results  in  congenital  alj.sence  of  tliese  tracts.  Absence 
or  atropiiy  of  the  cerebellum  is  attended  by  ab.sence 
or  atrophy  of  the  transver.se  fibers  of  the  pons,  which 
join  the  cerelx'llar  hemispliei'c  willi  tlie  gray  mas.ses 
of  the  pons.  Congenital  deficiency  of  one  cerebral 
hemisphere  is  occasionally  attended  by  atrophy  of 
the  opposite  cerebellar  hemi.-^jjhere,  and  vice  versa. 
The  function  of  the  tract  from  the  cerebrum  to  the 
cerebellum  is  doubtless  to  maintain  a  communication 
between  the.se  organs.  But  the  exact  function  is 
imknown,  and  lesions  in  the  course  of  these  tracts 
in  the  pons  do  not  produce  any  known  .symptoms. 
(2)  The  Mnlar  Tracts. — These  enter  th(>  upper  bor- 
der of  the  pons  from  the  middle  third  of  each  pes  ped- 
unculi (Fig.  1015),  having  come  from  the  central 
convolutions  through  the  corona  radiata  and  anterior 
part  of  the  posterior  division  of  the  internal  capsule 
(Fig.  1014,  B).  Each  motor  tract,  at  its  entrance 
into  the  pons,  contains  fibers  whose  destination  is  to 
the  motor  centers  for  the  face,  arm,  and  leg  of  the 
opposite  side.  But  the  centers  of  the  facial  nerve 
lie  in  the  pons  Varolii  (Figs.  1020  and  1021).  In  its 
passage  through  the  pon.s,  therefore,  the  facial  divi- 
sion of  the  motor  tract  leaves  the  remainder  and 
crosses  the  median  line.  This  crossing  is  made  by 
way  of  the  raphe,  fibers  leaving  the  longitudinal 
bundles  in  the  ventral  half  of  the  pons,  turning  dorsad, 
entering  the  raph^,  decussating  with  similar  fibers 
from  the  opposite  side,  and  then  turning  laterad  to 
reach  the  facial  nucleus  (see  Figs.  1020  and  1021). 
From  the  facial  nucleus  the  facial  nerve  pas.ses  out- 
ward to  the  side  of  the  pons,  having  first  passed 
inward  and  curved  around  the  abducens  nucleus  in 


Fig.  1016. — Section  through  the  Pons.  (Wernicke,  X  2.)  sts 
and  ale,  .Superficial  and  deep  transverse  bundles  of  fibers  inter- 
secting the  longitudinal  bundles,  and  terminating  in  the  masses 
of  gray  matter  of  the  basal  portion;  />i,  median  fasciculus  of  the 
pes;  I,  lemniscus;  l\,  lower  lemniscus;  ^^^  red  nucleus  of  tegmentum; 
cs,  superior  peduncle  of  cerebellum,  some  fibers  of  which  are  de- 
cussating in  the  raphi^;  cp,  fibers  in  formatio  reticularis,  which 
have  come  from  the  posterior  commissure;  ht,  posterior  longi- 
tudinal bundle;  IV,  descending  root  of  the  fifth  nerve;  IV,  fourth 
nerve  decussating  in  the  valve  of  Vieusseas. 

the  .so-called  knee  of  the  facial  nerve.  The  accom- 
panying diagram  indicates  the  course  of  the  motor 
tract  in  the  pons  and  medulla.  As  a  result  of  the 
division  of  the  motor  tract  of  one  side,  lesions  in  the 
pons  produce  different  forms  of  paralysis,  according 
to  their  location.  A  lesion  in  the  motor  tract  in  the 
upper  third  of  the  pons  causes  hemiplegia  of  the  side 
opposite  to  the  lesion  (Fig.  lOlS,  lesion  at  A).  A 
lesion  in  the  middle  or  lower  third  of  the  pons  causes 
alternating  paralysis,  i.e.  paralysis  of  the  face  on  the 
side  of  the  lesion,  with  paralysis  of  the  arm  and  leg 
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on  the  opposite  side  (Fig.  lOlS,  lesion  at  B).  In  the 
first  ease  (hemiplegia)  the  upper  branch  of  the  facial 
nerve  is  not  affected,  the  patient  can  close  his  eye 
on  the  paralyzed  side,  and  the  facial  muscles  contract 


Fig.  1017. — Section  through  the  Pons.  (Wernicke,  X  2.) 
sts,  stCt  sip.  Superficial  and  deep  transverse  bundles  of  the  pons, 
intersecting  the  longitudinal  bundles,  and  terminating  in  the  mass 
of  gray  matter  of  the  basal  portion:  p,  pjTaniidal  (motor)  tract 
from  the  middle  tnird  of  the  pes;  p*,  median  fasciculus  of  the  pes, 
here  seen  to  join  the  lemniscus,  I;  V,  fifth  ners'e  root:  cm,  middle 
peduncle  of  cerebellum;  cs,  superior  peduncle  of  the  cerebellum 
with  cb,  valve  of  Vieussens;  rk,  hi,  cp;  Ic,  locus  ceruleus. 

to  the  faradic  electric  current.  In  the  second  case 
(alternating  paralysis)  all  branches  of  the  facial 
nerve  are  involved,  the  eye  remains  open,  and  the 
reaction  of  degeneration  develops  soon  after  the  lesion 
occurs.  In  this  case  it  is  usual  to  find  a  paralj-sis  of 
the  abducens  nerve  on  the  same  side  as  the  facial 
paralysis,  in  which  case  the  eyeball  will  be  turned  in. 
The  motor  fibers  to  the  tongue  take  a 
.^s";  similar  course  to  those  to  the  face,  but 
leave  the  motor  tract  at 
a  point  in  the  lower  third 
of  the  pons.  Having 
reached  the  hypoglossal 
nucleus  in  the  medulla 
they  end,  but  the  hj-po- 
glossal  nerve  passes  out- 
ward, lying  in  close  prox- 
imity to  the  motor  tract 
in  the  medulla,  as  shown 
in  the  diagram.  A  lesion 
in  the  lower  third  of 
"■  the  pons  or  in  the 
medulla  may  thus 
'^KRve.  cause  paralysis  of 
one  side  of  the  tongue  and 
of  the  opposite  arm  and 
leg  (Fig.  lOlS,  lesion  at 
C).  In  the  medulla  the 
motor  tracts  pass  in  the 
anterior  pyramids  (see 
Fig.  1013,  pa),  and  before 
entering  the  spinal  cord 
undergo  partial  decussa- 
tion. -A.  lesion  in  one 
pjTamid  will  cause  paral- 
ysis of  the  opposite  arm 
and  leg  (Fig.  10 IS,  lesion 
at  D);  but  as  the  two 
pyramids  lie  side  by  side, 
lesions  of  the  medulla,  bj- 
affecting  both  at  once, 
may  produce  paralysis  of  both  arms  and  legs;  and 
this  is  especially  the  case  if  the  lesion  lies  so  near  the 
spinal  cord  as  "to  involve  the  decussation  (Fig.  lOlS, 
lesion  a.t  E). 


m*£: 


Fig.  lOlS.— The  Motor  Tract  in 
Pons  and  Medulla.  Lesion  at  A 
causes  hemiplegia  of  side  opposite 
to  lesion;  lesion  at  B  causes  alter- 
nating paralysis;  lesion  at  C 
causes  paralysis  of  tongue  on  side 
of  lesion  and  of  extremities  of 
opposite  side;  lesion  at  D  causes 
paralysis  of  extremities  of  oppo- 
site side;  lesion  at  E  causes  paral- 
ysis of  extremities  of  both  sides. 


The  various  forms  of  paralysis  produced  when 
both  sides  of  the  pons  are  involved  at  once  can  be 
ascertained  by  reference  to  the  diagram. 

In  all  these  affections  of  the  motor  tract  a  condition 
of  spastic  rigidity  may  follow  the  paralysis,  and  an 
increase  of  tendon  reflexes  is  usually  observed.  In  a 
few  cases  of  pons  lesion,  however,  the  tendon  reflexes 
have  been  lost.  The  electric  condition  of  the  para- 
lyzed muscles  in  the  limbs  is  normal  from  the  outset, 
and  no  rapid  atrophy  occurs. 

The  situation  of  the  pyramidal  tract  is  seen  in  all 
the  figures  at  p.  In  the  upper  part  of  the  pons 
(Figs.  1016  and  1017)  its  fibers  are  seen  to  be  spUt  up 
into  small  bundles  by  the  transverse  pons  fibers.  In 
the  middle  of  the  pons,  however  (Fig.  1019),  they 
have  collected  together,  and  in  the  lower  part  of  the 
pons  (Figs.  1020  and  1021)  they  form  a  compact  tract 
which  continues  downward  in  the  anterior  pyramid 
of  the  medulla  (Figs.  1022  to  1025,  p).  At  the  lowest 
level  of  the  mediilla  (Fig.  1025)  the  pyramidal  fibers 
decussate,  and  thus  pass  into  the  lateral  columns  of 
the  spinal  cord.  About  one-fifth  of  the  pyramidal 
fibers  do  not,  however,  take  part  in  the  decussation, 
and  these  continue  downward  in  the  anterior  meoian 
columns  of  the  spinal  cord.  The  ratio  of  decussating 
to  non-decussating  fibers  was  found  by  Flechsig  to 
vary  greatly,  and  in  one  case  in  sixtj'  no  decussation 
occurs.  The  relative  sizes  of  one  lateral  pyramidal 
tract  and  of  the  opposite  anterior  median  column  of 
the  spinal  cord  depend  wholly  upon  the  extent  of  the 
decussation  of  the  pyramids  in  the  medulla. 


Fig.  10i4. — Section  through  the  Pons.  (Wernicke,  X  2.) 
s/s,  sip.  Superficial  and  deep  transverse  pons  fibers  from  the 
cerebellum  through  cm,  the  middle  cerebellar  peduncle:  p,  the 
pj-ramidal  (motor)  tract:  I,  lemniscus;  mf,  formatio  reticularis; 
hi,  posterior  longitudinal  bundle:  Ym,  motor  nucleus  and  root  of 
the  trigeminal  nerve;  Vs,  sensory  root  of  the  trigeminal  nerve; 
Yc,  cerebellar  root  of  the  trigeminal  nerve;  Yd,  descending  root 
of  the  trigeminal  nerve;  T*d-f-,  crossed  descending  root  of  tri- 
geminal nerve:  Ydr,  fibers  from  the  raphe  to  the  trigeminal  root; 
sg,  substantia  gelatinosa  of  Y  root. 

(3)  The  Tract  of  Muscular  Sense.— This  is  called 
the  lemniscus  or  fillet  in  the  pons,  and  the  interoU- 
vary  tract  in  the  medulla.  .\s  it  convej's  sensations 
upward  we  trace  it  in  that  direction.  It  arises  from 
the  nuclei  gracilis  and  cuneatus  on  the  dorsal  surface 
of  the  medulla,  in  which  the  columns  of  Goll  and 
Burdach  of  the  spinal  cord  end  (Figs.  1025  and  1026, 
ft  and/c).  It  then  crosses  the  median  line,  decussat- 
ing with  its  fellow  of  the  opposite  side  in  the  upper 
decussation  of  the  medulla  (sensory  decussation  of 
Meynert;  pinniform  decussation  of  Spitzka)  (Fig. 
1025, 1,  ft).  The  fibers  after  decussating  turn  upward, 
enter  the  interolivarj-  tract,  and  pass  onward  through 
the  medulla  bevond  the  upper  level  of  the  olives 
into  the  pons  (Figs.  1022  and  1023,  l).  Here  this  tract 
broadens  out,  becoming  almost  ribbon-like  in  its 
appearance,  and  hence  has  been  called  the  fillet.     In 
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(ho  pons  the  fillet  lies  behind  the  deep  transverse 
buiulli's  of  the  jions,  and  just  in  front  of  the  fonnatio 
reticuluris  (see  l-'igs.   lOlti  to  1021,  /). 

As  it  jjasses  up  it  receives  additional  fibers  from 


Fig.  1021. 

FlQS.  1020  and  1021. — Sections  through  Pons.  (Wernicke,  X  2.) 
sis,  Superficial  transverse  pons  fibers  from  cerebellum  through  en, 
ntiddle  cerelicllar  peduncle;  p,  pyramidal  tract;  2,  lemniscu.s;  ?n/, 
fonnatio  reticularis;  VI,  abducens  nucleus  from  which  abducens 
nerve  pa-sses  forward,  lying  near  p;  VII,  facial  nucleus  lying  deep 
in  mf,  .sending  its  fibers  backward  toward  the  floor  of  the  ventricle 
(Fig.  1020),  where  they  turn  upward  (Fig.  1021),  and  then  curve 
outward,  thus  forming  a  bend  or  knee  around  the  VI  nucleus; 
Va,  ascending  root  of  trigeminal  nerve;  ci,  inferior  cerebellar 
peduncle;  VIII,  auditory  root;  Sc,  external  auditory  nucleus; 
ct,  corpora  trapezoidca;  os,  superior  olive. 


Flo.  1022. — Section  through  lUdulU.  (WtuudvL,  .,4.)  ;i. 
Pyramid;  I,  lemniscus  or  interolivary  tract;  o,  olive;  mf,  formatio 
reticularis:  Va,  ascending  root  of  trigeminal  nerve;  8,  auditory 
root;  8c,  external  auditory  nucleus:  Si,  internal  auditory  nucleus; 
ink,  upper  end  of  hypoglossal  nucleus;  ci,  inferior  peduncle  of 
cerebellum. 


the  superior  olive  (Fig.  1022,  o,  s),  but  these  leave  it 
again  at  the  level  of  the  posterior  corpora  quadri- 
getiiina  (Fig.  lOKi,  /'),  while  the  main  part  of  th(;  fillet 
pas.scs  onward  in  the  outer  ])art  of  the  t<'gnientuni 
of  the  crus  cerebri  (Fig.  1014,  /),  and  thence  into  the 
posterior  part  of  the  internal  capsule,  whence  it 
radiates  to  the  parietal  corte.x  of  the  brain. 

Sen.sations  of  muscular  scn.se  being  transmitted  by 
this  tract,  a  lesion  in  it  causes  ata.xia  in  the  limbs  of 
the  opjiosite  side.  A  unilateral  ataxia  may  indicate 
a  lesion  in  the  cour.se  of  the  fillet. 

(4)  The  Sensory  Tract,  which  transmits  sensations 
of  touch,  temperature,  and  jjain  through  the  medulla 
and  pons,  is  in  the  formatio  reticularis.  This  portion 
of  the  medulla  and  pons  lies  just  beneath  the  gray 
matter  of  the  floor  of  the  fourth  ventricle,  behind 
the  tracts  hitherto  described.  It  is  made  up  of 
nerve  fibers  pa.ssing  in  three  directions:  (o)  tran.s- 
versely,  the  commissural  fibers  of  the  cranial  nerve 
nuclei;  (6)  from  the  nuclei  ventrad,  the  fibers  of  the 
cranial  nerve  roots  and  areiform  fibers;  (c)  longitudi- 
nally, the  .sensory  tract.  The  longitudinal  fibers  can 
be  traced  from  the  gray  matter  and  various  columns 
of  the  spinal  cord,  through  the  formatio  reticularis 
to  its  upper  level  in  the  tegmentum  of  the  crus,  whence 
they  i.ssue  to  enter  the  posterior  part  of  the  internal 
capsule.  In  the  medulla  the  formatio  reticularis  of 
each  side  is  divided  into  two  parts  by  the  line  of  exit 
of  the  nerve  roots  of  the  twelfth  (.see  Fig.  102:!).  The 
inner  part,  near  the  median  line,  contains  the  con- 
tinuation of  the  anterior  and  antero-lateral  columns 
of  the  spinal  cord,  and  the  interolivary  tract  or 
lemniscus  already  described.  The  outer  part  con- 
tains the  sensory  tract  now  under  consideration.  In 
the  inner  two-thirds  of  this  outer  part  the  fibers  pa.ss 
which  convey  impressions  of  toucli,  temperature,  and 
pain  from  the  opposite  half  of  the  trunk  and  limbs. 
In  the  outer  third  of  this  part  is  found  a  column  of 
peculiar  structure  resembling  the  substantia  gela- 
tino.sa  of  the  posterior  horn  of  the  spinal  cord,  and 
in  this  column  terminate  the  fibers  of  the  sensory 
part  of  the  trigeminal  nerve  (Figs.  1022  and  1023,  Va), 
which  turn  downward  after  entering  the  pons  Varolii, 
and  terminate  at  different  levels  in  the  pons  and 
medulla  (see  Fig.  1024).  Thus  the  outer  portion  of 
the  formatio  reticularis  contains  the  sensory  tract 
from  the  face  of  the  same  side.  It  is  evident  from 
the  diagram  that  a  lesion  which  involves  one-half 
of  the  formatio  reticularis  in  the  pons  and  medulla 
will  produce  an  alternating  anes- 
thesia, i.e.  lo.ss  of  sensation  on  one 
side  of  the  body  and  on  the  other 
side  of  the  face  and  head  (lesion 
at  B,  Fig.  1024).  Alternating 
anesthesia  is  as  characteristic  a 
symptom  of  lesions  of  the  formatio 
reticularis  of  the  pons  and  medulla, 
as  alternating  paralysis  is  of  lesions 
in  the  motor  tract  of  the  pons.  In 
the  upper  ]5art  of  the  pons  the 
sensory  tract  from  the  face  crosses 
the  median  line,  and  hence  a  lesion 
in  the  formatio  reticularis  in  the 
upper  third  of  the  ]ions,  or  in  the 
cru'f  cerebri,  will  produce  a  unilateral  anesthesia 
(lesion  at  A,  Fig.  1024;  see  Fig.  1019,  Vdr,  Vd  +  ). 
A  lesion  involving  both  halves  of  the  formatio 
reticularis  will  produce  bilateral  sen.sory  symp- 
toms. 

It  is  evident  that  a  lesion  of  any  extent,  either  in 
the  pons  or  in  the  medulla,  will  inevitably  destroy 
one  or  more  of  these  four  tracts,  and  consequently  will 
pioduce  serious  .symptoms  of  wide  extent  and  of 
considerable  diversity. 

2.  The  Centers  Lying  in  the  Pons  and  Medulla. — 
The  cranial-nerve  nuclei  lying  in  the  pons  and 
medulla  must  be  briefly  enumerated,  .since  lesions 
affect   them.     They  are  located  either  in   the  gray 

383 


.ci 


Brain,  Diagnosis  of  Loral 
Lesions  of 


REFEREXCE    HANDBOOK    OF    THE    MEDICAL    SCIEXCES 


matter  of  the  floor  of  the  fourth  ventricle,  or  below 
this  in  the  formatio  reticularis. 

Figs.  1027  and  1028  show  the  relative  position  of  the 
cranial-nerve  nuclei  in  the  pons  and  medulla  from 
the  fifth  to  the  twelfth,  inclusive. 

The  third  and  fourth  nerve  nuclei  and  roots, 
together  with  the  efTect  of  lesions  in  them,  wUl  be 
discussed  in  the  article  on  Ophthalmoplegia. 

The  cranial  nerves  from  the  fifth  to  the  twelfth 


Fig.  102.3. — Section  through  McdulLi.  (Wernicke,  X  4).  p. 
P>Tainid:  ?,  lemniscus  or  interolivary  tract;  ci,  fibers  from  the  olive 
which  cross  the  raphe  and  pa:?s  outward  and  backward  to  enter 
the  inferior  cerebellar  peduncle,  cr,*  mj,  formatio  reticularis,  in 
which  Xa,  the  deep  nucleus  of  the  vagus  (nucleus  ambiguus) , 
lies;  T'a,  ascending  root  of  trigeminal  nerve;  12,  hypoglossal 
nucleus  and  root;  XJ,  respiratory  bundle  around  which,  in  the 
floor  of  the  ventricle,  the  vagus  nucleus  lies,  and  below  which  the 
vagus  root  issues;  Se  and  Si,  auditory  nuclei;  At,  nucleus  cuneatus, 
from  which  fibers  pass  outward  and  enter  cr. 

may  be  considered  in  two  categories:  first,  the  motor 
nerves;  second,  the  sen.sory  nerves. 

(1)  The  Motor  Nerves  are  the  motor  branch  of  the 
trigeminal  which  supplies  the  muscles  of  mastication, 
the  abducens,  the  facial,  the  motor  portion  of  the 
glosso-pharyngeal  and  of  the  vagus,  the  spinal 
accessory,  and  the  h_vpoglos.sal. 

Lesions  which  irritate  the  tracts  from  the  cortical 
centers  to  these  nuclei,  or  lesions  in  their  vicinity 
which  cau.se  irritation,  may  produce  spasm  of  the 
muscles  supplied  by  them.  Thus  spasm  of  the  jaw 
(trismus),  with  grinding  of  the  teeth,  nystagmus, 
conjugate  lateral  deviation  of  the  eyes,  .spasm  of 
the  face,  spasm  of  the  throat  and  larj-nx,  and  spasm 
of  the  tongue  may  occur  from  lesions  of  an  irritating 
nature.  Such  are  small  hemorrhages,  small  areas 
of  softening,  or  small  tumors  in  the  pons  or  medulla. 
Such  lesions  must  lie  in  or  near  the  floor  of  the  fourth 
ventricle,  or  in  the  course  of  the  nerve  roots,  to  pro- 
duce these  spasms.  A  review  of  recent  literature 
shows  that  they  are  to  be  regarded  as  rare  symptoms. 
If  such  spa.sms  occur  alone,  without  other  symptoms, 
it  is  difficult  to  determine  the  nature  of  the  lesion,  or 
to  decide  that  the  spasm  is  not  functional.  If  they 
occur  in  connection  with  other  symptoms  of  pons  or 
medullary  lesion,  they  are  valuable  as  evidence  oi 
the  exact  position  of  the  disea.se. 

Lesions  which  interrupt  the  tracts  from  the  cortical 
centers  to  the  motor-nerve  nuclei,  which  destroy 
those  nuclei,  or  which  interfere  with  the  conduction  of 
impulses  along  the  nerve  root  and  nerve  trunk,  will 
produce  paralysis.  Paralysis  of  the  muscles  of  ma.s- 
tication  is  the  rarest  form  of  paralysis.  Paralj^sis  of 
the  external  rectus  muscle,  or  of  the  facial  muscles 
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and  tongue,  is  very  common.  Paralysis  of  degluti- 
tion or  of  the  vagus  is  occasionally  met  with.  It  is 
easy  to  determine  in  any  case  whether  the  paralysis 
is  due  to  lesion  of  the  central  tracts,  or  to  lesion  of 
the  nerve  nuclei.  In  the  first  case  atrophy  does  not 
follow  the  paralysis,  and  there  is  no  change  in  the 
electric  reaction  in  the  muscles.  In  the  second  case 
atrophy  occurs  soon  after  paralysis,  and  is  accom- 
panied by  a  reaction  of  degeneration.  But  the  latter 
symptoms  are  common  to  lesion  of  the  nerve  root 
and  trunk  as  well  as  to  lesion  of  the  nucleus;  hence 
other  sj-mptoms  are  necessary  to  establish  a 
diagnosis  of  a  lesion  in  the  nucleus.  When 
paralysis  of  the  muscles  supplied  by  one 
cranial  nerve  occurs  alone,  the  probability  is 
in  favor  of  a  peripheral  nerve  lesion,  e.g.  a 
meningitis  or  tumor  on  the  base  of  the  brain; 
and  a  central  lesion  can  be  thought  probable 
only  when  an  implication  of  other  muscles  in 
^  the  domain  of  other  nuclei  ensues. 

,  Paralysis  of  the  external  rectus  is  so  com- 

mon that  it  requires  some  attention.  It  is 
usually  due  to  a  lesion  on  the  ba.se  of  the 
brain  outside  of  the  pons,  involving  the  sixth 
nerve.  It  may  be  due  also  to  lesion  in  the  pons 
between  the  nucleus  of  the  sixth  nerve  and  the 
exit  of  the  root  {.see  Fig.  1020).  In  both  ca.ses 
there  will  be  a  permanent  deviation  of  the  eye  in- 
ward and  an  inability  to  turn  it  outward,  with 
contraction  of  the  pupil.  But  abducens  paralysis 
may  also  be  due  to  a  lesion  of  the  abducens  nucleus 
in  the  pons.  In  such  ca.ses  there  is  the  added  sjmip- 
tom  of  inability  to  perform  conjugate  movement  of 
both  eyes  toward  the  side  of  the  lesion,  and  a  perma- 
nent deviation  of  both  eyes  to  the  opposite  side.  But 
this  deviation  does  not  prevent  the  voluntary  act  of 
convergence  of  both 
eyes  to  a  near  point. 
Lastlj',  abducens  par- 
alj-sis  may  be  due  to 
lesions  in  the  crus,  or 
between  the  crus  and 
the  cortex,  in  the 
course  of  the  tract 
conveying  voluntary 
impulses  from  the 
cortex  to  the  sixth- 
nerve  nucleus.  Such 
lesions  will  interfere 
with  voluntary  con- 
jugate movement  of 
both  e^-es  to  one  side, 
viz.,  toward  the  side 
whose  abducens  is 
parah'Zed.  But  since 
such  a  lesion  may  lie 
in  the  pons  after  the 
decussation  of  this 
tract,  or  in  the  cere- 
brum before  its  de- 
cu.s.sation,  it  cannot 
be  said  that  the  devi- 
ation is  uniformly 
either  toward  or  away 
from  the  lesion.  In 
this  case  there  is  no 
permanent  deviation 
of  the  eyes  to  either 
side;  for  the  abducens 
nucleus  being  unin- 
jured,    it     maintains 

the  tone  of  the  external  rectus  muscle,  and  during  rest 
the  eyes  are  found  directed  forward.  If  a  lesion  in 
the  course  of  the  central  tract  is  of  an  irritative  nature, 
however,  it  may  cause  forced  motions  of  the  eyes  by 
■sending  impulses  to  the  sixth  nucleus.  Lender  these 
circumstances  there  will  be  conjugate  deviation  of 
both  eyes  toward  the  side  of  the  abducens  paralysis.' 


Vimyi 


Fig.  1024. — The  Course  of  the 
Sensory  Tract  in  Pons  and  Medulla. 
A,  Lesion  in  tegmentum  of  cru9 
cerebri,  or  upper  quarter  of  pon.s, 
producing  hemianesthesia  of  the 
opposite  side;  B,  lesion  in  formatio 
reticularis  of  pons  or  medulla,  pro- 
ducing alternating  anesthesia. 
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The  act  of  conjugate  movement  may  also  be  inter- 
fered with,  without  paralysis  of  the  abducens  nerve. 
That  act  is  governed  by  the  sixth  nerve  nucleus,  or 
by  a  special  nucleus  in  its  immediate  vicinity  as  yet 
undetermined.  It  involves  an  innervation  of  one 
external  rectus  muscle  and  of  the  opposite  internal 
rectus  muscle.  But  the  internal  rectus  muscle  derives 
its  innervation  from  the  third  nerve.  A  crossed  con- 
nection must  therefore  be  maintained  between  the 
abducens  of  one  side  and  the  oculo-motorius  of  the 
other  side.  This  connection  is  maintained  by  means 
of  the  posterior  longitudinal  fasciculus  (Figs.  1015  to 
1021,  III).  A  lesion  in  the  pons  in  the  course  of  this 
bundle  will  interfere  with  the  act  of  conjugate  move- 
ment without  paralyzing  either  abducens  or  oculo- 
motor nerve  alone.  In  none  of  the  cases  mentioned 
is  voluntary  convergence  of  the  eyes  to  a  point  sus- 
pended. These  conditions  may  be  understood  by 
reference  to  Fig.  1U29. 

A  very  extreme  contraction  of  the  pupils  is  men- 
tioned as  a  symptom  in  cases  of  sudden  lesion  of  the 
pons.     It  has  not  been  explained. 

Paralysis  of  the  facial  muscles  is  very  common, 
but  is  usually  due  to  lesions  in  the  nerve  outside  of  the 
pons.  The  symptoms  which  are  produced  when  the 
facial  nerve  root  or  its  nucleus  is  invaded  in  the  pons, 
resemble  those  of  Bell's  palsj';  for  all  the  facial 
muscles  are  affected,  and  an  atrophy  with  reaction  of 
degeneration  ensues.  The  situation  of  the  lesion  in 
the  pons  can  be  determined  only  when  other  symp- 
toms of  pons  disease,  such  as  alternating  paralysis 
(Fig.  lOlS),  are  present. 

Paralysis  of  the  motor  portion  of  the  glosso-pharyn- 
geal  aerve,  with  dysphagia  or  difficulty  of  swallowing, 
is  a  not  infrequent  symptom  of  pons  disease.  It 
occurs  after  sudden  lesions,  such  as  hemorrhage  or 
embolism,   also  as   the   result  of  tumors,   and   most 
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Fig.  1025. — Section  through  Medulla,  Level  of  Sensory  Decussa- 
tion. (Wernicke, -X  4.)  /^  Nucleus  gracilis ; /c,  nucleus  cuneatus, 
from  which  fibers  curve  around  the  central  gray,  and  then  deciissate 
and  turn  upward  (ccphalad)  in  the  interolivary  tract,  l-ft;  Va,  as- 
cending root  of  the  trigeminal  nerve;  ci,  inferior  peduncle  of  cere- 
bellum, of  which  ks,  direct  cerebellar  column  of  the  cord,  is  a  part: 
Xf,  respiratory  bundle:  XT,  medullary  nucleus  of  spinal  accessory 
nerve  and  its  root:  12,  hypoglossal  nucleus  and  root:  ^f,  formatio 
reticularis;  oi,  olive. 

frequently  of  all  in  progressive  bulbar  paralysis. 
It  is  to  be  remembered  that  in  myasthenia  gravis 
which  is  a  functional  disease  probably  due  to  a  toxin 
the  early  symptoms  are  seen  in  affections  of  the  mus- 
cles supplied  by  the  cranial  nerves.  The  variability 
of  the  symptoms  and  recovery  under  rest  will  enable 
the  physician  to  differentiate  "this  disease  from  bulbar 
paralysis. 
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Paralysis  of  the  motor  and  vasomotor  mechanisms, 
governed  by  the  vagus  nerve,  is  a  constant  symptom 
of  disease  in  the  lower  part  of  the  pons  and  in  the 
medulla.  -Arrest  of  respiration  and  heart  action,  from 
lesion  of  this  nucleus,  is  the  cause  of  sudden  death, 
which  so  frequently  attends  sudden  lesions  in  the 
medulla  and  pons.  When  the  lesion  is,  however,  of 
a  slowly  progressive  nature  (tumor,  sclerosis  about 


Fig.  1026. — Section  through  Medulla,  Level  of  Motor  Decussa- 
tion, hi.  Posterior  columns  of  spinal  cord;  ft,  nucleus  gracilis  in 
column  of  Goll;  fc,  nucleus  cuneatus  in  column  of  Burdach;  tr, 
tubercle  of  Rolando,  where  posterior  horn  of  spinal  cord  merges 
into  Va,  ascending  root  of  V;  ks,  direct  cerebellar  column;  p, 
pyramid  decussating  to  reach  lateral  column;  ca,  anterior  comu 
of  cord;  ale,  anterolateral  column  of  cord. 

a  hemorrhage),  symptoms  of  irritation  may  occur 
from  gradual  invasion  of  the  pneumogastric  centers. 
Projectile  vomiting;  slow  or  very  rapid,  or  intermit- 
tent, irregular  pulse;  dyspnea;  loss  of  voice;  polyuria 
and  glycosuria,  are  symptoms  which  have  been 
ascribed  to  such  lesions.  The  two  last-named 
symptoms  have  been  associated  with  tumors  in  the 
lower  part  of  the  medulla-  and  upper  part  of  the 
spinal  cord,  which  have  involved  the  fibers  from  the 
vasomotor  center  on  their  waj'  downward  to  their 
exit  from  the  cord  at  the  eighth  cervical  segment. 
The  intrameduUarj^  nucleus  of  the  spinal  accessory 
nerve  is  so  closely  adjacent  to  that  of  the  vagus  that 
they  are  usually  involved  together,  when  difficulty 
of  respiration  and  articulation  ensues.  When  the 
spinal  portion  of  the  nerve  is  affected,  spasms  of  the 
neck  occur;  but  this  symptom  is  characteristic  of 
meningeal  affections,  and  has  not  been  observed  in 
central  lesions. 

An  affection  of  the  hj-poglossal  nerves  or  their 
nuclei  is  very  frequently  observed  in  medullary  dis- 
ease, partly  because  the  nerves  pass  through  the  mid- 
dle of  the  medulla,  and  partly  because  their  nuclei  are 
large.  If  the  lesion  produces  irritation  of  one  nu- 
cleus, fibrillary  twitchings  and  spasm  in  one-half  of  the 
tongue  may  be  caused.  It  is  more  usual  to  find  paral- 
ysis than  spasm,  in  which  case  the  tongue,  w-hen  pro- 
truded, w-ilJ  deviate  toward  the  paralyzed  side,  and 
will,  therefore,  point  toward  the  lesion.  But  when 
the  tongue  is  affected  by  disease  in  the  medulla,  it  is 
not  unusual  for  both  halves  to  be  involved,  and  then 
it  is  found  that  the  power  of  protruding  it  is  suspended, 
and  motions  in  the  mouth  are  also  difficult.  Hence 
talking,  chewing,  and  swallowing  are  interfered  with. 
An  electric  examination  in  these  cases  will  demon- 
strate the  reaction  of  degeneration  in  the  intrinsic 
muscles  of  the  tongue,  and  prove  that  the  lesion  is 
medullarj-,  and  not  cerebral.  Anarthria  or  dysar- 
thria, i.e.  imperfect  articulation,  is,  according  to 
Nothnagel,  a  frequent  and  important  symptom  of 
medullary  disease. 

385 


Brain,  Diagnosis  of  Local 
Lesions  or 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


(2)  The  Sensory  Nerves  of  the  pons  and  medulla  are 
the  trigeminal,  the  auditory,  and  the  glosso-pharyn- 
geal.  Lesions  which  affect  the  trigeminal  nerve  and 
produce  anesthesia  of  the  face  have  already  been 
considered.  Trophic  disturbance  of  the  eyeball  has 
not  j'Bt  been  observed  in  cases  of  lesion  of  the  trigem- 
inal root  or  nucleus.  The  auditory  nerve  is  oc- 
casionally aflected  in  diseases  of  the  pons  and  medulla. 
Two  sets  of  symptoms  are  then  produced:  one  ref- 
erable to  the  implication  of  the  fibers  conveying 
auditory  impressions,  the  other  due  to  the  irritation 
or  destruction  of  fibers  concerned  in  the  sense  of 
equilibrium.     Deafness  has   been   observed   in   pons 


Fig.  1027. — Diagram  Showing  the  Po-sition  of  the  Cranial  Nerve 
2^uclei  upon  the  1- loor  of  the  lourth  \eutricle  (ErbJ.  v  to  xii, 
Nuclei;  V  to  .^7/,  cranial  nerves;  v,  median  of  V;  v',  motor  nucleus 
of  v",  ascending  root  of  V;  viii,  inner  nucleus  of  VIII;  viii' ,  outer 
nucleus;  viii",  viii'" ,  lateral  nuclei  of  VII};  27,  middle  cerebellar 
peduncle:  3,  inferior  cerebellar  peduncle:  2,  superior  cerebellar 
peduncle:  4,  eminentia  teres;  5,  stride  acustics;  6,  ala  cinerea. 

disease  on  the  side  of  the  lesion,'  and  is  probably  due 
to  destruction  of  the  auditory  fibers  passing  inward  to 
the  inner  auditory  nucleus  on  the  floor  of  the  fourth 
ventricle,  or  to  an  implication  of  that  nucleus  (see 
Fig.  1022).  The  central  course  of  the  auditory  tract  is 
believed  to  be  as  follows:  From  the  inner 
and  outer  auditory  nuclei  fibers  cross  the 
dian  line  in  the  corpus  trapezoides  (Fig. 
ct)  to  the  opposite  superior  olive,  then( 


brain  (Figs.  1014,  1022).  The  course  of  this  tract  has 
been  traced  by  anatomists,  and  has  been  confirmed  by 
pathological  observation.     Lesions  at  any  part  of  it 


Fig.  102S. — Longitudinal  Section  Showing  the  Relative  Position  of  the  Cranial 
Nerve  Nuclei  (Edinger). 

upward  with  the  lemniscus,  pass  beneath  the  posterior 
corpora  quadrigemina  in  the  lower  lemniscus  (Fig. 
1015,  V),  and  thus  reach  the  internal  geniciilate 
body,  from  which  a  tract  passes  outward  through 
the  lower  posterior  part  of  the  internal  capsule 
and    corona    radiata    to    the    temporal   lobe   of   the 


Fig.  1029. — The  Iniier\  atioti  oi  tae  .»iu>fles  of  the  Eye.  (.-Vfter 
Hunnius,  "Zur  Symptomatologie  der  Bruckenerkrankungen.")  P 
Pons  Varolii;  III,  oculomotor  nuclei,  with  R.i.,  nerve  to  left 
internal  rectus,  and  R.i.',  to  right  internal  rectus:  VI,  abducens 
nuclei,  with  R.e.,  nerve  to  left  external  rectus,  and  R.e.',  to  right 
external  rectus;  tract  from  cortex  to  VI  conveys  voluntary  im- 
pulses of  conjugate  deviation  of  the  eyes;  tract  from  VI  to  III 
unites  the  action  of  one  external  rectus  with  the  opposite  internal 
rectus;  C,  center  for  convergence  of  the  eyes  which  is  independent 
of  VI  and  is  actually  in  connection  with  the  cortex  by  independent 
tracts  not  shown ;  A,  situation  of  a  lesion  in  the  cerebrum  producing 
loss  of  voluntary  conjugate  deviation  of  the  eyes  to  the  right; 
B,  situation  of  a  lesion  in  the  pons  producing  loss  of  voluntary 
conjugate  deviation  of  the  eyes  to  the  left:  C,  situation  of  lesion 
in  the  pons  in  the  posterior  longitudinal  bundle,  cau.sing  paralysis 
of  conjugate  motion  to  the  right;  D,  situation  of  a  lesion  in  the 
pons  in  the  posterior  longitudinal  bundle,  and  invohing  the  VI 
nucleus,  causing  loss  of  conjugate  motion  to  the  left,  with 
permanent  deviation  of  the  eyes  to  the  right. 


should  produce  deafness  in  one  ear.  Disturbance  of 
equilibrium  may  occur  from  lesions  in  the  lateral  por- 
tion of  the  pons,  if  such  lesions  interrupt  the  part  of 
the  auditory  nerve  conveying  such  sensations  to  the 
cerebellum.  This  part  of  the  auditory  nerve  passes 
either  directly  into  the  cerebellum 
through  the  inferior  peduncle,  or  termi- 
nates in  the  external  auditory  nucleus, 
which  is  connected  bv  fibers  with  the 
cerebellum  (Figs.  1020,  1021,  e,  d'). 
Vertigo,  which  is  a  frequent  symptom 
of  pons  lesion,  and  rotatory  movements 
of  the  body  toward  one  side,  which  is 
an  occasional  symptom  of  pons  disease 
when  the  lesion  involves  the  lateral  por- 
tion of  the  pons,  and  the  inferior  and 
middle  cerebellar  peduncles,  are  proba- 
bly due  to  an  involvement  of  this  por- 
tion of  the  auditory  nerve  in  the  lesion. 
The  rotatory  movement  is  probably  due 
to  a  voluntary  attempt  to  correct  a 
subjective  sense  of  motion.  The  patient 
really  suffers  from  vertigo,  and  thinks 
tliat  he  is  turning  or  falling  toward  onei 
side;  he-  therefore  tries  to  prevent  this  falling  by 
turning  toward  the  other  side.  The  symptom  may 
be  so  serious  that  such  rotatory  movements  are 
constantly  kept  up  until  the  patient  dies  of  e.xhaus- 
tion.  The  patient  turns  toward  the  side  opposite 
the  lesion  (?). 
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The  sensory  portion  of  the  glosso-pharyngeal  nerve 
receives  the  sensations  of  taste,  and  in  two  cases  in 
which  its  nucleus  has  been  involved  a  loss  of  taste  has 
occurred.  This  symptom  is  so  rarely  elicited  that  it  is 
not  known  whether  lesions  elsewhere  in  the  pons  or 
medulla  will  produce  it. 

The  ]'asoiiiotor  Center. — Lesions  in  the  upper  half 
of  the  medulla  produce  marked  vasomotor  symptoms. 
They  consist  of  a  general  vasomotor  paralysis  with 
flushing  of  the  surface  and  sensation  of  heat,  and  of  ab- 
normal sweating.  The  vasomotor  center  is  bilateral, 
and  each  center  controls  the  circulation  on  the  same 
side  of  the  body.  Lesions  in  its  area  are  so  likely  to 
cause  sudden  death  that  but  few  cases  can  be  found 
in  which  it  was  affected  (eight  ca.ses  in  my  collection). 
But  the  symptoms  of  a  vasomotor  character  are  to 
be  looked  for  in  any  case  of  medullary  lesion,  and  when 
such  symptoms  are  limited  to  one  lateral  half  of  the 
body,  and  are  associated  with  other  symptoms  of 
bulbar  disease,  they  are  valuable  as  signs  of  the  situa- 
tion of  the  lesion. 

There  are  a  few  general  symptoms  that  have  been 
not  infrequently  ob-served  in  pons  disease  which  re- 
quire mention.  General  convulsions  are  the  most 
constant  of  these.  The  majority  of  sudden  lesions 
(hemorrhage,  embolism)  in  the  pons  are  ushered  in 
by  general  convulsions,  followed  by  coma.  Noth- 
nagel  established  the  fact  that  in  animals  irritation  of 
the  pons  produces  general  convulsions,  and  hence 
authors  have  spoken  of  a  convulsive  center  in  the 
pons.  It  is  hardly  warrantable  to  hypothecate  such 
a  center.  But  it  is  probable  that  lesions  in  the  pons 
are  capable  of  producing  general  convulsions  by  irri- 
tating the  motor  tracts  which  pass  through  it.  This 
is  borne  out  by  the  fact  that  when  the  lesion  is  a  tumor 
or  a  sclerosis,  i.e.  a  graduaUy  increasing  lesion,  con- 
vulsions do  not  occur.  Headache,  disturbance  of 
vision,  vertigo,  and  psychical  changes  have  been  fre- 
quently observed  in  connection  with  diseases  of  the 
pons  and  medulla,  but  they  are  to  be  ascribed  to 
changes  in  the  circulation  or  internal  cranial  pressure, 
and  not  to  any  special  local  lesion. 

It  is  evident  from  this  review  that  the  symptoms  of 
lesions  of  the  pons  and  medulla  are  very  numerous, 
very  complex,  and  very  various,  in  accordance  wdth 
their  extent  and  the  manner  of  their  occurrence.  The 
symptoms  in  bulbar  paralysis  are  verj'  different  from 
those  of  softening  from  embolism.  And  as  almost 
every  case  so  far  recorded  has  differed  from  everj' 
other  in  important  particulars,  it  is  necessarj'  to 
study  carefully  and  fully  aU  the  .sj^mptoms  occurring 
in  any  ca.se  of  central  lesion.  If  the  cranial  nerves 
are  involved,  or  if  there  is  present  alternating  paral- 
ysis or  anesthesia,  the  possibility  of  pons  or  medul- 
lary disease  must  be  considered,  and  an  investigation 
of  the  various  symptoms  here  detailed  should  not 
be  neglected.  M.  Allen  St.^rr. 
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Brain,  Growth  of  the. — The  following  article  aims 
to  give  a  general  account  of  the  growth  changes  which 
occur  in  the  human  brain  and  cord,  between  birth 
and  the  natural  end  of  life,  thus  including  those  found 
in  old  age.  As  the  interest  in  these  changes  arises 
mainly  from  the  relations  of  growth  to  functional 
development,  it  is  customary  to  discuss  also  some 
changes  which  are  related  to  age  but  which  cannot 
be  called  growth  changes  in  the  strict  sense.  Thus 
we  have  the  structural  alterations  in  the  neurone 
from  birth  to  maturitj' — some  of  which  at  least 
are  not  associated  with  an  increase  in  size — so  too 
alterations  of  the  neurones  in  old  age  are  considered 


though  these  arc  usually  accompanied  by  a  decrease 
in  size.  Finally,  there  are  certain  intracellular  and 
chemical  modifications  during  the  life  cycle  which  as 
yet  we  are  unable  to  associate  directly  with  changes 
in  size.  To  make  the  discussion  significant  therefore 
the  field  covered  must  be  somewhat  broader  than 
that  indicated  by  a  strict  interpretation  of  the  title. 

Two  main  conditions  control  the  growth  changes 
in  the  nervous  system:  nutrition  and  time  (age). 
In  many  instances  the  relative  importance  of  these 
two  has  still  to  be  determined,  but  we  may  safely  say 
at  the  present  moment  that  the  growth  process  in  the 
strict  sense  (i.e.  increase  in  size)  readily  responds  to 
variations  in  nutrition  while  intracellular  differen- 
tiation and  chemical  modification  are  more  evidently 
correlated  with  time  (age). 

In  discussing  the  changes  which  occur  in  the  neu- 
raxis  (brain  and  spinal  cord — central  nervous  system), 
the  following  outline  will  be  employed: 

(A)  Growth  changes  in  the  neuraxis: 

(1)  Brain, 

(2)  Spinal  cord. 

(B)  Percentage  of  water. 

(C)  Growth  changes  in  the  neura.'us  considered  as 
the  resultant  of  changes  in  the  cells  which  constitute 
it: 

(1)  Number  of  neurones, 

(2)  Size  of  neurones. 

(D)  Growth  changes  in  the  cerebral  cortex. 

(E)  Changes  during  old  age.  ,^ 

(F)  Summary. 

A.  Growth  Changes  in  the  Neukaxis.  1. 
Brain. — The  human  encephalon  varies  widely  in 
weight  at  maturity,  even  when  members  of  the  same 
race  and  the  same  social  class  are  alone  compared. 
Differences  in  the  final  weight  must  be  looked  upon 
as  resulting  from  differences  in  the  process  of  growth 
acting  on  the  number  of  constituent  elements  pres- 
ent at  birth.  In  all  probability  this  number  is  not 
subject  to  any  considerable  individual  variation  in 
normal  persons.  The  weight  of  the  encephalon  at 
maturity  is  illustrated  by  the  accompanying  table 
based  on  the  observations  of  Dr.  Boyd. 

Table  I. — Showi.n-g  ix  Grams  the  Weight  of  the  Encephalon 
AXD  Its  SuBDI^^SIONS  in  S.\ne  Persons,  the  Records 
Being  Arranged  According  to  Sex,  Age,  and  Stature. 
(From  Marshall's  tables,  1S92,  based  on  Boyd's  records  (1861), 
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These  records  were  obtained  from  2,086  patients  of 
the  Marylebone  Workhouse  in  London,  representing, 
for  the  most  part,  the  least  favored  class  of  persons 
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native  to  Great  Britain.  For  the  purpose  of  weigliing, 
the  encephalon  was  ciivided  into  three  portions:  (1) 
The  cerebrum,  including  all  parts  frontal  to  the  mid- 
brain; (2)  the  cerebellum,  severed  at  the  peduncles; 
and  (.3)  the  stem — the  midbrain,  pons,  and  bulb. 

Owing  to  the  fact  that  these  records  are  based  on 
a  workhouse  population,  it  is  probable  that  they  rep- 
resent brains  less  well  grown  and  earher  subject  to 
senile  atrophj-  than  would  be  the  case  among  the 
more  prosperous  members  of  the  communit}-.  In 
any  other  corresponding  series  the  general  relations 
to  which  we  are  about  to  call  attention  would,  how- 
ever, remain  the  same. 

In  comparing  the  sexes  Table  I.  shows  that  the 
heavier  brains  belong  to  the  males;  on  comparing 
those  of  different  stature  within  each  sex,  that  they 
belong  to  the  tall  individuals;  and  when  those  of  the 
same  sex  and  stature  are  compared,  according  to  age, 
to  those  in  the  prime  of  hfe,  i.e.  twenty  to  forty  years 
of  am.  The  only  exception  to  tliis  statement  is  found 
in  the  40-70  years  group  of  shortest  females.  Sex 
and  stature,  then,  are  conditions  which  modify  the 
weight  which  the  brain  will  attain  at  maturity,  and 
after  the  prime  of  life  its  weight  diminishes. 

Having  indicated  the  weight  at  maturity  under  the 
conditions  of  the  race  and  social  class  here  chosen, 
we  have  next  to  determine  the  weight  of  the  enceph- 
alon at  birth,  and  the  course  of  the  changes  by  which 
it  reaches  its  fuU  size.  Vierordt  (1890)  has  collected 
the  most  complete  series  of  observations  for  the  change 
in  brain  weight  between  birth  and  twenty-five  j-ears  of 
age.  The  data  are  taken  mainly  from  German  records. 
They  are  printed  in  Table  II. 

Table   II. — To  Show  the  Ixcrease  in   Br.un  Weight  with 
Age.     Encephalon  Weighed  Entire  with  Pia. 


Males. 


Age. 


Number '    Brain, 
of  cases.  I  Grams. 


0  months. 

1  year. . . . 

2  years. .  . 

3  years. . . 

4  years..  . 

5  years. .  . 

6  years. .  . 

7  years. . . 

8  years. . . 

9  years. . . 

10  years. .  . 

11  years. .  . 

12  years. .  . 

13  years. .  . 

14  years. .  . 

15  years. .  . 

16  years. . . 

17  years. . . 

18  years. .  . 

19  years. .  . 

20  years.. . 

21  years. .  . 

22  years. . . 

23  years. .  . 

24  years. .  . 

25  years. .  . 
Total.... 


36 

17 

27 

19 

19 

16 

10 

14 

4 

3 

S 

7 

5 

S 

12 

3 

7 

IS 

IS 

21 

14 

29 

26 

22 

30 

25 


415 


381 

945 

1025 

lies 

1330 
1263 
1359 
1348 
1377 
1425 
1408 
1360 
1416 

1487 
1289 

1490 
1435 
1409 
1421 
1397 
1445 
1412 
1348 
1397 
1424 
1431 


Females. 


Number     Brain, 
of  cases.    Grams. 


38 

11 

28 

23 

13 

19 

10 

8 

9 

1 

4 

1 

2 

3 

5 

8 

15 

18 

21 

15 

33 

31 

16 

26 

33 

33 


384 
872 
961 
1040 
1139 
1221 
1265 
1296 
11.50 
1243 
1284 
1238 
1245 
12.">6 
134S 
1238 
1273 
1237 
1325 
1234 
1228 
1320 
1283 
1278 
1219 
1224 


When  the  data  in  Table  II.  are  cast  in  the  form  of 
a  curve  representing  the  increase  in  weight  accord- 
ing to  age, -we  obtain  the  chart  given  below. 

In  the  records  of  Vierordt  it  appears  that,  e.xcept 
at  birth  and  in  the  fourteenth  year,  the  male  has  a 
greater  brain  weight  than  the  female.* 

*  During  the  period  of  very  rapid  growth,  a  slight  disparity  in 
the  average  age  of  the  cases  compared  easily  reverses  the  weight 
relations  according  to  sex.  This  is  the  probable  cause  of  greater 
weight  in  the  female  at  "birth,"  as  reported  by  Vierordt.  ilore 
careful  determinations  by  Mies,  1894,  and  Pfister,  1897,  show 
the  male  brain  to  be  heavier, 
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Curves  Showing  the  Variations  in 
Brain  Weight  During  the  First 
Twenty-five  Years  of  Life.  Based 
on  Table  II. 


In  both  sexes  the  most  rapid  increase  in  weight  is 
during  the  first  year;  it  continues  to  be  rapid  up  to 
the  fourth  or  fifth  year,  and  then  becomes  slow  till 
the  seventh  j'ear,  when  the  weight  of  the  brain  found 
in  the  adult  is  nearly  attained.  From  this  age  on, 
there  is  a  very  shght  and  very  slow  growth  up  to  the 
fifteenth  year.  At  the  time  when  nearly  the  final 
brain  weight  has  been  attained — namely,  the  seventh 
or  eighth  year — the  full  difference  of  100  grams  or 
more  e.sisting  between  the  two  se.xes  is  evident. 
From  this,  it  is  seen  that 
the  rapid  growth  of  the 
brain  has  occurred 
while  the  body  is  still 
verj'  immature,  since 
boys  of  seven  years 
weigh  on  the  average 
only  fifty  pounds,  and 
girls  but  forty-two 
pounds — this  in  both 
sexes  being  about  one- 
third  of  the  adult  body 
weight;  and  that  the 
differences  character- 
istic of  sex  have  been 
estabhshed  before  sex- 
ual maturity.  The  ir- 
regularities of  the  curve 

are  to  be  explained  as  mainly-  statistical  and  dependent 
on  the  comparative  smallness  of  the  number  of  cases 
available  for  each  year.  No  significance  is  to  be  at- 
tached to  the  dip  in  the  male  curve  at  fourteen  years. 
The  very  high  averages  for  the  males  at  thirteen  and 
fifteen  years,  and  for  the  females  at  fourteen  years  are 
to  be  noted  since  they  articulate  with  the  findings  in 
other  series  (see  Pearl,  1905)  which  give  the  maximum 
mean  weights  between  the  ages  of  15  and  25  years. 
These  observations,  therefore,  appear  to  represent  a 
true  condition — the  weight  of  the  human  brain 
reaching  its  maximum  about  the  middle  of  the  second 
decade  or  a  few  years  later.  Excluding  the  effect  of 
the  fatal  Ulness  the  weight  of  the  brain  is  probably 
nearly  constant  from  this  age  up  to  the  beginning  of 
the  sixth  decade.  The  slight  fall  in  weight  from  the 
maximum  to  the  end  of  the  curve  as  given  in  the  chart 
is  explained  as  the  result  of  the  fatal  illness  acting 
on  a  brain  in  which  the  resistance  to  wasting  very 
slowly  decreases.  This  same  influence  modifies 
the  brain  weight  during  the  next  tliirty  years  of  Ufe 
(twenty-five  to  fifty-five  j^ears).  From  this  time  on 
a  normal  decrease  in  weight  seems  to  occur  and  to 
this  is  added  the  increasing  influence  of  the  fatal 
disease.  There  is  some  probability  that  in  the  more 
favored  social  classes  the  shrinkage  after  the  sixth 
decade  occurs  more  slowly.  From  the  table  of  final 
weights  (Table  I.)  as  well  as  from  that  just  presented 
on  growth,  it  is  plain  that  the  difference  in  tne  weight 
of  the  encephalon  according  to  se.x  is  one  exhibited 
from  the  time  of  birth;  that  it  increases  during  the 
growing  period,  and  is  maintained  throughout  life. 
This  difference  almost  disappears,  however,  when  the 
comparison  is  made  after  correction  for  body  weight 
and  stature  (Blakeman,  Lee  and  Pearson,  1905). 
Table  III. — Percent.\ge  Value  of  the  body  Weight  as 
Represented  by  the  Encephalon  at  the  Ages 

Named.     (Based  on  data  from  Vierordt.) 


Brain  wei^t. 


Age. 


Birth 

One  year 

Five  years 

Ten  years 

Fifteen  j-ears 

Twenty  years. .  .  . 
Twenty-five  years 
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The  relative  brain  weiglit  in  the  two  se.xc.s  is  th(M-e- 
fore  nearly  the  .same,  as  can  be  .seen  from  Table  III. 

It  is  an  inipiirtant  fact  that  the  dilTereiices  in  the 
wciglit  of  the  enrephalnn  according  to  se.v,  ag(!,  and 
stature  are  correlated  with  only  very  slight  \'aria- 
tioMS  in  the  proportional  development  of  the  sub- 
divisions of  the  encephalon  as  here  e.\aiuined.  Table 
IV.  shows  the  percentage  value  of  these  subdivisions 
for  different  ages  at  all  statures. 

Table  IV. — Showing  the  Percentage  of  Weight  of  the  Scb- 

Dl VISIONS  OF  THE  EnCEPHALON,  THE  RecORD.S  BEING  GROUPED 
.\CCORl>ING    TO    .\gE.       BaSED    0.\    TabLE    I. 


Males 

. 

Females 

i 
< 

d 
a 

a 

3 

■s 

S 

"a! 

-g 
6 

S 

s 

CO 

1 

CO 

a 

3 

1 
6 

a 

3 
1 

•i 

& 

o 

a 

< 

20-40     100 
41  70     100 
71-90      100 

87.52 
87.00 
87.33 

10.49  1.91 
10.6    1.94 
10.6    1.98 

1.96 
2.02 
2.11 

10.9 
10.8 
11.16 

87.13 
87.14 
86.40 

100 
100 
100 

20-40 
41-70 
71-90 

Here  there  is  a  very  slight  falling  off  in  the  propor- 
tional value  of  the  cerebrum  in  persons  of  advanced 
age.  In  general  the  value  of  the  male  cerebrum  is 
sUghtlj'  in  excess.  In  the  next  table  (V.),  where  the 
comparison  is  made  according  to  stature,  there  is  a 
regular  decrease  in  tlie  value  of  the  male  cerebrum 
with  diminishing  stature,  and  at  all  statures  the 
male  cerebrum  is  shghtly  in  excess  of  the  female. 

Table  V. — Showing  the  Percentage  of  Weight  of  the  Sub- 
divisions OF  THE  Encephalon,  the  Records  being  Grouped 
According  to  Stature.     Based  on  Table  I.    ' 


Males. 

Females. 

d 

n 

n 

d 

e 

3 

3 

H 

- 

Stature.      -S 

Qi 

-i 

?. 

•? 

stature. 

a 

•g 

•g 

g 

g 

■S 

■s 

S 

a 

^ 

^ 

S 

.2 

fii 

!S 

a 

M 

a 

o 

m 

m 

o 

o 

W 

175  cm. 

,  163  cm. 
1      and 
upward. 

and 

100 

87. 5 

10.5 

1.90 

1.91 

10.86 

86.93 

100 

upward. 

172-167 

100 

87.2 

10.65 

2.08 

2.10 

11.16 

86.68  100 

J  160-155 

cm. 

cm. 

164  cm. 

f  152  cm. 

and 

:oo 

87.17 

10.6 

1.86 

2.09 

10.83 

87.06  100 

i.       and 
[     under. 

under.  '. 

In  Table  VI.,  it  is  possible  to  make  the  comparison  of 
the  proportional  development  of  the  several  divisions 
from  birth  to  old  age. 

Table  VI. — Showing  the  Proportional  Weight  of  the  Divi- 
sions OF  the  Encephalon  at  Different  Ages.     (Boyd.) 


Males. 

Females. 

■^                   al- 
ls        Age.          1   !ii 

si  ■             :  -g   5?    E 

"o 

M     CD 

E  1 

3 

Age. 

■g 

6 

Cere- 
bellum. 

Stem. 

45      New-born .  92 . 4    5 .  8^  1 .  60 
22             7-14      87.8  10.3  1.61 
99          30-40      87.3,10.6  1.981 
95          70-80      87. Olio. 7  2.091 

45 

18 

80 

128 

New-born.  92.1 '  6.2  1.50 

7-14       87.9  10.5  1.50 

30-40     ,87.0  10.8,2.01 

70-80     186.9  10.9  2.15 

We  see  here  that  the  cerebellum  is  the  portion 
least  developed  at  birth,  and  that  between  birth  and 
the  seven-  to  fourteen-year  period  the  proportions 
found  at  matm-ity  are  very  nearly  establislied.  In 
this  table,  again,  the  pcrci^ntagc  value  of  the  cerrl)ruin 
tends  to  b(^  slightly  gnuvter  for  the  male.  During  the 
active  growing  period  the  reduction  in  the  percent- 
age value  of  the  cerebrum  is  due,  of  cour.se,  to  the 
more  rapid  growth  of  tlie  cerebellum,  while  during 
the  involutionary  period — that  is,  between  .seventy 
and  eighty  year.s,  in  this  table  (VI.) — tlie  diminu- 
tion in  value  is  due  to  its  more  rapid  shrinUage,  as 
can  be  seen  by  examining  the  absolute  weights 
exhibited  in  Table  I. 

As  regards  the  subdivisions  of  the  cereljrum, 
Franceschi  (188S)  has  some  ob.servations  that  are 
unique.  He  determined  the  weight  of  the  thalanms 
and  striatum  for  each  half  of  the  cerebrum,  in  a 
imniber  of  persons  and  at  various  ages.  During  the 
first  five  years,  the  records  are  too  few  and  indefinite 
to  be  valuable.  Beginning  with  twenty-one  years, 
however,  he  has  the  following  data  to  present: 

Table    VII. — Giving  the  Weight  of  the  Basal  Ganglia  in 
the  Two  Sexes  at  Different  Ages.     Weight  in   Grams. 


Males  (Basal  ganglia) 

Females  (Basal  ganglia). 

Age. 

Number 
of  obser- 
vations. 

Mean  weight. 

Age. 

Number 
of  obser- 
vations. 

Mean  weigth. 

21-40 
41-70 
71-87 

16 
38 
22 

Right. 
41.2 
41.6 
42.4 

Left. 
40.8 
42.3 
42.4 

21-40 
41-70 
71-87 

20 
45 
21 

Right. 
36.0 
37.7 
37.7 

Left. 
36.0 
38.0 
41.0 

This  table  shows  no  regular  difference  between  the 
two  halves  of  the  brain.  There  is,  however,  a  con- 
stant difference  according  to  sex,  the.se  structures 
being  about  ten  per  cent,  heavier  in  the  male.  This 
corresponds  with  the  percentage  difference  between 
the  sexes  for  the  entire  encephalon  and  thus  shows 
that  the  basal  ganglia  have  the  same  proportional 
weights  in  both,  ^'ery  curiously,  an  actual  increase 
in  weight  occurs  in  the  last  age  group,  when  according 
to  the  other  records  the  total  weight  of  the  cerebrum 
is  less  than  that  found  during  the  prime  of  hfe.  This 
peculiar  relation  must  be  confirmed  before  it  can  be 
regarded  as  significant. 

In  the  one  instance  where  it  has  been  carefulh' 
studied  deformation  of  the  skull  has  been  found  to 
produce  surprisingly  httle  real  alteration  in  the 
growth  of  the  encephalon.  The  winding  of  a  child's 
head  with  a  compressing  bandage  so  as  to  elongate  it 
in  a  fronto-occipital  axis  has  been  practised  for 
generations  about  Toulou.se  in  France.  Ambielet 
(189.3)  studied  the  brains  of  aged  persons  from  this 
locality  with  skulls  thus  deformed.  Naturally  the 
effects  of  this  deformation  are  more  pronounced  if  it 
has  been  great  than  if  it  has  been  moderate.  How- 
ever, the  average  weight  of  the  encephalon  was 
diminished  by  this  treatment  only  two  to  three  per 
cent,  while  despite  the  highly  modified  shape  of  the 
skull  neither  the  proportional  weight  of  the  cerebrum 
nor  the  weights  of  its  several  lobes  were  significantly 
altered. 

This  result  would  agree  with  these  recently  ob- 
tained from  the  study  of  crania  by  Boas,  which  he 
formulates  as  follows:  "Among  skulls  belonging  to 
the  same  type,  a  breadth  above  the  average  is  com- 
pensated by  a  height  and  a  length  below  the  average." 
This  is  probably  only  a  special  case  representing  a 
general  tendency  toward  a  final  arrangement  of 
cranial   diameters   which   will   result   in   the   cranial 
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capacity  normal  for  the  individual.  The  effects  of 
bandaging  the  skuU  appear  to  cause  a  general  nutritive 
disturbance  rather  than  one  limited  by  the  bound- 
aries of  the  bandage,  and  the  results  are  not  due  to 
direct  pressure  on  the  enclosed  brain.  So  far  as  this 
aspect  of  the  problem  is  concerned,  we  have  the 
beautiful  researches  of  von  Gudden  on  the  growth 
of  the  skull  and  brain,  which  show  that  while  these 
two  structures  maj-  to  a  shght  extent  mutually  adapt 
themselves  to  each  other,  j-et  the  fundamental  growth 
changes  in  the  brain  are  in  a  high  degree  independent 
of  merely  mechanical  conditions. 

2.  Spinal  Cord. — The  weight  of  the  spinal  cord  at 
different  ages  can  be  best  shown  by  a  tabulation  of 
the  results,  though  the.se  are  hardly  numerous  enough 
to  be  used  for  the  formation  of  a  curve  (see  Table  'VTII . ) . 

Table  '\^II. — Gitixg  the  Weight  of  Hcmax  Spix.u.  Cord  at 
DiFFEHE>rr  Ages. 


Age. 


Weight  of  cord 
in  grams. 


No. 


Observer. 


Male.    Female. 


Birth. 


3.4     ' 'lOmales...      Mies  ("94). 


1  mo. 


2-3  mos 

4—6  mos 

7—10  mos 

11—15  mos..  .  . 
16-21  mos..  . . 

2-3  j-rs 

3  yrs.  to  4  yrs. 
7  mos. 

5  yrs.  to  6  yrs. 
5  mos. 

6  yis 

10  yrs.  9  mos. 
18  yrs.  6  mos. 
Maturity   . . . . 


3.9 

5.0 

7.1 

8.2 

10.7 


13.0 
15.7 

18.9 

16.9 


3.8 

4.6 
6.1 
7.5 
10.5 
11.0 
13.6 
14.8 

18.2 


II  females. 

106  males.. . 

104  females. 


27.5 
27-28 


17.3 


Danielbekof   ('85) 

Pfister  ('97). 
Pfister  ('97). 
Pfister  ('97). 
Pfister  ('97). 
Pfister  ('97). 
Pfister  ('97). 
Pfister  ('97). 

Pfister  ("97). 

Mies  ("94). 
Mies  ('94). 
Mies  ("94). 
Ziehen  ('99). 


It  thus  appears  that  the  spinal  cord  increases  from 
an  average  weight  of  3.4  grams  at  birth  to  27-28 
grams  at  maturity — an  increase  of  nearly  eightfold — 
thus  showing  a  gain  in  relative  weight  which  is  about 
twice  that  of  the  encephalon.  The  encephalon  has 
nearlj'  attained  its  adult  weight  at  the  seventh  year, 
while  the  cord  (see  table)  at  this  time  has  less  than 
two-thirds  of  its  adult  weight.  So  far  as  this  table 
shows,  the  cord  grows  about  as  rapidly  as  the  brain 
during  the  first  four  years  after  birth  at  which  time  it 
has  attained  only  a  httle  more  than  one-half  of  its 
final  weight.  Its  subsequent  growth  is  therefore 
much  greater  than  that  of  the  brain.  The  final 
enlargement  of  the  cord  is  correlated  with  the  growth 
of  the  trunk  and  limbs  that  occurs  during  adoles- 
cence— a  series  of  changes  bj'  which  the  cranial 
ca-saty  is  shghtly  affected.  The  weight  of  the  cord 
is  therefore  correlated  with  the  length  or  the  capacity 
of^the  vertebral  column. 

B.  Percent.^^ge  of  Water. — Touching  the  chem- 
ical changes  which  are  correlated  with  growth  we 
shall  here  present  only  those  on  the  percentage  of 
water.  This  character  is  most  closely  correlated  with 
age  and  hence  is  a  function  of  time — being  largely 
independent  of  variations  in  the  nutritional  environ- 
ment (Donaldson  1911). 

In  the  growing  neuraxis  the  changes  in  weight 
run  nearly  parallel  to  the  changes  in  volume,  but  are 
a  trifle  more  rapid,  owing  to  the  fact  that  with  advanc- 
ing age  the  specific  gravity  of  the  nerve  substance  ia- 
crea.^es  as  the  percentage  of  water  decreases.  The 
ob.sorvations  which  relate  to  this  character  in  man 
apply  to  the  brain  only  and  are  for  the  most  part  scat- 


tered and  difficult  to  interpret,  but  there  remains  a 
small  number  which  may  be  directly  used.  In  Table 
IX.  are  given  the  percentages  of  water  in  the  brain  at 
birth  and  at  maturity  and  for  two  intermediate  ages, 
the  data  for  man  being  compared  with  those  for  the 
albino  rat  at  equivalent  ages  (Donaldson,  1910). 

Table  IX. — T-4BLE  Showtn-g  the  Chaxges  in  the  Percentage 

OF  Water  in  the  Br.vlx  from  Birth  to  M.\TtrRiTT  in  Man 

and  in  THE  Albino  Rat. 


Man. 


Rat. 


.^ge  (years).       ^^^;^°*^^f  "'       ^"^^'^f  °'  '     Age  (days). 

Birth 88.3 

2  years 81.1 

9.5  years 79.2 

Maturity 77.0 

87.7 
81.3 
78.6 
77.4 

Birth. 

26  days. 

115  days. 

300  days. 

Table  IX.  shows  that  in  man  and  the  albino  rat 
the  range  in  percentage  of  water  between  birth  and 
niaturit5'  is  about  the  same — a  httle  more  than  ten 
points.  It  further  shows  that  the  period  of  rapid 
diminution  in  the  percentage  of  water  occurs  during 
the  period  of  rapid  growth  of  the  brain  (approxi- 
mately the  first  tenth  of  the  span  of  life).  Without 
going  into  the  details  of  an  explanation  it  may  be 
noted  that  the  data  for  the  rat  show  similar  relations 
at  equivalent  ages.  This  loss  in  the  percentage  of 
water  is  commonh-  regarded  as  the  result  of  the 
meduUation  process.  There  is  reason  to  think,  how- 
ever, that  the  two  changes  do  not  stand  in  causal 
relation  but  that  the^'  are  merely  concomitant  (Don- 
aldson, 1910).  As  regards  the  spinal  cord  there  are 
no  data  for  the  percentage  of  water  in  man.  In  the 
albino  rat  the  percentages  are  85.6  per  cent,  at 
birth  and  68  per  cent,  at  maturity  and  the  curve  of 
loss  is  similar  to  that  for  the  brain.  It  is  highly 
probable  that  the  human  spinal  cord  would  show 
similar  values. 

C.  Growth  Ch.\xges  ix  the  Xeur.vsis  Consid- 
ered .\s  the  Resclt.vnt  of  Ch.\xges  IX  THE  Cells 
WHICH  Constitute  it. — The  changes  which  occur  in 
the  central  nervous  system  as  a  whole  are  but  the  re- 
sultant of  aU  the  changes  taking  place  in  the  cells 
which  compose  it.  An  exhaustive  hst  of  these 
components  would  comprise  the  cells  forming  the 
blood-vessels  and  the  several  sorts  of  supporting 
structures — ependj'ma,  neurogUa,  and  connective 
tissue — in  addition  to  the  neurones  proper.  Lack  of 
information  concerning  growth  in  the  non-nervous 
structures  will,  however,  preclude  more  than  inci- 
dental mention  of  them,  and  we  can  turn  our  atten- 
tion to  the  neurones,  not,  however,  forgetting  that 
the  non-nervous  structures  are  much  more  important 
constituents  than  this  treatment  of  them  would 
indicate. 

1.  Number  of  Neurones. — The  cessation  of  cell 
division  in  the  human  neuraxis  has  been  but  little 
studied.  From  the  observations  on  animals  (AUen- 
rat),  however,  we  may  infer  that  in  man  it  usually 
becomes  very  slow  or  stops  about  the  time  of  birth 
or  shortly  after,  except  in  the  cerebellum  where  it  may 
continue  in  the  outer  granule  layer  well  into  the  second 
year  of  postnatal  life  (Berhner,  1905). 

Speaking  broadly  we  maj-  consider  that  the 
number  of  cell  elements  is  nearly  complete  at  birth 
and  hence  not  subject  to  material  alteration  by 
variations  in  the  environment.  These  cells  however 
e.xhibit  at  birth  great  differences  in  their  degree  of 
development,  some  being  far  advanced  while  others 
are  extremely  immature.  During  the  further  growth 
and  differentiation  of  the  immature  group  nutritive 
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conditions  may  have  a  profound  influence.  The 
development  from  the  neurobhist  to  the  mature 
form  is  usually  associated  with  an  increase  in  size,  the 
cytoplasm  growing  more  rapidly  tlian  the  nucleus. 
From  the  cytoplasm  outgrowtlis  are  developed.  In 
the  spinal  cord  cells  the  first  outgrowth  is  usually  the 
axone  (neura.xone)  while  the  dendrites  appear  later; 
on  the  other  hand,  in  the  cerebral  cortex  the  main 
dendrite  usually  develops  first  and  the  growth  of 
the  axone  follows  (Paton,  1900;  Hatai,  1902).  As  far 
as  the  gross  form  of  the  neurone  is  concerned  elabora- 
tion of  the  dendrites  may  continue  for  a  long  time  and 
the  axone  in  addition  to  its  terminals  usually  gives 
ri.se  to  side  branches — the  collaterals — and  acquires  a 
medullary  sheath.  Further  differentiation  consists 
in  the  formation  of  the  Nissl  substance  and  other 
inclusions  in  the  pericaryon  (i.e.  the  part  of  the  cell 
about  the  nucleus),  wliile  fibrils  (neurofibrils)  are 
more  or  less  developed  in  all  portions  of  the  cytoplasm 
and  its  outgrowths. 

A  simple  classification  of  the  neurones  composing 
the  central  nervous  system  is  the  following  based  on 
their  location. 

I.  Afferent  neurones  with  their  cell  bodies  in  the 
spinal  or  cerebral  gangUon.  Only  the  axones  of 
tne.se  enter  the  neuraxis. 

II.  Central  Neurones. — AU  parts  of  these  neurones 
are  within  the  limits  of  the  brain  and  spinal  cord. 

III.  Efferent  Neurones. — The  cell  bodies  of  which 
lie  within  the  neuraxis  but  the  axones  pass  to  the 
periphery,  and — 

IV.  Peripheral  neurones  no  part  of  which  is  within 
the  neuraxis. 

These  last  are  represented  by  the  sympathetic 
system  and  the  peripheral  ganglia  and  do  not  concern 
us  at  the  present  moment.  In  central  and  efferent 
neurones  a  sheath  of  myeUne  is  often  formed  first 
on  the  axone  proper  and  next  on  the  collaterals 
but  not  on  the  dendrites.  In  many  cases,  however, 
this  formation  does  not  occur.  Recent  studies  in 
tlie  analysis  of  the  neurone  call  for  a  word  of  com- 
ment. Originally  the  terms  axone  and  dendrite 
referred  to  structures  distinguished  ,by  their  ap- 
pearance. Later  it  was  seen  that  in  general  the 
function  of  the  axone  was  to  carry  impulses  away 
from  the  cell  body  and  the  function  of  the  dendrites 
to  carry  impulses  toward  it.  Recently  this  func- 
tional criterion  has  been  rather  generally  applied. 
When  this  criterion  is  used  for  the  branches  of  the 
neurones  which  constitute  the  ganglia  of  the  afferent 
spinal  and  cerebral  nerves  it  appears  that  according 
to  the  functional  classification  the  cell  outgrowth 
which  passes  to  the  periphery  is  a  dendrite.  It  is, 
however,  in  about  half  the  cases  medullated  and  when 
medullated  always  has  the  structural  character  of  a 
peripheral  nerve  fiber.  In  order  to  avoid  confu.sion 
therefore  when  speaking  of  dendrites  and  axones  it  is 
necessary,  as  the  foregoing  shows,  to  keep  in  mind  the 
two  criteria  which  have  been  used. 

The  numbers  of  neurones  in  these  several  classes 
in  the  central  nervous  system  of  man  have  been  esti- 
mated by  various  methods.  In  the  case  of  the  affer- 
ent neurones  (1)  the  number  of  medullated  fibers  in 
the  dorsal  roots  of  each  nerve  has  been  counted  on 
one  side  of  one  spinal  cord  (Ingbert,  1903)  and  found 
to  be  653,627,  giving  a  total  of  1,307,2.54  on  both  sides. 
In  the  case  of  the  central  neurones  Miss  Thompson 
(1899)  working  with  Hammarberg's  plates  (1895) 
has  estimated  the  loell-characterized  neurones  of  the 
cerebral  cortex  as  9,283  millions.  Blocq  and  Ozanoff 
(1892)  have  found  the  number  of  the  pyramidal  fibers 
going  to  the  Umbs  and  trunk  in  man  on  both  sides 
to  be  158,222.  From  Thompson's  estimate  of  the 
neurones  in  the  cerebral  cortex  the  number  in  the 
entire  encephalon  has  been  computed  to  be  at  least 
12,000  millions  (Donaldson,  1911).  As  regards  the 
efferent  neurones  Ingbert  (1904)  again  using  the  num- 
ber of  medullated  fibers  in  the  ventral  roots  of   one 


side  of  one  spinal  cord  found  the  number  to  be  203,700 
on  one  side  or  407,400  on  both  sides.  8ince  the 
foregoing  determinations  were  nmde,  furtlier  observa- 
tions by  Hanson  (1911)  have  revealed  in  the  peri- 
jiheral  nerves  of  man  at  maturity  very  con.sidcrable 
numbers  of  non-medullated  fibers.  Probably  the 
addition  of  the  non-meduUatcd  fibers  would  at  least 
double  the  totals  in  both  the  ventral  and  the  dorsal 
roots.  As  representing  the  meilullated  fibers  these 
determinations  are  probably  substantially  correct 
but  as  indications  of  the  total  number  of  afferent 
neurones  on  the  one  hand  and  efferent  neurones  on 
the  other,  they  are  far  too  low.  Similar  corrections 
must  be  made  in  the  ca.se  of  the  cortex.  As  was 
stated,  the  enumeration  was  based  on  the  well-char- 
acterized cell  bodies — and  these  are  but  a  part  of  the 
nucleated  elements,  many  of  which  though  not  well 
characterized  are  probably  functional  neurones,  so 
that  for  this  group  also  the  estimate  is  probably  too 
low.  Despite  these  necessary  corrections  the  data 
at  hand  serve  to  show  the  relative  numbers  of  neu- 
rones in  the  different  groups  and  to  indicate  the  vast 
number  of  elements  wYiich  enter  into  the  constitution 
of  the  neuraxis  in  man. 

Returning  now  to  the  .statement  that  some  neurones 
mature  early  in  the  hfe  history  of  the  individual, 
while  there  are  associated  with  them  immature  cells 
which  under  favorable  conditions  will  complete 
their  development  later,  we  find  that  in  man  for  ex- 
ample, the  number  of  developed  cells  in  the  spinal  cord 
increases  up  to  maturity,  despite  the  fact  that  after 
birth  there  is  probably  no  cell  division  of  consequence, 
and  the  total  number  of  nucleated  elements  is  there- 
fore approximately  constant.  Table  X.,  taken 
from  Kaiser  (1891),  illustrates  this  point. 

Table  X. — Showing  the  Nomber  of  Developed  Cells  in  the 

Ventral  Horn  in  the  Cervical  Enlahqement  of  Man  at 

Different  Ages.     (Kaiser.) 


Age. 

Number  of  nerve  cells. 

50,500 

118,330 

104,270 

211,800 

Male,  adult 

221,200 

Tills  same  method  of  growth  has  been  found  in 
various  portions  of  the  central  nervous  system  of 
the  albino  rat  and  is  therefore  probalilj'  characteristic 
for  mammals  at  least.  The  fact  that  the  maturing 
of  the  neurones  takes  place  gradually  and  in  series  is 
a  matter  of  much  importance — for  by  this  procedure 
according  to  which  a  fraction  of  the  potential  neurones 
in  aU  of  the  several  divisions  of  the  neuraxis  matures 
early,  the  first  form  of  the  central  system  represents 
a  sketch  or  outline — functioning  to  be  sure — but 
numerically  weak,  and  later  strengthened  by  the 
reenforcement  of  each  cell  group  through  the  further 
development  of  those  elements  which  at  first  are 
immature.  It  appears  to  be  during  this  phase  that 
disturbed  nutritional  conditions  may  readily  act  to 
arrest  the  course  of  growth. 

(2)  Size  of  Neurones. — If  we  assume  that  there  are 
at  least  12,000  million  neurones  in  a  human  enceph- 
alon weighing  1,400  grams  the  following  calculation 
can  be  made.  There  is  reason  to  think  that  at  least 
ninety  per  cent,  of  the  encephalon  is  composed  of 
neurones,  these  therefore  weigh  1,260  grams.  The 
specific  gravity  of  the  encephalon  is  about  1.037  which 
makes  the  volume  of  the  neurones  1,215  c.c.  Dividing 
this  volume  by  the  number  of  neurones  we  obtain 
as  the  average  volume  101,250u'  which  represents 
a  cube  a  little  less  than  47^  on  the  edge.  Of  course 
many  neurones  have  a  much  greater  volume  than 
this  and  on  the  other  hand,  a  vast  number  are  smaller. 
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To  avoid  possible  misunderstanding  attention  is 
especially  called  to  the  fact  that  this  value  represents 
the  volume  of  the  cell  body  and  all  its  branches 
(dendrites  and  axone)  combined.  Moreover,  it 
must  be  remembered  also  that  if  the  total  number 
of  neurones  which  we  have  assumed  is  too  small, 
then  this  average  volume  is  correspondingly  too  large. 

The  preparations  of  His  (1S89)  show  the  neuroblast 
to  have  a  volume  of  about  700p'  so  that  if  we  take 
this  as  the  initial  value  then  the  average  enlargement 
from  neuroblast  to  mature  neurone  is  about  144  fold. 

Since  it  can  be  shown  that  many  neurones  increase 
more  than  a  thousand  times  in  volume  it  follows  that 
there  must  be  a  very  large  number  of  neuroblasts 
which  develop  either  sUghtly  or  not  at  all.  In  support 
of  this  statement,  attention  is  called  to  the  fact  that 
in  the  cerebral  cortex  cell  bodies  of  the  smallest  neu- 
rones have  diameters  much  smaller  than  that  of  the 
original  neuroblasts;  while  in  the  cerebellar  corte.x, 
the  granules  ^\-ith  a  mean  diameter  of  about  7u  appear 
still  more  reduced.  There  is  at  present  no  satis- 
factorj-  explanation  for  these  cases. 

If  for  purposes  of  computation  we  take  the  weight 
of  the  male  encephalon  as  3S0  grams  at  birth  and 
1400  at  maturity  it  follows  that  the  encephalon  has 
increased  3.7  times  in  weight  during  this  interval, 
and  the  increase  in  volume  is  of  course  nearly  the 
same.  Thus  between  birth  and  maturity  the  average 
volume  of  the  constituent  neurones  becomes  onlj- 
about  3.7  times  what  it  is  at  birth.  At  birth,  however, 
the  average  volume  of  the  neurone  is  some  thirty-nine 
times  that  of  the  neuroblast.  Thusof  thetotal  increase 
in  the  neurone  thirty-nine  parts  occur  before  birth 
and  105  parts  after  that  event. 

In  order  to  obtain  a  notion  of  the  changes  which 
contribute  to  this  enlargement  between  birth  and 
maturitj'  it  is  desirable  first  to  note  what  has  been  ob- 
served concerning  the  growth  of  the  cell  body  on  the 
one  hand  and  of  the  axone  on  the  other: 

(a)  Growth  of  the  Cell  Body. — The  only  observations 
on  the  changes  in  the  volumes  of  growing  cell  bodies 
in  man  are  those  by  Kaiser  (1891),  made  on  the  largest 
ceU  bodies  of  the  ventral  horns  of  the  cervical  enlarge- 
ment of  the  spinal  cord. 

Table    XI. — Showtxg    the  Volttmes    of   the    Largest    Cell 
Bodies  ix  the  Ventral  Horx  of  the  Cehtical  Cord  of 
Mak.     (Based  on  Kaiser's  records  of  the  Dsean  diameters.) 


Subject. 

Age. 

Proportional 
volume  of 

the  cell  bodies 
1  =  700p».* 

Time 
interval. 

Fetus 

Fetus 

Four  weeks 

Twenty  weeks 

Twenty-four  weeks 
Twenty-eight  weeks 
Thirty-six  weeks. . . 

1  1 

17 

31 

67 

Sl  J 
124  1 
124/ 
160 

Fetus 

Fetus 

Fetus 

rhilH  «t  hii-th 

36  weeks. 
15  years. 

Man,  adult 

15  years. 

The  proportional  volumes  given  in  Table  XI.  show 
that  the  rapid  enlargement  of  these  cell  bodies  occurs 
before  birth.  It  gives,  however,  the  same  values  for 
the  child  at  birth  and  the  youth  at  fifteen  years, 
while  in  the  mature  man  the  size  is  somewhat  greater. 
Observations  on  various  cell  groups  in  the  neuraxis 
of   the    albino   rat  confirm  this  result,  so  that  it  is 

Erobably  true  in  all  portions  of  the  neuraxis  that  cell 
odies  of  the  largest  size  are  found  in  the  central 
nervous  system  at  birth  or  shortly  after,  f     Changes 
*  The  volume  700 ;i'.  in  the  fetus  of  four  weeks,  is  taken  from  His, 
and  the  figures  represent  multiples  of  that  volume. 

,  t  This  statement  is  limited  to  the  neurones  the  cell  bodies  of 
which  are  located  in  the  neuraxis  (classes  II.  and  III.).  The  cell 
bodies  ia  the  ganglia  of  the  afferent  nerves  (class  I.)  appear  to 
grow  for  a  longer  time. 
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in  these  cell  bodies  which  have  already  attained 
nearly  their  full  size  therefore  contribute  but  httle 
to  the  enlargement  of  the  central  nervous  system 
during  postnatal  growth.  The  number  of  largest 
ceOs  is  nevertheless  increased  by  the  subsequent 
growth  of  those  cell  bodies  which  are  stLU  immature 
at  the  time  of  birth  or  for  some  time  after.  This  is 
indirecth'  shown  by  another  table  from  Kaiser  gi\ing 
in  the  same  locaUty  the  numbers  of  well-developed 
cell  bodies  according  to  increasing  age. 

Table  XII. — Showtn-g  the  Number  of  Developed  Cells  ix  the 

Vestral  Hors  IX  the  0:b\tcal  Exluigemext  of  Man  at 

Different  ,\ges.     (Kaiser.) 


Fetus,  sixteen  weeks 

Fetus,  thirty-two  weeks. 

New-bom  diild 

Boy,  fifteen  years 

Male,  adult 


50,500 
118,330 
104,270 
211,800 
221,200 


It  is  to  be  seen  from  this  table  that  the  number  of 
well-characterized  cell  bodies  approximately  doubles 
between  birth  and  maturitj'.     To  avoid  a  misinter- 

Eretation  of  tliis  result  the  statement  may  be  repeated 
ere  that  this  increase  is  merely  in  the  number  of 
mature  cells  and  does  not  imply  the  production  of 
new  nucleated  elements  during  this  interval. 

The  contribution  made  to  the  weight  of  the  neur- 
axis by  the  growth  in  the  cell  bodies  between  birth 
and  maturity  is  then  very  moderate  at  best,  for  Miss 
Thompson  (1S99),  in  the  studj-  pre\'iously  cited  on 
the  number  of  well-characterized  ceU  bodies  in  the 
cerebral  cortex  of  the  human  brain  found  that  only 
1.37  per  cent,  of  the  volume  of  the  cortex  was  com- 
posed of  cell  bodies.  On  the  ground  that  in  this 
computation  there  were  some  losses  for  the  dendrites 
not  included  in  the  measurements  and  for  small  cells 
which  were  overlooked,  it  was  estimated  (Donaldson, 

1899)  that  two  per  cent,  is  a  hberal  allowance  for  the 
volume  of  the  cell  bodies  of  the  neurones  in  the  cortex 
and  that  this  would  be  a  liberal  allowance  for  their 
volume  in  the  remaining  fraction  of  the  encephalon  as 
well.  In  discussing  changes  in  the  volume  of  the  cell 
bod}',  we  have  been  considering  therefore  changes 
which  apply  to  only  two  per  cent,  of  the  total  mass  of 
the  encephalon  and  for  tiiis  reason  these  changes  can 
have  but  httle  effect  on  its  final  weight. 

(b)  Growth  of  the  Axone. — The  great  changes  which 
occur  in  the  volume  of  the  neurone  are  mainly 
dependent  on  those  in  the  axones  and  the  chief 
factor  there  is  the  development  of  the  medullary 
sheath.  Verj-  early  in  the  development  of  the 
neurone  its  axone  appears  as  an  outgrowth,  extending 
from  the  cell  of  origin  to  its  place  of  ending,  hke  an 
outgrowing  root;  sometimes  as  in  the  case  of  the  gran- 
ules of  the  cerebellum  the  terminals  of  the  axone 
become  fixed  early  and  the  ceU  body  draws  away 
from  this  point,  growth  occurring  in  the  intermediate 
portion  of  the  axone. 

The  axones  are  formed  graduaUy  and  their  exten- 
sion continues  for  a  long  time.  Thus  there  is  exidence 
in  the  spinal   nerve   of   a  frog  (Hardest}-,   1899  and 

1900)  and  in  the  caUosum  of  the  albino  rat  (Ranson), 
that  the  process  is  long  continued.  Regeneration 
(in  the  peripheral  nerves)  is  but  a  repetition  of  this 
kind  of  growth  after  the  original  axone  has  been 
destroyed  in  part. 

At  birth  the  great  majority  of  the  axones  are 
almost  or  quite  complete  in  the  sense  that  they  have 
reached  the  neighborhood  of  the  ceU  groups  where 
they  wiU  ultimately  terminate  and  establish  physio- 
logical connections.  The  enlargement  of  the  enceph- 
alon between  birth  and  maturity  being  about  3.7  times 
and  the  form  remaining  generaUy  similar  it  follows 
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that  by  the  enlargement  the  average  length  of  the 
axones  is  increased  approximately  fifty-four  per  cent. 
Taking  the  weight  of  the  enccphalon  at  birth  as 
380  grams  we  can  make  the  following  analysis: 

Percentage  Weight  at 

value.  birth. 

Cell  bodies 2  7.6  gms. 

Non-nervous  tissue 10  38. 0  gms. 

Axones 88  334.4  gms. 

Encephalon 100  380.0  gms. 

If  we  now  add  fifty-four  per  cent,  to  the  weight  of  tlie 
a.xones — arising  from  tlie  increase  in  the  length 
alone — other  dimensions  being  assumed  to  remain  the 
same,  tliis  increases  the  weight  of  the  axones  180,6 
grams.  However,  while  this  increase  in  the  length 
of  the  axones  is  going  on  there  are  at  least  three  other 
processes  in  progress  all  of  which  contribute  to  the 
increase  in  their  weight:  (1)  the  formation  of  new 
axones;  (2)  increase  in  the  diameter  of  the  axones 
and  the  production  of  collaterals;  (3)  nieduUation. 
At  the  present  time  we  have  no  data  which  give 
direct  determinations  of  the  amount  of  increase  which 
is  to  be  credited  to  the  first  and  .second  of  these  pro- 
cesses. Together,  however,  they  must  constitute  an 
important  contribution;  concerning  medullation  there 
is  more  information.  As  the  studies  of  Flechsig 
1896)  and  others  have  shown  the  human  encephalon 
is  only  partly  meduHated  at  birth.  In  the  cortex 
this  process  is  more  advanced  in  the  projection  areas 
than  in  the  far  more  extensive  association  areas. 
At  best,  however,  in  the  encephalon  as  a  w-hole  medul- 
lation is  very  incomplete.  Studies  on  the  peripheral 
nervous  system  of  the  rat  show  that  at  maturity  the 
volume  of  the  medullary  sheath  is  approximately 
equal  to  that  of  the  enclosed  axis  cj'Under  (Donaldson 
and  Hoke),  Dunn  (1912)  .  There  is  reason  to  think 
that  this  relation  also  holds  for  the  medullated 
fibers  in  the  neura.xis  (Hatai,  Koch)  and  we  shall 
assume  this  to  be  the  relation  in  the  subsequent 
computations. 

If  we  consider  two  per  cent,  of  the  total  weight  of 
the  mature  encephalon  of  1,400  grams  to  be  rep- 
resented by  the  cell  bodies  and  ten  per  cent,  by  the 
non-nervous  structures  then  at  maturity  we  have  the 
following: 

Percentage  Weight  at 

value.  maturity. 

Cell  bodies 2  2S  gms. 

Non-nervous  structures 10  140  gms. 

Axones 88  1,232  gms. 

Encephalon 100  1,400  gms. 

As  has  been  shown  the  weight  of  the  axones  at  birth 
(some  being  medullated)  is  computed  to  be  334.4,  sub- 
sequent growth  in  average  length  being  estimated 
at  fifty-four  per  cent.  Growth  in  a  brain  increasing 
from  380  to  1,400  grams  would  add  180.6  grams, 
making  a  total  of  515.0  grams.  At  maturity  we  find 
the  axones  computed  as  above  to  weigh  1,232  grams. 
If  the  axones  at  birth  were  all  unmeduUated — which 
they  are  not — and  they  all  acquired  medullary 
sheaths  having  a  weight  (volume)  equal  to  their  own 
weight  then  the  mature  medullated  axones  would 
weigh  (515.0X2)  1030.0  grams  and  this  would  leave 
only  (1,232-1,030),  202  grams  to  cover  the  formation 
of  new  axones  and  the  increase  in  their  diameters,  the 
latter  of  which  changes  must  certainly  occur  during 
postnatal  growth.  It  is  evident  therefore  that 
despite  the  active  medullation  wliich  occurs  during 
postnatal  growth  a  vast  number  of  axones  must 
remain  unmeduUated.  The  foregoing  analysis  which 
represents  the  axones  of  the  encephalon  as  a  residuum 
after  abstracting  the  cell  bodies  of  the  neurones  and 
the  supporting  tissues — while  essentially  correct,  is 
admittedly  crude.  Not  to  be  misleading,  the  pic- 
ture must  be  rendered  more  precise  by  recalling  the 


large  fraction  of  the  encephalon  represented  by  the 
cortex  of  both  the  cerebrum  and  cerebellum,  the 
reduction  of  the  mas.s  of  white  substance  produced 
by  the  infolding  of  the  cortex  in  gyrus  forination 
and  finally  Ijy  the  fact  that  in  the  corte.x  it.self  the 
proportion  of  the  medullated  fibers  is  relatively 
small.  It  is  probable  that  this  does  not  exhaust 
the  list  of  compensating  factors  which  modify 
the  computation  just  given,  but  despite  these  pos- 
sible corrections  it  remains  evident  that  the  great- 
est part  of  the  changes  in  the  weight  of  the  enceph- 
alon is  dependent  on  changes  in  the  axones  and  in  this 
the  formation  of  the  medullary  sheaths  plays  a  very 
prominent  part.  The  suggestion  lies  close  at  hand 
that  individual  variations  in  the  amount  of  medulla- 
tion may  be  one  of  the  most  important  causes  of  the 
individual  differences  in  lirain  weight. 

Before  leaving  this  general  topic  a  word  should  be 
said  about  the  size  (volume)  of  the  neurone  in  the 
mammalian  series.  Several  series  of  oliservations 
liave  been  made.  The  results  obtained  by  Hardesty 
('02)  are  given  in  Table  XIII.  It  is  to  be  noted 
that  in  all  these  cases  the  cell  bodies  only  have  been 
sulijected  to  measurement. 

Table  XIII. — Showing  in  a  Series  of  Mammals  the  Mean  Diam- 
eters Determined  in  Each  Case  by  Measuring  the  Ten 
Largest  Cells  in  the  Ventral  Horns  as  They  Appeared  in 
Three  Consecutive  Cross-sections  Made  Through  the 
Cervical  Enlargement  of  the  Spinal  Cord.     (Hardesty.) 

Computed  rela- 

.    .       ,    ,  J  ,.       i         *  tive    volumes 

Animals  (arranged  accordmg  to   I  Average  mean  I  /u.^pj  „„  ^^ 

normal  body  weight).  I  diameter  (in /i). 


Elephant  (Indian) 

Ox 

Horse 

Man 

Hog 

Dog 

Monkey  (Cynocephalus  babuin) 

Cat 

Rabbit 

Rat  (albino) 

Mouse  (albino) 

Bat 


84.4 
65.0 
61.9 
58.0 
55.5 
58.7 
54.0 
53.5 
39.2 
34.7 
27.4 
30.6 


mouse  as 

stand 

ard). 

30 

0 

13 

7 

11 

6 

9 

7 

8 

5 

10 

0 

7 

8 

t 

6 

3 

0 

o 

0 

1 

0 

1 

4 

The  results  given  in  this  table  are  In  substantial 

agreement  with  those  obtained  by  other  investigators 
all  of  which  show  that  in  the  types  of  cells  examined 
the  volume  of  the  cell  body  is  in  general  (though  not 
always)  smaller  in  smaller  animals,  but  since  it  does 
not  diminish  nearly  as  fast  as  the  body  weight  it 
becomes  in  reference  to  body  weight  relatively  larger 
in  the  smaller  forms.  This,  however,  is  a  character 
which  the  nerve  cells  share  with  aU  the  other  types  of 
cells  when  mammals  of  different  sizes  are  thus  com- 
pared. The  volume  of  the  cell  bodies  of  the  spinal 
gangUa  is  also  closely  related  to  body  weight — but  in 
the  case  of  the  other  neurone  groups,  as  for  e.xample, 
the  Betz  cells  of  the  cerebral  cortex,  other  influences 
seem  to  be  more  important  and  some  of  the  smaller 
carnivora  show  Hetz  cells  wliich  are  very  large  in 
proportion  to  their  bod}'  weight. 

The  cell  body  is  as  we  know,  only  the  lesser  portion 
of  the  neurone,  the  axone  as  a  rule  being  greater  in 
weight.  T\'hen  we  consider  the  latter  several  rela- 
tions require  to  be  examined.  No  systematic  study 
has  been  made  as  yet  to  determine  whether  in  different 
mammals  cell  bodies  of  the  same  size  and  belonging 
to  the  same  class  have  a.xones  of  like  diameters  or 
whether  the  a.vones  decrease  in  diameter  as  we  descend 
in  the  series.  It  is  certain  that  as  a  rule  they  do  not 
increase.  Leaving  this  question,  however,  as  un- 
settled, it  is  self-  vident  that  in  the  smaller  species 
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the  average  length  (i.e.  distance  traversed  by  the 
axones)  is  less  than  in  the  larger  species,  hence  the 
axones  are  certainly  less  in  volume  in  the  smaller 
species.  We  may  safely  say  therefore  that  in  general 
the  smaller  mammals  have  absolutely  smaller  neu- 
rones, while  at  the  same  time  the  relative  size  of 
the  neurones  increases  as  the  animal  diminishes  in 
size.  The  physiological  significance  to  be  attached 
to  the  size  of  a  neurone  has  still  to  be  determined. 
The  best  we  can  do  at  present  is  to  conclude  from 
certain  histological  relationships  that  witliin  a  given 
species  the  larger  a  cell  body  and  the  greater  the 
number  of  dendrites,  the  more  opportunity  do  ter- 
m^inals  from  other  neurones  have  to  come  in  contact 
with  it,  and  thus  the  larger  the  number  of  axones 
over  which  impulses  may  reach  the  cell.  Similarly 
an  axone  of  large  diameter  tends  to  spht  and  branch 
in  its  course  and  to  produce  a  large  number  of  termi- 
nals, thus  putting  the  cell  body  from  which  it  arises 
into  physiological  connection  with  a  large  number 
of  other  neurones.  These  observations  give  us  the 
concept  of  coarseness  and  fineness  in  the  structure 
of  the  nervous  system  and  also  suggest  several  im- 
portant physiological  corallaries. 

D.  Growth  Changes  in  the  CEREBR.iL  Cortex. — 
Despite  the  interest  wliich  attaches  to  growth  changes 
in  tne  cerebral  cortex  our  information  is  still  very 
imperfect.  In  the  albino  rat  the  cortex  on  the  lateral 
aspect  of  the  cerebral  hemispheres  in  a  frontal 
section  made  at  the  level  of  the  optic  chiasma  shows 
between  birth  and  old  age  the  thicknesses  given  in 
Table  XIV. 

Table  XIV. — Albino  R,tT — Thickxess  of  Cell  Later  of  Cortex 

IN'  Millimeters.     Specimens  Fixed  in  Formaldehyde 

AND  Imbedded  in  Paraffin. 


Weight  of  rat  in  grams. 


Age. 


Thickness 
of  cell  layer. 


4.6  .    . 

.40 

10.4 

25.7... 

68.5 

159.2 

242 

Ten  days 

Twenty  days.  . 

Fifty  days 

Maturity 

Old  age 

.82 
1.32 
1.37 
1.49 
1.36 

In  this  animal  therefore  the  cortex  grows  not  only 
in  area  but  in  thickness  also  as  the  brain  enlarges. 
In  man  according  to  Kaes  ('07)  the  cortex  does  not 
thicken  but  becomes  thinner  from  birth  to  maturity. 
The  solution  of  this  paradox  lies  in  the  fact  that  the 
measurement  of  thickness  is  made  by  Kaes  from  the 
ectal  border  of  the  fibne  propria  to  the  ectal  surface 
of  the  cortex.  Since  the  band  of  association  fibers 
represented  by  the  fibne  propriae  increases  in  thick- 
ness during  the  first  seven  years  after  birth,  without 
any  notable  thickening  of  the  remainder  of  the  cortex 
it  follows  that  during  tliis  period  the  thickness  of  the 
cortex  as  so  measured  diminishes.  There  mav  be 
some  diminution  after  this  age,  but  it  is  slight  at  best. 

On  the  other  hand,  when  at  maturity  a  locality  is 
found  in  which  the  cell  layers  in  one  hemisphere  have 
a  greater  thickness  than  in  the  corresponding  locality 
of  the  opposite  hemisphere  we  are  justified  in  calling 
the  thicker  cortex  the  better  developed.  Melius  (1911) 
has  shown  that  in  the  third  frontal  convolution  of 
the  left  hemisphere  the  cortex  is  thicker  and  hence 
better  developed  than  in  the  right  side.  This  is  the 
first  case  in  which  a  well-marked  asymmetry  in  the 
cerebral  corte.x  has  been  observed.  In  the  great 
sensorimotor  region  about  the  central  fissure  Passow 
(1899)  has  been  able  to  show  that  the  association 
fibers  at  maturity  are  developed  best  in  the  more 
ventral  portion  of  the  region  which  contains  the  (dis- 
charging) pyramidal  cells  controlling  the  movements 
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of  the  lower  arm,  hand,  and  face.  In  the  child  at 
one  and  three-quarters  years  this  layer  is  equally 
developed  through  the  length  of  the  gyri,  that  is, 
there  is  no  differentiation  between  the  cell  groups 
controlhng  the  leg  and  the  proximal  {x)rtions  of  the 
arm  and  those  wliich  control  the  distal  portions  of 
the  arm,  and  from  this  we  infer  that  the  cortical  con- 
trol of  the  finer  muscles  and  finer  movements  in- 
creases for  some  time  after  that  for  the  coarser 
movements  has  been  completed. 

E.  Neurones  in  Old  Age. — After  the  middle  of 
the  fifth  decade  there  is  a  marked  tendency  for  the 
encephalon  to  diminish  in  weight.  Concerning  the 
spinal  cord  we  have  no  observations.  The  percentage 
of  water  is  at  its  lowest  after  the  prime  of  life,  but  the 
loss  of  water  thus  indicated  accounts  for  only  a  very 
small  fraction  of  the  total  loss  wliich  has  just  been 
mentioned.  Most  of  the  neurones  have  a  hfe  con- 
terminous with  that  of  the  individual.  However, 
some  may  be  destroyed  in  advanced  age.  Thus 
Hodge  (1894)  has  noted  a  diminution  in  the  number 
of  the  Purkinje  cells  in  the  cerebellum  from  a  man 
dying  at  the  age  of  ninety-two.  Replacement  of 
neurones  thus  lost  is  not  known  to  occur. 

There  is  scattered  evidence  to  .show  that  in  advanced 
age  the  cell  body  and  the  nucleus  shrink,  nucleoli 
disappear  and  the  perikaryon  becomes  loaded  with 
formed  materials  like  pigment  and  not  valuable  to 
the  cell  for  nutritive  purposes.  Dr.  Dunn  (1912) 
has  recently  pointed  out  tnat  in  the  old  albino  rat 
the  peripheral  nerve  fibers  shrink  to  a  diameter  below 
that  found  in  the  prime  of  hfe.  Although  evidence 
for  such  shrinkage,  which  involves  both  the  axis 
and  the  enclosing  meduUary  sheath,  has  not  yet  been 
obtained  directly  in  the  central  nervous  system,  it  is 
highh-  probable  that  it  occurs  there  and  is  one  of  the 
chief  causes  of  the  loss  of  brain  weight  after  the  fifth 
decade.  It  seems  further  probable  that  not  only  do 
the  individual  neurones  thus  change  toward  the  end 
of  hfe  but  also  that  the  connections  between  them  are 
here  and  there  interrupted,  thus  diminishing  the 
physiological   paths   between   the   various   elements. 

F.  SuMM.^RT. — The  following  statements  are  lim- 
ited to  the  encephalon.  From  birth  to  maturity  the 
human  encephalon  increases  about  3.7  times  in  weight. 
At  seven  years  it  has  attained  nearl}'  its  fuU  weight  and 
at  about  fourteen  years  reaches  its  maximum.  This 
maximum  is  maintained  until  the  fifth  or  sixth  decade 
when  there  appears  a  slow  loss  in  weight,  which  con- 
tinues to  the  end  of  hfe.  From  birth  on  the  specific 
gravity  of  the  encephalon  increases.  This  is  accom- 
panied by  a  continuous  loss  in  the  percentage  of 
water.  This  loss  being  most  marked  during  the  pe- 
riod of  most  rapid  increase  in  brain  weight.  The 
changes  in  the  weight  of  the  encephalon  are  the  result 
of  changes  in  the  weight  of  its  constituent  elements. 
We  credit  ten  per  cent,  of  the  weight  to  non-nervous 
elements  and  ninety  per  cent,  to  the  constituent  neu- 
rones. The  number  of  neurones  is  estimated  at 
12,000  milhons — probablj-  an  underestimate.  .A.t 
birth,  cell  division  is  nearly  complete  except  in  the 
cerebellum.  According  to  the  foregoing  data  the 
average  increase  in  the  volume  of  a  neurone  between 
birth  and  maturity  is  .3.7,  while  the  mature  neurones 
are  on  the  average  l-l-l  times  more  voluminous  than 
the  neuroblasts  giving  rise  to  them.  A  very  consid- 
erable number  of  the  neurones  undergo  only  a  slight 
enlargement.  The  cell  bodies  of  the  neurones  form 
only  about  two  per  cent,  of  the  volume  of  the  enceph- 
alon. The  increase  in  the  weight  of  the  encephalon 
is  therefore  mainly  due  to  the  growth  of  the  axones 
and  in  this  growth  the  formation  of  the  medullary 
sheath  plays  an  important  part.  It  is  probable  that 
at  maturity  the  \olume  of  the  medullary  sheath  is 
equal  to  the  volume  of  the  axis  cylinder  which  it 
surrounds. 

At  birth  a  number  of  the  neurones  have  attained 
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approximately  their  mature  form  and  these  elements 
in  different  localities  have  in  many  cases  established 
functional  contiections  at  that  time.  Later  the 
various  groups  are  increased  in  size  by  the  slow 
maturing  of  elements  previously  immature.  The 
encephalon  thus  presents  at  birth  an  outline  or 
sketch  of  its  mature  structure  and  this  outline  is 
gradually  completed  and  filled  in.  This  latter 
process  occurs  during  the  period  of  rapid  growth,  and 
is  probably  modified  by  nutritive  conditions.  The 
growth  of  the  neurone  is  accompanied  by  an  enlarge- 
ment of  the  cytoplasm  greater  than  that  of  the 
nucleus,  by  the  formation  of  dendrites  and  the 
development  of  various  inclusions  witliin  the  cyto- 
plasm. This  process  tends  to  precede  the  growth 
of  the  a.xone  which  first  extends  to  the  final  termina- 
tion, then  develops  collaterals  and  its  medullary 
sheath  and  later  increases  in  diameter,  sheath  and 
axis  cylinder  growing  in  Uke  proportion.  In  general 
the  larger  neurones  receive  by  their  cell  bodies  a 
greater  number  of  terminals  which  bring  impulses  to 
them  and  are  connected  by  their  axones,  which  fend 
to  produce  many  terminals  and  make  connections 
with  a  larger  number  of  other  neurones.  Thus 
large  neurones  tend  to  make  more  connections  than 
small  neurones.  Large  neurones  are  the  basis  of  a 
coarse  structure,  sniaU  neurones  of  a  fine  one.  The 
final  phase  of  structural  growth  seems  to  involve  the 
formation  of  the  maximum  number  of  connections 
between  all  the  constituent  neurones,  a  process 
hardlv  affecting  gross  weight  but  fundamental  to  the 
highest  physiological  efficiency.  With  the  approach 
of  senescence,  the  encephalon  loses  weight  and  the 
neurones  become  smaller.  The  ceU  bodies  shrink, 
lose  in  the  proportion  of  the  living  substance  in  them 
and  become  loaded  with  inclusions  not  useful  for 
nutritional  purposes,  while  the  medullated  axones 
decrease  in  diameter.  Some  few  cells  may  die  and 
the  connections  between  the  cells  be  more  or  less 
interrupted,  thus  producing  the  phj-siological  status 
characteristic  of  old  age. 

Henry  Herbert  Donaldson. 
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Brain,  Hemorrhage  into  the. — See  Cerebral  Hemor- 
rhage. 

Brain,  Hernia  of  the. — See  Cephalocele. 

Brain,  Histology  of  the. — See  under  Brain,  Anatomy 
of  the. 

Brain,  Hyperemia  of  the. — See  Brain,  Circulatory 

Disturbances  in  the. 

Brain,  Inflammation  of  the. — See  Encephalitis. 

Brain,    Inflammation    of    the    Membranes. — See 

Meningitis. 

Brain,  .Malformations. — See  under  Teratology. 

Brain :  Alidbrain  Diseases.- — For  practical  purposes, 
diseases  of  the  midbrain  may  be  grouped  into  three 
fairly  distinct  syndromes.  These  are  due  to  the  in- 
volvement of  the  crura,  the  tegmentum,  and  the 
corpora  quadrigemina  respectivelj'.  In  actual  prac- 
tice, one  finds  that  lesions  are  rarely  strictly  con- 
fined within  these  anatomical  limitations,  but  when 
more  or  less  clearly  delimited,  the  syndromes  are 
fairly  characteristic. 

The  midbrain  contains  all  the  motor  and  sensory 
pathwaj-s,  as  well  as  a  number  of  special  centers. 
Therefore,  one  expects  to  find  marked  involvement 
of  the  motor  or  sensory  tracts  in  association  with 
implication  of  these  special  centers.  A  longitudinal 
section  of  the  brain  stem  shows  the  limitation  of  this 
midbrain  area  to  be  bounded  caudad  by  the  front 
edge  of  the  pons,  and  cephalad  by  the  upper  border 
of  the  anterior  corpora  quadrigemina.  The  aqueduct 
of  Sj'hius  penetrates  its  entire  length  in  its  dorsal 
aspect.  On  cross-section  a  di\-ision  into  three  fairly 
weU-marked  areas  is  apparent;  the  cerebral  peduncles 
below,  divided  by  the  substantia  nigra  into  the  crura 
below  and  the  tegmentum  above,  and  the  anterior 
and  posterior  corpora  quadrigemina.  Still  further 
above  it  contains  two  paired  structures,  the  red 
nuclei.  Its  chief  nuclear  structures  then  are  the  an- 
terior and  posterior  corpora  quadrigemina,  the  red 
nuclei,  the  nuclei  of  the  third  and  fourth  nerves,  the 
central  gray  nuclei,  the  small  nuclei  of  the  fifth  nerve, 
the  nuclei  of  the  posterior  commissure,  and  of  the 
posterior  longitudinal  bundles,  and  the  nuclei  of  the 
substantia  nigra.  On  its  upper  border,  it  is  in  close 
relation  with  the  thalamus,  and  the  median  and 
lateral  geniculate  bodies. 

Syndrome  of  the  Crcr.y  Cerebri. — The  crura 
consist  essentially  of  the  long  motor  pathways,  which 
run  on  the  ventral  surface  of  the  midbrain;  these  are 
chiefly  the  corticopontine,  and  the  corticospinal  or 
pj'rarnidal  tracts.  This  part  of  the  midbrain,  or  the 
brain  stem,  is  injured  frequently  as  the  result  of 
hemorrhages  or  softenings,  or  by  tumors  growing 
within  the  mid-brain  itself,  from  the  skull,  or  from 
the  meninges.  Cerebrospinal  syphilis  with  gummata 
is  not  an  infrequent  cause  of  the  production  of  this 
syndrome  of  the  crura  cerebri.  This  syndrome  is 
also  known  as  the  Weber  (Guebler- Weber)  or  superior 
alternate  hemiplegia  syndrome.  When  due  to 
hemorrhage  or  tnrombosis  the  chief  arteries  involved 
are  the  posterior  cerebral,  from  which  a  number  of 
branches,  caUed  by  Dastros  the  internal  peduncular, 
are  given  off.  These  internal  peduncular  branches 
enter    the    internal    portion    of    the    peduncles,    but 
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rarely  pass  bej'ond  the  substantia  nigra.  The  anterior 
external  peduncular  arteries  also  supply  the  cerebral 
peduncles,  and  go  as  high  up  as  the  thalamus. 

The  Weber  syndrome  is  a  crossed  paralysis,  con- 
sisting of  an  oculomotor  nerve  palsy,  with  a  .spastic 
Ealsy,  a  hemiplegia,  of  the  entire  opposite  side  of  the 
ody,  usually  including  the  face.  The  size  and  the 
site  of  the  lesion  will  determine  in  large  part  the  in- 
tensity as  well  as  the  extensity  of  the  symptoms,  the 
more  complete  oculomotor  palsies  developing  after 
the  fibers  are  collected  in  the  interpeduncular  space. 
Involvement  of  the  nuclei  shows  less  complete  oculo- 
motor signs. 

These  patients  will  usually  show  an  initial  apoplec- 
tiform attack,  often  rendering  them  comatose. 
After  a  few  days  they  recover  without  signs  of  in- 
coherency  or  confabulation.  On  clearing  up  it  will 
be  found  that  these  patients  will  show  ptosis,  with 
dilated  pupil,  external,  upward  or  downward  squint 
of  one  eye,  with  signs  of  a  spastic  paralysis  on  the 
opposite  side,  often  including  the  face.  It  not 
infrequently  happens  that  more  than  one  lesion  will 
bring  about  a  Weber  syndrome,  in  which  case  the 
history  of  the  development  of  the  ej'e  signs  in  time 
relationship  to  that  of  the  hemiplegia  is  of  a  great 
deal  of  importance. 

Treatment. — In  the  great  majority  of  cases  the 
Weber  syndrome,  or  superior  alternate  hemiplegia, 
is  due  to  syphilis:  either  syphilitic  arteritis,  with 
embolism,  or  thrombosis,  or  to  a  gummatous  meningi- 
tis at  the  base.  Treatment  is,  therefore,  for  syphilis 
of  the  brain,  for  which  consult  the  article  on  that 
subject. 

Syndromes  op  the  Tegmentum. — Here  the  cere- 
bral topography  becomes  more  complicated,  and  a 
wider  symptomatology  is  to  be  expected.  A  greater 
number  of  centers  or  paths  are  contained  within 
the  tegmentum;  furthermore,  this  region  is  more 
apt  to  be  involved  by  small  tumors,  notably  those 
of  tuberculosis;  glioma  and  hemorrhagic  softenings 
are  not  infrequent.  Lesions  in  this  region  may  pro- 
duce hemiparesis  of  the  opposite  side;  especially  if  the 
involvement  is  deep  and  the  fibers  of  4he  crura  are 
implicated.  Sensory  involvement  on  the  isolateral 
side  of  the  body  is  the  rule,  and  here  one  finds  a  not 
infrequent  variation  in  that  the  sensibility  in  the  face 
is  often  much  more  markedly  affected  than  that  in 
the  trunk  or  extremities.  This  is  largelj'  due  to  the 
fact  that  the  trigeminal  neuron  runs  separate  from  the 
main  tract  of  the  fiUet.  When  the  sensibility  is 
involved  after  midbrain  lesions  it  is  apt  to  be  in- 
volved in  all  of  its  qualities.  This  is  often  very 
characteristic  of  midbrain  diseases. 

Hemiataxia  is  a  very  characteristic  and  valuable 
locahzing  sign.  It  usually  consists  of  unilateral, 
spontaneous  movements,  often  closely  resembling 
those  of  paralysis  agitans,  again  partaking  of  the 
nature  of  an  intention  tremor  so  frequently  obser\'ed 
in  multiple  sclerosis.  The  particular  type  of  tremor 
will  depend  largely  upon  the  exact  location  of  the 
lesion.  This  hemiataxia  is  largely  due  to  sensory 
disturbances  and  apparently  is  a  result  of  implication 
of  the  cerebrorubrothalamic  fibers.  It  is  usually 
homolateral  to  the  lesion  on  the  side  opposite  to  the 
hemiparesis.  If  the  lesion  reaches  out  into  the  supe- 
rior peduncles,  the  intention  quality  of  the  tremor 
increases. 

In  lesions  in  this  region  a  special  syndrome  also 
(the  Benedict  syndrome,  g.v.)  has  been  described.  It 
consists  essentially  of  a  third  nerve  palsy,  with  a 
tremor  on  the  opposite  side.  This  in  a  certain  sense 
resembles  the  Weber  syndrome,  but  a  tremor  takes 
the  place  of  the  hemiparesis.  This  unilateral  tremor 
partakes  of  the  nature  of  paralysis  agitans.  Its  rate 
is  about  three  to  five  oscillations  a  second.  It  is 
uncontrollable,  and  very  frequently  has  an  intention 
quality;  not  infrequently  the  tremor  may  be  partially 
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choreiform,  or  partiallj'  athetoid.  The  trend  of  the 
tremor  will  depend  upon  the  location  of  the  lesion, 
and  although  it  cannot  be  said  that  the  exact  me- 
chanism has  been  thoroughly  worked  out,  enough 
evidence  is  at  hand  to  show  that  any  involvement 
either  of  the  superior  cerebellar  peduncle,  the  red 
nucleus,  or  the  rubrospinal  tract  will  induce  tremors 
of  this  nature,  independent  of  any  lesion  whatever  of 
the  pyramidal  tract,  which  latter,  according  to  the 
behef  of  Charcot,  was  invariably  involved.  There- 
fore, if  the  superior  cerebellar  peduncles  are  affected 
before  their  decussation,  the  tremor  is  usually 
on  the  side  of  the  lesion  and  of  the  athetoid  tj^pe. 
If  the  lesion  lies  above  the  decussation,  or  involves 
the  red  nucleus  itself,  it  is  on  the  opposite  side,  and  is 
of  the  choreiform  or  paralysis  agitans  variety.  If 
the  rubrospinal  tract  is  involved  after  the  decussation 
the  tremor  again  becomes  homolateral.  It  cannot 
be  said  as  yet  that  one  can  be  too  positive  as  to  the 
correlations  between  localization  and  the  quality  of 
the  tremor.  This  is  one  of  the  most  interesting  fields 
for  research  in  lesions  of  midbrain  structures.  Hyper- 
tonicity  of  the  muscles  is  a  frequent  sign.  We  there- 
fore find  that  lesions  of  this  region  not  infrequently 
bring  about  a  syndrome  clo.sely  resembling  paralysis 
agitans,  with  hypertonicity  and  mask-like  features. 
The  ophthalmoplegias  are  also  common  focal 
signs  of  midbrain  lesions.  The  third  nerve  is  most 
frequently  involved,  and  gives  rise  to  ptosis  with 
various  forms  of  strabismus.  Lesions  of  the  teg- 
mentum  proper  rarely   include   the   intrinsic   ocular 


Fig.  1030. — Tumor  of  the  Pineal  Gland  Pressing  upon  the  Corpora 
Quadrigemina,  causing  the  pineal  syndrome. 

muscles.  If  the  lesion  lies  pretty  well  back,  the 
superior  oblique  may  be  paralj'zed.  Conjugate 
palsies  are  not  infrequent  in  lesions  of  this  region. 
Most  frequent  of  these  is  that  of  loss  of  the  upward 
movement  of  both  eyes.  Lateral  movement  con- 
jugate palsies  occasionally  occur,  from  interruption 
of  the  pathways  of  the  posterior  longitudinal  bundle. 

Pseudobulbar  palsy  may  also  take  place  from  lesions 
of  the  tegmentum.  This  is  rarelj'  complete,  and  is  in 
large  part  due  to  the  involvement  of  the  pyramidal 
fibers  in  the  tegmentum  near  the  raphe.  Here  the 
facial  muscles  become  weak,  there  is  spasticity  and  a 
tendency  to  excessive  emotional  display.  Swallow- 
ing is  difficult,  the  tongue  being  weak,  and  spasticity 
produces  indistinct  or  even  dysarthric  speech. 

Syphilis  is  also  an  important  factor  in  diseases  in 
this  region,  and  a  Wassermann  reaction  should  be 
taken  in  all  cases  showing  these  symptoms. 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Brain,  Phfslolon'  of 


Rarely  one  finds  in  anterior  poliomyelitis  the  oc- 
currence of  these  rarer  midbrain  lesions.  Certain 
of  the  early  forms  of  non-progressive,  so-railed 
paralysis  agitans,  for  instanee,  are  in  reality  forms  of 
poliomyelitis  which  have  left  premanenl  lesions  in  the 
midbrain. 

Corpora  Quadrioeminai.  Syndromes. — Ix;sions 
of  the  corpora  quadrigemina  bring  abont  a  syndrome 
often  called  Nothnagel's  syndrome.  Here  the  most 
characteristic  pathological  agents  are  tumors,  either 
of  the  corpora  quadrigemina  them.selvcs,  or  of  the 
pineal  body.  When  the  roof  of  the  midbrain  is 
involved,  there  is  usually  headache  and  vomiting 
from  increased  intracerebral  pressure.  Optic  neuritis 
often  develops.  Dizziness,  staggering,  and  rolling 
gait,  with  irregular  forms  of  oculomotor  palsy  are 
present.  Tiie  conjugate  vertical  movements  of  the 
eyej'are  frequentlj'  involved,  and  not  infrequently 
there  is  nystagmus.  The  pupils  are  usually  widely 
dilated,  or  show  anomalous  reactions  to  light  and 
accommodation.  Hearing  is  modified  if  the  posterior 
quadrageminal  bodies  are  involved.  Tumors  of  the 
pineal  body  (See  Pineal  Syndrome)  offer  special  fea- 
tures for  consideration.  These  have  been  studied 
particularly  by  Bailey  and  Jelliffe,  and  consist  of  (1) 
general  symptoms  of  intracerebral  pressure,  (2)  oculo- 
motor palsies  with  disturbed  pupillary  reactions  and 
other  signs  of  involvement  of  the  corpora  quadri- 
gemina, and  (3)  metabolic  symptoms,  due  either  to 
the  disturbed  pineal  itself,  or  to  infundibular  hydrops 
and  pressure  upon  the  pituitarj'.  The  metabolic 
sj'mptoms  are  interesting,  often  consisting  of  adi- 
posity, sexual  precocity,  with  premature  development 
of  the  sexual  characteristics,  and  occasionally  cacliexia. 
Lesions  anterior  to  the  midbrain  involving  the  thal- 
amus give  a  special  symptomatology  which  will  be 
discussed  in  a  later  volume  under  the  head  of  Thalamic 
Syndrome.  Smith  Ely  Jelliffe. 


Brain,  Physiology  of  the. — Functions  of  the 
Brain. — A  relation  between  the  brain  and  mental 
processes,  sensations,  and  the  production  of  voluntary 
movements,  has  been  believed,  at  various  times,  for 
centuries.  Scientific  acceptance  of  a  relationship 
between  the  brain  as  a  whole,  or  its  parts,  and  certain 
mental  processes  is,  however,  cjuite  recent.  Dis- 
regarding philosophical  .speculation,  which  may  lead, 
and  which  often  does  lead,  to  inconclusive  judgments, 
we  may  admit  that  there  is  a  definite  relation  between 
the  activities  of  the  brain  and  those  activities  which 
are  called  mental  phenomena,  or  w-hich  are  very 
generally  grouped  together  under  the  general  term 
"mind."  Speaking  in  terms  which  are  not  scien- 
tifically exact  we  often  say  that  the  brain  is  the 
"seat  of  the  mind."  From  time  to  time  many  views 
have  been  put  forth  disputing  this  relation,  and  there 
have  been  advocates  of  the  localization  of  particular 
mental  processes  in  other  special  parts  of  the  nervous 
system  and  even  in  other  parts  of  the  body.  The 
gues.ses  of  the  ancients  regarding  this  matter  have 
been  paralleled  in  recent  years  and  it  is  sufficient  to 
note  that  there  have  been  advocates  of  the  localiza- 
tion of  special  mental  proces.ses  in  parts  of  the  cerebel- 
lum, in  the  midbram,  and  even  in  the  muscles  of  the 
body. 

The  Principle  of  Cerebral  Localization. — Although  in 
some  quarters  it  is  tacitly  assumed  that  the  principle 
of  cerebral  localization  has  been  settled,  the  question  is 
periodically  discussed  and  an  examination  of  the  litera- 
ture makes  it  apparent  that  the  term  localization  is 
used  in  widely  different  senses.  To  oljviate  circum- 
locution in  the  description  of  mental-cerebral  relations 
expressions  are  often  used  which,  a  careful  analj'sis 
shows,  are  not  entirely  warranted  by  the  facts,  and 
which  very  often  lead  others,  if  not  the  writer,  to 
draw  absurd  conclusions  and  illegitimate  theoretical 


inter[)retations.      Becau.se  of  this,  it  is  important  that 
the  meaning  of  the  term  localization  be  considered. 

That  (he  cortex  may  he  divided  into  a  number  of 
areas  which  have  sp(!cial  histological  characteristics 
is  a  well-established  fact.  That  some  of  thi'.so  areas 
are  known  to  be  associated  in  a  general  way  with 
certain  motor  and  sen.sory  proces.ses  is  al.so  admitted, 
since  it  is  recognized  that  destructions  of  special  areas 
are  accompanied  by  defects  of  movement  and  of 
sensation.  It  not  has  been  established,  however,  that 
the  mental  (sensory,  etc.)  changes  accompanying 
cortical  destructions  differ  fropi  tho.se  accompanying 
subcortical  destructions.  The  best  evidence  that 
has  been  found  for  the  a.ssocialion  of  particular  mental 
processes  with  separate  parts  of  tne  brain  is  that 
obtained  from  the  study  of  aphasic  patients,  but  the 
facts  do  not  warrant  the  conclusions.  What  is 
observed  in  these  patients  are  losses  of  the  ability  to 
articulate,  or  to  understand,  but  many  clinicians 
suppo.se  additional  psychic  alterations,  e.g.  in  motor 
apliasia,  the  loss  of  motor  images  of  articulation,  the 
loss  of  kinesthetic  memories,  etc.  These  suppositions 
have  been  accurately  characterized  by  Morton  Prince 
as  metaphysical  psychology,  for  they  are  gratuitous 
assumptions  without  a  basis  in  fact. 

It  would  take  too  much  space  to  deal  with  other 
similar  suppositions  which  have  been  made  the  basis 
of  broad  generalizations  regarding  mental  and  cere- 
bral relations,  but  although  facts  are  wanting  to 
enable  us  to  conclude  that  .special  parts  of  the  brain 
are  used  for  special  mental  states,  convenience  de- 
mands the  use  of  terms  which  critically  may  be 
believed  to  contain  this  conclusion.  The  reader  is, 
however,  warned  not  to  understand  the  expressions 
as  interpretations  of  mental  experiences,  but  solely 
as  convenient  methods  of  stating  certain  clinical  facts. 

Historical. — We  owe  to  Gall  and  Spurzheim  the 
greatest  impetus  which  W'as  given  to  the  study  of  the 
functions  of  the  brain.  Apart  from  the  vagaries  of 
phrenology,  there  was  accumulated  by  Gall  a  mass 
of  information  regarding  the  structure  of  the  nervous 
system,  and  certain  functional  ob.servations  on  man 
and  animals  which  are  of  great  value.  In  their 
attempt  at  the  localization  of  mental  processes  in 
the  cerebrum,  the  attitude  of  the  founders  of  physi- 
ognomy and  phrenology  was  not  very  different  from 
that  of  many  to-day,  for  they  averred  "  there  are  as 
many  different  .systems  (in  the  brain  and  other  parts 
of  the  central  nervous  system)  as  there  are  different 
functions."  Following  Gall  and  Spurzheim,  there 
was  much  discussion,  and  the  actual  localization  of 
different  functions  in  parts  of  the  cerebrum  was 
di-sputed  by  the  most  eminent  physiologists  and 
clinicians.  Flourens,  in  the  interpretation  of  his  own 
numerous  experiments  and  because  of  the  results  of 
other  investigators,  asserted  that  the  cerebrum  acted 
as  a  whole  in  all  mental  operation,  that  there  was  no 
special  cerebral  location  for  a  particular  mental  func- 
tion, and  that  under  certain  conditions  even  small 
parts  of  the  brain  could  function  for  the  whole.  It 
was  not  until  many  facts  had  been  accumulated 
through  the  work  of  a  number  of  French  clinicians, 
especially  Lallemand,  Parchappe,  and  BouUlaud,  that 
the  evidence  became  more  conclusive  that  parts  of 
the  brain  could  act  independently,  or  apparently 
partly  so,  of  other  parts.  Lallemand  and  Bouillaud 
found  that  paralysis,  the  inability  to  move  muscles 
voluntarily,  was  sometimes  accompanied  by  destruc- 
tion of  the  cerebrum,  and  they  concluded  that  the 
part  which  was  destroyed  w-as  that  commonly  used 
in  the  production  of  voluntary  movement.  Lalle- 
mand furthermore  observed  the  fact  that  the  destruc- 
tion of  one  part,  or  of  limited  parts  of  the  cerebrum 
produced  paralysis  or  anesthesia,  and  because  of  the 
rather  general  association  of  paralysis  with  anesthesia 
he  was  led  to  conclude  that  "  the  sensations  are  per- 
ceived by  the  same  portions  of  the  brain  that  provoke 
muscular    contractions,    because    in    their    cerebral 
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affections  the  same  parts  are  deprived  of  movement 
and  feeling."  This  view  corresponds  rather  closely 
with  the  view  expressed  in  more  recent  times,  that, 
surrounding  the  central  fissure,  there  is  a  sensorimotor 
area  for  the  control  of  the  body  muscles,  a  view  which 
has  now  lost  most  of  its  adherents.  The  startling 
announcement  by  Broca  in  1861  that  special  lesions 
in  the  brain  produced  disturbances  of  speech,  without 
affecting  sensation  and  movement,  was  the  greatest 
single  contribution  to  the  definite  doctrine  of  the  locali- 
zation of  special  functions  in  special  parts.  Although 
we  now  know  the  observations  of  Broca  were  not 
exact,  they  were  sufficiently  well  confirmed  in  subse- 
quent j-ears  to  warrant  their  general  acceptance. 

A  decade  later  came  the  classical  account  bj^  Fritsch 
and  Hitzig  of  the  results  accompanying  the  stimula- 
tion of  parts  of  the  cortex  in  the  brain  of  a  dog.  In 
1S20,  Rolando^had  found  that  when  the  wires  from  a 
voltaic  ceU  were  connected  with  parts  of  the  brain, 
both  in  birds  and  mammal.?,  movements  were  pro- 
duced, and  the  contractions  resulting  from  these 
stimulations  were  found  by  him  to  be  more  violent, 
or  greater,  when  the  cerebellum  was  stimulated. 
Other  investigators  were  apparenth'  unable  to  obtain 
results  similar  to  those  of  Rolando,  and  it  was  not 
until  fifty  years  later  that  the  results  of  the  stimula- 
tion of  the  cerebral  cortex  were  widely  accepted  as 
facts.  In  the  meantime,  however,  Meynert  by  his 
anatomical  work  had  indicated  plainly  that  there  was 
great  probability  that  the  anterior  portion  of  the  brain 
was  connected  with  the  function  of  movement,  and 
the  posterior  portion  with  sensorj'  functions. 

It  was  mainly  due  to  the  first  publications  of  Broca 
and  of  Fritsch  and  Hitzig  that  the  attention  of  clini- 
cians and  phj'siologists  was  again  directed  to  the 
brain,  and  to  these  early  investigations  there  have 
been  added  during  the  past  half  century  numerous 
observations  which  are  important  for  the  understand- 
ing of  brain  function.  Since  these  observations  have 
been  made  on  both  animals  and  man,  it  is  important 
for  a  proper  appreciation  of  the  value  of  the  results  to 
become  acquainted  with  the  methods  of  investigation. 

General  Physiology. — Methods  of  Investigation. 
— In  general  our  most  valued  method  is  that  of  com- 
bining the  clinical  observations  of  patients  following 
accidents  to  or  disease  of  different  parts  of  the  nervous 
system,  and  the  examination  of  the  brain  following 
death.  Careful  observations  of  this  character  are 
most  important  since  because  of  the  function  of 
speech  more  direct  information  of  the  presence  or 
absence  of  perceptions  and  other  mental  states  may 
be  obtained  than  in  animals.  It  is  also  possible  to 
determine  the  capacity  for  voluntary  movements, 
regarding  which  in  animals  information  may  be  ob- 
tained only  indirectly.  Since,  however,  accidental 
destructions  and  degenerations  of  parts  due  to  cir- 
culatory disturbances  usually  include  two  or  more 
areas  which  the  histologists  show  to  be  different  in 
structure,  there  is  a  debit  against  the  advantage,  in 
that  few  cases  have  been  observed  in  which  the  lesion 
is  sufficiently  well  circumscribed,  and  it  is,  therefore, 
impossible  to  correlate  individual  functions  with  the 
physiological  activity  of  one  area. 

For  the  understanding  of  the  brain  of  man,  which 
is  the  most  complex  of  nervous  structures,  investi- 
gations have  been  made  of  the  simpler  nervous 
systems  in  animals.  These  investigations  have  been 
of  great  value,  for  we  may  produce  well-limited  in- 
juries or  destructions  of  special  parts,  and  we  may 
then  observe  the  phenomena  accompanying  these 
experimental  procedures.  We  are  then  enabled  to 
acquire  information  regarding  certain  points  which 
could  not  be  obtained  for  many  years  should  we  wait  for 
similar  conditions  to  occur  in  the  human  brain.  In  the 
hands  of  the  earlier  investigators  this  method  was  not 
successful,  on  account  of  the  failure  to  take  the  modern 
precautions  of  aseptic  surgery,  but  in  recent  years 
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infection  of  operated  parts  in  animals  has  been  pre- 
vented and  the  spread  of  inflammation  to  surrounding 
areas  is  now  uncommon.  One  great  disadvantage  in 
animal  experimentation  is  the  comparative  simplicity 
of  cerebral  structure  as  compared  with  the  complexity 
of  structure  in  the  human  organism.  Another  dis- 
advantage is  that  the  lack  of  the  speech  function 
prevents  the  acquirement  of  direct  knowledge  re- 
garding such  conditions  as  h5'poesthesia  or  hyper- 
esthesia, and  regarding  the  mental  states  which  an 
animal  may  ha\-e.  Tliis  information  may  be  ob- 
tained only  indirectly  by  observing  their  actions.  A 
method  which  was  instituted  by  Franz  in  1902  helps 
to  obviate  this  difficulty.  This  consists  in  the  careful 
observation  and  training  of  the  animal  previous  to 
the  operation,  and  the  comparison  of  its  activities  ' 
before  and  after  the  experimental  extirpations.  It 
is  known  that  animals  may  be  taught  sensorimotor 
habits,  and  it  has  been  shown  that  these  have  been 
lost  after  the  extirpations  of  certain  parts  of  the  brain. 
If  appropriate  selections  of  the  sensory  and  motor 
elements  of  the  habits  are  made  it  becomes  possible 
to  investigate  the  sensory,  motor,  and  associational 
functions  of  the  brain,  and  results  maj'  be  obtained 
which  are  less  open  to  question  than  the  general 
observations  which  earlier  investigators  made,  and 
which  often  led  to  violent  controversies,  such  as  that 
between  Goltz  and  ilunk. 

In  addition  to  the  method  of  extirpation,  the 
method  of  stimulation  is  most  valuable,  and  only  by 
the  combination  of  results  obtained  by  both  methods 
is  it  possible  to  interpret  function  properly.  For  the 
investigation  of  the  relation  of  the  brain  to  the  mus- 
cles, however,  the  method  of  electrical  stimulation 
gives  finer  results  than  that  of  extirpation.  Many 
years  ago  investigators  attempted  to  stimulate  the 
cerebral  cortex  in  animals,  but  failed  to  find  any 
reaction  following  the  application  of  such  stimuli. 
Rolando  discovered  that  the  electrical  stimulation  of 
the  cerebrum,  and  especially  of  the  cerebellum,  was 
accompanied  by  movements  of  different  parts,  and 
because  the  movements  from  cerebellar  stimulation 
were  more  violent,  concluded  that  the  cerebellum 
was  the  place  of  origin  of  the  impulses  resulting  in 
movement.  It  remained,  however,  for  Fritsch  and 
Hitzig  to  demonstrate  the  value  of  this  method  in 
relation  to  the  cerebral  cortex,  and  this  discovery 
was  probably  due  partly  to  the  fact  that  the}-  stimu- 
lated the  anterior  part  of  the  brain,  while  many  pre- 
vious investigators  who  disputed  the  electrical  ex- 
citability of  that  organ,  stimulated  the  posterior 
portions.  Since  the  discovery  of  the  electrical  ex- 
citability of  the  brain,  numerous  experiments  have 
been  made  on  many  animals,  and  those  on  the  mon- 
keys and  higher  apes  are  of  very  great  value.  In 
addition,    in   surgical   operations   on   man   in   which 

Earts  of  the  skull  have  been  removed,  opportunities 
ave  been  taken  to  stimulate  dififerent  parts  of  the 
cerebral  cortex,  and  to  note  the  movements  accom- 
panying this  stimulation. 

Stimulation  of  parts  of  the  brain  other  than  the 
so-called  motor  cortex,  although  sometimes  pro- 
ducing movement,  has  given  very  little  information 
regarding  the  functions  of  these  other  parts.  We 
have,  however,  a  few  observations  on  man,  giving  the 
results  of  stimulation  of  parts  of  the  brain  other  than 
the  motor  regions,  and  the  facts  which  have  been 
obtained  are  of  very  great  importance. 

A  few  investigations  have  been  made  in  which  the 
effects  of  distant  stimuli  upon  the  electromotive  state 
of  the  cerebrum  have  been  determined.  Gotch,  for 
example,  found  an  electric  variation  in  the  occipital 
lobes  when  the  eyes  were  stimulated  by  iight,  but  this 
method  is  so  delicate  and  the  results  affected  by  so 
many  external  Influences  that  it  has  not  been  exten- 
sively employed.  It  has  probably  not  added  to  our 
knowledge  of  cerebral  connection,  although  it  would 
appear  capable  of  development  and  of  future  value. 
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Joined  with  tlic  method  of  observation  of  the  activi- 
ties of  a  man  or  of  an  animal  following  destruction  of 
certain  areas  is  that  of  tlie  investigation  by  micro- 
scopical methods  of  the  parts  w  liich  have  been  affected. 
It  has  been  shown  that  following  the  destruction  of  a 
part  of  the  brain,  however  circumscribed  this  may  be, 
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Fig.  1031. — Histological  (Cytoarchitcctonic  and  Myeloarchitectonic)  Differentiation  of  Cortical 
Areas  on  the  Convexity  of  the  Human  Cerebrum.      (After  Campbell.) 


degeneration  of  other  parts  takes  place.  Thus  the 
destruction  of  the  precentral  cortex  is  known  to  be 
associated  with  or  to  be  followed  by  degeneration  of 
certain  fibers  in  the  corona  radiata,  the  internal 
capsule  and  the  spinal  cord.  This  method  of  histo- 
pathology  enables  us  to  trace  those  parts  of  the  nerv- 
ous system  which  are  closely  connected  anatomic- 
ally, and  from  the  observations  we 
may  deduce  conclusions  regarding  the 
functions  of  those  parts. 

Examinations  of  the  brains  of  em- 
bryos and  young  children  have  also 
been  utilized  for  the  solution  of  cer- 
tain problems  (myelogenetic  method). 
Flecnsig  was  able  to  show  that  parts 
of  the  cerebrum  reached  their  com- 
plete development  at  different  times, 
and  with  these  periods  of  develop- 
ment he  associated  certain  physio- 
logical phenomena,  such  as  those  of 
the  control  of  movement  and^the 
development  of  sensation  ability. 

More  recently  the  careful  histologi-    vuuo- 
cal  studies  of  adult  brains  have  given  P^''"' 
us  information  regarding  the  differ- 
ences of  parts  which  from  macroscop- 
ical  appearances  had  been  believed 
to  be  similar.     Kaes,  Ramon  y  Cajal, 
Campbell,    Brodmann,    Bolton,   and 
others  have  found  that  parts  of  the 
brain   which  have  a  similar  appear- 
ance to  the  unaided  eye   have   cer- 
tain histological  characteristics  which 
make    it    possible     to     differentiate 
about  fifty  different  types  of  struc- 
tural arrangement  of  cells  and  fibers. 
(Figs.  1031-1034).    The  older  anato- 
mists, it  will  be  remembered,  divided  the  cortex  of 
the   brain   into   a   number  of  different  parts,   which 
were  separated  by  fissures,  but  becau.se  of  the  recent 
histological  studies  these  divisions  are  now  recognized 
to  be  artificial  and  inexact.     Because  of  the  differences 
and  the  similarities  in  the  arrangement  of  cells  (cyto- 


architcctonic) and  of  fibers  (myeloarchitectonic)  there 
have  lieen  assumptions  of  differenres  and  similarities 
of  function  which  have  little  warrant.  The  use  of  this 
method  in  association  with  the  clinical  observations 
of  animals  and  man  and  with  the  determination  of 
the  paths  of  degeneration  does,  however,  bid  fair  to 
bring  about  a  much  more  inti- 
mate knowledge  of  cerebral 
function.  Although  the  loca- 
tion of  the  fields  which  have 
bt^en  ditfcrcntiated  by  the 
myelogenetic  method  and  by 
the  myelo-  and  cytoarchi- 
techtonio  method  differ,  there 
are  striking  similarities  and 
sufficient  correspondence  to 
warrant  belief  in  their  mutual 
importance. 

Irrilabilily  of  the  Cerebral 
Cells  and  Fibers. — There  has 
been  much  discussion  whether 
or  not  the  effects  produced  by 
electrical,  chemical,  and  me- 
chanical stimuli  are  due  to  the 
action  of  these  agents  upon 
the  cortical  cells  or  upon  the 
fibers.  Some  have  disputed 
the  direct  excitability  of  the 
cells  and  have  contended  that 
the  fibers  coming  from  the 
cells  are  alone  affected  when- 
ever experimental  stimulation 
is  resorted  to.  On  account  of 
the  close  association  of  cells 
and  fibers  in  the  cortex,  there 
being  both  cortical  cells  and  cortical  fibers,  and 
because  of  the  impossibility  of  dissociating  these  two 
elements,  the  matter  is  probably  bej'ond  definite  ex- 
perimental determination.  There  are,  however,  suffi- 
cient facts  to  warrant  the  belief  in  the  stimulability 
of  the  cells  when  the  cortex  is  stimulated  directly 
by   induction  shocks.     It  is  found  that  the  strength 


Fig.  1032.. — Histological  (Cytoarchitectonic  and  Myeloarchitectonic)  Differentiation  of 
Cortical  Areas  on  the  Mesial  Surface  of  the  Human  Cerebrum.     (After  Campbell.) 

of  stimulant  necessary  to  ])roduce  a  motor  response 
is  less  than  that  when  the  subadjacent  fibers  are 
stimulated.  This  is  to  be  interpreted  probably  as 
evidence  of  a  greater  irritability  of  the  cells.  How- 
ever, when  the  same  strength  of  stimulus  is  u.sed  for 
both   fibers   and    cells,    the   latent    period    following 


399 


Brain,  Phj-siology  of 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


cortical  stimulation  is  longer  than  when  the  fibers  are 
stimulated  directh'.  (Fig.  1036.)  This  indicates  that 
in  the  stimulation  of  the  cells  a  certain  amount  of 
time  has  been  consumed  in  the  transfer  or  the  con- 
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1033. — Histological  (Cytoarchitectonic  and  Myeloarchitectonic)  Differentiation  of 
Cortical  Areas  on  the  Convexity  of  the  Human  Brain.     (After  Brodmann.) 


duction  of  the  impulse  to  the  fibers  and  the  induction 
of  the  nervous  impulse  in  the  cells. 

Although  the  motor  fibers  have  an  irritability  less 
than  that  of  the  overlying  cortex,  the  irritability  of 
these  fibers  apparently  increases  as  they  pass  down- 
ward as  the  corona  radiata  to  make  the  internal 
capsule.  At  the  latter  place  the  irritability  of  the 
motor  fibers  approaches  that  of  the 
cortical  cells;  but  in  the  stimulation 
of  these  fibers,  it  should  be  noted, 
the  resultant  movements  are  much 
more  diffuse  than  those  obtained  by 
the  stimulation  of  corresponding  cor- 
tical areas. 

Numerous  experiments  have  shown 
that  the  excitability  of  the  cortex 
varies  according  to  a  number  of 
attending  conditions.  When  the 
blood  supply  is  shut  off  by  having 
the  two  vertebral  and  the  two  carotid 
arteries  ligated,  the  brain  soon  be- 
comes insensitive  to  stimulation. 
For  about  a  minute  after  the  stop- 
page of  the  blood  supply,  it  is  possi- 
ble to  obtain  muscular  reactions  upon 
the  stimulation  of  appropriate  re- 
gions of  the  cortex,  but  although  at 
first  the  movements  are  certain  and 
of  a  good  force,  they  soon  become 
uncertain  and  weak,  and  finally  no 
response  is  obtained.  In  this  case 
the  loss  of  irritability  has  been  ex- 
plained as  the  effect  of  lack  of  oxy- 
gen, rather  than  the  stoppage  of  food 
supply  or  an  accumulation  of  waste 
products,  for  the  same  result  may  be 
obtained  after  the  ligation  of  the 
trachea.  Strychnine,  which  has  a  marked  effect  upon 
the  cells  in  the  spinal  cord,  probably  does  not  produce 
any  lowering  of  the  stimulus  threshold  of  the  brain, 
although  because  of  its  action  on  the  cells  intercalated 
or  interposed  between  the  cerebral  motor  cells  and 


the  muscles,  it  dees  produce  a  greatly  increa.sed  move- 
ment. Absinthe,  in  spite  of  its  general  convulsive 
action  always  diminishes  the  cerebral  excitability. 
In  small  doses  alcohol  and  caffeine  slightly  increase 
the  excitability,  but  larger  doses  of 
these  poisons,  and  also  chloral,  chlor- 
oform, ether,  morphine,  and  potas- 
sium bromide,  reduce  the  irritabOity 
of  the  cerebral  cells.  Inflammatory 
conditions  of  the  brain,  on  the  other 
hand,  heighten  its  excitability. 

The  summation  effect  of  stimuli,  a 
condition  best  known  in  relation  to 
muscles,  is  also  found  when  the  cortex 
is  properly  stimulated.  If  single  in- 
duction shocks,  each  of  an  intensity 
less  than  that  which  produces  a 
motor  response,  are  applied  to  the 
motor  cortex  at  intervals  of  about 
thirty  seconds  a  slight  reaction  is 
obtained  after  a  few  stimuli,  and  if 
the  stimuli  are  continued,  the  reac- 
tions increase  in  intensity.  Follow- 
ing this  kind  of  stimulation  the 
muscles  return  to  their  normal  con- 
dition, sometimes,  however,  only 
after  passing  through  a  stage  of 
clonic  epileptiform  movements.  This 
phenomenon  is  of  special  interest  be- 
cause of  its  relation  to  the  hypothesis 
of  the  genesis  of  cortical  epilepsy. 

When  supraliminal  stimuli  are  ap- 
plied to  the  motor  cortex  at  a  slow 
rate,  let  us  say  one  per  second,  each 
stimulus  is  accompanied  by  its  own 
motor  response,  which  has  the  na- 
ture of  a  small  contraction.  When  the  stimuli  are 
rapidly  repeated,  the  innervated  muscles  respond 
with  a  tetaniform  contraction,  which  may  be  more 
or  less  complete  according  to  the  rapidity  of  the 
repeated  shocks.  If  the  stimuli  are  very  rapid,  one 
hundred  or  more  per  second,  the  muscles  respond 
— as  shown  by  the  contraction  curves,  by  the  muscle 


Fig.  1034. — Histological  (Cj-toarchitectonic  and  Myeloarchitectonic)  Differentiation 
of  Cortical  Areas  on  the  Mesial  Aspect  of  the  Human  Brain.     (After  Brodmann.) 

tone,  and  by  the  electrical  variations — by  contractions 
corresponding  to  a  rate  of  stimulation  from  ten  to 
fourteen  per  second.  The  more  rapid  stimulations 
to  the  cortex,  and  equally  so  to  the  fibers  of  the  corona 
radiata,   are   apparently   transformed   either  in   the 
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cortical  cells,  or  in  those  of  the  spinal  cord  to  the 
lower  rate.  A  similar  transformation  from  the  con- 
tinued stimuhilion  of  a  mechanical  character  has  been 
observed;  and  this  fact  also  is  interesting  in  relation 
to  the  production  of  epileptiform  convulsions  by 
pressure  upon  the  cortex. 

Some  investigators  have  doubted  the  possibility  of 
stimulation  of  the  brain  by  mechanical  means,  but 
sufficient  facts  have   been  gathered  to  warrant   the 


I"i<;.  1U35. — Tracings  of  Ibe  Contractions  of  ttie  Same  Muscle 
of  a  Dog  following  Stimulation  of  Different  Parts  of  the  Motor 
Tract.  (From  Schiifer.)  A,  Leg  center  in  the  cerebral  cortex;  B, 
corona  radiata  after  the  removal  of  the  motor  cortex;  C,  cut  spinal 
cord:  D,  cut  motor  nerve.  The  small  lines  at  the  base  of  each 
curve  show  the  stimulations:  the  longer  vertical  lines,  periods  of 
seconds.  Note  the  immediate  stoppage  of  the  contraction  after 
the  cessation  of  the  stimulation  of  the  cut  nerve,  and  the  gradual 
increased  after-effect  as  the  stimulation  is  given  to  the  higher 
centers  until  the  cortex  is  reached,  where  the  cessation  of  the 
stimulus  is  followed  by  epileptiform  movements.  All  curves  are 
to  be  read  from  left  to  right. 

belief.  Often  in  animals  during  almost  complete 
narcosis,  the  experimental  separation  by  a  knife  cut 
of  one  part  of  the  brain  from  the  remainder,  results 
in  movements.  This  effect  may  not  be  due  entirely 
or  primarily  to  the  mechanical  effect  of  the  section,  but 
may  also  be  due  to  the  resultant  hemorrhage  with  its 
mechanical  and  possible  chemical  effect.  The  cortical 
epilepsy  produced  by  neoplasms,  hemorrhages,  cysts, 
etc.,  also  shows  that  the  brain  may  be  stimulated  by 
such  mechanical  means  as  constant  pressures. 
Strychnine,  although  it  does  not  alter  to  any  great 
extent  the  electrical  excitability  of  the  brain,  in- 
creases the  irritability  to  mechanical  stimuli.  To 
such  an  extent  does  this  poison  affect  the  irritability, 
that  after  its  absorption  slight  touches  to  the  cortex 
may  result  in  convul.sions.  A  similar  increase  in 
cortical  irritability  to  mechanical  stimuli  has  been 
found  in  inflammatory  conditions  of  the  brain  and 
its  membranes. 

Latent  Period. — An  appreciable  amount  of  time 
exists  between  the  stimulation  of  the  cortex  and  that 
of  the  motor  regions.  The  average  time  between  the 
stimulation  and  the  resultant  movement  is  about 
0.04  second;  the  variations  being  from  0.02  to  0.075 
second.  Kichct  has  estimated  that  0.02  second  are 
taken  up  in  the  transmission  of  the  impulse  from  the 
point  of  stimulation  to  the  muscles,  and  in  the 
refractory  period  of  the  latter.  This  would  leave 
about  0.02  second  as  the  period  of  time  necessarj'  for 
the  action  of  the  stimulus  upon  the  nerve  cells,  and 
for  the  production  of  the  nervous  impulse. 

The  latent  period  varies  for  different  parts  of  the 
brain  and  under  different  conditions,  and  some  of  the 
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variations  which  have  boon  noted  above  may  have 
been  due  to  differences  in  the  amount  of  anesthesia, 
and  others  to  differences  in  tiio  location  of  the  stimuli. 
Schiifer  has  found  that  the  latent  period  for  move- 
ments of  the  eyes  resulting  from  occipital  (visual) 
stimulation  is  about  scventy-fivo  per  cent,  longer 
than  tliat  for  the  movement  resulting  from  the  stimu- 
lation of  the  precentral  (motor)  cortex,  and  that  a 
similar  difference  in  time  is  to  be  noted  in  a  compari- 
son of  the  latent  periods  following  the  stimulation  of 
the  temporal  and  the  precentral  areas.  It  may  be 
concluded  therefore,  that  although  movements  may 
be  produced  by  the  stimulation  of  cells  other  than 
those  in  the  precentral  region,  a  connection  between 
the  muscles  and  the  other  cortical  areas  is  not  as  direct 
as  between  the.se  muscles  and  the  corte.x  anterior  to 
the  fissure  of  Rolando. 

Temperature  nf  the  Brain. — Many  attempts  were 
made  to  measure  the  temperature  of  the  brain  indi- 
rectly by  applying  thermometers  to  the  outside  of 
the  skull,  but  the  results  of  these  experiments  are 
open  to  so  much  criticism  that  they  cannot  be  con- 
sidered in  any  strict  account  of  the  temperature 
changes  in  the  nervous  system.  Schiff  was  probably 
the  first  to  investigate  the  subject  carefully  by  apply- 
ing thermoelectric  elements  to  the  brain  itself,  and 
thus  was  able  to  measure  much  slighter  variations  in 
temperature  than  had  previous  investigators,  but 
he  did  not  measure  the  absolute  temperature  of  that 
organ.  Mosso  and  others  applied  thermometers 
directly  to  the  brain  of  animals  and  man,  and  found 
the  temperature  higher  than  that  in  the  rectum.  They 
also  found,  as  had  Schiff,  that  changes  in  nervous 
activity  were  accompanied  by  variations  in  the  tem- 
perature of  the  brain.  Great  mental  activity  was 
found  by  Mosso  to  be  accompanied  bv  an  increase  of 
0.2°  to  0.3°  C.  in  cere- 
bral temperature,  but 
Hill  and  Nabarro 
have  shown  that  dur- 
ing active  cerebral 
states,  such  as  those 
accompanying  an  epi- 
leptio  convulsion, 
there  is  no  apprecia- 
ble change  in  nervous 
metabolism.  It  is 
likely,  therefore,  that 
although  the  changes 
in  temperature  are 
easily  determinable, 
these  changes  are  due 
to  something  other 
than  the  oxidation  of 
cerebral  tissue,  and 
that  there  is  no  great 
amount  of  heat  pro- 
duced in  or  by  the 
nerve  tissues  during 
mental  activity.  The 
variations  in  blood 
supply  which  accom- 
pany cerebral  activ- 
ity are  sufficient  to 
explain  the  temper- 
ature changes,  and 
these  are  probably  the  determining  factors.  By  most 
careful  experiments  on  nerves,  Helmholtz  and  others 
were  unable  to  find  any  changes  in  temperature,  and 
it  may  be  concluded  that  the  results  of  all  experi- 
ments indicate  that  nervous  activity  in  itseff  does  not 
appreciably  alter  the  temperature  of  the  brain  or 
other  parts  of  the  nervous  system. 

Chemistry  of  the  Brain. — .although  the  chemical 
analysis  of  brain  tissue  has  not  furnished  any  infor- 
mation regarding  cerebral  function,  the  facts  are  of 
interest,  and  possibly  will  have  greater  importance 
when  this  topic  is  more  frequently  made  the  subject 
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Fig.  1036. — Latent  Periods  of  Move- 
ment Following  Excitation  of  {M) 
Cerebral  Cortex,  and  of  (.V)  Subja- 
cent Corona  Radiata  in  the  Dog.  In 
each  set  of  curves  upper  line  gives 
movement,  middle  line  time  intervals 
in  0.01  second,  and  the  lower  line  the 
time  of  stimulation.  (From  Schafer, 
after  Franyois-Franck  and  Pitres.) 


Brain,  Physiology  of 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


of  investigations  by  physiological  chemists.  The 
most  important  investigations  have  been  those  of 
Thudicum,  who  differentiated  numerous  complex 
substances,  of  most  of  which  the  exact  compositions 
are  stiU  open  to  question. 

The  watery  content  of  the  brain  is  large,  that  of  the 
whole  being  about  seventy-six  percent.,  of  the  cortex 
about  eight3-three  per  cent.,  and  of  the  white  matter 
about  seventy  per  cent.  (Koch).  In  the  young  child 
more  water  is  found,  being  about  eighty-eight  per 
cent,  of  the  whole  brain.  Other  differences  in  the 
composition  of  the  gray  and  white  substances  are 
found  as  is  indicated  in  the  following  table  of  Koch's 
analysis  of  an  adult  brain  which  weighed  1,670  grains. 


1 

Leci- 

Pro- 
teins. 

Extrac- 
tives. 

Ash. 

thins 

and 

cepha- 

Cere- 
brins. 

Li- 
poids. 

Cho- 

lester- 

in. 

Gray  sub- 

47.1 

9.5 

5.9 

23.7 

8.8 

0.1 

4.9 

stance. 

White  sub- 

27.1 

3.9 

2.4 

31.0 

16.6 

0.5 

IS. 5 

stance. 

Unlike  other  tissues,  e.g.  muscle,  the  chemical 
reaction  of  the  brain  does  not  change  to  acid  during 
activity,  but  this  maj'  be  due  to  the  slight  amount  of 
chemical  change  which  takes  place.  The  acid  reac- 
tion is  found  after  death  and  is  said  to  be  particularly 
rapidly  produced  in  the  gray  matter. 

lIo^TEMBXT. — The  fact  that  injuries  to  the  brain 
were  accompanied  by  paralyses  was  one  of  the  ear- 
liest facts  which  indicated  a  relation  between  the 
cerebrum  and  voluntarj'  movement.  The  definite 
relation  of  the  cerebral  cortex  to  the  production  of 


Fig.  1037. — Cortical  Motor  Areas  of  the  Dog's  Brain.  (From 
Stewart,  after  Hitzig.)  n.  Neck;  /.I.,  forelimb;  h.L,  hindlimb;  t, 
tail:  /,  face;  p,  dilation  of  pupil,  especially  of  opposite  eye;  e.m., 
eye  movements;  c.s.,  crucial  sulcus,  believed  to  be  the  homologue 
of  the  central  fissure  in  man  and  higher  animals.  Motor  areas 
indicated  unilaterally;  there  are  corresponding  areas  in  both  hemi- 
spheres. 

movement  may  be  said  to  have  been  recognized  when 
the  stimulabUitj'  of  this  part  was  established  by  the 
work  of  Fritsch  and  Hitzig.  It  was  found  that  upon 
stimulation  of  the  anterior  portion  of  the  dog's  brain, 
movements  of  the  neck  and  forelimbs  were  obtained. 
These  positive  results  led  to  extensive  investiga- 
tion of  the  excitable  areas  in  animal  brains,  and  to 
the  more  careful  clinical  and  pathological  examina- 
tion of  patients.     It  is  upon  the  combination  of  the 
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results  of  their  studies  that  our  present  conceptions 
are  founded. 

Although  the  early  experimenters  obtained  move- 
ments upon  stimulation  of  a  large  part  of  the  cerebral 
cortex,  subsequent  experiments  have  shown  that  the 
movements  in  man,  in  monkeys,  and  in  the  higher 
apes  are  obtained  onl}'  upon  stimulation  of  the  cortex 
anterior  to  the  fissure  of  Rolando.  The  results  of 
the  experiments  of  Grunbaum  and  Sherrington  have 
demonstrated  that  the  excitable  motor  area  for 
movements  of  the  body  lies  entirely  within  and 
anterior  to  the  fissure  of  Rolando,  and,  furthermore, 
they  demonstrate  that  the  movements  are  not  move- 
ments of  single  muscles,  but  movements  of  parts. 
They  distinguished,  as  had  not  been  done  previously, 
between  muscular  contraction  and  movement;  and 
they  showed  that  upon  the  stimulation  of  the  cortex 
single  muscles  were  not  activated,  but  that  groups  of 
muscles  were  made  to  function  in  such  a  waj'  that 
definite  movements  of  apparent  usefulness  were 
obtained.  From  their  experiments  on  this  point,  and 
this  has  also  been  confirmed  by  the  investigations  of 
the  Vogts,  it  must  be  concluded  that  there  is  no  rep- 
resentation in  the  cerebral  cortex  for  the  contraction 
of  individual  muscles;  but  that  there  is  only  a  repre- 
sentation for  movements.  These  results  obtained  on 
the  higher  apes  have  been  confirmed  by  observations 
on  the  brain  of  man,  when  the  brain  has  been  exposed 
at  the  times  of  operation  for  the  reUef  of  cerebral 
affections. 

Bj-  all  these  recent  experiments  on  the  higher  apes 
and  on  man  it  has  been  demonstrated  that  the  move- 
ments resulting  from  the  stimulation  of  the  cortex 
anterior  to  the  central  fissure  are  represented  in  areas 
which  may  experimentally  be  separated.  Thus,  at 
the  upperportion  of  this  area,  stimulation  produces 
various  movements  of  the  legs  in  man,  or  of  the  hind- 
limbs  and  the  taU  in  animals.  Below  we  find  the 
cortical  areas  for  the  control  of  movements  of  the 
trunk  muscles,  next  in  order  the  areas  concerned 
chiefly  with  movements  in  which  the  arm  and  hand 
are  concerned,  and  at  the  lowermost  point  of  the 
fissure,  we  find  an  area  governing  movements  of  the 
head  and  neck.  The  results  of  these  experiments  are 
shown  in  the  accompanying  figures,  whicn  give  a  more 
(accurate  account  of  the" results  than  can  be  given  by  a 
description. 

It  has  also  been  found  possible  to  make  more  defi- 
nite localizations  than  those  which  have  been  before 
mentioned,  and  in  the  so-called  arm  area,  we  find 
certain  movements  of  the  shoulder  produced  by  the 
stimulation  of  the  part  of  this  area  next  to  the  trunk 
area:  farther  down,  stimulation  produces  movements 
about  the  elbow  and  of  the  wrist,  and  stimulation  of 
the  lowermost  portion  of  this  area  is  accompanied  by 
movements  of  the  hand  and  fingers.  Stimulation  of 
other  parts  of  the  cortex  in  the  frontal  lobe  in  the 
higher  apes  produces  other  movements.  Although 
movements  of  the  head  and  face  are  produced  by  the 
stimulation  of  the  precentral  cortex,  movements  of 
the  eyes  are  not  commonly  produced  by  stimulation 
of  the  cortex  in  this  region.  In  a  region  which  is 
apparently  surrounded  by  a  non-excitable  zone,  Sher- 
rington discovered  an  area,  the  stimulation  of  which 
produced  movements  of  the  eyes,  apparently  of  a 
more  complex  nature  than  those  which  are  obtained 
upon  stimulation  of  the  precentral  cortex.  The  move- 
ments of  the  eyes  obtained  upon  stimulation  of  this 
anterior  region  of  the  brain  are  composed  of  associated 
movements,  similar  to  those  which  are  obtained  in 
intact  animals  and  man  whenever  the  attention  of  the 
animal  or  man  is  directed  to  some  particular  external 
stimulus,  and  it  is  partly  because  of  the  similarities 
in  reactions  that  some  have  believed  the  frontal  lobes 
are  concerned  with  the  hypothetical  function  of 
attention.  In  this  connection  it  is  interesting  to  note 
that  Ferrier  observed  that  extirpations  of  the  frontal 
lobes  were  accompanied  by  transient  disturbances  of 
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the  ability  to  mave  the  ej-es  and  head  in  lateral  direc- 
tions, and  that  in  stimulation  experiments  upon  the 
frontal  cortex  Langclaan  and  Beyerman  found  cer- 
tain disturbances  in  the  rhythm  of  the  heart  and  of 
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Fig.  1038. — Cortical  Motor  Areas  on  Convexity  of  Brain  of  Chimpanzee.  (Grun- 
baum  and  Sherrington.)  The  stippling  indicates  the  extent  of  the  motor  areas,  the 
words  indicate  the  parts  and  types  of  movements  produced  by  stimulation.  The 
frontal  and  occipital  regions,  marked  with  vertical  lines  and  designated  EYES,  gave 
complex  associated  movements  to  these  parts  (see  text  for  discussion). 

the  respiratory  movements,  which  have  also  been 
explained  by  them  as  indications  of  an  attention 
function  for  this  part  of  the  cerebrum.  Other  inves- 
tigators have  noted  other  important  results  following 
the  stimulation  of  the  motor  region,  that  of  great- 
est interest  being  the  production  of  epileptiform 
convulsions. 

Cortical  Epilepsy. — When  a  point  on  the 
cortex  of  the  motor  area  is  stimulated  elec- 
trically, the  stimulation  is  accompanied  by 
a  movement  which,  from  the  standpoint  of 
muscular  contraction,  is  tonic  in  character. 
.Aiter  the  stimulation  has  ceased  there  is  a 
tendency  for  the  muscles  to  relax,  but  often 
there  follow  clonic  movements  of  the  same 
muscles.  The  general  character  of  the 
movements  accompanying  and  following 
stimulation  of  the  motor  area  is  weU  shown 
in  the  illustration  (Fig.  1040).  While  it 
will  be  noted  that  the  period  of  excitation 
is  accompanied  by  a  tonic,  or  long  con- 
tinued and  steady,  contraction  which  tends 
to  disappear  after  the  cessation  of  the  stim- 
ulus, there  is  not  an  immediate  relaxation, 
but  the  movement  continues  in  the  form 
of  clonic  jerlcs  like  those  in  epilepsj'.  A 
similar  phenomenon  has  been  ob.served  to 
accompanj'  the  stimulation  of  the  corona 
radiata,  but  only  when  the  motor  cortex  is 
intact,  or  nearly  so.  When  the  cortex  has 
been  completely  extirpated,  the  stimula- 
tion of  the  underlying  fibers  produces  a 
tonic  contraction  during  the  period  of 
stimulation,  but  this  tonic  contraction  is 
not  followed  by  clonic  movements.  The 
great  difference  between  the  movements 
from  cortical  and  fiber  stimulations  is  apparent  when 
one  compaies  the  curves  in  the  accompanj-ing  figures. 

It  has  been  asserted  that  these  epUeptilorm  move- 
ments cannot  be  produced  by    the    stimulation    of 


cortical  regions  other  than  tho.se  of  the  motor  area, 
although  some  experimenters  have  found  convulsions 
to  follow  strong  stimulation  of  other  parts.  If,  how- 
ever, the  motor  cortex  be  completely  destroj'ed, 
epileptiform  convulsions  do  not  ac- 
company stimulation  of  other  cortical 
areas.  It  appears  probable  therefore, 
that  the  production  of  epilepsy  by 
cortical  excitation  of  regions  other 
than  the  precentral  cortex  is  due  to 
the  diffusion  or  to  the  transfer  by  as- 
sociation of  the  electrical  stimulation 
to  the  latter  area. 

In  this  connection  the  experiments 
of  Hitzig,  later  confirmed  by  others, 
are  of  much  interest.  Hitzig  noted, 
that,  although  the  stimulation  of  one 
side  of  the  cerebrum  is  normally  fol- 
lowed by  movements  of  the  contra- 
lateral side,  when  the  stimuli  are 
intense  these  contralateral  movements 
are  accompanied  by  movements  of  the 
homolateral  side  of  the  bod}'.  The 
relation  of  these  fact.s  to  the  motor 
phenomena  of  Jacksonian  epilepsy  is 
apparent. 

Paralyses. — Not  only  does  the  stim- 
ulation of  the  precentral  cortex  pro- 
duce movements,  but  the  destruction 
of  the  cells  in  this  region  is  accom- 
panied by  a  lack  of  ability  to  make 
\-oluntary  movements.      These  para- 
l}'ses  are  found  to  be  associated  with 
the  destruction  of  the  same  parts  of 
the    cerebrum    as    the    areas    upon 
stimulation  of  which  movements  are 
produced.     The  paraly.ses,  it  is  impor- 
tant to  note,  are  inabilities  to  make 
certain  definite  tj-pes  of  combined  movements,  and  not 
inabilities  to  move  individual  muscles.   Thus  there  may 
be  paralyses  for  extension  and  not  for  flexion.     These 
defect  phenomena  vary  with  the  part  of  the  brain  af- 
fected, those  due  to  the  internal  capsule,  and  to  the 
pyramidal  tract  below  the  latter  being  more  diffu.se. 
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Fio.  1039.- — Cortical  Motor  Areas  on  Mesial  Aspect  of  Brain  of  Chimpanzee. 
(Grunbaum  and  Sherrington.)  The  calcarine  area,  marked  with  vertical  lines 
and  designated  EYES,  gave  complex  associated  movements  of  these  parts. 
The  small  letters  indicate  occasional  and  irregular  movements  of  foot  and  leg, 
ff;  of  shoulder  and  chest,  s;  of  thumb  and  fingers,  h. 

In  only  man  and  the  higher  apes  are  the  paralyses 
entirely  permanent,  the  effects  being  less  and  less 
marked  as  we  go  downward  in  the  biological  scale. 

Associated   with   the  loss  of  the  ability   to  make 
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certain  movements  after  destructions  of  parts  of  the 
brain,  other  secondary  effects  of  these  lesions  are  to 
be  noted.  At  first  the  paralyzed  part  can  be  moved 
by  external  agents,  but  some  time  after  the  beginning 
of  a  paralysis  the  part  which  cannot  be  moved  volun- 
tarily becomes  rigid  and  a  contracture  results.  This 
contracture  phenomenon  is  found  only  in  man  and 
the  higher  apes.  A  satisfactory  explanation  of  the 
cause  of  the  condition  has  not  been  advanced,  and, 
in  fact,  there  may  be  several  factors  operating  in 
different  individuals  or  in  an  individual  at  one  time. 
Probablv  the  most  common  factor  is  the  loss  of  tone 


A  B 

FlQ.  1040. — The  Production  of  Cortical  Epilepsy.  (From 
Schafer.)  Curves  from  a  dog's  muscle  following  strong  stimulation 
of  the  cortex  (A)  and  of  the  subjacent  corona  radiata  (B).  E-E, 
Periods  of  e-xcitation;  T,  tonic  contraction  during  period  of  stimula- 
tion; Ep,  epileptiform  contractions  after  the  cessation  of  stimula- 
tion of  Cortes;  O,  absence  of  contraction  after  cessation  of  stimula- 
tion of  corona  radiata. 

in  the  muscles  affected  and  the  overpowering  effect 
of  the  antagonists,  for  where  the  muscles  are  equally 
affected,  as  in  lesions  of  the  peripheral  nerves,  this 
condition  is  not  found. 

Movement  and  the  Occipital  Lobes. — Electrical 
stimulation  of  the  occipital  cortex  results  in  move- 
ments of  the  eyeballs  and  of  the  intrinsic  eye  muscles. 
The  eyeball  movements  are  associated  movements 
and  of  a  more  complex  nature  than  similar  ones 
following  stimulation  of  the  precentral  areas.  Differ- 
ent observers  have  located  in  this  region  .special 
centers  for  a  number  of  movements,  and  experiments 
have  demonstrated  a  functional  connection  between 
this  region  and  the  precentral  cortex.  Schlifer  who 
has  investigated  this  matter  with  great  thoroughness 
reports:  "If  the  electrodes  are  applied  directly  to  the 
upper  surface  of  the  occipital  lobe,  conjugate  devia- 
tion to  the  opposite  side  with  downward  direction  of 
the  visual  axes  is  extremely  well  marked,  and  it  is 
also  produced  by  excitation  of  the  mesial  surface  of 
that  lobe,  and  of  the  quadrate  lobule  immediately  in 
front  of  the  internal  parietooccipital  fissure.  If,  on 
the  other  hand,  the  posterior  extremity  of  the  occipi- 
tal lobe,  its  lower  or  tentorial  surface,  be  stimulated, 
the  lateral  deviation  is  combined  with  an  upward 
movement.  In  both  cases  the  downward  or  upward 
movement  may  be  almost  uncomplicated  by  lateral 
deviation;  this  depends  upon  the  position  of  the  elec- 
trodes. On  the  other  hand,  there  is  an  intermediate 
zone,  narrow  on  the  mesial  surface  of  the  lobe,  and 
broader  upon  the  outer  or  convex  surface,  excitation 
of  which  is  productive  of  simple  lateral  deviation. 
All  the  effects  are  strongest  upon  the  mesial  surface, 
especiallj'  toward  the  anterior  limit  of  the  lobe;  it  is 
here  that  the  local  point  for  the  movements  is  located." 
Von  Bechterew,  on  the  other  hand,  has  been  able  to 
locate  only  three  centers  for  movement  of  the  ex- 
trinsic eye  muscles  and  he  has  reported  that  eye  move- 
ments may  be  obtained  from  the  stimulation  of  the 
parietal  lobe  as  well  as  from  the  stimulation  of  the 
occipital. 


It  has  been  found  that  eye  movements  may  be 
produced  by  stimulation  of  the  occipital  lobe  after 
the  destruction  of  the  precentral  cortex,  and  by  stimu- 
lation of  the  precentral  cortex  after  the  destruction 
of  the  occipital  lobe.  This  has  led  some  investigators 
to  believe  there  are  independent  centers  for  the  pro- 
duction of  the  eye  movements,  one  in  the  occipital 
lobe,  the  other  in  the  precentral  cortex.  This  sup- 
position is  probably  not  correct,  and  the  observations 
of  Schafer  on  this  matter  are  of  great  interest  and 
importance.  He  recorded  the  time  of  the  latent 
periods  of  the  eye  movements  following  stimulations 
of  the  occipital  and  of  the  frontal  lobes,  and  found 
that  those  produced  by  stimulation  of  the  anterior 
part  of  the  cerebrum  were  shorter  than  those  pro- 
duced by  stimulation  of  the  occipital  cortex.  That 
the  lengthening  of  the  time  upon  stimulating  the 
occipital  cortex  is  not  due  to  the  passage  of  the 
impulse  from  the  occipital  lobe,  first  to  the  frontal 
portion  of  the  brain  and  thence  to  the  muscles,  is 
well  sho%\'n  by  the  fact  that  even  after  the  extirpation 
of  the  motor  area  of  the  brain,  the  movements  may 
be  produced.  That  the  impulses  do  not  pass  from 
the  motor  cortex  to  the  occipital  lobe  and  tnen  on  to 
the  muscles  is  shown  by  the  fact  that  they  can  be 
produced  by  stimulation  of  the  cortex  in  the  frontal 
region  after  the  extirpation  of  the  occipital  cortex. 
On  the  other  hand,  from  the  results  of  the  experiments 
on  the  latent  periods  of  these  movements,  it  is  certain 
that  there  are  more  intercalated  cells  between  the 
occipital  cortex  and  the  eye  muscles  than  there  are 
between  the  motor  cortex  and  the  same  muscles. 


FlQ.  1041. — Curves  Showing  the  Variations  in  the  Latent 
Periods  of  Ocular  Movements  Following  Stimulation  of  the  Motor 
(Precentral)  and  Occipital  Cortical  .\reas.  (From  Schiifer.)  Fr, 
Frontal;  Occ,  occipital.  Each  dot  indicates  0.004  second.  Each 
latent  period  is  the  time  represented  by  the  horizontal  marks. 

Movement  and  the  Temporal  Lobes. — It  has  also 
been  found  that  movements  of  the  ears  and  head  of 
an  associated  nature  accompany  the  stimulation  of 
the  temporal  lobes.  These  movements  like  those 
accompanying  the  stimulation  of  the  occipital  lobes 
have  a  longer  latent  period  than  those  following  the 
stimulation  of  the  precentral  cortex,  and  they  may  be 
produced  after  the  extirpation  of  the  motor  region. 
Like  the  associated  movements  of  the  eye  accom- 
panymg  occipital  stimulation,  these  movements  are 
to  be  interpreted  as  the  result  of  the  transfer  of  the 
impulses  from  the  temporal  lobes  to  centers  other  than 
those  in  the  precentral  area,  and  the  lengthening  of 
the  latent  period  indicates  that  the  number  of  cells 
between  the  muscles  and  the  temporal  cortex  is 
greater  than  that  between  the  same  muscles  and  the 
motor  cortex. 

Nerve  Anastomosis  and  Movement  Control. — A  mat- 
ter of  both  theoretical  and  practical  interest  in  re- 
gard to  cerebral  function  is  that  of  the  motor  con- 
trol after  the  operation  of  nerve  anastomosis.  It  has 
been  found  that  when,  because  of  section  of  a  nerve, 
a  part  of  the  body  becomes  parah'zed,  the  paralysis 
may  be  overcome  bj'  joining  the  distal  end  of  the 
degenerated  nerve  with  the  central  end  of  another 
motor  nerve.  Thus,  Cushing  made  possible  the 
return  of  function  in  the  facial  muscles  by  the  anas- 
tomosis of  the  central  end  of  the  accesson,-  nerve  with 
the  peripheral  end  of  the  facial.  After  about  300 
days  there  was  a  complete  return  of  function  so  that 
the  voluntary  use  of  the  facial  muscles  was  pos- 
sible, although  there  was  not  a  return  of  the  reflex 
emotional  expression  function.  This  return  may  be 
explained  in  several  ways.  It  appears  that  it  may  be 
due  to  certain  new  connections  which  take  place  in  the 
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brain  or  to  the  assumption  by  one  cortical  area  of  the 
functions  normally  associated  with  another.  It  has 
also  been  supposed  that  there  is  an  association  (phy- 
siological and  anatomical)  of  the  facial  sensorj-  centers 
with  the  shoulder  (accessory)  area  and  that  there  is 
an  education  to  bring  about  this  functional  connection 
as  the  usual  and  normal  one.  On  the  other  hand, 
Cushing  leans  to  the  view  that  the  facial  centers  in- 
fluence or  act  upon  the  cortical  centers  for  the  move- 
ments of  the  shoulder  and  head  by  connection  tracts 
through  or  subadjacent  to  the  cortex,  and  in  this  way 
the  movements  of  the  face  are  to  be  explained  as  the 
effect  of  the  activity  of  the  facial  motor  area,  which 
transmits  its  impulses  to  the  shoulder  area,  and  that 
thence  the  motor  impulses  travel  to  the  appropriate 
muscles.  Were  the  latter  view  the  correct  one,  we 
should  expect  the  return  of  f  unet  ion  of  reflex  emot  ional 
expression  as  well  as  that  of  voluntar3'  movement. 

Motor  Fxinctions  of  Cortical  Cells. — Some  patholo- 
gists believe  that  the  Betz  cells  are  those  from  which 
the  impulses  arise  which  produce  voluntary  move- 
ments. These  cells  are  found  degenerated  in  cases 
in  which  there  has  been  long-standing  paralysis  or 
extirpation  of  a  limb,  and  the  facts  do  warrant  the 
acceptance  of  the  view  that  these  cells  are  closely 
associated  with  the  production  of  movements  of  a 
voluntary  character.  There  is,  however,  one  fact 
which  prevents  the  acceptance  of  the  view  that  these 
cells  are  necessarj'  for  the  production  of  voluntary 
movements,  namsly,  that  these  cells  are  not  to  be 
found  in  the  brain  of  certain  animals,  like  the  rabbit. 
There  can  be  no  question  that  voluntarj'  movements 
maj'  be  performed  by  these  animals  ev.n  though  the 
Betz  cells  are  not  found.  It  is  well  known  that  these 
cells  vary  in  size,  and  attempts  have  been  made  to 
correlate  these  findings  with  functional  differences. 
In  this  connection  two  hypotheses  may  be  mentioned: 
first,  that  the  size  of  the  cells  is  correlated  with  the 
quantity  of  movement,  and  second,  that  the  size 
points  to  the  length  of  nerve  fiber  connected  with  the 
cells.  The  attempts  to  differentiate  functional  cor- 
relates for  particular  anatomical  elements  in  the 
cortex  has  not  been  successful  in  this  case,  nor  in  the 
case  of  the  sensory  areas. 

Motor  C  jrtex  and  Spinal  Cord. — It  has  also  been 
sho^\T)  '..at  not  only  are  the  areas  anterior  to  the 
central  fissure  concerned  in  the  production  of  volun- 
tary movement,  but  that  they  also  have  other  con- 
nections or  physiological  associations  with  the  spinal 
cord.  The  influence  of  this  frontal  region  of  the  brain 
upon  the  reflexes  in  animals  has  been  the  subject  of 
several  investigations,  the  results  of  which  may  be  sum- 
marized as  follows:  When  the  motor,  and  especially 
the  frontal,  cortex  is  extirpated  the  latent  periods  of 
the  spinal  reflexes  become  shorter  than  under  normal 
conditions,  and  their  intensity  is  increased,  while  the 
reverse  effects  are  found  when  this  region  is  stimu- 
lated, the  reflexes  having  a  longer  latent  period  and 
the  amount  of  the  movements  being  lessened.  Only 
slight  effects  of  this  character  were  obtained  from  the 
stimulation  of  other  cortical  areas,  and  it  may  be 
concluded,  therefore,  that  the  cells  in  this  region  nor- 
mally act  upon  the  cells  in  the  spinal  cord  with  an 
inhibitory  effect.  When  in  man  the  motor  cortex  is 
degenerated  or  destroyed  or  its  connection  with  the 
spinal  cord  cells  is  interrupted,  similar  changes  in  the 
character  of  the  reflexes  are  to  be  observed. 

Motor  Cortex  and  the  Cerebellum. — It  is  well  known 
that  the  cerebral  cortex  in  the  precentral  region  is 
connected  by  efferent  fibers  with  the  cerebellum. 
Some  of  these  fibers  pass  to  the  contralateral  and  some 
to  the  homolateral  parts  of  the  latter  organ.  The 
pathway  is  from  the  cortex  through  the  corona  radiata 
and  internal  capsule  to  the  crusta  and  the  pontine 
nuclei,  after  which  a  division  takes  place,  some  passing 
directly  to  the  cerebellum  on  the  same  side  bj'  way 
of  the  middle  peduncle,  while  others  cross  to  the  con- 
tralateral side  and  also  pass  through  the  middle  pe- 


duncle to  the  cerebellum.  The  motor  cortex  is  also 
connected  by  means  of  some  efferent  fibers  with  the 
cerebellum  by  way  of  the  thalamus,  thence  to  the 
red  nucleus  and  onward  to  the  cerebellum  through 
the  superior  peduncle,  while  others  pass  directly  from 
the  thalamus  to  the  cerebellum  through  the  superior 
peduncle.  It  should  be  noted,  however,  that  some 
authorities  dispute  the  passage  of  efferent  cerebro- 
cerebellar  impulses  by  way  of  the  superior  peduncle, 
and  affirm  that  the  superior  peduncle  contains  only 
cerebellifugal  fibers.  There  appears,  however,  to  be 
unanimity  of  opinion  that  the  motor  cortex  is  con- 
nected with  both  the  homolateral  and  the  contra- 
lateral sides  of  the  cerebellum,  and  although  there  is 
some  dispute  regarding  the  paths,  and  altnough  the 
exact  functional  nature  of  these  connections  is  not 
well  understood,  it  is  apparent  that  in  general  the 
function  is  one  concerned  with  the  control  of  the  auto- 
matic movements,  e.g.  walking,  standing,  etc.,  and 
perhaps  also  with  general  coordination. 

Sexs.\tiox. — Under  the  term  sensation  there  are 
commonly  grouped  certain  mental  states  which  psy- 
chologicall3'  considered  are  more  accurately  known 
as  perceptions.  Thus,  when  we  look  at  a  table  our 
sensations  are  those  of  light  and  shade  of  greater  or 
lesser  extent  and  of  color,  but  our  perceptions  are  of 
things,  as  a  table,  with  papers,  bottles  of  ink,  pens, 
etc.  Since  in  clinical  and  physiological  work  the  dis- 
tinction between  sensations  and  perceptions  is  not 
usually  made  it  is  impossible  to  determine  what  de- 
fects have  been  found  associated  with  cerebral  lesions, 
but  it  may  be  added  that  histologists  have  freely  used 
the  terms  sensory  and  perceptual  to  indicate  supposed 
functions  of  certain  areas. 

The  analysis  of  these  states  has  shown  that  there  are 
twelve  or  more  different  kinds  of  sensation.  The 
older  five-fold  division  into  vision,  hearing,  taste, 
smell,  and  common  or  organic  sensation  is  no  longer 
held,  for  common  sensation  is  now  known  to  be  a 
complex  of  different  sensations.  Among  the  best 
known  of  these  are  touch,  pressure,  pain,  temperature, 
and  sensations  of  movement.  The  relation  of  cerebral 
areas  to  all  these  forms  of  sensation  has  not  been  estab- 
lished. The  general  localization  of  the  visual,  audi- 
tor}-,  gustatory,  and  olfactorj'  sensations  are  known, 
but  the  localization  of  the  different  forms  of  common 
sensations  is  uncertain.  This  is  the  more  remarkable 
since  the  spinal  tracts  for  many  of  the  latter  have 
been  established. 

Vis-ion. — Extirpations  of  certain  cortical  areas  in 
the  dog's  brain  which  were  accompanied  by  evidences 
of  defective  or  lost  vision,  led  Munk  to  the  conclusion 
that  in  these  animals  there  is  a  center  for  vision  and 
that  surrounding  it  there  is  another  subsidiarj-  visual 
center  which  can  be  used  when  the  primary  center 
is  injured  or  destroj'ed.  Goltz  was  unable  to  confirm 
these  results,  and  although  at  first  he  denied  that  anj' 
localization  was  possible,  later  he  was  forced  to  admit 
a  certain  amount  of  localization  was  indicated  by  the 
results  of  the  experimental  investigations.  The  re- 
sults following  the  extirpation  of  one  occipital  lobe 
have  been  variously  reported  and  have  consequently 
led  to  different  interpretations  of  the  connections  of 
these  cortical  areas  with  the  halves  of  the  retinae. 
Hitzig,  for  example,  asserted  that  in  the  dog  a  lesion 
of  the  occipital  lobe  produced  a  crossed  amblyopia,  but 
this  has  been  disproven,  and  to  account  for  Hitzig's 
mistake  it  has  been  pointed  out  that  the  amount  of 
the  crossing  of  the  fibers  at  the  chiasm  is  greater  in 
the  dog  than  in  the  monkey  and  in  man,  two-thirds 
to  three-quarters  of  one  retina  being  connected  with 
the  opposite  occipital  lobe.  Using  monkeys  as  sub- 
jects, Ferrier  located  the  visual  area  at  first  in  the 
angular  gyrus,  but  later,  because  of  added  results  and 
criticisms  of  others,  concluded  that  the  occipital  lobe 
was  also  used  for  visual  sensations.  In  fact  it  was 
found  by  Schafer  that   the  angular  gjTus  may   be 
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completely  cut  away  without  disturbmg  to  the  slight- 
est degree  the  monkey's  ability  to  see.  It  has  also 
been  well  shown  by  Schiifer  that  when  the  lesions  are 
limited  to  the  occipital  lobes,  permanent  visual  de- 
fects occur.  The  condition  found  by  bchafer  was 
that  of  hemiopia,  not  a  contralateral  amblyopia. 

Chief  among  the  results  that  have  been  reported  on 
man  are  those  of  Henschen,  who  collated  the  literature 
on  cortical  blindness  and  reported  personal  cases. 
From  the  consideration  of  the  clinical  accounts  and  ot 
the  pathological  and  anatomical  examinations,  he  con- 
cluded that  the  visual  center  in  man  is  limited  to  the 


Fig  1042  —The  Occipital  Pole  ol  the  Human  Cerebrum,  with 
the  Areal  Distribution  of  the  so-called  Visuosensory  and  Visuo- 
psychic  Regions.  The  dotted  portions  are  the  parts  having  the 
calcarine  type  of  cortex,  and  the  crossed  hatched  portions  are  the 
related  parts  of  '■  visuopsychic"  type.  (Adapted  from  Campbell.) 
A.  the  mesial  aspect,  the  dotted  portion  surrounding  the  calcanne 
fissure;  B,  the  lateral  aspect. 

cortex  surrounding  and  including  the  calcarine  fissure, 
and  that  the  centers  for  light  and  color  coincide.  He 
furthermore  defined  an  area  in  the  anterior  part  ot 
the  calcarine  fissure  which  he  assigned  to  the  macula 
lutea,  and  disputed  the  conclusions  of  others  who 
located  the  macular  center  in  the  cuneus.  Henschen 
failed  to  find  evidence  in  the  clinical  observations  to 
prove  a  connection  between  the  angular  gyrus  and  the 
eve  although  he  believes  that  this  area  is  concerned 
with  visual  processes,  but  of  an  undefined  character, 
perhaps  like  that  of  perception.  ,•  >   •   j- 

There  are  many  clinically  reported  cases  which  indi- 
cate that  the  localization  of  the  visual  area  is  not  as 
limited  as  Henschen  believes,  and  that  the  area  con- 
cerned in  vision  is  more  widespread.      \  on  Monakow 
has  examined  cases  of  early  blindness  and  has  found 
a   widespread    cortical    degeneration   accompanying 
these  conditions,  including  not  only  the  calcarine  area, 
but  a  large  part  of  the  cortex  on  the  convexity  of  the 
brain      The  views  of  von  Monakow  were  supported  by 
Wehrli   who  concluded  that  the  visual  area  is  not  to 
be  limited  to  the  cortex  surrounding  the  calcarine 
fissure   and  not  even  limited  to  the  part  of  the  cortex 
with  the  cell  lamination  known  as  the  calcarine  type. 
Following  experimental  extirpation  of  parts  of  the 
occipital  lobes,  several  observers  have  obtained  nega- 
tive results,  and  have  not  been  able  to  confirm  the 
results  obtained  by  other  investigators.     \  itzou  ex- 
tirpated parts  of  the  occipital  lobes  and  found  that 
although  the  animals  lost  their  visual  ability  imme- 
diatelv  after  the  operation,  the  blindness  was  not  per- 
manent, and  within  a  few  months  the  animals  learned 
to  recognize  objects  and  persons  by  means  of  vision. 
Similar  results  have  been  obtained  by  Panici,  and  in 
recent  work  Franz  has  shown  that  the  lateral  parts 
of  the  occipital  lobes,  which  have  the  calcarine  type 
of  cortex,  may  be  extirpated  without  changing  the 
visual  endowment  of  the  monkey,  although  the  de- 
struction of  the  calcarine  area  is  accompanied  by  true 
visual  disturbances.     The  last-named  observer  found 
that  other  defects  accompanied  the  destruction  of  the 
lateral  part.s  of  the  occipital  lobes;  these  defects  being 
mainly  those  of  a  lack  of  coordination  between  the 
visual  and  motor  processes;  and  he  believes  that  the 
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disturbance  was  due  to  a  loss  of  certain  sensations 
from  the  eye  muscles  rather  than  the  visual  sensations 

themselves.  ,      .  ,    ,,        ^-i       , 

Each  occipital  lobe  is  connected  with  the  other  by 
means  of  association  fibers  which  pass  through  the 
posterior  portion  of  the  corpus  callosum.  U  hen  this 
region  is  destroyed  or  the  functional  connection  is 
broken  in  any  manner  there  is  produced  a  condition 
aUied  to  that  of  aphasia,  which  is  known  as  apraxia. 
Here  there  is  an  inability  to  perceive  through  the 
visual  sensations  the  meaning  or  use  of  certain  kinds 
of  objects,  although  the  individual  may  still  retam 
the  ability  to  pronounce  the  words  and  have  no  other 
aphasic  disorder. 

The  visual  disturbances  which  accompany  lesions 
of  parts  of  the  brain  other  than  the  cortex  differ  for 
the  different  locations  of  lesions.  It  is  weU  known 
that  when  the  retma  or  the  optic  nerve  is  affected 
there  is  an  amblyopia  for  that  eye.  A  lesion  in  the 
optic  tract  on  the  same  side  produces  a  hemiopia 
for  the  opposite  field  of  vision  (the  inability  to  see 
with  the  homolateral  parts  of  the  retma;).  A  lesion 
in  the  superior  corpus  quadrigemmum  is  not  dis- 
turbing to  visual  processes  per  se,  but  a  lesion  m  this 
location  produces  an  inability  to  move  the  eye  upon 
stimulation.  This  ganglion  is  connected  in  an  efferent 
manner  with  the  nuclei  of  the  third,  fourth,  and  sixtli 
cranial  nerves,  and  when  the  impulses  cannot  pass 
there  results  a  paralysis  or  a  loss  of  the  associated 
movements  for  this  part  of  the  field.     Thus  we  find 


Corf. 


FiQ  1043.— Scheme  of  Impulses  from  Retina  to  Occipital 
Cortex  and  Nuclei  of  Cranial  Nerves.  (HaUiburton,  after  Schafer.) 
From  each  half  of  the  retina;  two  fibers  are  represented,  one  passing 
by  way  of  the  anterior  quadrigeminal  body,  the  other  by  way  ol 
the  lateral  geniculate  body. 

that  the  connection  is  made  for  both  the  mt_rinsic 
and  extrinsic  movements  of  the  eye  through  tlie 
superior  quadrigeminal  body.  Lesions  m  the  ge- 
niculate body  produce  blmdness  very  similar  to  those 
which  are  produced  by  destructions  of  the  optic 
radiations  or  of  the  calcarine  corte.x. 

The  study  of  the  degenerations  has  mdicated  that 
the  connections  of  the  eye  with  the  remainder  of  the 
brain  are  (1)  through  the  optic  tract  with  the  superior 
quadrfgeminal  body  to  the  nuclei  of  the  cranial  nerves 
and  (2)  through  the  external  geniculate  body  to  tne 
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cerebral  cortex.  Since  the  fibers  from  the  nasal  parts 
of  tlie  retiniB  cross  at  the  optic  chiasm,  we  find  on  one 
side  the  geniculate  bodv  as  a  subsidiary  station  for 
corresponding  parts  of  tlie  retinae. 

It  is  found  when  the  cortex  is  extirpated  and  the 
eve  is  stimulated  bv  light,  reflex  movements  are  still 
possible,  and  since  tlie  impulses  may  pass  to  the  quad- 
rigeminal  body  and  thence  to  the  nuclei  of  the  corre- 
sponding cranial  nerves,  these  movements  may 
resemble  those  which  are  found  in  normal  animals. 
This  is  probably  the  condition  that  led  .some  of  the 
earlier  investigators  to  doubt  tiie  cortical  localization 
of  vision  in  the  occipital  cortex. 

Hearing. — The  connections  of  the  ear  with  the  cere- 
brum are  complex,  many  pathways  being  possible  to 
the  impulses  which  originate  in  the  cochlea  and  travel 
to  the  cerebral  cortex.  It  is  likely  that  the  impulses 
starting  from  one  ear  pass  entirely  to  the  opposite 
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Fig.  1044. — Scheme  of  Impulses  from  Ear  to  Cerebral  Cortex 
through  Subsidiary  Ganglia.  (Stewart,  after  Lewandowsk>-.) 
Bq,  Bnichia  of  quadrigeminum;  Cq,  quadrigeminal  commis- 
sure: G,  accessorj'  nucleus;  Gm,  corpus  genicuiatum  medius; 
H.  Held's  fibers:  Lt,  lateral  fillet:  nL,  nucleus  of  lateral  fillet:  Os, 
oliva  superior:  P,  commissure  of  lateral  fillet:  <?p.  corpus  quadri- 
geminum posterior:  R,  cerebral  cortex;  5p,  ganglion  spirale;  St, 
striff  acustic»:  T,  tuberculum  acusticum;  Tr^  trapezium;  (r, 
trapezoid  nucleus. 

hemisphere.  The  connections  are  made  first  through 
the  accessory  nucleus  and  the  tuberculum  acusticum, 
whence  some  fibers  pass  to  the  superior  oliva  on  the 
opposite  side,  while  others  pass  directly,  and  meet 
fibers  from  the  superior  oliva,  into  the  lateral  fillet. 
These  fibers  divide,  some  going  to  the  inferior  corpus 
quadrigeminum,  others  by  the  internal  geniculate 
body  whence  fibers  are  sent  through  the  internal 
capsule  to  the  temporal  regions  of  the  cerebrum. 
Both  cerebral  hemispheres  are  mutualls'  connected 
by  means  of  association  fibers  which  pass  by  way  of 
the  anterior  commisure.  Lesions  in  any  part  of  the 
tract  may  produce  disturbances  of  hearing,  but  there 
have  not  been  collected  sufficient  data  which  warrant 
an  accurate  statement  regarding  differences  in  the 
auditorj-  functions  of  parts  subsidiarj'  to  the  temporal 
cortex,  viz.,  the  tuberculum  acusticum,  the  corpus 
quadrigeminum,  and  the  internal  geniculate  body. 
On  grounds  of  homolosj'  w-ith  the  functions  of  vision 
we  may  expect  that  the  internal  geniculate  body  is 
concerned  in  the  transmission  to  the  cortex  of  the 
true  auditory  impulses,  while  the  inferior  corpus 
quadrigeminum  may  have  a  motor  or  efferent  con- 
nection similar  to  that  which  exists  for  the  superior 
corpus  quadrigeminum. 

It  Ls  known,  however,  that  destruction  of  both  tem- 
poral lobes  in  the  brain  of  the  monkey  or  of  man  pro- 
duces complete  deafness.  Certain  of  the  associated 
reflexes  commonty  found  in  connection  with  auditory 


stimulation  may  remain  after  such  destruction. 
.\nimals  which  have  been  taught  to  react  in  special 
ways  to  particular  .sounds  lose  this  ability  after  the 
destruction  of  parts  of  the  temporal  cortex  and  it 
may  be  concluded  that  this  region  has  an  auditory 
function,  corresponding  to  the  visual  functions  for  the 
occipital  lobe.  Special  differentiations  of  parts  of  this 
area  have  not  been  made,  as  has  been  done  for  the 
Rolandic  and  the  occipital  regions.  .\lt hough  some 
clinical  ob.servers  have  been  inclined  to  believe  that 
tones  of  different  pitch  were  sen.sed  through  special 
parts,  the  facts  are  too  meager  to  warrant  acceptance. 

Taste  and  Smell. — The  difficulties  in  animal  experi- 
mentation on  these  sen.sations  are  great,  and  there  is 
little  direct  information  regarding  the  cortical  locali- 
zation of  these  associated  sensations.  The  connection 
of  the  end  organs  in  the  tongue  with  the  cerebral 
cortex  is  doubtful,  but  that  from  the  Schneiderian 
membrane  is  known.  The  impulses  which  arise  in 
the  olfactory  cells  pass  through  the  olfactory  nerve 
to  the  cells  in  the  olfactory  bulb,  whence  new  impulses 
originate  and  pass  mainly  to  the  cerebral  cortex  in 
the  hippocampal  region  on  the  same  side,  although 
some  fibers  go  by  way  of  the  anterior  commissure  to 
the  opposite  corresponding  cortex.  The  stimulation 
of  the  hippocampal  cortex  results  in  movements  of 
the  nostrils,  mainly  on  the  same  side,  and  this  fact 
has  been  interpreted  as  evidence  of  definite  cortical 
representation  of  smell.  Clinical  facts  regarding  the 
localization  of  smeU  sensations  are  not  numerous  or 
important,  the  main  one  being  that  in  certain  ca.?es 
of  epilepsj'  with  which  are  associated  olfactorj-  aune 
lesions  of  the  hippocampal  region  have  been  observed. 
It  should  be  mentioned,  however,  that  lesions  in  this 
region  have  been  found  in  other  epileptic  cases  which 
have  not  been  accompanied  by  olfactory  aurae. 

Skin  and  Motor  Sensations. — The  relations  of  parts 
of  the  cerebral  cortex  to  sensations  which  originate 
in  the  skin  and  underlying  tissues  are  also  not  well 
understood.  It  is  commonly  believed  that  the  post- 
central and  the  intermediate  postcentral  cortex  con- 
tains the  cells  concerned  with  these  sensations,  but 
differentiation  of  parts  concerned  with  the  individual' 
sensations  has  not  been  made.  Destruction  of  these 
areas  in  animals  produces  an  ataxia  which  ma^-,  how- 
ever, be  caused  by  a  loss  of  sensations  verj-  different 
from  one  another,  but  special  experiments  of  a  con- 
clusive nature  are  lacking  which  will  permit  of  the 
definite  conclusion  that  this  region  is  concerned  with 
the  sensations  of  movement  or  with  those  other 
numerous  forms  of  sensations  which  are  mediated 
largely  through  the  end  organs  in  the  skin.  That 
sensory  losses  accompanj-  paralyses  of  cortical  origin 
there  can  be  no  doubt,  but  in  onlj'  a  few  cases  have 
these  been  carefuUy  investigated,  and  the  dependence 
of  particular  forms  of  these  sensations  upon  definite 
regions  has  not  been  established  by  the  clinical  find- 
ings. A  few  experiments  on  man  have  been  per- 
formed at  times  when  the  skull  was  opened  for  sur- 
gical purposes,  but  the  results  are  inconclusive.  Thus 
in  a  conscious  subject  Cushing  exposed  the  brain  in 
this  region  and  upon  stimulation  the  subject  reported 
sensations  similar  to  those  of  a  part  of  the  bod)-  being 
moved.  From  this  and  other  experiments  it  is  appar- 
ent that  there  is  a  representation  of  some  forms  of 
sensation  in  this  cortex,  corresponding  to  that  found 
in  the  pre-Rolandic  region  for  movement.  Clinical 
observations  also  indicate  that  this  part  of  the  cortex 
may  be  used  for  the  skin  sensations,  for  in  cases  of 
limited  injury  touch  and  pressure  sensations  have  been 
foimd  to  be  disturbed. 

Brodmann,  for  histological  reasons,  divided  this 
portion  of  the  cortex  into  a  number  of  quite  separate 
areas,  but  in  this  was  not  supported  by  the  observa- 
tions of  Campbell.  Because  of  the  histological  dis- 
crepancies it  is  not  possible  to  state  the  number  of 
special  types  of  areas,  and  we  have  no  information 
regarding  the  probable  connection  of  the  various  types 

407 


Brain,  Physiology  or 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


of  sensations  with  this  region,  except  in  a  very  general 
way,  as  is  indicated  above.  The  close  association  of 
forms  of  hypoesthesia  or  anesthesia  with  parah'ses  indi- 
cates, however,  that  the  sensations  of  touch,  pressure, 
pain,  temperature,  and  movement  may  have  their  rep- 
resentation in  this  postcentral  area,  but  the  facts  are 
not  sufficiently  numerous  and  exact  to  warrant  more 
than  the  general  statement  of  this  sensory  control. 

Association. — Although  the  loss  of  the  ability  to 
see  or  to  hear  is  an  intellectual  defect,  it  has  been 
usual  to  differentiate  these  elemental  defects  from  the 
more  complex  ones  of  memories,  etc.  Although 
every  cerebral  process  accompanied  by  a  mental 
state  is  of  an  associational  nature,  the  so-called 
higher  mental  processes  are  preeminently  of  this 
kind  and  the  term  association  is  physiologically  used 
to  describe  those  states  which  are  believed  to  require 
the  activity  of  more  than  one  of  the  large  cerebral  areas. 

The  presence  in  man  of  general  intellectual  defects 
accompanying  cerebral  lesions  and  diseases,  early 
led  to  the  conclusion  that  the  brain  was  the  organ 
W'hose  normal  activity  produced  these  mental  proc- 
esses. Later,  clinicians  attempted  to  correlate  certain 
mental  processes  with  special  parts  of  the  brain, 
and  this  led  to  what  we  now  tnink  an  absurdity, 
the  sj'stem  of  physiognomy  of  Gall  and  Spurzheim. 
That  their  hypotheses  were  disputed  was  partly  due  to 
the  artificial  character  of  their  psj'chologj-  and  by  this 
fact  also  may  be  explained  why  the  views  expressed 
by  them  did  not  receive  due  critical  attention.  On 
the  other  hand,  because  of  religious  and  other  pre- 
conceptions manj^  disputed  the  dismemberment  of  the 
brain,  and,  like  Flourens,  contended  that  the  brain 
was  used  as  a  whole  in  all  mental  operations,  that  no 
one  part  was  used  for  any  particular  mental  process, 
and  that  even  though  most  of  the  brain  were  destroyed, 
the  mental  processes  could  be  carried  on  very  well 
with  even  a  smaU  part  intact.  The  views  of  GaU, 
however,  led  to  many  observations  and  they  were  the 
means  whereby  other  investigators  were  stimulated 
to  observe  and  to  contribute  facts  which  have  been 
found  useful  for  the  understanding  of  mental-cerebral 
relations. 

Attention  was  early  directed  to  the  frontal  lobes, 
since  in  man  they  are  much  larger,  both  absolutely  and 
relatively,  than  corresponding  regions  in  animals. 
Broca.  Hitzig,  and  many  others  believed  that  the  fron- 
tal lobes  are  concerned  with  the  so-called  higher 
mental  processes,  and  much  clinical  evidence  may  be 
adduced  to  support  this  supposition.  Collections  of 
cases  (b}'  Welt,  Phelps,  and  others)  in  which  the 
frontal  regions  had  been  destroyed  by  accident  or 
by  growths  have  contributed  to  the  belief  in  the 
supposition  that  the  frontal  lobes  in  man  are  the  most 
import  int  parts  of  the  brain  for  the  carrying  on  of 
intellectual  operations.  The  mental  changes  accom- 
panying frontal-lobe  lesions  have  been  variously 
described  as;  poor  memory,  loss  of  memory,  inatten- 
tion, mental  slowing,  mental  deterioration,  changes  in 
character,  incoherence,  apathy,  delusions,  etc.  Not 
all  of  these  abnormal  conditions  have  been  found  in 
each  case,  and  manj'  of  the  reported  cases  have 
included  aphasic  disturbances  and  delirious  conditions 
which  are  known  to  accompany  cerebral  lesions  very 
far  from  the  frontal  lobes  and  their  value  for  an  under- 
standing of  these  regions  is  very  doubtful.  In  fact, 
a  careful  examination  of  the  symptoms  in  some  of 
the  cases  cited  in  support  of  the  view  that  the  frontal 
lobes  are  intellectual  centers  shows  that  they  have 
little  or  no  value  toward  a  settlement  of  the  question, 
and,  on  the  other  hand,  there  are  some  cases  of  a 
negative  character  which  have  been  used  bj'  the  oppo- 
nents of  localization  to  show  that  large  parts  of  the 
frontal  lobes  may  be  destroyed  without  a  correspond- 
ing change  in  the  mental  capacity  and  general  char- 
acter of  the  individual.  There  are  several  well- 
reported  cases  which  would  lead  to  the  conclusion 
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that  the  frontal  regions  of  the  brain  are  no  more 
important  for  the  normal  production  of  intellectual 
states  than  the  posterior  association  areas. 

On  the  histological  side  Campbell  divides  the  frontal 
lobe  into  two  portions,  which  he  names  respectively 
the  frontal  and  prefrontal.  The  frontal  area  is 
highlj'  developed  in  man  both  in  the  arrangement  of 
ceDs  and  in  the  supply  of  fibers,  and  the  prefrontal 
area  is  rather  poorly  developed  both  in  fibers  and  in 
cells.  Of  the  latter  he  says:  "it  can  not  share  the 
functional  importance  of  the  better  developed  fron- 
tal cortex  placed  further  back,  and  although  it  may 
have  a  future  in  front  of  it,  at  present  its  evolution 
both  structurally  and  functionally  is  incomplete." 
In  addition,  Bolton,  working  with  different  material, 
largely  pathological,  pointed  out  that  the  anterior 
centers  of  association  of  Flechsig  (the  frontal  lobes) 
are  underdeveloped  in  all  grades  of  primary  mental 
deficiency  and  the.se  parts  also  undergo  atrophy 
in  dementia.  His  conclusion  is  that  this  region  is 
concerned  with  the  highest  coordinating  and  asso- 
ciating processes  of  mind. 

The  physiological  evidences  indicating  particular 
functions  for  the  frontal  area  are  not  numerous  and 
are  mostly  inconclusive.  Some  investigators  have 
used  the  term  "idiotic"  to  describe  the  actions  of 
animals  when  the  frontal  lobes  have  been  removed, 
while  others  have  said  it  is  impossible  to  notice  the 
slightest  difference  in  their  behavior  and  mental  func- 
tions (Loeb).  Experimental  work  by  Franz  on  both 
cats  and  monkeys,  b}'  the  method  of  training  and 
determining  the  presence  or  absence  of  these  acquired 
associations  following  the  removal  of  parts  of  the 
brain,  has  given  very  definite  information  regarding 
the  use  of  the  frontal  lobes.  It  was  found  that  the 
removal  of  the  frontal  lobes  produced  a  loss  of  habits 
in  animals,  and  that  such  losses  were  not  found  when 
other  parts  of  the  brain  were  extirpated.  Since  these 
losses  were  not  accompanied  by  sensory  or  motor  de- 
fects the  conclusion  was  drawn  that  these  parts  are 
normally  used  in  the  associational  parts  of  such 
reactions. 

Certain  experimental  results  have  been  used  to  sup- 
port the  conclusion  that  the  frontal  region  is  not  a 
center  for  intellectual  operations  in  general,  but  for 
certain  kinds  of  mental  processes  or  states.  Thus, 
because  of  the  normal  inhibitory  effects  of  the  frontal 
regions  upon  the  reflexes,  several  observers  have  con- 
cluded that  they  are  centers  of  inhibition,  and  m  sup- 
port of  this  hypothesis  they  cite  the  restlessness  and 
unceasing  activity  of  animals  from  which  the  frontal 
lobes  have  been  excised.  When  we  realize,  however, 
that  many  animals  become  dull  and  somnolent  after 
such  an  operation  instead  of  being  restless,  from  the 
standpoint  of  inhibition  this  should  be  considered  evi- 
dence of  an  increased  function.  The  evidence  appar- 
ently counterbalances  in  this  respect.  Because  of  the 
associated  ej-e  and  head  movements  found  b}'  a  num- 
ber of  observers,  and  the  respiratory  and  other  rhythm 
changes  described  by  Langelaan,  the  hj-pothesis  has 
been  advanced  that  the  frontal  lobes  are  concerned 
with  the  function  of  attention.  It  scarcely  needs  to 
be  pointed  out  that  Ferrier  and  others  who  uphold  this 
view  have  confounded  attention  as  a  mental  process, 
with  attentive  movements.  That  the  destruction  of 
the  frontal  lobes  does  not  produce  a  loss  of  the  hypo- 
thetical faculty  of  attention  is  weU  shown  by  the 
results  of  the  extirpation  of  these  regions  in  animals 
and  the  animals'  subsequent  capability  of  reeducation 
(Franz).  If  the.se  areas  of  the  brain  are  concerned  in 
attention,  it  should  be  expected  that  following  their 
extirpation  an  animal  could  not  attend  to  certain 
necessary  external  stimuli  and  that  there  would  be 
no  possibUity  of  the  acquirement  of  new  habits  or 
associations.  The  work  of  Franz  shows,  however, 
that  this  assumption  is  not  true  and  that  animals. 
have  the  capability  of  acquiring  habits  after  the  re- 
moval of  both  frontal  lobes. 
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As  a  general  summing  up  it  may  be  said  that, 
balancing  the  evidence  pro  and  con,  both  the  clinical 
and  the  physiological  facts  point  to  a  dependence  of 
certain  mental  processes  on  the  integrity  of  the  frontal 
lobes,  and  that  these  parts  are  normally  used  in  the 
production  of  associations,  or  in  the  act  of  learning. 
The  evidence  is  inconclusive  for  the  association  of 
certain  definite  mental  states  with  definite  parts  of 
the  frontal  lobes,  and  there  is  no  physiological  corre- 
late known  for  the  histological  division  of  the  larger 
area  into  frontal  and  prefrontal. 

Of  other  mental  processes  which  have  been  asso- 
ciated with  other  parts  of  the  brain  we  have  little 
information.  The  speech  function  is  one  kind  of  asso- 
ciational  process  which  has  received  much  attention, 
but  this  subject  is  at  present  in  such  condition  that 
the  information  at  hand  cannot  be  used  to  support 
the  definite  localization  of  particular  mental  processes 
in  particular  areas.  It  appears  probable,  however, 
that  there  are  areas  lesions  in  which  bring  about  in- 
capabilities of  association  which  are  clinically  grouped 
under  the  general  term  'aphasia.'  The  recent  work  of 
Marie  and  nis  criticisms  of  the  older  aphasia  doctrines 
make  it  appear  probable  that  the  first  and  second 
temporal  convolutions  and  the  supramarginal  gyrus 
are  areas  normally  concerned  with  the  associations 
of  speech.  The  consideration  of  this  subject  bj'  von 
Monakow  is  most  instructive  since  he  groups  the 
aphasias  as  distinct  association  disturbances  and 
thereby  indicates  their  general  relation  to  cerebral 
functions.     (See  article  on  Speech,  Disorders  of.) 

Other  associational  processes,  as  functions  of  other 
parts  of  the  brain,  which  have  not  distinct  motor  or 
sensor}'  functions,  are  not  clear.  Bianchi  describes  a 
parietal  syndrome  accompanying  destruction  of  the 
areas  behind  the  intermediate  postcentral  zone,  but  the 
only  associational  disturbances  which  he  ascribes  to 
lesions  in  these  regions  is  that  of  astereognosis  (q.v.). 

From  all  the  results  which  have  been  accumulated 
by  clinicians  and  physiologists  what  is  certain  is  that 
in  the  two  large  associational  areas  of  Flechsig,  the 
anterior  and  the  posterior,  (1)  there  are  groups  of  cells 
which  are  chiefly  concerned  with  the  transmission  of 
associated  impulses  from  one  part  of  the  brain  to 
another,  and  not  with  the  immediate  receiving  of 
afferent  impulses  from  the  bodily  periphery  or  with 
the  originating  of  motor  impulses,  and  (2)  that  when- 
ever these  areas  are  diseased  or  destroyed  there  results 
a  more  or  less  marked  degree  of  disturbance  of  the 
association  ability  of  the  individual.  That  these 
phenomena  may  be  interpreted  in  purely  mental 
terms  some  clinicians  and  many  physiologists 
doubt. 

As  a  working  hypothesis  Franz  has  formulated  the 
following  scheme  for  the  two  large  association  areas: 
The  frontal  regions  are  known  to  be  closely  associated 
with  the  motor  mechanisms  in  the  cortex,  and  the 
posterior  areas  with  the  sensory  elements.  In  each 
association  of  a  type  dealing  with  the  so-caUed  higher 
mental  processes  both  of  these  areas  are  used,  the 
posterior  being  the  receptive  area  and  the  frontal  the 
emissive  area.  The  frontal  area  is  connected  with  all 
parts  of  the  motor  zone  and  the  two  hemispheres  are 
connected  with  each  other  through  these  areas  so 
that  the  great  number  of  adjustments  required  in 
civilization  may  be  carried  on  by  this  connection. 
At  the  same  time  the  posterior  areas  are  the  other 
connecting  link  between  the  hemispheres  and  they  are 
also  connected  with  all  parts  of  the  sensory  areas, 
so  that  the  impulses  coming  into  one  area  from  the 
periphery  may  have  associations  through  it  with  all 
other  areas  and  with  the  motor  associating  mechan- 
ism. This  hypothesis  helps  toward  an  understanding 
of  the  apparently  opposed  clinical  evidence  in  regard 
to  the  frontal  lobe,  and  it  also  assists  in  the  interpre- 
tation of  certain  phenomena  which  have  been  asso- 
ciated with  lesions  of  areas  close  to  the  sensory  cor- 
tical zones. 


Thk  Cerebellum. — In  man  the  cerebellum  is  abso- 
lutely larger  than,  but  proportionately  not  as  great 
as,  in  many  other  animals.  In  man  its  mass  is  ap- 
proximately one-tenth  that  of  the  brain,  while  in  such 
animals  as  birds  it  attains  a  size  as  large  as  the  cere- 
brum. In  other  animals  it  is  almost  rudiinontarj', 
e.g.  in  the  frog.  Little  indication  of  the  functions  of 
this  organ  has  been  gathered  from  the  study  of  its 
gross  comparative  anatomy,  but  the  study  of  its  con- 
nections with  other  parts  of  the  nervous  .system  has 
been  of  great  value.  For  an  understanding  of  its 
functions  it  is  necessary  to  keep  in  mind  some  of  the 
main  facts  regarding  its  anatomical  connections.  In 
general  it  is  admitted  that  it  receives  afferent  impuLses 
from  the  periphery  of  the  body  and  from  the  motor 
cortex  of  the  cerebrum,  and  that  it  sends  impulses  to 
the  cerebrum  and  the  spinal  cord. 

The  cour.se  of  the  impulses  from  the  motor  cerebral 
cortex  to  the  cerebellum  has  already  been  described. 
Some  cerebello-cerebral  fibers  pass  to  the  contralateral 
red  nucleus  and  thence  by  way  of  the  thalamus  to  the 
cerebral  motor  cortex.  Some  fibers,  apparently  be- 
ginning in  the  nucleus  fastigii  pass  to  the  homolateral 
corpora  quadrigemina.  Although  no  direct  fibers  pass 
from  the  cerebellum  into  the  spinal  cord,  it  is  prob- 
able that  there  is  an  indirect  connection  by  means  of 
the  red  nucleus  and  the  rubrospinal  tract,  and  another 
similar  connection  by  the  passage  of  fibers  to  the 
opposite  olivary  nucleus,  whence  new  fibers  pass 
downward  into  that  side  of  the  spinal  cord. 

The  afferent  tracts  to  the  cerebellum  are  better  un- 
derstood than  the  efferent.  Some  fibers  which  arise 
from  the  cells  in  the  spinal  ganglia  pass  partly  into 
the  posterior  columns  and  through  the  gracilis  and 
cuneate  nuclei  to  the  opposite  side  of  the  cerebellum. 
Other  fibers  coming  from  the  spinal  ganglia  arborize 
around  cells  in  Clark's  column,  whence  new  fibers  pass 
by  the  direct  cerebellar  tract  to  the  homolateral  half 
of  the  cerebellum.  Other  fibers  pass  from  the  inferior 
oliva  to  the  opposite  cerebellar  hemisphere,  and  fibers 
from  the  end  organs  in  the  semicircular  canals  pass 
to  the  pontine  nuclei,  and  thence  to  the  opposite  side 
of  the  cerebellum.  Several  other  tracts  have  been 
described,  that  for  the  superior  quadrigeminal  body 
being  of  greatest  importance  on  account  of  its  relation 
to  equilibrium  function. 

From  his  observations  Gall  concluded  that  in  the 
cerebellum  was  located  the  seat  of  the  instinct  of  love 
and  that  the  cerebellum  was  a  center  for  the  sexual 
organs  and  for  the  functions  of  propagation.  This 
hypothesis  has  been  almost  forgotten,  but  its  chief 
interest  at  the  present  time  is  that  from  the  experi- 
ments of  von  Bechterew  and  his  pupils  the  conclusion 
has  been  drawn  that  there  is  a  rather  close  connection 
between  the  cerebellum  and  the  functions  of  pro- 
pagation and  sexual  activity. 

The  .serious  and  systematical  investigation  of  the 
functions  of  the  cerebellum  may  be  said  to  have  begun 
by  the  experimental  work  of  Rolando,  which  nas 
already  been  described.  The  fact  that  the  cerebellum 
could  be  stimulated  electrically  led  Rolando  to  con- 
clude that  this  organ  is  the  source  or  the  originator 
of  the  movements  of  all  the  voluntary  muscles,  but 
this  view  was  not  generally  accepted.  Flourens 
studied  especially  the  effects  of  the  destruction  of  the 
cerebellum  as  a  whole  and  of  its  parts  in  birds,  and 
because  of  his  experiments  concluded  that  the  cere- 
bellum is  not  a  center  for  the  production  of  voluntary 
movements,  but  that  its  chief  function  is  in  the  control 
of  those  movements  which  are  of  a  mixed  voluntary  and 
involuntary  type,  viz.,  those  of  an  automatic  nature 
such  as  standing,  walking,  flying,  swimming,  etc. 
Flourens  found  tliat  in  animals  in  which  the  cere- 
bellum was  destroyed  "volition  and  sensation  and 
perception  persisted."  The  possibDity  of  executing 
movements  together  also  persisted,  but  coordination 
of  movements  was  lost. 

Luys  directed  attention  to  the  fact  that  muscular 
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weakness  is  an  immediate  effect  of  the  destruction 
of  part  or  of  the  whole  cerebellum,  and  the  experi- 
mental work  of  Weir  Mitchell  led  directly  to  the  con- 
clusion that  in  some  manner  the  cerebellum  was  to  be 
considered  a  source  of  energj'  for  the  motor  centers 
in  the  spinal  cord.  Mitchell  observed  that  the  cere- 
bellum could  be  irritated  by  chemical  means  and  later 


Fig.    1045. — Diagram  of   Footprints  of   Normal   Dog;   p, 
g,   when  galloping.     (From  Luciani.) 

Nothnagel  found  that  the  application  of  mechanical 
means  to  the  cerebellum  produces  motor  changes 
in  the  body.  Mitchell  also  found  that  after  the 
extirpation  of  the  cerebellum  there  was  a  tendency  to 
great  bodily  fatigue  and  in  this  observation  we  see 
the  beginnings  of  our  more  recent  views  of  cerebellar 
function. 

From  the  observations  on  mammals,  and  from  the 
results  of  Flourens'  work  on  birds  Ferrier  concluded 
that  the  cerebellum  is  the  center  of  equilibrium  and 
of  spatial  orientation.  It  is  both  structurally  and 
functionally  closely  connected  with  the  semicircular 
tanals,  and  the  latter  with  the  muscles  may  be  con- 
sidered the  chief  peripheral  end  organs  which  send 
impulses  to  the  cerebellum.  The  hypothesis  of 
Flourens,  that  the  cerebellum  is  concerned  with  motor 
coordination,  did  not  appear  to  Ferrier  to  meet  all 
the  facts  and  he  denied  that  the  cerebellum  had  a 
coordinating  function  in  the  sense  that  Flourens 
used  the  term.  Certain  facts  gained  from  his  own 
animal  experiments  and  from  clinical  observation 
appeared  to  be  against  the  view  of  a  coordinating 
function  of  the  cerebellum.  The  chief  facts  in  this 
line  are  (1)  that  after  the  first  few  daj's  following  an 
operation  coordination  does  take  place,  and  the  animal 
can  coordinate  its  movements  fairly  ^vell,  or  well 
enough  for  its  ordinarj-  needs,  and  (2)  that  in  man 
there  is  associated  with  cerebellar  lesions  a  loss  of 
equilibrium,  vertigo,  and  a  lack  of  bodily  orientation 
while  coordinated  movements  can  and  do  take  place. 
We  are  indebted  to  Luciani  more  than  to  any  other 
for  the  careful  analysis  of  the  symptoms  from  cere- 
bellar irritation  and  destruction.  The  facts  that 
were  found  and  utilized  by  Flourens  and  bj'  Ferrier 
were  known  to  Luciani  and  to  these  he  added  others 
that  have  been  of  assistance  in  bringing  about  a  more 
careful  analysis  of  the  subsequently  observed  clinical 
cases.  He  noted,  as  had  others,  the  decided  motor 
derangement  coincident  with  lesions  of  the  cere- 
bellum, but  his.  investigations  led  him  to  a  fuller 
analysis  of  this  motor  effect.  He  observed  especially 
the  failure  in  rhythm  in  voluntary  movements  and 
their  lack  of  fusion.  Many  of  the  effects  observed  by 
him  in  animals,  and  those  observed  in  man  after 
cerebellar  lesions,  he  showed  could  be  accounted  for 
when  it  is  recognized  that  there  is  a  decrease  in 
motor  power,  and  a  lack  of  muscular  tone.  His  ex- 
planation, therefore,  of  the  motor  disturbances  is 
the  one  widely  adopted  at  the  present  time,  viz.,  that 
the  disturbance  is  not  a  direct  one,  but  dependent 
upon  a  lack  of  power  or  upon  an  asthenia.  The 
asthenia  is  the  cau.se  of  the  astasia  and  of  the  cere- 
bellar ataxia.  The  symptoms  in  cerebellar  lesions  are 
divided  by  Luciani  into  two  classes,  the  results  of 
different  physiological  conditions,  on  the  one  hand  the 
defect  phenomena  and  on  the  other  hand  the  phe- 
nomena of  compensation,  i.e.  the  efforts  at  compensa- 
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tion  for  the  defects.  The  asthenia,  or  muscular 
weakness,  is  the  principal  defect  phenomenon  and 
is  the  direct  result  of  the  loss  of  the  impulses  from  the 
cerebellum.  The  attempts  at  compensation  produce 
the  main,  and  easily  observed,  motor  deficiencies, 
viz.,  the  isolation,  the  lack  of  rhythm  and  the  inco- 
ordination of  movements.  In  this  attempted  com- 
pensation the  cerebrum  plaj's  the 
most  important  part. 

The  researches  of  von  Bechterew 
and  his  pupils  have  given  results 
similar  in  the  main  to  those  obtained 
by  other  investigators,  but  von 
Bechterew  has  made,  by  his  use  of 
all  the  available  material,  a  careful 
analysis  of  the  symptoms,  more  com- 
plete than  that  of  Luciani  because  of 
the  additional  information  he  has 
had.  He  sums  up  the  results  of  all 
the  work  in  much  the  same  manner 
as  does  Luciani,  but  in  explanation 
of  the  phenomena  returns  to  the  earlier  hypothesis 
of  Magendie  and  of  Ferrier.  ^'on  Bechterew  gives 
three  distinct  sj-mptoms  due  to  cerebellar  loss,  these 
three  according  to  him  being  the  onh'  phenomena 
due  to  the  cerebellum  directly.  There  are:  (1)  dis- 
turbance of  harmony  of  the  single  movements  in 
relation  to  the  position  of  the  body  (astasia),  (2) 
general    muscular   weakness    (asthenia),    and    (3)   a 


when  walking; 


Via.  104G. — Diagrams  of  Footprints  of  a  Dog  Ten  Days  after 
the  Extirpation  of  the  Middle  Lobe  of  the  Cerebrum.  (From 
Luciani.)  Compare  with  preceding  figure,  and  note  the  marked 
degree  of  incoordination  and  the  irregularity  in  length  and  direc- 
tion of  the  movements. 

decreased  tension  or  atony  of  the  muscular  system. 
All  these  phenomena  are  believed  to  be  of  a  reflec- 
tor nature.  They  occur  because  of  the  loss  of  cere- 
bellar function,  or  because  of  the  abnormal  stimu- 
lation of  the  organ,  and  thej'  are  increased  by  the 
impulses  that  arise  from  other  parts  of  the  nervous 
system,   especially   those   from   the   cerebral   cortex. 
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Only  when  there  results  the  combination  of  the 
redox  activity  with  the  impulses  from  the  cerebrum 
do  we  observe  the  motor  disturbances,  once  considered 
.  1  so  characteristic  of  the  cerebellum,  viz.,  the  rolling 
II  and  turning  movements,  nystagmus,  etc.  The  circus 
movements  arc,  therefore,  believed  to  be  reflex;  they 
are  not  due  to  motor  impulses  from  the  cerebellum 
or  the  cerebrum,  but  to  impulses  from  other  centers 
that  are  normally  activated  or  reinforced  or  affected  in 
other  ways  by  impulses  from  the  cerebellum.  The 
reflexes  arise  from  the  association  of  afferent  impulses 
from  the  labyrinth  with  motor  impulses  from  centers 
situated  in  the  region  of  the  third  ventricle,  where 
are  located  the  centers  controlling  static  coordination. 
Von  Becliterew  lays  considerable  stress,  both  for  the 
understanding  of  the  physiology  of  the  cerebellum 
and  for  the  understanding  of  tiie  clinical  symptoms 
in  man,  upon  the  partial  or  almost  complete  recovery 
from  the  motor  disturbances.  With  Thomas  he 
believes  that  after  the  destruction  of  cerebellar  sub- 
stance the  normal  controlling  action  of  the  cerebellum 
is  undertaken,  as  a  sort  of  vicarious  function,  by  the 
motor  cortex  of  the  cerebrum,  although  in  certain 
cases  in  which  the  motor  cortex  is  extirpated  this 
function  may  be  assumed  bj'  other  lower  motor 
centers.  It  appears,  therefore,  that  not  only  are  some 
of  the  marked  symptoms  of  cerebellar  disease  caused 
by  the  activity  of  the  cerebrum,  but  that  at  the  same 
time  the  latter  organ  is  able  to  compensate  for  or  to 
replace  to  a  certain  extent  the  functions  of  the 
cerebellum. 

Many  recent  investigations  have  tended  to  show 
functional  connections  of  the  cerebellum  which 
earlier  observations  had  not  disclosed,  and,  in  asso- 
ciation with  the  more  careful  clinical  studies,  it  has 
been  shown  that  there  is  almost  as  much  differentia- 
tion of  the  motor  connections  in  the  cerebellum  as  in 
the  cerebrum,  the  lobulus  simplex  being  associated 
with  movements  of  the  head,  the  crus  primum 
lobuli  ansiformis  with  the  anterior  extremity  (step- 
page and  movements  of  salute),  the  crus  secundum 
lobuli  ansiformis  with  the  posterior  extremity,  and 
the  lobulus  paramedianus  with  the  trunk  movements 
(pleurothotonus,  rolling  movements,  etc.). 

Brief  mention  may  be  made  of  the  similarity  of 
symptoms  from  cerebellar  and  frontal  lobe  (cerebral) 
lesions.  Unless  the  symptoms  of  static  incoordi- 
nation and  of  loss  of  equilibrium  are  marked,  the  motor 
phenomenon  from  lesions  in  both  regions  may  appear 
alike.  This  similarity  of  symptoms  may  be  under- 
stood when  we  consider  that  both  these  parts  are 
concerned  in  the  regulation,  and  not  directly  in  the 
production,  of  activity. 

The  suggestion  has  been  made  that  the  stellate  cells, 
the  basket  cells,  and  the  granule  cells  have  receptive 
and  associative  functions,  and  that  the  cells  of  Pur- 
kinje  originate  the  coordinating  impulses  and  those 
impulses  which  control  the  activity  of  the  cerebral 
and  spinal  cord  motor  cells. 

Although  some  have  believed  the  cerebellum  to  be  a 
center  for  mental  processes,  many  who  uphold  a  strict 
mental  localization  in  the  cerebral  cortical  areas  have 
disputed  this  view,  regardless  of  the  similarity  of  the 
clinical  syndromes  from  lesions  of  these  organs.  It  is 
interesting  to  note  that  the  hypothesis  of  subconscious 
mentality  has  been  suggested,  but  the  meaning  of  this 
term  (subconscious)  is  very  vague. 

The  Ganglionic  Gr.^y  Matter. — On  account  of 
their  location  the  experimental  investigations  of  the 
basal  ganglia  are  not  very  satisfactory,  since  the  cor- 
tex either  above  or  on  one  side  must  be  extirpated 
before  these  regions  can  be  reached,  or  electrodes  for 
purposes  of  stimulation  must  be  forced  through  the 
overlying  tissues,  thus  bringing  about  a  destruction 
of  parts  and  possibly  also  a  spreading  of  the  stimuli. 
The  extirpation  of  these  regions  is  also  difficult,  and 
the  results  are  not  simple,  since  their  extirpation  in- 


volves other  neighboring  structures.  The  clinico- 
pathological  observations  when  these  ganglia  are 
affected,  because  of  the  anatomical  relations  of  the 
parts,  are  not  always  simple,  and  it  is  onlj'  by  elimi- 
nation, combiiuition,  and  variation  methods  that  we 
are  able  to  obtain  any  indication  of  the  individual 
functions.  The  difficulties  both  on  the  side  of  experi- 
ment and  on  the  side  of  the  clinicopathological  ob.ser- 
vations  are  very  great,  and  definite  statements  can- 
not be  e-xpected  regarding  functions  of  these  complex 
bodies.  S^ome  indication  has  been  given  of  the 
anatomical  connections  of  some  of  these  nuclei  with 
parts  of  the  corte.x,  and  it  is  known  that  the  thalamus 
is  in  very  close  relation  with  the  motor  and  sensory 
cortex  surrounding  the  central  fissure.  On  the  other 
hand  it  is  well  known  that  the  lenticular  nucleus  is 
closely  associated  with  the  motor  cortex  of  the  cere- 
brum, and  this  latter  relation  to  such  motor  acts  as 
phonation  is  described  in  the  article  on  aphasia. 

Caudate  Xucleu^. — The  stimulation  of  either  one  of 
these  nuclei  produces  violent  movements  on  the 
opposite  side  of  the  bod}-  and  the  head.  The  move- 
ments are  similar  to  those  which  are  produced  by  the 
continued  stimulation  of  the  motor  cortex,  being  epi- 
leptiform in  character.  When  the  motor  cortex  on 
one  side  has  been  extirpated  for  from  two  to  four 
weeks,  and  the  caudate  nucleus  on  that  side  is  stimu- 
lated, no  reactions  are  obtained;  if  the  stimulation  is 
given  to  the  other  side  movements  result.  It  would 
thus  appear  that  the  motor  functions  of  this  nucleus 
are  controlled  by  some  action  of  the  motor  cerebral 
cortex,  and  that  the  nuclear  cells  do  not  act  inde- 
pendently. It  has  also  been  found  that  stimulation 
of  parts  of  this  nucleus  produces  changes  in  the 
respiratory  movements,  but  these  may  be  only  con- 
comitants of  the  general  motor  effect,  and  not  indi- 
vidual movements  controlled  by  special  connections 
of  cells.  Changes  in  the  blood  supply  and  in  heart 
action  have  also  been  observed  upon  stimulation  of 
this  organ,  and  mechanical  stimulation  has  been  ob- 
served to  be  accompanied  by  an  increase  in  the 
temperature  of  the  body.  In  clinicopathological  con- 
ditions abnormalities  of  movement  have  been  ob- 
served, but  the  phenomena  associated  with  these  re- 
sults were  varied;  sometimes  vasomotor  changes  were 
found  alone  or  with  the  motor,  and  sometimes  only 
motor.  Kircthoff  concluded  from  the  examination  of 
a  case  in  which  this  region  was  destroyed  that  in  it  was 
located  the  center  controlling  the  trophic  conditions 
of  the  muscles. 

Lenticular  Nucleus. — The  extirpation  of  the  lenticu- 
lar nucleus  in  animals  has  been  found  to  be  accom- 
panied by  a  complete  paralysis  for  voluntary  move- 
ments (Nothnagel).  Upon  stimulation  of  the  nucleus 
in  manj'  cases  there  have  been  found  tonic  convulsive 
movements  in  the  contralateral  extremities  and  the 
head,  which  makes  it  evident  that  this  nucleus  like 
the  caudate  nucleus,  is  associated  with  the  production 
of  movement. 

Destructions  or  disturbances  of  this  region  in  man 
result  in  aphasic  or  anarthric  conditions,  according  to 
Marie,  and  lesions  or  irritative  conditions  of  this  part 
have  also  been  found  to  be  associated  with  states  of 
abnormal  motility,  sometimes  choreiform  or  athetoid. 
All  of  our  knowledge  indicates  that  this  region  is  con- 
cerned with  movement.  Its  definite  relation  to  the 
motor  cerebral  cortex  is  not  understood;  it  is  not 
certain  that  movements  are  initiated  by  the  lenticular 
cells,  but  it  is  probable  that,  like  the  caudate  and 
cerebellar  cells,  the  motor  function  is  subsidiary  to 
that  of  the  cells  in  the  precentral  cerebral  cortex. 
Recent  work  by  Wilson  indicates  that  its  probable 
motor  function  is  one  of  "steadying  effect  on  the 
action  of  the  corticospinal  system." 

Thalamus. — That  the  sensory  impulses  which  pass 
upward  from  the  cord  to  the  cerebrum  pass  to  the 
thalamus  first  is  now  well  accepted.  The  thalamus, 
therefore,  must  be  considered  to  be  a  sensory  center, 
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and,  as  such,  is  probably  subsidiary  to  the  sensory 
cerebral  cortex. 

WTien  the  thalamus  is  destroyed  there  results  a  com- 
plete contralateral  hemianesthesia.  In  pathological 
conditions  associated  with  the  destruction  of  this 
nucleus,  there  are  found  a  number  of  symptoms  of 
varied  character.  A  patient  with  a  lesion  in  this 
region  is  emotionally  unstable,  or,  to  put  the  matter 
in  objective  terms,  such  a  patient  expresses  emotional 
states  very  easily.  Continual  spasmodic  laughing  or 
crying  has  been  observed  in  patients  with  this  part 
of  the  brain  destroyed,  and  associated  with  these 
conditions  we  find  fear. 

Some  cases  have  been  observed  in  which  disturb- 
ances of  the  thalamus  have  been  associated  with  re- 
spiratory changes,  and  especially  with  the  Cheyne- 
Stokes  phenomenon.  Vasomotor  disturbances  have 
also  been  noted  in  the  contralateral  extremities,  and 
sometimes  associated  with  these  are  edema  and  an 
increased  temperature. 

Von  Bechterew  has  found  that  the  stimulation  of 
the  thalamus  in  dogs  produced  changes  in  the  sexual 
organs,  such  as  contractions  of  the  uterus  and  in- 
creased blood  supply  and  secretions  in  these  organs. 
The  stimulation  of  the  thalamus  also  produces  a  con- 
traction of  the  pancreas  and  of  the  urinary  bladder. 
Other  experimental  results  have  shown  that  the  re- 
spiratory rhythm  is  changed  and  this  finding  is  in  har- 
mony with  the  clinical  observations.  These  results 
indicate  some  connection  between  the  thalamus  and 
motility,  which  is  also  indicated  on  anatomical 
grounds  by  the  presence  of  the  cerebrothalamic- 
cerebellar  paths. 

Lesions  of  the  pulvinar  give  rise  to  visual  disturb- 
ances on  account  of  the  interruption  of  the  optic 
fibers,  about  one-fifth  of  which  pass  through  this 
region. 

The  Geniculate  and  Quadrigeminal  Bodies. — About 
eighty  per  cent,  of  the  optic  fibers  pass  by  way  of  the 
lateral  geniculate  body,  and  this  ganglionic  mass  is 
visual  in  function  (see  section  on  Visual  Functions  of 
the  Cerebrum.)  The  medial  geniculate  body  is  part 
of  the  auditory  path  to  the  cerebral  cortex  (see  section 
on  the  Auditory  Functions  of  the  Cerebrum).  The 
superior  quadrigeminal  bodies  are  connected  with  the 
optic  fibers  on  the  one  hand  and  with  the  nuclei  of  the 
III.,  IV.,  and  VI.  cranial  nerves  on  the  other,  and  are, 
therefore,  reflex  stations  for  the  eye  movements  (see 
section  on  Visual  Functions  of  the  Cerebrum).  The  in- 
ferior quadrigeminal  bodies  are  parts  of  the  path  of 
the  auditory  fibers,  and  they  are  parts  of  the  auditory 
mechanism  (see  section  on  Auditory  Functions  of  the 
Cerebrum). 

OthcT  Ganglionic  Masses. — The  functions  of  other 
groups  of  cells  are  to  be  determined  only  indirectly, 
by  noting  their  degenerations  following  lesions  of 
other  parts.  In  this  group  we  may  mention  the 
following:  red  nucleus,  hypothalamus,  substantia 
nigra.  The  functions  of  these  parts  are  in  doubt, 
but  their  anatomical  connections  give  information  of 
value  in  this  regard  (see  article  on  Anatomy  of  the 
Brain).  Shepherd  Ivory  Franz. 
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Brain,  Softening  of. — See  Brain,  Circulatory  Dis- 
turbances of. 

Brain,  Surgery  of  the. — Opening  the  skull  by  rude 
means  seems  to  have  been  a  prehistoric  practice  in 
many  parts  of  the  world.  In  the  earliest  days  it 
may  occasionally  have  been  performed  for  con- 
sequence of  injury  or  suspected  disease,  but  is  more 
likely  to  have  been  a  rite  practised  in  accordance 
with  superstitions,  or  beliefs  concerning  the  liberation 
of  evil  spirits,  or  for  some  other  motive  for  whose 
hidden  cause  we  have  not  here  to  seek.  In  ancient 
India,  in  Algeria,  in  Serbia,  and  in  various  other 
portions  of  the  eastern  hemisphere,  as  well  as  among 
the  predecessors  of  the  North  American  Indians, 
among  the  Peruvians,  and  many  of  the  South  Sea 
Island  natives  or  colonies,  museum  specimens  prove 
the  more  or  less  frequent  observance  of  the  ceremony 
or  rite  as  it  may  have  been  (Figs.  1047  and  10-18). 

History. — In  the  history  of  medicine  we  need  not 
for  our  present  purpose  go  back  before  Hippocrates, 
who  described  the  operation  of  trephining  and  who 
advised  that  one  should  not  perforate  quite  down  to 
the  dura,  but  leave  a  thin  layer  of  bone  to  the  process 
of  exfoliation,  in  order  not  to  injure  the  membrane 
beneath.  He,  perhaps  first,  recommended,  in  order  to 
prevent  undue  heating  of  the  instrument  by  friction, 
to  cool  it  with  frequent  applications  of  cold  water; 
while  others,  later,  recommended  milk  or  oil  of  roses 
for  the  same  purpose,  ^'arious  forms  of  .saws  were  in 
use  from  his  day  down  to  the  present.  Celsus  recom- 
mended the  cranial  trepan  (conical)  which  contained 
also  the  central  pin.  In  his  day  it  was  customary  to 
use  a  simple  cranial  or  circular-saw  trepan,  and  to 


Fia.  1047. — Prehistoric  Trephining;    Skulls  from  Huarochiri, 
(Bureau  of  Ethnology.) 

follow  this  with  the  pyramidal  or  conical  instrument. 
Celsus  also  advised  the  practice  of  drilling  a  series  of 
small  openings  around  the  margin  of  any  piece  of 
carious  or  dead  bone  which  might  reauire  removal, 
and  then  to  connect  these  openings  witn  a  chisel  and 
hammer.  He  also  introduced  a  sort  of  spatula  or 
plate  called  the  meni7igophylax,  an  instrument  in- 
tended to  depress  the  membranes  in  order  to  protect 
them.  Various  forms  of  chisel  were  in  common  use, 
as  well  as  of  forceps,  for  removal  of  portions  of  bone. 
All  sharp  bony  projections  were  also  removed. 
Celsus  speaks  particularly  of  prognosis,  and  of  pre- 
cautions to  be  taken  in  order  to  secure  the  most 
desirable  cicatrices.  Heliodorus  recommended  var- 
ious positions  of  the  head,  usually  with  the  patient 
sitting  with  his  head  between  the  knees  of  the 
operator.  He  advised  that  the  ears  be  plugged  with 
wool  in  order  to  lessen  the  sound  of  the  instruments; 
also  that  a  probe  be  used  for  investigation  of  condi- 
tions beneatli  the  skull.  He  recommended  dressings 
of  charpie  saturated  with  oil  of  roses.  Galen  recom- 
mended the  u.se  of  the  probe-pointed  knife  and  of  the 
abapliston  instead  of  the  trephines  then  in  use,  this 
instrument  being  a  trepan  provided  with  a  guard  to 
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prevent  too  deep  penetration.  Paulus  Aegineta 
practised  the  cross-shaped  incision  for  exposure  of 
the  surfaces  to  be  attacked,  hut  advised  delay  of  at 
least  a  day  before  actuaOy  attacking  the  bone,  for 
which  latter  purpose  he  used  mainly  the  hammer  and 
chisel,  .\bulciisis  employed  the  abaptiston,  but 
bored  numerous  openings  which  he  connected  later 
either  with  the  chi.sel  or  with  a  very  stout  knife  which 
he  seems  to  have  devised  for  the  purpo.se.  Lanfranchi 
agreed  with  his  .\rabian  predecessors,  Haly  Abbas, 
Avicenna,  and  Serapion,  tliat  it  was  unnecessary  to 
follow  up  all  fissures  of  the  skull  with  the  trepan,  and 
that  trepanation  was  practised  imneces.sarily  fre- 
quently. Mondeville  laid  down  twenty  rules  for 
use  of  the  trepan,  and  advi.sed  that  the  dre.ssmgs  be 
saturated  witn  warm  wine,  for  which  purpose  he 
often  used  sponges.  Guy  de  Chauliac  used  six 
different  forms  of  instrument  for  perforating  the  skull. 
Vigo  Waited  a  day  or  two  after  opening  the  scalp, 
tamponing  the  wound  before  attacking  the  bony 
cranium.  He  insisted  upon  having  his  patients  in  a 
warm  room.  He  noted  the  possible  healings  of  frac- 
tures of  the  base,  accompanied  by  bleeding  from  the 
nose  and  cars,  without  operative  treatment.  Cardano 
lamented  the  misuse,  in  his  time,  of  the  trepan, 
which  he  ascribed  to  the  malicious  avarice  of  the 
surgeon.  Ryfl  seems  to  have  gone  back  to  pre- 
historic practices,  i.e.  to  the  time  when  the  aborigines 
scraped  through  the  skull  with  sharp  shells  or  stone 
instruments,  since  he  recommended  perforating  the 
bone  with  bone  files,  at  least  down  to  the  internal 
table. 

The  great  Par6  treated  fissures  not  so  much  with 
trepan  as  with  the  chisel  or  raspatorium,  and  usually 
waited  two  or  three  daj's  before  employing  these.  In 
his  day,  as  before,  all  sorts  of  elevators  with  screw- 
shaped  points,  and,  with  tripods  for  their  support,  were 
in  more  or  less  general  use,  while  cutting  forceps  were 
employed,  as  well  as  chisel  and  hammer,  forremovmg 
points  of  bone.     He  described  four  indications  for  tre- 
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-Prehistoric  Trephining:  Ancient  Peruvian  Skull. 
(Bureau  of  Ethnology.) 


panation  as  well  as  six  different  points  at  which  the 
ULstrument  should  not  be  used.  Carcano  Leone  ad- 
vised the  use  of  cauterj^  points  for  control  of  arterial 
bleeding.  He  was,  perhaps,  the  first  to  suggest  the 
use  of  pieces  of  bone  for  filJing  the  defect,  or  the  resti- 
tution of  the  bone  already  removed  for  the  .«ame 
purpose.  He  successfully  opened  the  skuU  for  intra- 
cranial hemorrhage,  as  well  as  for  abscess.  Glandorp 
quotes  a  case  of  Spighel's  in  which  one  patient  was 


trephined  seven  times  within  a  few  days  for  conse- 
quences of  injury,  and  yet  recovered.  He  also  quotes 
an  instance  of  great  protrusion  of  the  dura  which, 
when  opened,  gave  exit  to  a  large  amount  of  pus. 
This  patient  also  recovered. 

Perhaps  one  of  the  earliest  instances  of  opening  the 
skull  for  posttraumatic  melancholic  in.sanity  was  that 


Fig.  1049. — The  Operation  of  Trepanning  in  the  Early  Part  of 
the  Eighteenth  Century.     (From  Heister.) 


reported  by  Heinrich  von  Erfurt,  of  Cologne,  during 
the  thirteenth  century.  He  operated  with  the  patient 
in  deep  alcoholic  narcosis,  and  described  the  opening 
as  emitting  a  dense  vapor  (grosser  Dunst). 

Trephining. — Preparation. — Only  a  j-ear  or  two 
ago  the  night  before  an  operation  was  frequently 
quite  as  terrifying  as  the  operation  itself.  With 
cathartics,  frequent  stools,  and  bowel  washes,  soap 
poultices,  and  irritating  antiseptics,  the  hours  were 
far  from  tranquil — and  when  with  all  this  no  breakfast 
was  allowed,  the  patient  usually  went  to  the  operation 
exhausted,  both  mentally  and  physically. 

The  night  before  an  operation  should  be  spent  in  sleev, 
and  orders  which  necessitate  waking  a  patient  should 
be  omitted.  Personally  we  give  our  patients  a  light 
breakfast,  usually  a  piece  of  toast  with  coffee,  as  with- 
out it  some  patients  are  very  uncomfortable.  An 
hour  or  two  before  going  to  the  operating-room  some 
drug  should  be  given  wTiich  will  render  the  patient 
drowsy — or  at  least  tranquilized — but  in  our  opinion 
not  sufficient  to  completely  narcotize.  Morphine  is 
admirable,  and  whether  it  be  combined  with  hvoscine 
or  not  is  a  matter  of  individual  preference.  Hyoscine 
in  our  hands  has  not  been  devoid  of  danger;  while  its 
action  is  beautiful  when  it  works  well,  we  regard  it  as 
a  drug  to  be  used  very  cautiously. 

Chloretone,  fifteen  to  twenty-five  grains,  given  an 
hour  previously,  sometimes  works  effectively. 

With  a  night  spent  in  sleep,  a  light  breakfast,  and 
a  mind  relieved  of  concern,  the  patient  is  physicallj-  fit 
and  mentally  approaches  the  operation  without  fear. 

We  would  not  be  understood  as  advising  against 
preliminary  eliminative  measures — in  fact  quite  the 
reverse — as  we  regard  these  of  the  greatest  impor- 
tance. Many  patients  come  to  the  surgeon  with  dry 
skin,  coated  tongue,  a  frequent  thready  pulse,  a  loaded 
colon,  with  scantj'  high-colored  urine.  If  there  be 
time  for  such  measures,  certainly  a  week  can  very  well 
be  spent  in  thorough  elimination.     The  night  before 
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the  operation  is  scarcely  the  time  for  them:  but  when 
time  does  permit,  hot-air  baths,  bowel  washes,  and 
extra  fluids  are  of  great  help.  Except  In  cases  of 
emergency,  praeticallj'  all  our  cases  have  a  hot-air 
bed-bath  the  night  before,  as  it  not  only  causes  liberal 
prespiration  but  causes  the  patient  to  drink  copiously 
of  water. 

The  local  preparation  here  does  not  differ  materially 
from  the  preparation  of  the  skin  in  any  other  surgical 
operation.  At  the  present  time  the  tendency  seems 
to  be  to  return  to  the  use  of  antiseptics  in  skin  steriliza- 
tion, iodine  being  the  one  in  recent  use.  We  cannot 
but  feel  that  the  preparation  of  the  skin  should  include 
at  least  a  cleansing  bath,  and,  possibly,  more  extensive 
scrubbing.  It  scarcely  seems  justifiable  to  open  the 
hairy  scalp  without  at  least  getting  rid  of  its  ordinary 
accumulations.  In  operating  on  the  head,  whether 
this  preparation  be  done  before  the  anesthetic  is 
started  or  not  is  of  no  material  difference.  Our  pref- 
erence would  be  for  a  close  clipping  of  the  hair  the 
night  before,  followed  by  a  thorough  shampoo;  the 
final  preparation,  after  the  anesthetic  is  started,  to 
consist  of  a  drj'  shave,  followed  by  the  application 
of  iodine. 

Preliminarj-  administration  of  hexamethylenamine 
(urotropin)  whose  elimination  by  the  kidney  so  alters 
it  that  the  cerebrospinal  fluid  contains  a  verj'  small 
amount  of  formaldehyde,  is  a  precaution  of  verj* 
great  value.  When  emergency  precludes  its  use 
previous  to  operation  it  may  be  given  immediately 
after  it,  even  per  rectum  if  necessary.  For  this 
means,  doses  of  twenty  grains  (1.3  gram)  in  water  are 
given  at  say  four  hour  intervals  during  the  24  to  48 
hours  prior  to  deliberate  operations;  or  in  much 
larger  doses  if  given  by  the  rectum  after  its  perform- 
ance.    It  maj'  also  be  introduced  by  spinal  puncture. 

In  emergencj'  cases  dry  iodine  preparation  is  un- 
doubtedly the  method  of  choice,  as  time  does  not 
permit  the  usual  scrubbing.  If  this  be  done  it  prob- 
ably interferes  with  efficient  action  of  the  iodine. 
Where  an  open  wound  exists  the  simple  application 
of  iodine  is  preferable. 

Shaving,  ordinarily,  is  not  very  well  done  in  a 
hospital,  and  with  the  implements  at  hand  is  usually 
a  painful  operation,  and  this  is  the  chief  reason  for 
delaying  it  until  after  the  anesthetic  has  been  started. 

Topography. — Every  article  on  this  subject  seems  to 
take  up  a  detailed  discussion  of  surface  markings  of 
the  skulL  What  would  we  think  if  every  article  on 
abdominal  surgery  should  include  the  topography  of 
the  abdomen?  Dr.  Cushing  expresses  it  correctly 
when  he  states  "  that  all  neurological  surgeons  should 
know  the  brain  as  the  abdominal  surgeon  knows  the 
beUy."  When  this  is  true  it  wiU  scarcely  be  necessary 
for  the  surgeon  to  map  out  beforehand  Reed's  base 
line,  the  fissure  of  Rolando,  and  the  fissure  of  Sylvius, 
as  he  will  know  where  to  make  his  incision  with  as 
much  certainty  as  the  abdominal  surgeon  knows 
where  to  make  the  incision  for  gallstones.  For  in- 
stance, he  should  know  accurately  the  circulation  of 
the  brain,  both  that  of  the  blood  and  of  the  spinal 
fluid,  in  order  that  he  may  more  accuratelj'  appreciate 
their  effect  in  producing  compression,  as  also  the 
surface  markings  of  all  the  sinuses,  with  an  accurate 
knowledge  of  the  location  of  not  only  the  centers  of 
the  motor  area,  but  also  those  in  other  parts  of  the 
brain,  the  motor  and  sensory  tracts,  and  the  cranial 
nerves. 

In  the  days  when  only  a  small  circular  opening  was 
made  in  the  skull,  it  was  necessary  to  be  exact  in 
localizing  exactly  the  motor  area.  Now — when  large 
flaps  are  made — it  is  not  so  essential.  A  line  is  drawn 
from  the  middle  of  the  orbit  to  the  external  auditory 
meatus,  and  a  perpendicular  from  this  line  through 
the  auditorj'  meatus  passes  over  the  upper  part  of  the 
motor  area.  This  makes  an  easy  landmark  by  which 
the  motor  area  can  be  mapped  out  at  a  glance,  and 
is  of  considerable  help.     For  the  usual  discussion  on 

414 


the  surface  markings  of  the  skull,  the  reader  is  re- 
ferred to  the  article  on  Crania-cerebral  Topography. 

Anesthetic. — There  are  a  few  surgeons  who  feel  that 
chloroform  has  a  special  field  in  surgery  of  the  head, 
but  the  principle  is  the  same  in  this  as  in  anj-  other 
surgical  work.  This  is  not  the  place  to  discuss  the 
general  question  of  anesthetics;  but,  in  the  main,  we 
believe  ether  is  the  anesthetic  of  choice.  Nitrous 
oxide  with  oxygen  has  its  special  advantages,  no 
clinic  being  complete  without  it,  but  in  no  sense  can 
it  be  considered  an  anesthetic  to  the  exclusion  of  ether. 
Nitrous  oxide  as  a  preliminary  to  ether  has  much  to 
commend  it,  as  it  quickly  puts  the  patient  to  sleep 
and  relieves  him  of  the  early  distress  from  ether.  In 
spite  of  the  extraordinary  claims  of  the  nitrous  oxide 
enthusiasts  ether  must  be  given  the  choice  as  the 
safest  anesthetic. 

The  intratracheal  insufflation  method  of  Meltzer,  as 
modified  by  Elsbere,  has  proven  to  be  of  great  advan- 
tage in  surgery  of  the  head,  neck,  and  thorax.     There 


Fig.   1050. — Surface  Markings  on  Skull,  Showing  Kelationa  of 
Important  Centers. 

are  several  other  modifications  of  this  same  principle, 
which  doubtless  are  equally  satisfactory.  By  this 
method  of  anesthesia  the  head  of  the  patient  can  be 
entirely  covered  with  towels  and  the  anesthetist  is 
out  of  the  way  of  the  operator.  Furthermore,  it  has 
been  demonstrated  that  this  method  supplies  the 
patient  with  the  oxygen  necessary  for  life,  whether 
he  attempts  to  breathe  or  not;  and  this  is  of  very  great 
help  in  certain  operations  where  it  is  difficult  for  the 
patient  to  breathe  because  of  his  position  on  the  table. 
In  operations  on  the  base  of  the  brain,  performed 
through  the  nasal  route,  it  is  of  the  very  greatest  im- 
portance, because  it  prevents  the  blood  from  run- 
ning down  the  trachea,  it  being  blown  upward  by  the 
escaping  air. 

Instruments. — The  instruments  used  for  opening  the 
skuU  have  been  but  poorly  adapted  for  their  purpose. 
The  ordinary  carpenter  has  tools  in  many  respects 
better  suited  to  his  use  than  those  employed  by 
the  surgeon  in  cranial  work.  The  old  circular  trephine 
was  most  un.satisfactory.  Many  other  instruments 
have  been  devised,  but  few  are  useful.  DriUs  of  all 
kinds  are  on  the  market,  both  with  hand  and  electric 
power,  but  with  most  of  them  injury  to  the  brain  is 
not  unlikely  to  occur.  A  few  years  ago  Dr.  Hudson, 
of  .\tlanta,  introduced  a  hand  drill  which  locked  after 
passing  through  the  bone,  thus  preventing  injury  to  - 
the  dura.  This  has  been  exceedingly  satisfactory  in 
our  hands,  and  has  made  the  operation  of  trephining 
very  much  easier.  He  has  also  by  his  mechanical 
ingenuity  produced  cutting  forceps  which  are  far 
superior  to  an3'  others  we  have  used.     These  instru- 
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ments  are  almost  a   necessity  for   this  work.     (See 
Fig.  10.31.) 

Many  of  the  electrically  driven  instruments  are  al- 
most ideal  in  theory,  but  in  practice  inefficient.  In 
the  first  place  most  of  them  are  lacking  in  i)o\vcr;  this, 
however,  could  easily  be  overcome.  In  the  .second 
place  there  is  no  aderjuate  safeguard  against  injuring 
the  dura,  and  this  objection  renders  their  use  danger- 
ous. The  (iigli  saw  is  used  by  some  to  connect  the 
drill  openings,  but  it  so  froquentlj'  breaks  that  it  is 
of  little  benefit.  Dural  separators  of  various  kinds 
arc  also  on  the  market  and  are  quite  satisfactory. 
The  hammer  and  chisel  have  been  used  a  great  deal 
in  making  osteoplastic  flaps.  From  practical  ex- 
perience if  would  seem  as  tliough  no  harm  followed 


or  some  special  form  which  makes  pressure  on  both 
sides  of  the  skin  over  a  larger  area. 

A  device  which  has  proved  efTieacious  in  con- 
trolling the  oozing  from  tlie  flap  is  to  clamp  the  ba.'^e 
with  an  ordinarv  intestinal  clamp  covered  with 
rubber  tubes.  Tliis  elTcctually  controls  it  without 
permanent  injury  to  the  circulation  of  the  flap. 

Technique. — A  horseshoe-shaped  incision  is  made 
over  that  part  of  the  skull  to  be  opened.  The  skin 
may  be  dis.sected  back  but  is  better  left  attached  to  the 
bone  flap.  It  is  desirable,  however,  that  the  perios- 
teum be  left  attached  to  the  bone  unless  the  bone  is 
to  be  permanently  removed. 

A  small  incision  is  made  in  the  periosteum  at  each 
of  the  corners  where  the  flap  is  made.     An  opening  is 


Fig.  1051 — Hudson's  Instruments  for  Opening  the  Skull.  1-5,  Trephine  set;  1—4,  burrs;  5,  brace;  6,  large  two-handed  cutting 
forceps:  ",  same  as  6,  only  one-handed;  8,  large  one-handed  cutting  forceps;  9,  Hudson's  most  perfect  cutting  forceps;  10,  large 
under-cutting  forceps;  11,  protector  for  drilling  silver  wire  openings.     (After  Hudson;  Annals  of  Surgery,  April,  1913.) 


their  use,  but  in  spite  of  this  their  employment  ought 
to  be  extremel}-  limited. 

Hemostasis. — There  have  been  many  devices  for 
the  control  of  hemorrhage,  but  it  is  questionable 
whether  any  of  them  have  proved  of  great  value. 
That  most  commonly  employed  is  the  circular  tour- 
niquet, which  can  be  used  to  shut  oflF  the  blood  supply 
of  the  scalp,  but  frequentlj'  when  it  is  removed  the 
oozing  is  quite  troublesome,  thus  making  its  use  of 
doubtful  expediency. 

Another  method  is  to  control  the  circulation  by 
means  of  a  circular  suture  surrounding  the  area  to  be 
operated.  This,  however,  has  the  same  disadvantage 
as  the  rubber  tourniquet,  in  addition  to  the  fact  that 
it  consumes  more  time  in  its  application.  We  prefer 
to  clamp  the  vessels,  either  by  the  ordinary  hemostats 


made  with  the  smallest  burr  of  the  Hudson  trephine. 
It  is  enlarged  with  the  second  one  and  made  complete 
with  the  third  and  fourth.  It  is  impossible  to  injure 
the  dura  with  either  of  these  as  thej'  automatically 
lock  as  they  go  through  the  bone. 

The  separator  is  now  used  to  detach  the  dura 
from  the  bone,  and  the  openings,  save  at  the  base  of 
the  flap,  are  connected,  either  by  the  Gigli  saw  or 
by  the  Hudson  cutting  forceps  illustrated  herewith. 
The  DeVilbis  cutting  forceps  was  u.sed  a  great  deal 
for  this  purpose  and  in  its  improved  shape  Is  now  an 
excellent    instrument. 

The  base  is  now  cut  by  chisel  on  each  side  .so  that, 
with  a  little  force,  a  fracture  occurs  at  this  point. 
Ordinarily  four  openings  are  sufficient,  but  there  is 
no  objection  to  several  more  if  thought  best.    Trouble- 
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some  oozing  from  the  bone  can  be  controlled,  either 
with  gauze  pressure,  Horslej'  wax,  or  bj^  forcing  the 
edges  of  the  bone  together  with  pressure  forceps,  the 
latter  being  the  much  better  metnod. 

At  this  stage  one  should  notice  any  peculiarity  in 
the  dura,  either  as  to  appearance,  circulation,  pul- 
sation, or  tension,  as  all  of  these  may  be  factors  in 
deciding  whether  or  not  it  should  be  opened.  If  it 
is  necessarj-  to  open  the  dura  the  incision  should  be 
fashioned  like  the  letter  W  or  M,  especially  where  any 
great  tension  exists,  as  under  these  circumstances  it  is 
much  more  easily  closed.  (Hudson.)  When  tension 
is  great  we  have  used  multiple  small  incisions  rather 
than   one   large  one,  as  it  allows  a  stretching  of  the 


Fig.  1052. — Usual  Cranial  Exploration;  Showing  Osteoplastic 
Flap   and    Incised    Dural    Flap. 

dura,  thus  relieving  tension  without  necessitating 
closure.  This  is  of  especial  advantage  in  cases  for 
decompression,  and  will  be  spoken  of  under  that  head. 

Gentleness  in  handling  tissues  must  here  be  an 
inviolable  rule.  Centers  when  injured,  even  when 
partlj'  excised,  doubtless  ultimately  repair,  but  that 
is  no  reason  for  handling  them  roughlj-  excepting  under 
the  greatest  necessitj'.  Even  in  needling  the  brain,  to 
tap  the  ventricle  or  to  explore  for  pus  or  other  fluid, 
great  care  should  be  taken  to  avoid  the  centers,  as 
irreparable  harm  may  come  from  carelessness  on  the 
part  of  the  operator. 

Before  closing  the  wound  great  pains  should  be 
taken  to  control  all  bleeding,  as  pressure  may  persist 
as  the  result  of  a  retained  clot.  Furthermore,  if 
there  be  anj'  oozing  which  has  not  been  controlled  it 
necessitates  drainage,  and  this  is  not  desirable  since 
it  invites  infection.  In  cases  where  there  is  no 
intracranial  pressure  the  bone  flap  maj-  be  replaced 
without  difficulty,  requiring  no  sutures  to  hold  it  in 
place;  but  where  intracranial  pressure  is  marked,  it 
may  be  necessarj'  to  fasten  it  in  place  by  means  of 
wire  sutures.  We  prefer  to  close  the  skin  with  con- 
tinuous sutures  as  this  better  controls  oozing.  In 
operations  which  are  done  in  two  stages,  the  flap  is 
ordinarily  closed  looselj'  with  either  catgut  or  sUk, 
in  order  that  it  maj'  readily  be  reopened.  The 
wound  is  dressed  in  the  usual  way,  except  that  we 
envelope  the  head  in  a  starched  bandage,  in  order 
for  a  few  days  to  limit  its  movements. 

Decompression. — Much  has  been  accomplished  in 
brain  surgery  in  the  last  twenty-five  years,  j'et  with 
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few  exceptions  the  end  results  have  not  been  really 
satisfactory.  For  instance,  in  a  recent  review  by 
Taylor,  of  Philadelphia,  of  63  cases,  there  was  a 
primary  mortality  of  30  per  cent.,  the  number  in- 
cluding 14  complete  removals,  9  partial,  and  8  cysts. 
AH  of  the  patients  were  then  dead  save  5,  and  only 
two  of  these  had  reached  the  third  j-ear  limit.  This 
is  a  perfectlj'  frank  review  and  corresponds  closely  to 
the  results  of  most  operators  in  this  work.  To  offset 
this  there  have  been  many  other  cases  of  verj'  marked 
improvement,  due  solely  to  exploratory  operations. 
Why  this  improvement  took  place  is  very  difficult  to 
understand,  but  it  has  occurred  so  often  that  it  is  now 
an  established  fact.  Doubtless  the  reason  in  most 
instances  is  relief  of  pressure.  In  any  event  these 
operations  have  led  to  a  more  thorough  tmderstanding 
of  the  mechanism  of  compression  and  its  relief  through 
decompression.  The  operation  of  decompression  is 
essentially  an  elaboration  of  the  suggestion  first 
made  by  Robert  F.  Weir,  generally  included  under 
the  term,  "relief  openings." 

This  has  opened  an  exceedingly  wide  field;  first, 
because  most  tumors  cannot  as  yet  be  accurately 
localized;  second,  because  even  when  accurate  locaU- 
zation  is  possible  removal  is  exceedingly  hazardous; 
third,  because  in  decompression  we  have  a  simple  op- 
eration which  is  practically  devoid  of  mortality,  and  at 
the  same  time  quite  effective  in  alleviating  the  most 
distressing  symptoms  of  compression.  In  view  of  the 
fact  that  most  compression  symptoms  can  be  relieved 
in  this  way,  and  of  the  discouraging  outlook  in  cases 
of  complete  removal,  it  would  seem  that  decompres- 
sion should  be  the  operation  of  choice  in  the  great 
proportion  of  cases.  In  order  successfully  to  decom- 
press the  brain  we  must  appreciate  the  mechanism  of 
compression,  but  unfortunately  cerebral  compression 
is  not  thoroughly  understood.  We  can  well  imder- 
stand  how  the  usual  causes,  such  as  depressed  bone, 
clot,  tumors,  etc.,  cause  actual  pressure  on  the  brain, 
but  these  causes  fail  to  explain  many  clinical  mani- 
festations of  compression.  For  instance:  following 
injury  or  operation,  one  occasionally  sees  a  patient 
do  well  for  a  few  hours,  then  slight  twitching  and 
jerking  of  an  extremitj-  occur,  and  later  the  patient 
grows  so  restless  that  it  is  almost  impossible  to  keep 
him  in  bed.  Finally  stupor  and  death  follow.  This 
is  a  frequent  picture  of  acute  compression,  for  which 
there  is  as  yet  no  satisfactory  explanation. 

The  condition  above  portrayed  is  probably  due  to 
some  interference  with  the  circulation  of  the  blood, 
causing  edema.  This  maj-  be  due  to  obstruction  of 
some  of  the  larger  veins,  even  to  thrombosis  of  one 
of  the  large  sinuses.  The  suddenness  of  the  symp- 
toms seems  to  point  rather  conclusively  to  an  obstruc- 
tion of  the  circulation  rather  than  the  mechanical  pres- 
sure of  bone  or  clot.  One  may  be  quite  sure  that  in 
compression  it  is  not  so  much  the  local  condition  as 
the  damage  done  to  the  general  cerebral  circulation 
that  produces  the  fatal  outcome. 

Again,  one  great  trouble  lies  in  the  lack  of  elasticity 
of  the  skuU.  Were  it  not  for  the  protection  afforded 
bj'  the  hard  bone  we  would  be  much  better  off  with  a 
covering  which  would  change  according  to  intra- 
cranial tension.  Could  we  imagine  a  skull  so  formed 
that  as  intracranial  tension  increased  the  skuU  would 
literally  expand,  we  would  seldom  see  cerebral  com- 
pression. The  construction  of  the  cerebrospinal  canal 
does  not  permit  of  accommodation  sufficient  for  such 
abnormal  needs. 

Granting  these  premises  to  be  correct,  the  whole 
problem  of  decompression  can  be  solved  by  an  opera- 
tion which  permits  the  skull  to  increase  in  capacity  in 
accord  with  increased  intracranial  tension.  Viewed 
from  this  standpoint  the  usual  operations  are  scarcely 
sufficient.  At  first  the  small  circular  opening  was 
made ;  later  a  bone  flap,  and  still  later  the  subtemporal 
operation  of  Cushing.  None  of  these  gives  greater 
skull  content  or  capacitj-,  but  depends  for  its  success 
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upon  the  dovolopmcnt  of  a  liernia.  Furtlierniore,  as 
the  pressure  becomes  greater  and  the  hernia  increases 
in  size,  centers  are  compromised  by  the  edges  of  the 
opening,  paralysis  supervenes,  and  the  later  condition 
of  the  patient  is  often  worse  than  the  first.  If  the 
dura  be  not  opened  there  is  little  if  any  real  relief 
from  the  removal  of  bone.  Several  times  in  ca.ses  of 
this  kind,  where  the  pressure  was  great,  we  have  been 
mortified  to  see  brain  protrude  so  that  it  was  impossible 
to  replace  it.  Paralysis  developed;  with  perhaps, 
later,  infection  and  death.  In  the  subtemporal  opera- 
tions these  accidents  are  not  so  common,  but  in  our 
experience,  if  the  opening  in  the  bone  be  small  it 
fails  in  its  purpose,  while  if  sufficiently  large,  the 
fascia  fails  to  hold  the  brain  in  place. 

Krause,  in  his  new  work,  speaks  of  raising  an  ordi- 
nary bone  flap  as  the  best  way  of  relieving  pressure. 
This  can  scarcely  be  correct,  as  in  the  presence  of  any 
great  pressure  one  of  two  accidents  will  occur:  First, 
the  brain  may  protrude  so  that  one  cannot  restore 
it  Inside  the  skull  without  amputation  of  the  prolapsed 
mass;  or,  second,  hernia  may  occur  later,  witli  paraly- 
sis, as  the  result  of  impingement  against  the  edge  of 
the  bone. 

The  important  principle  in  decompression  should  be, 
when  displacement  of  the  brain,  due  to  release  of  pressure, 
occurs,  that  displacement  shall  take  the  direction  where 
paralysis  is  most  unlikely,  and  that  direction  we  believe 
to  be  backward. 

The  usual  decompression  operation  is  that  recom- 
mended by  Cushing.  His  belief  is  that  hernia  of  the 
brain  is  the  logical  way  of  relieving  pressure,  and  the 
object  ought  to  be  to  control  this  rather  than  combat 
it.  Consequently  he  chooses  the  temporal  area  for 
such  an  operation;  and  utilizes  the  temporal  fascia  to 
control  the  hernia.  A  horseshoe  incision  is  made 
over  the  temporal  muscle,  and  the  muscle  fibers  re- 
tracted. A  circular  opening  is  then  made  in  the  skull 
and  enlarged  beneath  the  muscle  by  suitable  cutting 
forceps.  The  dura  is  then  incised  unless  there  is 
some  special  contraindication;  then  the  retracted 
muscle  is  allowed  to  fall  back  in  place  and  is  sutured 
over  the  opening  in  the  bone.  This  acts  as  a  barrier 
to  the  hernia  of  brain  which  would  otherwise  occur, 
thus  preventing  the  usual  complication  of  paralysis 
from  brain  protrusion  against  bony  margins. 

The  arguments  advanced  for  this  operation  by  that 
author  are:  (1)  The  frequency  with  which  the  lesion 
occurs  in  the  middle  fo.ssa  of  the  skull.  (2)  The  fact 
that  cerebral  contusions  are  especially  liable  to 
involve  the  top  of  the  temporosphenoidal  lobe.  (3) 
The  exposure  of  the  territory  of  the  middle  meningeal 
artery,  and  the  ease  of  determining  the  pre.sence  of 
an  extradural  hemorrhage.  (4)  The  possibility  of 
draining  through  a  split  muscle  rather  than  through 
the  scalp.  (5)  The  subsequent  protection  of  the 
muscle  against  hernia.     (6)  The  absence  of  deformity. 

Unquestionably  in  decompression  for  fracture  of  the 
base,  with  slight  pressure  symptoms,  this  operation  is 
almost  ideal,  for  the  reasons  just  given,  but  in  decom- 
pression for  tumor  these  conditions  are  different.  Here 
it  is  simply  a  question  of  enlarging  the  cranial  cavity 
in  order  to  relieve  compression,  and  in  this  instance 
we  believe  the  operation  of  Hudson  to  be  more  rational; 
since  the  object  to  be  obtained  is  to  increase  skull  ca- 
pacity, rather  than  produce  a  hernia.  The  opening 
ought  to  be  made  posteriorly  in  order  to  prevent 
paralysis.  Dr.  Hudson'  advises  that  a  large  bone  flap 
be  made  posteriorly,  on  each  side,  and  that  it  then 
be  held  in  place  by  wire  sutures.  These  sutures  are  so 
lightly  twisted  that,  as  intracranial  tension  increases, 
the  wire  untwists,  thus  allowing  the  bony  flap  to  yield, 
thereby  increasing  endocranial  capacity. 

The  operation  usually  practised  by  us  is  based  upon 
the  same  principles  outlined  by  Dr.  Hudson,  but  dif- 
fering somewhat  in  detail.  In  view  of  the  fact  that  so 
inany  tumors  are  inoperable,  we  believe  decompres- 
sion to  be  the  operation  of  choice  in  the  great  majority 
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of  instances;  especially  .so  because  of  the  difficulty  of 
diagnosis  between  a  cerebral  and  a  cerebellar  growth, 
or  even  between  a  left-  or  right-sided  tumor.  This 
decompression,  to  be  ideal,  should  relieve  pressure 
wherever  it  is  manifest.  A  hor.seshoe  incision  is  made 
posteriorly,  from  the  mastoid  to  the  top  of  the  head, 
and  down  the  other  side,  making  the  base  of  the  flap 
just  above  the  line  of  the  transverse  sinus.  (Fig. 
10.53.)  A  bone  flap  of  corresponding  size  is  made, 
care  being  taken  to  avoid  injury  to  the  longitudinal 
sinus.  Tliere  is  no  difficulty  in  raising  this  flap,  if  ordi- 
nary care  is  used  in  separating  the  sinus  before  break- 
ing the  bone.     If  a  tumor  be  found  above  the  tentor- 


FlG.   1053. — Showing  Skin  Incision  for  McGuire'a  Decompression. 

ium,  the  dura  is  opened  either  by  multiple  incisions  or 
by  the  M-shaped  incision  of  Hudson^  (Fig.  10.54),  and 
the  bone  flap  is  then  replaced  and  held  by  wire  sutures. 
In  the  event  of  pressure  originating  below  the  tentor- 
ium, the  dura  is  separated,  with  care,  below  this  point, 
precaution  being  taken  not  to  injure  the  transverse 
sinus.  With  slight  traction  the  cerebellum  recedes  so 
that  the  dura  can  be  incised  below  the  transverse  sinus 
and  over  the  cerebellum.  If  there  be  difficulty  in  this 
procedure  the  bone  is  further  cut  away  without  injury 
to  the  dura.  Finally  the  bone  flap  is  replaced  in  the 
same  manner  as  above.  The  advantage  claimed  is 
the  release  of  pressure  obtained  by  thus  enlarging  the 
skull,  instead  of  permitting  hernia  to  occur.  Further- 
more, decompression  is  possible  in  both  cerebral  and 
cerebellar  growths  by  aid  of  the  same  operation ;  and, 
lastly,  parlaysis,  that  most  unpleasant  sequel  of  other 
methods,  is  here  most  unlikely.'     (Fig.  1054.) 

The  usual  decompression  for  cerebedar  tumor  has 
hitherto  been  that  recommended  by  Cushing.  The 
tissues  posteriorly  are  retracted  as  in  the  subtemporal 
decompression,  and  the  bone  then  opened.  The 
opening  is  made  larger  by  undercutting  forceps; 
finally  the  tissues  are  accurately  replaced  to  control 
hernia.     This  is  usually  accomplished  by  a  T-shaped 
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incision,  and  the  principle  is  exactly  the  same  as  in 
the  subtemporal  operation. 

Abscess. — Infections  of  the  brain  may  varj'  as  do 
those  of  the  peritoneum,  from  entirely  waUed-off  col- 
lections of  pus  to  a  spreading  infection  of  its  mem- 
branes. The  source  of  the  trouble  may  be  any  path- 
way whereby  infection  can  extend  inside  the  cran- 
ium.    Most  frequently  infections  have  their  origin  in 


Fiti.  1Uj4. — McGuire  iJecumpression.  Large  posteriur  fl.ip. 
After  separating  dura  below  flap,  cerebellum  is  retracted  and  dura 
incised  below  tentorium.     M-shaped  incision  of  Hudson  in  the  dura. 

middle-ear  disease.  Infections  in  the  frontal  area 
may  occur  from  extension  through  the  ethmoid  and 
sphenoidal  cells  or  the  frontal  sinus.  A  very  frequent 
source  of  trouble,  and  one  to  be  prevented  if  possible, 
lies  in  infection  extending  through  recent  fractures. 
It  is  not  at  all  infrequent  in  such  fractures,  especialh' 
those  of  the  base,  to  see  patients  do  well  for  a  few 
days — then  infection  is  propagated  through  a  frac- 
ture into  the  na.sopharynx  and  death  follows  from 
meningitis. 

In  these  cases  prevention  is  almost  the  only 
successful  measure.  Where  disease  of  the  accessory 
sinuses  is  present  it  should  be  combated  before  in- 
fection of  the  brain  can  occur.  While  the  use  of 
urotropin  is  of  questionable  value  in  these  cases, 
anything  which  offers  any  prospect  of  prevention 
should  be  used.  All  our  cases  of  head  injury  are 
given  this  remedy  in  large  doses,  about  100  to  150 
grains  a  day. 

The  operative  procedure  in  abscess  of  the  brain 
differs  in  no  essential  particular  from  that  of  tre- 
phining in  general.  It  is  usually  wise  to  make  a 
large  bone  flap  over  the  suspected  area;  then,  by  a 
special  needle,  protected  at  the  end  to  prevent 
injury  to  the  brain,  exploration  is  made  in  different 
directions.  A  special  instrument  of  this  kind  has 
been  devised  by  Murphy,  so  that  by  turning  it  slightly 
the  point  of  the  needle  is  opened,  wliile  by  reversing 
the  movement  the  opening  is  closed.  Care  should 
be  taken  here,  as  in  the  abdominal  cavity,  to  prevent 
a  spreading  infection  of  the  meninges. 
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In  infected  thrombosis  of  the  sinu.ses  the  opening 
should  be  sufficiently  large  to  permit  one  to  clamp  or 
tie  the  sinus  on  each  side  of  the  thrombus,  before 
opening  it.  These  cases  are  extremely  serious  and 
require  radical  work  to  be  effective.  In  these 
infections  urotropin  has  been  highly  recommended. 
It  is  usually  gixen  in  large  doses  by  mouth,  but  in 


Fig.   105.").- 


.Subtentorial  Osteoplastic'  I'lap  Lxpo-siug  the 
Cerebellum. 


others  it  Ls  injected  into  the  spinal  fluid  through  the 
ordinary  spinal  puncture.  The  latter  procedure  is 
well  worthy  of  an  extended  trial,  as  anything  which 
will  prove  effective  in  the.se  cases  will  be  a  great  boon, 
since  they  are  nearly  all  fatal.  There  have  been  many 
suggestions  whereby  irrigation  of  the  meninges  may 
be  attempted  in  these  acute  infections,  but  in  our 
opinion  none  of  them  have  met  with  any  success. 
Tnere  can  be  no  condition  more  serious  or  hopeless 
than  an  acute  spreading  infection  of  the  membranes. 

Tumors. — In  view  of  the  opinions  expressed  under 
decompression,  we  believe  the  operative  work  in 
this  field  should  be  largely  limited  to  the  operation  of 
decompression.  Radical  extirpation  may  offer  some 
hope,  where  accurate  localization  is  possible,  e.g.  in 
cases  of  frontal  tumors,  those  involving  the  motor 
area,  the  pontile  angle,  the  cerebellum,  and  the  pitui- 
tarj'.  In  fronlal  tumors  and  those  involving  the 
motor  region  a  large  bone  flap  is  made  over  the  sus- 
pected area;  if  the  tumor  is  benign  it  may  be  possible 
to  enucleate  it  without  great  danger  to  the  brain. 
If  it  is  malignant  it  will  probablj-  be  inoperable,  and 
it  would  be  wiser  to  close  the  original  opening  and 
make  a  decompression  operation  posteriorly. 

Pontile  Angle  and  Cerebellar  Tumors. — Here  a  large 
posterior  bone  flap  is  made  over  the  cerebellum.  If 
the  tumor  involve  the  cerebellum  posteriorly  there  is 
no  great  difficulty  in  enucleation.  If  anteriorly, 
however,  it  is  prcferablj-  reached  by  making  a  large 
bone  flap  exposing  both  sides,  and  by  gentle 
I   pressure  making  a  hernia  of  the  other  lobe,  thereby 
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gaining  more  room.  One  will  be  astonished  to  see 
how  much  space  can  thus  be  made.  This  same 
procedure  is  of  great  advantage  in  pontile  tumors 
as  well.  In  any  case  great  care  must  be  taken 
to  avoid  making  pressure  on  the  medulla,  as  several 
deaths  have  occurred  on  the  operating  table  from 
this  cause.  To  avoid  this,  one  needs  plenty  of 
assistance.  (1)  Intratracheal  anesthesia  is  of  great 
value.  (2)  An  assistant  should  give  constant  atten- 
tion to  the  blood  pressure,  and  report  its  slightest 
change.  (3)  The  pressure  on  the  brain  should  be  in- 
termittent. If  any  disturbing  factor  present  itself 
traction  is  immediately  dLscontinued,  thereby,  reliev- 
ing pressure  upon  trie  medulla.  Most  operators 
attempt  the  work  through  too  small  an  opening, 
and  are  thus  forced  to  use  considerable  pressure 
on  the  brain;  this  is  a  fatal  mistake,  and  one  should 


Fig.  1056. — Cerebellar  Exploration;  Showing  Cerebellum  Re- 
tracted Exposing  Tumor. 


therefore  err  on  the  side  of  too  large  an  opening 
rather  than  too  much  pressure.  The  pressure  that 
can  be  made  upon  the  brain  wUl  vary  with  the 
length  of  time  and  its  extent.  The  time  is 
placed  anywhere  between  four  and  ten  minutes, 
although  this  in  some  instances  is  too  long. 
However,  there  is  a  degree  of  pressure  on  the  brain 
beyond  which  recovery  does  not  take  place.  In 
these  operations.  whUe  no  accident  may  occur  on 
the  table,  patients  may  die  later  from  no  other 
apparent  reason. 

Gassekiax  G.vngliox. — In  operations  for  facial 
neuralgia,  such  good  results  follow  the  injection  of 
alcohol  that  this  ought  to  be  tried  in  everj-  case  before 
exposing  the  patient  to  the  risk  of  so  serious  an  opera- 
tion as  the  removal  of  the  ganglion.  There  are  two 
methods  of  approach  that  are  in  fairly  general  use; 
the  temporal  flap,  elevating  the  brain  from  the  side, 
and  the  large  frontal  flap,  reaching  the  branches  of 
the  nerve  from  before  backward.  Usually  this  opera- 
tion is  regarded  as  one  of  the  most  difficult  in  surgery. 
The  greatest  cause  of  trouble  is  in  trying  to  do  the 
work  through  a  small  opening.  A  large  opening  ren- 
ders the  whole  technique  of  the  operation  easy  of  per- 
formance, beside  preventing  the  chief  cause  of  deatn — 
namely  pressure.  A  large  bone  flap  is  made  over  the 
temporal  region,  making  its  base  on  a  level  with  the 
zygoma.     Tne    diameter   of   the   flap    in    its   largest 


dimension  should  not  be  less  than  three  or  four 
inches.  With  gloved  finger  covered  with  gauze,  or  a 
blunt  forceps  covered  with  cotton,  the  dura  can  be 
easily  separated  as  far  as  the  roughened  part  of  the 
anterior  fossa.  It  is  usually  safer  at  this  point  to 
separate  the  dura  from  before  backward,  as  in  the 
otner  direction  injury  to  the  middle  meningeal,  as  it 
passes  through  tlie  foramen  spinosum,  is  quite  likely. 
By  very  slow  separation  of  the  dura  at  the  exit  of 
the  branches  of  the  nerve  it  can,  with  some  difliculty, 
be  pushed  backward,  thus  exposing  the  ganglion. 
Through  the  upper  opening  tlie  first  division  must  be 
separated  from  the  fourth  and  sixth  cranial  nerves. 
The  second  division  passes  through  the  foramen 
rotundum  alone,  while  through  the  lower  one,  the 
foramen  ovale,  passes  the  third  division,  it  being  only 
essential  to  divide  the  sensory  branch.  If  the  dura 
have  been  thoroughly  separated  the  ganglion  will  be 
readily  seen,  and  division  posteriorly  is  possible. 
Otherwise  the  three  branches  are  caught  in  a  hemo- 
stat,  and,  by  twLsting,  the  ganglion  is  evulsed.  The 
greatest  difficulties  wlQ  be,  first,  hemorrhage,  and 
second,  securing  sufficient  light  so  that  the  field  can 
be  easily  seen.  If  the  opening  be  large  enough  these 
difficulties  are  both  obviated.  No  preliminarv'  liga- 
tion of  the  carotid  is  necessary,  as,  if  the  middle 
meningeal  is  avoided,  only  venous  oozing  can  occur. 
This  can  readily  be  controlled  by  packing  against  the 
hard  skull.  After  division  of  the  branches  some 
foreign  material  is  placed  between  the  ends  in  order 
to  prevent  transmission  of  impulses  later  by  union  of 
the  nerve;  small  pieces  of  oU  silk,  rubber  tissue,  wax. 
and  paraffin  have  aU  been  used  for  this  purpose.  If 
accurate  division  has  been  made  and  thorough  re- 
moval of  the  ganglion  accomplished,  these  wiU  be 
unnecessarj'. 

Regarding  the  arrangement  for  throwing  light  into 
the  wound  when  necessary,  a  long  curved  glass  rod  with 
good  iUumination  at  its  outer  end,  is  admirable.  A 
solid  glass  rod  with  its  base  against  a  smaU  lamp  can 
thus  be  made  to  throw  a  brilliant  light  into  the  field. 
It  should  be  sufficiently  curved  so  that  it  may  hang 
over  the  edge  of  the  wound  without  obstructing  the 
view.  The  usual  arrangement  of  head  mirror  and 
light  is  most  cumbersome,  and  of  far  less  value. 

Apoplexy. — The  operative  treatment  of  intra- 
cranial hemorrhage  in  any  form  will  vary  largely 
with  the  type  of  bleeding.  Hemorrhage  may  occur 
at  any  point,  due  to  weakened  vessels,  and  may  be  of 
any  amount.  The  damage  wUl  vary  according  to 
these  two  conditions.  For  instance  a  small  clot  occur- 
ring at  the  internal  capsule  may  produce  more  dis- 
turbance than  a  large  one  located  in  one  of  the  sUent 
areas  of  the  brain.  Hemorrhage  may  be  extradural, 
subdural,  or  intracerebral.  Of  course  it  may  occur 
anywhere  inside  the  cranium,  but  this  classffication 
will  ordinarily  suffice. 

The  operative  treatment  will  consist  in  raising  a 
large  bone  flap,  when,  if  the  clot  be  extradural,  it  can  be 
easUy  removed,  especially  if  the  opening  has  been 
made  over  the  lesion.  Even  in  certain  cases  where  the 
hemorrhage  has  occurred  at  the  base,  there  maj-  have 
been  sufficient  separation  of  the  dura  upward  to  make 
it  easily  accessible  from  a  temporal  flap.  If  the 
hemorrhage  be  subdural,  the  treatment  is  more  difficult 
because  it  is  often  diffuse,  and  more  difficult  of  access. 
In  those  cases  where  it  Ls  impossible  to  locate  accu- 
rately the  source  of  bleeding,  and  where  no  local  col- 
lection of  blood  exists,  it  would  be  better  simply  to 
make  a  decompression  operation.  Intracerebral  hem- 
orrhage may  vary  from  a  large  hemorrhage  occurring 
in  a  tumor  to  a  very  slight  oozing  at  the  internal  cap- 
sule. If  the  bleeding  be  high,  near  the  cortex,  it  can 
safety  be  evacuated.  If  bleeding  occur  in  a  tumor, 
decompression  only  should  be  done.  In  capsular 
hemorrhage,  i.e.  apoplexy,  much  depends  upon  the 
size  of  the  clot.     To  quote  from  Cushing — by  a  proper 
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and  guarded  approach  which  avoids  the  insula  and 
which  is  conducted  directly  through  one  of  the  con- 
volutions, such  a  clot  may  be  safely  tapped,  its  cavity 
emptied,  the  immediate  danger  of  compression  may 
thus  be  warded  off,  while  the  removal  of  the  clot  will 
in  aU  probability  greatly  lessen  the  paralysis. 

Surgery  of  the  Htpophtsis. — The  hypophysis 
which  fifteen  years  ago  was  to  the  surgeons  terra 
incognita  is  now  frequently  attacked,  conditions 
justifying  this  consisting  of  tumors  and  symptom 
complexes  indicating  hyperpituitarism.  Operative 
methods  have  been  studied  out  on  animals  in  which 
subtemporal  methods  have  been  employed,  it  being 


Fig.  1037. — .\denoma  of  the  Hypophysis;  Sagittal  Median 
Section.  Showing  the  projection  of  a  pitmtary  tumor  into  the 
cranial  cavity.  T,  tumor;  V,VI,  fifth  and  sixth  cranial  nerves. 
(.\fter  Schloffer,  Beitrage  zur  klinischen  Chirurgie,  vol.  I,  1906.) 

more  easily  possible  thus  to  guard  them  against  in- 
fection. In  human  beings  this  is  but  one  of  the 
several  possible  methods  of  approach. 

Before  studying  these  it  is  wise  to  speak  for  a 
moment  of  the  choice  of  anesthetic  adapted  in  this 
particular  class  of  case.  By  the  rhinologists,  who 
are  accustomed  to  it,  local  anesthesia,  usually  with 
cocaine,  has  been  employed  even  for  the  complete 
endonasal  and  transphenoidal  operations,  but  these 
are,  of  necessity,  slow  and  scarcely  acceptable  to  the 
general  surgeon ;  moreover  they  prolong  tie  procedure 
and  increase  the  difficulties  encountered.  A  pre- 
liminary tracheotomy  has  been  urged  by  some  in 
order  that  the  pharynx  may  be  packed  and  hemor- 
rhage better  controlled;  this  also  complicates  any 
metliod  employed,  though  it  may  be  necessary  with 
a.cromegalics  with  very  large  tongues.  Now  that  the 
endotracheal  method  of  Elsberg  and  others  has 
proved  itself  so  effective  and  so  reliable  it  should 
certainly  be  the  choice  of  those  who  are  equipped 
with  the  apparatus,  as,  in  fact,  everyone  should  be 
who  essays  this  operation.  This  will  far  exceed  in 
usefulness  the  (tube)  apparatus  of  Davis,  etc. 

Decompression  is  the  primarj^  object  of  every 
operation  upon  the  pituitary,  whether  it  be  for  tumor 
or  symptoms  of  overactivity,  because  pressure  symp- 
toms compose  a  large  proportion  of  the  trouble  to  be 
relieved.  When  no  other  expedient  seems  practicable 
or  preferable  the  ordinary  subtemporal  decompression, 
which  may  be  made  bilateral,  may  be  employed. 
This  may  suffice,  or  may  prove  the  imposed  limit,  or 
it  may  be  a  preliminary  operation  to  be  followed  by 
more  direct  attack.  Doubtless  there  are  man3''  cases 
which  demand  and  will  be  benefited  by  both.  Gush- 
ing favors  the  temporal  method  in  certain  cases,  con- 
sidering that  after  it  there  is  a  better  chance  for 
radiotherapy.  Cranial  decompression  may,  also,  be 
demanded,  and  may  suffice  for  relief  of  severe  head- 
aches and  especiall)'  also  after  optic  atrophy  has 
already  occurred  and  there  is  no  choked  disc  to  serve 
as  a  guide.     Regarding  many  cases  of  overactivity, 
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as  due  to  the  formation  of  what  has  been  most  prop- 
erly considered  a  pituitary  struma,  we  find  the  same 
justification  for  partial  extirpation  that  we  do  in 
hyperthyroidism,  as  seen  in  e-xophthalmic  goiter. 

Decompression  was  first  suggested  by  Schloffer,  to 
check  the  progress  of  acromegaly,  and  has  given 
excellent  results,  especially  if  followed  by  partial 
extirpation.  But  in  the  progressive  cases  rather 
than  the  stationary,  and  after  involution  has  pre- 
sumably taken  place,  and  when  neighborhood  symp- 
toms are  increasing,  any  form  of  decompression  alone 
may  afford  great  relief.  It  is  impracticable,  usually 
impossible,  to  expose  and  completely  remove  an 
interpeduncular  tumor,  whether  it  be  a  pituitary 
struma,  which  has  burst  its  confines,  or  an  extra 
pituitary  anlage.  In  these  cases  aU  that  can  be  done 
will  be  to  divide  the  capsule  and  remove  a  portion 
of  the  growth,  as  well  as  to  remove  the  sellar  floor,  so 
that  any  further  growth  which  may  take  place  shall 
be  encouraged  in  the  downward  direction  and  into 
the  sphenoidal  box. 

Thus  it  wiU  be  seen  that  no  one  method  is  univer- 
sally applicable  and  that  each  case  must  be  studied 
and  attacked  upon  its  merits  or  demerits. 

Routes  of  Access. — As  stated  above  the  method  of 
choice  in  animals  is  the  intracranial,  not  only  be- 
cause infection  can  be  better  prevented,  but  because 
here  one  deals  with  normal  conditions  and  without 
increase  of  tension.     Operations  upon  human  beings 


Fig.  1058. — .\denoma  of  the  Hypophysis,  Showing  the  Pro- 
jection of  the  Tumor  into  the  Cranial^Cavity.  A,  median  section: 
T,  tumor  with  pedicle  (P);  Sp,  sphenoidal  sinus;  CI,  clivus;  at  /  is 
a  fracture  of  the  slope  of  the  saddle  reduced  to  the  thinness  of 
paper;  V  VI,  fifth  and  sixth  cranial  nerves.  B,  the  same  seen  from 
the  cranial  cavity;  C,  carotid;  //,  second  cranial  nerve. 

are  to  be  grouped  under  two  general  headings,  namelj', 
the  intracranial,  and  the  transphenoidal,  though  the 
two  may  be  combined  either  in  one  or  two  stages. 
When  the  tumor  is  large  enough  apparently  to  pro- 
hibit sufficient  and  safe  cerebral  dislocation,  with  the 
requisite  orientation  and  approach,  then  one  may  be 
compelled  either  to  go  through  the  sphenoidal  body, 
or  to  combine  both  methods.  Decision  in  this  regard 
wOl  be  reached  mainly  by  a  study 'of  a  well-made 
skiagram  and  estimation,  thereby,  of  the  size  of  the 
sella  turcica. 

The  intracranial  method,  though  first  suggested  by 
Horsley,  was  first  practised,  in  1S93,  by  Caton  and 
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Fig.  1050. — Kndonasal  Operation  by  Wide  Opening  of  One  Sphenoi- 
dal Cavity  Only.  Right  half  of  the  nose  with  the  hypophysis  tumor  in 
siiu.  The  bony  shell  of  the  tun>or  is  removed,  the  dura  split  and  turned 
aside.  1.  Uncinate  process.  2.  Bulla  ethmoidalis.  3.  Remains  of  the 
ethmoid  cells.  4.  Dura.  5.  Hypophysis  tumor.  6.  Margins  of  the 
widened  sphenoidal  cavity.  7.  Posterior  end  of  the  middle  turbinate. 
8.  Inferior  turbinate.  9.  Remains  of  the  middle  turbinate.  10.  The 
back  of  the  sella.  11.  Sphenoidal  sinus.  12.  Opening  of  Eustachian 
tube.  13.  Remains  of  the  nasal  septum,  (After  Hirsch;  Voorhees, 
Medical  Record,  Aug.  17,  1912.) 

Paul,  although  they  added  to  the  temporal  operation 
an  evisceration  of  "the  orbit.     Anatomical  abnormal- 
ities, such  as  an  exceedingly  overhanging  brain,  may 
make  this  the  only  feasible  project.     In  190.5  Krause 
proposed  a  frontal  approach,  i.e.  by  large  double  or 
bilateral  resection  of  the  frontal  bone,  with  ligation  of 
the  frontal  sinus,  and  elevation  of  the  frontal  lobes. 
This  has  been  done  but  a  very  few  times,  and  re- 
quires very  great  dislocation  of  the  forebrain.     In 
numerous  instances  a  lateral  method  of  extirpation 
has  been  attempted  and  the  complete  operation  aban- 
doned for  a  decompression.     This  genei-al  method  is 
more  indicated  in  those  cases  which  present  marked 
neighborhood  .symptoms,  and  where  the  x-ray  shows 
a  fairly  normal  sella. 

It  must  be  remembered  that  the  hypophysis  is 
covered  by  neither  arachnoid  nor  pia,  but  lies  be- 
tween two  la3'ers  of  dura.  Therefore  the  subarach- 
noid space  is  not  opened  when  these  operations  are 
properly  performed. 

Transphenoidal  Route. — This  also  may  be  divided 
into  the  superior  and  inferior  nasal  methods;  the 
former  includes  an  osteoplastic  resection  of  the  an- 
terior wall  of  the  frontal  sinus  and  the  nose  after  the 
fashion  first  proposed  by  Giordano  in  1S97,  improved 
nine  years  later  by  Schloffer,  who  also  combined  it, 
when  necessary,  with  an  extracranial  or  intracranial 
method.  On  the  other  hand  the  buccosphenoidal 
method,  first  proposed  by  Koenig,  in  1900,  namely,  a 
separation  of  the  superior  maxillae,  and  removal 
with  chisel  of  the  hard  palate,  has  found  more  favor 
since  Loewe,  in  1905,  proposed  a  separation  of  the 
maxillEe,  but  with  much  less  displacement  of  the  nose; 
but  both  of  these  have  yielded  to  more  recent  and 
improved  methods.  Von  Eiselsberg  modified  these 
methods  with  his  so-called,  tuning-fork  incision, 
which  is  more  nearly  Y-shaped,  on  the  forehead, 
with  lateral  wings  carried  along  the  nose,  with  re- 
section of  the  frontal  sinus  and  exenteration  of  the 
nasal  cavity.  Later  he  modified  his  first  method  by 
limiting  it  to  incision  on  one  side  of  the  nose.  All  of 
these   methods   either   opened  up  or  sacrificed  the 


ethmoidal  cells,  exposing,  thereby,  to  greater  danger 
of  infection  and  meningitis;  moreover  they  sadly 
mutilated  tlie  fare,  and  interfered  with,  or  destroyed, 
the  sense  of  smell.  Kanavcl,  therefore,  suggested  to 
turn  up  the  no.se,  and  expose  the  splieiioidal  body  by 
removal  of  the  turbinates  and  i)art  of  the  septum. 
In  1910,  Hirsch  proposed  a  simpler  cndonasal,  tran- 
sphenoidal route,  doing  the  operation  in  two,  or  even 
three  stages,  beginning  with  primary  resection  of  the 
septum  and  subsequent  splienoidal  exposure  tlirough 
one  nostril  (Hajek);  this  gives  fair  access  to  the  sellar 
ba.se,  and  has  been  done  even  under  local  anesthesia. 
To  A.  E.  Ilalstcad,  in  1910,  we  owe  the  suggestion  to 
adopt  a  sublabial  and  intranasal  incision,  and  this  is 
the  one  now  quite  generally  employed. 

Before  describing  at  least  some  of  these  operations 
more  minutely,  let  it  be  emphasized  that  the  prelimi- 
nary administration  of  a  number  of  doses  of  urotropin 
will  materially  reduce  danger  from  .septic  meningitis, 
since  it  is  known  to  be  e.xcreted  by  the  membranes 
and  thus  to  medicate,  as  it  were,  the  cerebrospinal 
fluid  with  a  reasonably  active  anti.septic. 

Cushing's  Combined  Sublabial  Transphenoidal 
Operation. — Inasmuch  as  the  following  method  de- 
scribed by  Cushing  would  seem  to  meet  the  indication 
in  the  majority  of  cases,  and  to  combine  both  the 
simplest  and  most  effective  procedures,  it  will  be 
described  in  some  detail,  with  such  brief  allusion  to 
other  methods  as  may  be  called  for,  in  order  to  meet 
departures  from  average  cases. 

When  there  is  evidence  of  great  intracranial  pres- 
sure, and  this  can  be  ascribed  to  cerebrospinal  fluid 
in  excess,  it  can,  if  desired,  be  relieved  temporarily  by 
lumbar  puncture  previous  to  the  major  operation. 

In  practically  all  operations  upon  the  hypophysis 
the  head  is  placed  in  the  somewhat  modified  Rose's 
position,  being  elevated  and  at  the  same  time  tipped 
backward.     Tlie  posterior  nares  are  plugged  by  sea- 
sponge,  and  then  with  pledgets  of  cotton  wet  with 


Fig.  1060.~EndonasaI  Operation  by  Submucous  Resection  of  the 
Septum.  (The  skull  was  sawed  through  to  the  right  of  the  middle 
line  so  that  the  entire  left  sphenoidal  cavity  is  seen  and  a  part  of  the 
right.)  The  septum  between  the  two  cavities  has  been  removed  in 
great  part.  In  the  floor  of  the  sella  (normal)  an  opening  has  been  made. 
1.  Remains  of  the  sphenoidal  septum.  2.  Left  sphenoidal  cavity.  3. 
Proc.  clinoidei  post.  4.  Opening  in  the  floor  of  the  sella.  5.  Optic 
nerve.  6.  Lamina  perpendicularis  of  the  ethmoid.  7.  Septal  cartilage 
(upper  margin).  8.  Septal  mucous  membrane  of  the  left  side.  9. 
Septal  cartilage  (anterior  margin).  10.  Anterior  end  of  vomer.  H. 
Septal  mucous  membrane  of  the  right  side.  12.  Proc.  clin.  anter. 
13.  Frontal  sinus.  14.  Bony  bridge.  15.  Upper  lip.  16.  Proc. 
alveolaria.     (After  Hirsch;  Voorhees,  Medical  Record,  Aug.  17,  1912. 
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mild  adrenalin  solution  inserted  through  each  nostrU. 
Retracting  the  upper  lip.  an  incision  is  made  two  to 
three  centimeters  long  at  the  labiogingival  border 
and  carried  down  to  the  bone  at  the  level  of  the  an- 
terior nasal  spine.  By  blunt  dissection  on  each  side 
the  margin  of  the  bony  nares  and  of  the  cartilaginous 
septum  is  exposed.  The  slight  hemorrhage  thus  pro- 
duced being  once  checked  tliere  is  very  little  further 
bleeding,  the  balance  of  the  operation  being  sub- 
mucous. The  mucosa  is  separated  from  the  bony 
and  cartilaginous  septum  on  each  side,  giving  extreme 


crowd  the  retractors  to  either  side,  thus  flattening 
the  turbinates  instead  of  removing  them,  as  is  done 
by  some  operators;  nevertheless  if  these  are  hyper- 
trophied  or  serioush'  compromised  they  may  require 
removal,  which  should  have  been  done  as  a  prelimi- 
nary measure  some  daj-s  before  the  main  attack  and, 
preferably,  under  local  anesthesia.  After  thus  clear- 
ing the  space  a  suitable  bivalve  speculum,  with  blades 
two  centimeters  wide  and  seven  deep,  is  made  to  take 
the  place  of  the  retractors. 

At  least  from  this  time  on  perfect  illumination,  by 


Fig.  1001. 


Fig.  1062. 


Fig.  1063. 


Fig.  1061. 


Figs.  1061-1064.^Dialti's  Method  of  Approach  to  the  Hj-pop^iysis  by  Median  Division  of  the  Xose.  (Dialti.  Path,  et  Chir.  de 
I'Hypophysis.  Siena.  1910;  Toupet.  Rer.  de  Chir.,  June,  1912.)  1061,  Incision;  1062,  the  nose  is  opened  by  two  lateral  flaps,  the  frontal 
flap  being  raised:  1063,  the  septum  is  removed  and  the  ethmoid  cells  are  curetted;  1064,  the  hypophysis  is  exposed. 


care  to  avoid  puncture,  and  is  carried  back  to  the 
whole  depth  of  the  septum;  deep  smooth  retractors, 
l.S  wide  and  six  centimeters  long,  are  then  inserted 
on  each  side  and  forcibly  separated,  thus  making 
room  for  removal  of  a  strip  of  this  septum,  including 
the  vomer,  the  lower  part  of  the  vertical  plate  of  the 
ethmoid,  and  all  included  cartilage.  Tne  anterior 
maxillary  spine  is  then  chiseled  or  cut  away,  any 
bleeding  bone  being  treated  with  bone  wax;  save  for 
blood  from  this  source  the  operation  is  almost  blood- 
less.    Forcible   dilators  or  plugs  are   now   made   to 
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means  of  some  form  of  headlight,  is  absolutely  neces- 
sary, partlj'  in  order  that  the  field  may  be  kept 
absolutely  "dry.  With  these  aids  the  sphenoieW 
attachment  of  the  septum  is  identified,  and  the  prow 
of  the  vomer  removed.  With  a  little  experience  the- 
anterior  wall  of  the  sphenoidal  ceUs  is  readily  recog- 
nized, but  one  must  keep  low  and  foUow  the  posterior 
margin  of  the  vomer  lest  he  enter  the  ethmoid  rather 
than  the  sphenoidal  cavity:  this  precaution  is  specially 
important  because  the  former  maj'  be  exceptionally 
large  and  the  latter  exceptionallj-  small.     (In  one  case 
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where'Cushing  met  with  this  condition  there  was  found, 
on  autopsy,  that  very  rare  roiic,  a  persistent  cranio- 
phnryiigeal  canal.)  After  identification  of  the  sphe- 
noidal liodv  tlie  anterior  and  lower  wall  is  bitten  away 
with  long-lumdled  nasal  rongeurs;  thus  the  cells  are 
opened  and  the  mucous  lining  removed,  after  which 


inasmuch  as  it  has  no  pia  nor  arachnoid,  and  does  not 
lie  in  tlic  subarachnoid  space,  the  latter  need  not  be 
opened,  at  least  in  most  of  these  operations.  A 
small  knife  hook  is  then  u.sed  to  seize  and  divide  the 
capsule  by  a  cross-incision  of  necessary  length,  and 
the  pit\utary  is  then  drawn  forward  until  its  substance 


FiQ.  1065. 


Fig.  1066. 


Fig.  1067.  Flu.   106S. 

Figs.  1005-1068. — Nasal  Route  of  Approach  to  the  Hypophysis.  (Proust,  Journal  de  Ckirurgie,  October,  190S.)  1065,  Incision; 
1066,  rhinotomy,  opening  of  the  frontal  sinus;  1067,  the  septum  ia  removed,  the  ethmoidal  cells  are  curetted;  1068,  the  sphenoidal 
sinus  is  opened  and  the  sella  turcica  comes  into  view. 


the  sellar  protrusion  is  usually  revealed  and  easily 
recognized.  With  exposure  thus  made  it  should  be 
compared  with  the  findings  of  the  radiogram,  and 
each  should  corroborate  the  other. 

The  floor  of  the  pituitary  fos.sa  is  then  exposed  by 
chipping  away  the  bone  and  the  pituitary  capsule. 
The  pituitary  lies  enclosed  within  this  capsule,  but 


comes  under  observation.  After  this  it  remains  only 
to  meet  whatever  indication  is  afforded  by  its  size, 
texture,  etc.  Its  removal  does  not  permit  of  a  clean 
and  total  extirpation,  but  it  has  rather  to  be  teased 
or  torn  away:  thus  it  is  never  completely  removed 
during  operation  on  the  living. 

Frequent  nostril  packing,  with  tampons  moistened 
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in  hydrogen  peroxide  or  in  adrenalin  solution,  will 
enable  the  operator  to  work  in  a  dry  field;  the  specu- 
lum should  not  be  withdrawn  until  oozing  has  ceased. 
A  cigarette  drain  may  be  employed,  being  inserted 
through  one  naris,  but  even  this  is  not  always  required. 
The  nasal  passages  may  be  unavoidably  opened,  i.e. 
the  mucosa  punctured,  especially  at  its  perichondrial 
attachment  at  the  anterior  border  of  the  cartilaginous 
septum. 

An  unusually  small  degree  of  shock  or  reaction 
attend.s  these  operations,  and  no  mutilation  or  deform- 
ity of  the  face  results  therefrom,  unless  some  anatomi- 
cal anomaly,  distortion,  or  diseased  anlage  offers 
unexpected  complications.  In  the  operation  de- 
scribed by  Hirsch  removal  of  the  turbinates  was 
included;  as  seen  above  this  may  often  be  desirable. 
The  most  likely  anatomical  abnormality  to  be  met 
with  is  the  discrepancy  between  the  average  size  of 
the  sphenoidal  and  ethmoidal  cells.  On  one  occasion 
Cushing  was  compelled  to  leave  a  silver  clip  in  situ, 
and  to  desist  until  another  radiogram  was  taken, 
which  revealed  a  complicated,  dense  mass  of  cancel- 
lous, sphenoidal  body  one  centimeter  thick;  being 
thus  orientated  he  was  enabled,  six  days  later,  to 
discover  and  evacuate  a  cyst  in  the  pituitary  region. 

Treatment  of  the  Pituitary  Mass. — Exposure  alone 
is  far  from  aU  that  is  called  for,  the  main  ciuestion  be- 
ing just  how  to  deal  with  the  actual  lesion  thus 
exposed.  Thus  a  cj'st  may  be  evacuated,  a  struma 
partially  extirpated,  or  a  mere  decompression  may  be 
all  that  is  permitted,  room  being  afforded  for  pressure 
in  the  downward  and  forward  direction  by  removal 
of  sphenoidal  cells.  One  may  even  find  an  infrasellar 
tumor  arising  from  a  pituitary  rest. 

This  operation,  being  practically  extranasal  and 
extradural,  may  be  combined,  if  necessary,  with  a 
decompression  operation  upon  either  the  temporal  or 
frontal  bone.  Cushing  has  good  reason  for  believing 
that  by  decompression  not  only  are  the  optic  nerves 
relieved  from  pressure,  but  even  the  brain  itself  from 
the  encroachment  of  an  advancing  struma;  also  that 
the  pituitary  substance  being  thus  uncovered  is  the 
more  quickly  affected  by  a  short  exposure  to  i-ray  for 
therapeutic  purposes,  both  through  the  nose,  and 
from  the  lateral  region.  He  would  give  this  treat- 
ment, on  alternate  days,  through  a  speculum,  and 
over  the  temples.  It  is  estimated  that  the  actual 
therapeutic  dose  absorbable  by  the  pituitary  remains 
is  not  more  than  one-fifth  of  that  absorbable  by  the 
skin. 

A  distended  sella  occupied  by  a  struma  is  to  be 
favorably  regarded;  these  growths  being  relatively 
soft  and  non-vascular,  and  yielding  ea.sily  to  a  sharp 
spoon,  but  when  there  is  a  large,  interpeduncular 
tumor  of  sufficient  size  to  produce  serious  neighbor- 
hood symptoms  it  cannot  be  removed  in  its  entirety, 
and  permits  only  of  fragmentary  extirpation.  If 
what  appears  to  be  a  true  cyst  is  proved  to  contain 
cerebrospinal  fluid  then  there  is  danger  of  infection, 
especially  if  the  patient  exhibit  a  postoperative 
rhinorrhea.  In  these  cases  urotropin  is  a  remedy  of 
the  greatest  value.  Such  cysts  suggest  a  circum- 
scribed, chronic  arachnoiditis.  The  nature  of  the 
distinct  tumors  can  usually  be  decided  by  aid  of  a 
frozen  section,  during  the  course  of  the  operation, 
and  upon  the  diagnosis  may  depend  decision  as  to 
whether  a  lateral  attack  ought,  also,  to  be  made. 
Because  many  of  these  cases  present  a  possibility 
of  serious  and  diverse  complications,  Cushing  advised 
that  no  specialist  (rhinologist)  should  attempt  the 
work  alone. 

If  one  adopt  the  lateral  approach  the  right  side  is 
preferable  since  the  right  cerebral  lobe  is,  perhaps, 
less  important  than  the  other.  The  posterior  angle 
of  the  horseshoe  flap  called  for  in  these  cases  should 
extend  to  the  zygoma,  which  must  be  removed  or  at 
least  divided,  since  one  must  approach  from  beneath 
the  hemisphere,  and  a  wide  opening  of  the  dura  is 


important  for  the  same  reason;  the  osteoplastic  flap, 
then,  must  be  very  wide.  Operation  upon  a  patient 
presenting  greatly  increased  intracranial  tension  will 
be  much  more  difficult  than  the  same  procedure 
rehearsed  upon  the  cadaver.  Even  a  double  flap 
(bilateral),  with  division  of  the  tentorium,  may  be 
required.  In  such  case  the  third  nerve  and  the 
carotid  artery  may  be  exposed,  the  latter  often 
enveloped  in  the  tissue  of  a  large  struma. 

The  possibility  of  transplantation  after  removal  of  a 
considerable  portion  of  the  hypophysis  will  depend 
upon  the  future  developments  of  neurosurgery. 
Cushing's  sole  effort,  in  which  he  took  material  from 
the  dead  body  of  a  new-born  child,  was  encouraging 
but  not  finaUy  successful. 

So  far  as  the  mortality  after  operating  by  this 
method  is  concerned  Cushing  lost  four  out  of  twenty- 
nine  cases,  i.e.  fourteen  per  cent.;  three  of  the  four 
deaths  occurring  in  patients  already  far  advanced  in 
the  disease  process. 

Modifications  of  the  methods  of  attack  have  been 
proposed  by  numerous  surgeons  and  some  of  them 
may,  perhaps,  be  adapted  to  certain  cases  presenting 
peculiarities  of  their  own;  thus,  as  has  been  already 
mentioned,  Krause  suggested  an  approach  from  the 
front,  by  raising  a  very  large  horsesnoe  flap  of  frontal 
bone  upon  the  side  selected,  and  then  elevating  both 
the  dura  and  the  lobe  together.  On  reaching  the 
anterior  clinoid  process  and  the  edge  of  the  great  wing 
of  the  sphenoid  he  made  a  transverse  incision  in  the 
dura,  between  the  optic  nerve  sheaths,  about  one- 
half  centimeter  above  the  bony  floor  of  the  frontal 
fossa,  thus  exposing  the  chiasm  with  the  pituitary 
just  beneath.  He  recommended  especially  to  use  a 
hook-shaped  knife  so  as  to  avoid  the  blood-vessels 
beneath  and  below  the  dural  incision,  and  he  insisted 
that  it  was  possible,  by  this  incision,  to  remove  the 
anterior  part  of  the  hypophysis. 

Kiliani  extended  this  procedure  by  resecting  nearly 
all  of  the  frontal  bone,  after  double  ligation  of  the 
longitudinal  sinus,  making  a  transverse  section  of 
the  dura  lining  the  skull,  and  lifting  up  the  brain 
exactly  as  is  done  in  an  autopsy. 

McArthur  has  described,  perhaps,  the  most  prac- 
ticable method  from  the  front,  in  brief  as  follows: 
An  incision  is  made  over  the  right,  shaved  eyelid, 
from  the  inner  to  the  outer  angles,  the  supraorbital 
vessels  are  tied,  but  the  nerve  is  spared.  A  vertical 
incision  is  made  in  the  midfrontal  line  or  furrow, 
some  four  centimeters  upward,  the  periosteum  is 
raised  with  the  skin  and  stripped  from  the  bone, 
while  the  periosteum  is  also  stripped  from  the  orbital 
roof,  and  the  orbital  contents  are  displaced  down- 
ward. The  bone  is  divided  with  chisel  directly  from 
the  lower  end  of  the  longitudinal  sinus,  and  the  inner 
end  of  the  frontal  sinus  upward,  by  a  curved  incision 
terminating  at  the  external  angular  process.  Here  a 
sharp  osteotome,  with  edge  one-half  inch  wide,  is 
directed  upward  and  inward  from  the  outer  wall  of 
the  frontal  sinus,  and,  then,  at  the  external  angle 
it  is  likewise  divided  by  directing  the  instrument 
horizontally  inward.  With  two  or  three  suitable 
elevators  the  frontal  fragment  is  then  carefully  de- 
tached, along  with  the  anterior  half  of  the  orbital 
roof;  this  fragment  being  at  once  placed  in  warm 
sterile  salt  solution.  The  remainder  of  the  orbital 
roof  is  then  bitten  away,  with  suitable  rongeurs,  back 
to  the  optic  foramen,  without  injuring  the  dura,  the 
frontal  lobe  with  its  dura  being  lifted  out  of  the  way. 
After  reaching  the  anterior  clinoids  the  edge  of  the 
wing  of  the  sphenoid  is  then  recognized,  either  with 
the  finger  or  the  hook,  at  a  point  where  the  bone 
shelves  off  to  the  sella;  then  between  the  two  clinoids 
the  two-  or  three-centimeter  incision  of  the  dura  is 
made  with  the  hook-shaped  knife,  about  one-half  of 
one  centimeter  above  the  level  of  the  anterior  fossa, 
thus  avoiding  the  small,  transverse,  venous  sinus 
which  occupies  a  groove  between  the  optic  foramina 
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wliicli,  until  roc-ciitly,  was  wrongly  rt'gardt'd  as  being 
occupioil  liy  the  optie  chiasm.  After  this  procedun^ 
tlie  nerves,  with  their  chiiisin,  and  any  abnormal 
pituitary  enlargement  shoiild  be  exposed.  Tlie  spe- 
cial dural  cavity  of  the  [ntuitary  may  require  tear- 
ing or  division  before  the  body  ri.ses  to  view.  Up 
to  the  point  of  incising  the  dura  no  really  impor- 
tant structure  is  injured  by  tliis  operation.  After 
treating  the  pituitary  lesion  as  may  seem  wise,  ac- 
cording to  its  nature,  the  large  bony  fragment  is 
replaced,  one  or  two  thin  drains  are  in.serted,  and 
the  periosteum  is  stitched,  the  peculiar  shape  of  the 
fragment  aiding  its  reposition.' 

Chiari  has  recently  recommended  a  more  distinct 
orbital  approach  by  removing  its  internal  wall,  thus 
gaining  acce.ss  to  the  posterior  nares  without  disturb- 
ing, anteriorly,  the  bony  tissues.  His  incision  also 
is  made  along  the  Hne  where  the  ej'ebrow  has  been 
shaved. 

To  prevent  otherwise  unavoidable  destruction  of 
any  part  of  the  pituitary,  which  may  be  desirable  to 
preserve,  is  to  display  judgment  in  the  route  of 
attack.'  When  the  anterior  lobe  is  affected  then  the 
nasal  method  is  usually  by  far  the  best.  When  one 
contemplates  attacking  the  posterior  lobe  then  the 
lateral  route  is  probably  the  only  one  permitting  it. 

roswell  p.\rk. 
Edgae  R.  McGuire. 
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Brain,  Syphilis  of  the. — The  subject  of  brain  syphilis 
is  a  broad  one,  and  furthermore  it  is  one  that  escapes 
all  attempts  at  narrow  descriptive  control.  The  clin- 
ical forms  of  syphilis  of  the  brain,  as  well  as  of  the 
nervous  system,  in  general,  are  largely  abstractions. 
The  underlying  patliological  processes  are  either 
meningeal,  arterial,  or  infiltrative,  that  is  gummatous, 
and  these  processes  may  either  exist  alone  or  in 
various  combinations,  so  that  an  extremely  variable, 
complex,  and  confusing  series  of  clinical  syndromes 
may  arise,  depending  upon  the  interrelationship  of  the 
pathological  trends  and  the  anatomical  paths  or  centers 
implicated  or  destroyed. 

So  far  as  the  therapy  of  syphilis  of  tlie  brain  is 
concerned,  these  confusing  clinical  pictures  are  for- 
tunately of  minor  interest.  Yet,  it  is  desirable  to 
obtain  as  clear  a  clinical  grasp  of  a  cerebral  syphilis 
as  possible,  for  such  an  insight  is  often  extremely 
valuable  from  the  standpoint  of  therapy.  This  is 
seen  particularly  when  one  comes  to  treat  certain 
forms  of  cerebral  syphilis  which  clinically  resemble 
certain  forms  of  general  paresis.  It  will  be  recalled 
that  a  more  or  less  widespread  nihilistic  attitude 
obtains  with  reference  to  the  possibility  of  obtaining 
relief  in  the  treatment  of  paresis.  Such  an  attitude 
toward  this  particular  therapeutic  problem  unfor- 
tunately is  capable  of  being  extended  to  a  paresis- 
like picture,  which  on  close  analysis  will  be  found  to 
be  a  cerebral  syphilis  of  a  secondary  or  curable  charac- 
ter. This  is  but  one  illustration  of  a  series  of  situa- 
tions which  emphasize  the  need  for  clearer  clinical 
differentiation.  It  is  for  this  reason  largely  that  a 
more  or  less  arbitrary  series  of  types  has  been  created 
by  the  students  of  the  problems  of  cerebral  syphilis. 

Following  a  classification  which  the  writer  has 
followed  in  "Treatment  of  Nervous  and  Mental 
Disorders"  vol.  ii.  (Lea  and  Febiger,  1913),  the 
subject  will  be  discussed  here  under  the  following 
clinical  forms:  (1)  Syphilis  of  the  cranial  bones;  (2) 
syphilis  of  the  basal  meninges;  (3)  syphilis  of  the 
convexity;  (4)  cerebral  syphilis,  arterial  types;  (5) 
meningoencephalitis,   paretic   and  taboparetic  types; 


(6)   syphilitic  psychoses;    (7)   hereditary  syphilis  of 
the  brain. 

In  a  discussion  of  syphilis  of  the  nervous  system,  the 
forms  of  syphilis  of  the  spinal  cord  wiiich  accompany 
that  of  the  brain,  might  properly  be  included,  but  are 
excluded  from  this  article  by  reason  of  its  title. 

1.  Syphilis  of  the  Cranial  Bones. — Onlj'  those 
which  cause  symptoms  of  brain  involvement  are 
mentioned  here.  In  the  works  of  the  early  clinicians 
of  the  middle  of  the  sixteenth  century,  syphilis  of  the 
cranial  bones  was  very  frequently  described,  and  it 
would  seem  that  throughout  the  sixteenth,  seven- 
teenth, and  eighteenth  centuries  brain  involvement 
through  extension  of  gummata  of  the  dura  and  of  the 
bones  was  more  frequent  than  at  the  present  time. 
This  diminution  in  cases  observed  is  probaljly  due  to 
the  better  treatment  to  which  .syphilis  is  now  subjected. 

In  discussing  syphilis  of  the  bones  of  the  skull, 
gummata  are  practically  the  only  pathological  forms 
of  interest.  They  are  usually  circumscribed,  and 
when  large  enough  to  cause  symptoms,  give  rise  to  the 
picture  of  a  tumor  of  the  brain.     The  exact  trend  of 


FlQ.  1069. — Gumma  of    Dura,  Causing  Symptoms  of  Brain 
Tumor  and  Epilepsy.     (Larkin.) 

symptoms  depends  largely  upon  the  location.  Not 
infrequently  they  give  rise  to  epileptiform  convul- 
sions. When  impinging  upon  the  motor  areas  they 
have  been  known  to  give  rise  to  various  forms  of 
monoplegia,  hemiplegia,  aphasia,  or  even  sensory 
eye  signs.  The  gummata  of  the  frontal  region  which 
protrude  into  the  frontal  lobes  may  give  rise  to  a 
psychotic  picture,  at  times  accompanied  by  "Witzel- 
sucht." 

The  general  symptoms  of  brain  tumor,  such  as 
headache,  nausea,  vomiting,  sleeplessness,  and  choked 
disc  are  to  be  expected.  In  the  autopsy  records  of 
Mott,  Nonne,  Oppenheim,  and  others,  one  is  struck 
with  the  frequency  with  which  these  cases  are  treated 
as  epileptics.  Not  infrequently  cranial  bone  gummata 
involve  the  base  with  caries,  the  upper  vertebrte  often 
affording  complications.  Here  stiffness  and  rigidity 
of  the  neck  are  not  infrequent  signs. 

It  is  important  to  bear  in  mind  that  many  of  these 
gummata  are  best  attacked  by  surgical  means.  It 
is  futile  to  attempt  to  get  rid  of  them  by  antisyphilitic 
measures,  especially  when  they  are  large  ancl  dense. 

2.  Syphilitic  Meningitis  of  the  Base. — This  is  a 
very  frequent  form  of  cerebral  syphilis.  The  optic 
chiasm  is  involved  quite  often  in  the  very  early  stages 
of  the  meningitis.  Spreading  in  all  directions  from 
here,  the  thickening  of  the  meninges  and  the  infiltra- 
tion of  the  gummatous  growth  brings  about  a  very 
complicated  symptomatology.  The  gummatous 
masses  invade  the  brain  structure,  grow  about  the 
emerging  and  entering  cranial  nerves,  and  may  even 
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involve  the  bones  of  the  base,  and  the  upper  cervical 
vertebra.  The  diffuse  type  making  up  a  gummatous 
meningoencephaUtis  is  most  frequent,  but  at  times  a 
svphilis  of  the  base  will  consist  of  an  isolated  vascular 
d"isease.  or  of  circumscribed  gummata,  or  possibly 
even  simpler  manifestations  of  the  disease,  giving 
rise  to  verv  simple  pictures,  such  as  a  primary  optic 
neuritis,  or  paralysis  of  a  single  cranial  nerve,  or  a 
mild  headache  and  rigidity  of  the  neck. 

The  general  picture,  however,  is  apt  to  be  more 
complex.  In  its  initial  phases  headache,  increasing 
stupiditv,  increasing  emotional  apathy,  forgetfulness, 
negligence  of  personal  appearance  or  business  en- 
gagements create  the  impression  that  a  paretic 
process  is  in  course  of  development,  but  as  the  in- 
filtrating or  gummatous  growths  increase  the  cranial 
nerves  are  involved,  thus  introducing  certain  variants 
which  permit  a  diagnosis.  Headache  is  a  frequent 
sign,  is  often  boring  or  stabbing  in  nature,  the  head 


exudate,  with  changes  in  the  respiration,  irregular 
heart  action,  hemiatrophy  of  the  tongue,  etc.,  as  their 
characteristic    symptoms.     The    mental    picture,    as 


Fig.  1070.— Cerebral  Syphilis  of  Base.      External  rectus  palsy 

showing  tenderness  on  percussion,  especially  over 
the  occiput.  Optic  nerve  changes  develop  in  from 
twenty  to  forty  per  cent,  of  the  cases,  one  eve  or  the 
other  showing  choked  disc  or  atrophy.  The  sixth 
nerve  is  most  frequently  involved.  As  it  has  a  long 
pathway  on  the  base  of  the  skull  it  is  most  likely  t-o 
be  caught  in  the  gummatous  infiltration.  Internal 
strabismus  is  thus  a  frequent  sign.  The  third  nerve 
in  some  of  its  branches  is  also  often  implicated. 
Ptosis  in  one  eye  develops  early,  then  rectus  palsies 
follow,  one  pupil  commences  to  dilate,  or  becomes 
irregular,  then  loss  of  pupillary  reflex  shows  with 
final  development  of  an  ArgyU-Robertson  syndrome. 
This  is  apt  to  be  incomplete,  and  not  as  in  those 
forms  of  cerebral  s\T)hilis  of  a  more  ideal  paretic, 
or  taboparetic  nature. 

Painful  flashes  in  the  side  of  the  face,  changes  in 
sensibihtv,  point  to  implication  of  the  trigeminus; 
facial  paisv  mav  result  in  others.  The  IX.,  X.,  XL, 
and   XII.  "nerves   may   be   caught   in   the   syphihtic 
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Fig.  1071. — Cerebral  Sj-philis  of  Base.     External  rectus  and 
superior  rectus  palsies. 


Fig.  1072. — Cerebral  Syphilis.     Fourth  nerve  palsy. 

already  outlined,  is  striking.  There  is  a  half  dull, 
apathe'tic  psychosis  that  not  infrequently  suddenly 
gets    worse,    with    coma    or    unconsciousness,    witn 
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periods  of  acute  (•uiifusion,  possibly  of  violent  delir- 
ium. The  marked  variability  in  the  dulness,  apathy, 
or  coma  is  very  characteristic  of  liasal  syphilis. 
Certain  i)atieMts  show  a  mild  ilelirium,  others  are 
fairly  violent,  resembling  an  acute  attack  of  meidii- 
gitis,    or    a    manic    depressive    psychosis.      Many   of 


Flo.    1073. — Cerebral  Syphilis.     Palsy  of  III.  and  VI.  nerves. 
(Sharp.) 

these  cases  suddenly  clear  up,  apparently  from  no 
reason  whatever.  This  is  a  not  infrequent  situa- 
tion in  these  basal  syphiUtic  cases.  At  times  the  pa- 
tients show  depressed  phases,  again  they  are  confu.sed; 
still  others  would  pass  for  dements,  while  others 
again  would  be  diagnosed  as  manic  depressives.  A 
few  show  persecutory  notions,  and  in  the  language 
of  the  descriptive  psychiatrj'  of  ten  or  fifteen  years 
ago  these  would  be  called  by  the  names  already 
indicated.  Present  day  psychiatry  regards  them 
solely  as  kaleidoscopic  mental  picture  variations  of 
one  disease,  namely  syphilis.  This  point  of  view  has 
come  about  through  careful  studies,  and  through  the 
gradual  extension  of  knowledge  of  the  cytology  and 
serology  of  the  blood  and  cerebrospinal  fluid.  Natu- 
rally this  point  of  view  aids  to  a  much  more  enlightened 
therapy,  for  one  does  not  attempt  a  treatment  of 
mania,  or  dementia,  or  melancholia  which  are  names 
solely,  when  after  all  one  should  treat  syphilis  which 
is  a  definite  affair. 

3.  Syphilitic  Meningitis  op  the  Convexity. — 
It  is  largely  through  a  variety  of  the  trend  of  the 
symptoms,     rather     than     from     any     fundamental 

?athological  difference  that  this  subdivision  is  made, 
n  many  individuals  syphilitic  meningitis  of  the 
base  is  accompanied  by  one  of  the  convexity  as  well, 
and  practically  all  cases  of  syphilitic  convexity 
meningitis  show  some  signs  of  syphilis  elsewhere.  The 
only  question  here  is  of  a  greater  predominance  of 
localization  of  pathological  processes  in  the  convexity 
rather  than  in  the  base.  Just  why  such  localizing 
factors  should  be  at  work  is  not  altogether  apparent. 
Sometimes  it  is  due  to  a  blow,  again  possibly  such  a 
locaUzation  may  be  determined  by  the  presence  of 


local  minor  injuries.  Here  marked  localization  may 
be  present,  or  the  process  may  be  a  diffuse  one;  it 
may  limit  itself  solely  to  the  meninges,  or  there  may 
be  an  underlyitig  encephalitis.  Gummatous  infil- 
trates or  notlules  may  |)re(lominate. 

Headache  is  usually  present,  oftx^n  paroxysmal,  at 
times  migrainous  in  character,  frequently  increasing 
in  nocturnal  severity.  Local  pains  on  percussion, 
and  tenderness  are  frequently  found.  Svmptoins  of 
general  lirain  pressure  are  apt  to  be  less  here  than  in 
basal  meningitis,  but  there  may  bo  nausea,  vomiting, 
and  giddiness.  The  optic  nerve  changes  are  less  liable 
to  be  found. 

Epileptiform  convulsions  are  not  infrequent,  and 
simpiv  indicate  the  localization  of  the  process.  When 
the  attacks  arc  Jacksonian  in  type,  the  presence  of  an 
isolated  gmnma  may  be  suspected. 

Aphasic  attacks,  especially  of  motor  aphasia  of  the 
Broca  variety,  are  al.so  to  be  reckoned  among  the 
isolated  symptoms,  and  speech  difficulties  whicli  do 
not  develop  into  true  aphasias  are  not  infrequent. 
Monoplegias  or  hemiplegias  may  develop,  with  or 
without  sensory  disturbances,  hemianesthesia,  astere- 
ognosis,  etc. 

When  the  layers  of  the  cortex  are  involved  as  well 
as  the  meninges,  one  sees  the  gradual  development  of 
a  mental  picture  closely  resembling  that  of  paresis, 
in  fact,  in  a  certain  percentage  of  eases  a  clinical 
differentiation  is  impossible.  Here  one  finds  a  slowly 
increasing  apathy,  forgetfulness,  indifference,  and  all 
the  signs  characteristic  of  general  paresis  {q.r.}.  The 
application  of  Nonne's  four  reaction  tests  gives  valua- 


FiG.  1074. 


-Syphilitic  Thickening  of  the  Meoiuges.     Epilepti- 
form convulsions. 


ble  insight  into  the  process,  for  in  paresis,  as  a  rule,  the 
four  reactions  are  all  positive,  whereas  in  cerebral 
syphilis  of  this  type  the  cerebrospinal  fluid  is  not 
apt  to  show  a  positive  Wassermann  reaction,  whereas 
the  blood  is  positive,  there  is  usually  a  high  grade 
of   lymphocytes,    and    there    is    a   positive    globulin 
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Fig.   1075. — Syphilitic  Leptomeningitis,  Hemorrhage,  Softening.     Meningoencephalitis. 


Fia.  1076. — Cerebral  Gumma  in  Brain  Substance.     Epileptic. 
(Lafora.) 
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reaction, 
absolute, 
length. 


This  four  reaction   test,   however,   is  not 
It  cannot  be  entered  into  here  at  greater 


4.  Cerebr.\l  Stphills,  Arterial  Types. — Here 
one  distinguishes  two  very  pronounced  types,  al- 
though intermediate  forms  are  the  rule.  One  speaks 
of  (a)  cerebral  sj-phiiis  of  the  smaller  vessels,  Heubner 
type,  or  (6)  cerebral  sj'philis  involving  the  larger 
vessels  with  embolism,  thrombosis,  or  even  hemor- 
rhage, giving  rise  to  the  classical  hemiplegias.  In  the 
former  tj'pe,  that  of  cerebral  sj'philis  of  the  smaller 
vessels,  one  has  presented  the  classical  picture,  in 
the  mild  grades,  of  persistent  headaches  with  slight 
mental  changes;  in  the  severer  grades,  the  picture  of 
a  general  paresis.  The  patients  show  various  forms 
of  acute  convulsive  attacks,  comatose  periods  due  to 
softenings  in  this  or  that  portion  of  the  cerebral 
cortex,  the  picture  often  resembling  that  of  a  pro- 
nounced senile  dementia  or  a  pronounced  paresis, 
with  aphasias,  word  blindness,  astereognosis,  mono- 
plegias, etc. 

There  is  a  great  multiplicity  in  the  syndromes 
present  in  cerebral  sj'philis  of  this  tj'pe.  One  charac- 
teristic feature  is  that  of  the  remissions,  which  are 
also  so  frequent  in  paresis. 

In  cerebral  syphilis  of  the  larger  vessels,  we  found 
the  characteristic  apoplectiform  results  that  mark 
hemiplegias  or  hemianesthesias,  thalamic  syndromes, 
etc.,  which  are  discussed  in  this  work  under  the  head 
of  Hemiplegia. 

All   of   these   forms   of  syphilis  are   characterized 
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Fig.  1077. — Cerebral  Syphilis.     Aoterial  type  with  softening. 


more  or  less  by  the  comparatively  rapid  appearance 
of  the  symptoms  following  infection.  Basal  syphilis, 
convexity  syphilis,  sj'philis  of  the  small  arteries,  or 
hemiplegic  syndromes,  due  to  involvement  of  the 
larger  vessels,  thrombosis,  etc.,  maj'  come  on  as  early 
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Flo.  1078. — Length  of  Time  after  Infection  of  Appearance  of 
Cerebral  Syphilis  (single  line)  and  of  Paresis  or  Later  Syphilis 
(double  line)  of  Brain.     (Kraepelin.) 

as  from  three  to  six  months  after  an  initial  infection. 
The  average  time,  however,  varies  from  one  to  three 
years,  the  maximum  possiblj'  expressing  itself  about 
the  third  year,  whereas,  as  is  well  known  from  the 
studies  of  Fournier,  Kraepelin,  Junius,  Arndt,  and 
others,  paresis  is  apt  to  come  on  much  later,   the 


maximum  paretic  development  showing  about  the 
tenth  year.  Still,  cerebral  syphiHs,  in  certain  of  the 
forms  here  described,  may  occur  many  years  after 
infection,  certain  cases  being  reported  as  late  as  forty 
years  after  infection.  This,  however,  is  a  marked 
exception. 

Treatment. — The  treatment  of  these  forms  may  be 
discussed  in  one  paragraph,  as  the  objects  are  practi- 
cally the  same,  namelj',  to  kill  the  syphilis  organism 
as  rapidly  as  possible,  and  to  reduce  the  effects  of  the 
pressure  symptoms  due  to  the  gummatous  or  in- 
flammatory exudates.  This  is  not  the  place  to 
discuss  prevention.  Individual  prophylaxis  also  is 
out  of  place  here. 

The  treatment  is  very  satisfactory,  especially  if  the 
diagnosis  is  made  early,  and  the  patient  has  never 
received  much  treatment,  but  in  old  long-standing 
eases,  which  have  been  much  treated,  and  yet  seem  to 
progress  in  spite  of  treatment,  the  outlook  is  not 
very  hopeful.  This  latter  result  is  often  due,  we  feel, 
to  insufficient  and  half-hearted  therapy.  Cerebral 
syphilis  is  usually  accompanied  by  spirochetes,  and 
the  object  is  to  poison  them  as  rapidly  as  possible. 
This  can  be  done  by  arsenic,  by  mercury,  and  by 
the  iodides,  but  these  remedies  have  a  very  defi- 
nite variation  in  their  spirochetal  toxic  properties. 
Arsenic  is  the  most  active,  mercurj'  next,  while  the 
to.xic  action  of  the  iodides,  although  positive,  is  very 
slight.  The  treatment  of  cerebral  sj'phihs  should  be 
most  energetic,  because  smaU  lesions  may  involve 
very  important  areas  and  result  in  great  deprivation 
to  the  patient.     The  nervous  and  mental  structures 
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are  of  the  greatest  importance  to  the  individual  in  his 
struggle  for  existence,  therefore,  syphilis  of  the  brain 
is  alwaj-s  an  extremely  dangerous  disease.  A  com- 
plete sterilization  is  desirable,  but  this  is  often  diffi- 
cult to  bring  about,  especially  in  nervous  tissues,  for 
reasons  as  yet  not  competely  understood. 


Fig.  1079. — Cerebral   Sj-philis,    Paretic   Tj-pe. 

As  has  been  said,  cerebral  syphilis  may  present  a 
positive  cerebral  spinal  fluid  Wassermann  without  a 
positive  blood  Wassermann,  Hence,  a  negative  Was- 
sermann  should  not  deter  one  if  the  diagnosis  is  fairly 
well  established.  In  fact,  an  active  antisyphilitic 
treatment,  as,  for  instance,  by  salvarsan,  may  sud- 
denly bring  about  a  change  in  the  Wassermann  re- 
action, showing  that  latent  spirochetes  have  been 
stirred  up. 
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Fig.  lOSO. — Length  of  Time  after  Infection  of  Appearance  of 
Clinical  Signs  of  Paresis.     (Kraepelin.) 

Space  is  not  available  for  a  complete  discussion  of 
the  treatment  of  cerebral  syphihs,  but  it  would  seem 
that  the  trend  of  modern  opinion  is  to  attack  it  very 
actively.  The  attack,  however,  should  be  begun  with 
a  certain  amount  of  moderation.  The  following  gen- 
eral suggestions  are  given: 
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Combined  salvarsan  and  mercury  treatment  has 
seemed  to  give  the  best  results.  The  patient  should 
be  given  a  dose  of  calomel  by  injection  on  the  first 
day,  to  be  followed  by  a  similar  dose  on  the  third 
da}-.     On  the  fifth  day  he  should  be  given  0.6  gram 


Fig.  lOSl. — Lymphatic  Spaces  with  Keplacement  Tissue  in 
Paresis.  Possibb*  one  cause  why  toxic  substances  cannot  get  in 
touch  with  spirochetes  and  kill  them. 

of  salvarsan  or  neosalvarsan  by  the  intravenous 
method.  The  seventh  and  ninth  days,  intramuscular 
injections  of  calomel,  the  eleventh  day  another  dose 
of  salvarsan.  the  thirteenth  and  fifteenth  daj-s,  two 
injections    of   calomel,    the    seventeenth    another  of 


Fig.  10S2. — Proliferation  of  Glia  in  Paresis.     (Lafora.) 

salvarsan,  and  this  should  be  continued  for  at  least 
six  weeks,  unless  specific  indications  of  mercurial 
poisoning  arise  which  render  it  necessarj'  to  cut 
down  the  amount  of  calomel.  In  this  case  a  less 
active  form  of  mercury  can  be  given,  such  as  salicylate 
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or  cyanide,  but  at  least  five  grams  of  salvarsan  should 
be  used  ill  the  therapy.  To  give  one,  or  two,  or  three 
doses  of  salvarsan  invites  failure,  and,  we  are  tempted 
to  believe  from  more  recent  studies,  tends  to  permit 
the  development  of  the  more    feared   metasyi)liilitif 

firocesses  of  paresis  and  taboparesis.  This  is  an  out- 
ine  of  an  energetic  antisyphilitic  therapy. 

For  years  it  has  been  the  custom  to  praise  the  use 
of  mercurial  inunctions  in  the  treatment  of  cerebral 
syphilis,  and  clinical  experience  seems  to  show  that 
tney  are  of  much  value,  but  similar  experience  seems 
also  to  indicate  that  thus  far  the  inunction  treatment 
has  not  been  sufficiently  prophylactic  with  reference 
to  the  moe  severe  forms  of  cerebral  syphilis.  It  is 
hoped  that  the  combined  method  of  mercury  and  sal- 
varsan will  provide  this  prophylaxis.  Mercurial  in- 
jections may  be  substituted  for  the  combined  method, 
or  for  the  method  of  inunction,  but  these  do  not 
seem  to  be  as  radical  as  the  method  already  outlined. 
In  the  later  stages  of  the  treatment,  daily  doses  of 
from  30  to  40  grains  of  potassium  iodide  may  be  given 
for  from  four  to  six  weeks. 


Fig.  10S3. — Infiltration  about  Vessels  and  Lymphatics  in  Paresis 
Possibly  barriers  to  therapy. 

After  such  a  complete  "cure"  has  been  instituted, 
the  patient  should  be  allowed  to  rest  untreated  for 
about  three  or  four  months.  A  Wassermann  should 
be  then  taken  and  a  cerebrospinal-fiuid  examination 
made  and  if  the  biological  and  cytological  reactions 
indicate  that  the  spirochetes  are  still  active,  or  have 
renewed  their  activity,  the  patient  should  be  put 
through  a  similar  cure.  This  can  be  repeated  again 
after  an  interval  of  five  or  six  months.  Ideally,  one 
can  check  the  effect  of  the  treatment  by  reason  of 
the  Wassermann  reaction;  practically,  however,  this 
seems  to  be  unnecessary,  if  not  Utopian. 

5.  Cerebr.vl  Syphilis  of  the  Paretic  and  Tabo- 
PAHETic  Type. — See  Paresis,  General. 

6.  Neuroses  and  Psychoses. — These  will  be  dis- 
cussed under  the  head  of  Psychoses,  Syphiliiic. 

7.  Hereditary  Syphilis. — This  is  of  tremendous 
importance  in  its  effects  upon  the  nervous  sj^stem. 
Statistical  studies  show  that  at  least  66  per  cent,  of 
the  children  of  syphilitic  parents — without  counting 
the  immense  number  of  abortions  and  of  still-born 
children — show  the  taint  in  some  form.  Fournier 
places  the  ratio  as  high  as  9S  per  cent.,  and  says  that 
6S.5  per  cent,  of  the  children  die.     Hoehsinger  reports 


that  to  seventy  families,  out  of  a  group  of  seventy-two, 
in  which  there  was  paternal  syphilis  aione,  only 
thirty-one  healtliy  children  were  born,  and  these  in 
all  save  four  instances  were  the  latest  born.  Of  the 
remaining  276,  110  were  still-born,  166  were  syphilitic. 

Mott,  Mendel,  and  others  tell  the  same  tale  of  the 
children  of  paretics  and  tabetics — either  no  children, 
or  many  abortions,  many  dead  children,  and  alfew 
living  of  whose  fate  there  is  as  yet  no  certainty. 
Probably  more  than  half  are  doomed  to  some  disease 
or  disorder  of  the  nervous  sj'stem. 

Apparently  the  commonest  effect  of  hereditary 
infection  is  the  reduction  of  resistance  in  the  body,  and 
of  the  powers  for  full  development,  in  both  the  general 
body  and  nervous  tissues.  In  a  manner  analogous 
to  the  influence  of  alcohol  on  the  germ  cell,  sypliilis 
diminishes  the  vital  energy  of  the  plasm  prior  to  con- 
jugation, causing  pathological  variations  in  nervous 
structures,  just  as  it  can  transmit  the  disease  through 


Fig.  10S4. — Hematoma  of  Ear  in  Excited  Patient  with  a  Syphi- 
litic Psychosis. 

the  germ  cell.  In  the  result,  Fournier's  classical 
formula  of  abortion,  dead  child,  early  death,  living 
healthy  child,  might  be  amended  to  read  com- 
plete steriUty,  miscarriage,  abortion,  still-births,  chil- 
dren dying  in  infancy  or  convulsions,  marasmus,  men- 
ingitis, hydrocephalus,  comparatively  healthy  children 
who  will  probably  in  later  life  develop  late  hereditary 
syphiUs.  On  this  point,  a  study  of  Mott's  family 
trees  wiU  prove  valuable  and  instructive. 

On  the  question  of  the  mode  of  transmission  much 
light  has  been  thrown  by  late  serological  studies, 
particularly  those  of  Plaut.  (See  "The  Wassermann 
Serodiagnosis  of  Syphilis  in  its  Relation  to  Psychia- 
try,"— Translated  by  Jelliffe  and  Casamajor,  Nervous 
and  Mental  Disease  Monograph  Series,  No.  5,  New 
York.) 

Space  will  not  permit  us  to  catalogue  the  general 
signs  of  hereditary  sj'philis,  and  for  general  informa- 
tion as  to  its  effect  upon  the  nervous  system,  reference 
may  be  made  to  Hochsinger's  studies  (Ergebnisse  d. 
Innere  Med.,  1910,  Wie.n.  klin.  Tl'oc/i.,  1911).  He 
held  20S  children  of  syphilitic  parents  under  observa- 
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tion  for  five  years,  and  states  that  in  that  time  forty- 
three  per  cent,  showed  some  disease  of  the  nervous 
system. 

Whether  syphilis  can  be  transmitted  to  the  third 
generation  has  been  a  much  discussed  question. 
Verj'-'suggestive  material  has  of  late  years  pointed  to 
the  p'robabUitv  that  this  occurs.  Mott  of  London 
has  shown  some  verj^  pertinent  hereditary-  material 
before  the  Royal  So'ciety  and  which  is  reported  in 
their  Transactions  for  1912. 

The  logic  of  this  is  clear  in  the  hght  of  the  recent 
observations  made  by  Levaditi,  Bab,  and  others  that 
Treponema  pallidnm  may  be  found  in  the  ovum,  and 
in  an  apparently  resting  stage,  similar  to  the  resting 
stages  known  for  other  flagellate  protozoa,  closely 
aUied  to  the  organism  causing  syphilis.  Jonathan 
Hutchinson  is  sceptical  as  to  this,  but  he  was  also 
sceptical  as  to  juvenile  tabes  and  paresis — possibly  in 
medicine  ultra  conservatism  is  psychologically  an 
interesting  individual  idiosyncrasy  rather  than  a 
sound  pragmatic  instinct. 

The  necessity  for  the  use  of  all  available  biological 
tests  in  the  matter  of  congenital  syphiUs  is  very  great, 
because  statistics  and  opinions  uncontrolled  by 
them,  and  unsupported  save  by  chnical  observations 
are  not  only  insecure  and  insufficient  approximations, 
but,  if  reUed  upon  in  the  negative,  may  retard  the 

Erogress  of  thought,  and  delay  the  relief  of  sick 
umanitv. 
Without  losing  sight  of  the  immense  importance, 
and  the  striking  and  ofttimes  grewsome  character 
of  the  congenital  cases  which  appear  in  later  life,  if 
the  physician  would  place  himself  in  the  right  attitude 
toward  the  therapeutics  of  this  disease,  he  must 
focus  his  attention  on  the  preponderating  number  of 
miscarriages.  stiU-births,  and  early  sj-philitic  births. 
The  psychological  control,  the  so-caUed  ethical 
attitude  toward  sexual  freedom  as  one  of  the  burning 
factors  in  the  present  cultural  struggle  for  more 
efficient  sexual  adaptation  is  a  problem  too  large  to 
be  entered  into  here. 

Congenital  syphilis  may  occur  at  any  age.  It  is 
not  infrequently  a  cause  of  death  of  the  fetus,  and 
gives  rise  to  a  great  variety  of  intrauterine  cerebral 
diseases  which,  if  the  child  is  born  aUve  result  either 
in  early  death,  or  in  early  disease,  or  the  later  develop- 
ment of  various  congenital  s>-phiUtic  manifestations, 
chief  of  which  are  idiocy,  imbecility,  feeble-minded- 
ness,  epilepsy,  deafness,  optic  atrophj',  tabes,  and 
paresis. 

The  sj-mptoms  are  a  dupUcation  of  those  found  in 
the  adult  tj-pes,  and  the  clinical  picture  is  apt  to  be 
conglomerate  and  difficult  of  analj'sis.  Endarteritis, 
leptomeningitis,  pachymeningitis,  gummata,  diffuse 
degenerative  changes  in  the  cells  of  the  spinal  cord,  in 
the  basal  ganglia,  or  in  the  cortex,  aU  are  found  and  in 
varying  combinations.  Consideration  will  be  given 
here  to  those  trends  which  are  sufficiently  accen- 
tuated to  permit  of  definite  nosological  terminology. 

Hydrocephalus. — This  condition,  resultant  from 
congenital  syphilis,  has  been  suspected  for  over  two 
centuries,  and  was  so  reported  by  Haase,  Cruveilhier, 
Von  Rosen,  and  Virchow  in  the  last  century.  In  its 
congenital  form,  it  arises  chiefly  from  syphiUtic  dis- 
ease of  the  cereljrospinal  fluid  producing  structures — 
choroid,  ependyma — or  from  definite  obstructive 
factors  in  the  cerebral  foramina,  gummata,  vascular 
swelling  obstructing  the  iter,  etc.  It  frequently 
follows  after  congenital  syphilis,  and  is  without  doubt 
much  more  frequent  than  is  commonly  realized. 
Hochsinger  cites  ten  per  cent,  of  hydrocephalus  in 
362  cases  of  congenital  syphilis.  In  the  series  re- 
corded by  liim,  and  which  gives  a  fairly  average 
re\'iew  of  the  whole  situation,  the  hydrocephalus  was 
sometimes  fetal,  and  usually  began  from  the  third 
to  the  eleventh  month  after  birth.  Up  to  the  time 
that    his    report   was   written    absence    of   nervous 


symptoms  were  noted  in  only  eleven  of  the  362 
individuals.  In  the  others  the  phenomena  ranged 
through  restlessness,  sleeplessness,  chronic  vomiting, 
convulsions,  contractures,  nj'stagmus,  and  feeble- 
mindedness. 

The  ordinary  clinical  picture  is  that  of  an  infant  of 
from  three  to  six  months  old  who,  apparently  without 
reason,  or  it  may  be  a  sUght  blow  on  the  head,  or  a 
trivial  gastrointestinal  or  bronchial  disturbance,  devel- 
ops within  a  few  daj-s  grave  cerebral  disturbances.  The 
chUd  is  very  irritable  and  sleepless,  screaming  and 
kicking.  The  head  is  usually  drawn  back,  the  eyes 
and    the    fontaneUes    are    apt    to    bulge.     There    is 


Fig.  10S5. — Hydrocephalus  with  .\trophy  of  the  Entire  PaUium. 
Cliaically  epUeptif  orm  coavulsions,  feeble-mindness,  motor  defects. 
(Craig  Colony.) 

frequent  vomiting,  and  there  are  signs  of  oculomotor 
involvement.  Internal  strabismus  resulting  from 
paresis  of  the  external  rectus  is  a  usual  sign  which  is 
frequently  preceded  by  or  accompanied  by  nj-stagmus 
and  irregular  pupils — often  not  responding  to  light. 
The  child  cries  and  struggles,  and  ofttimes  with 
spasmodic  or  convulsive  movements  of  the  arms  it 
seems  to  try  to  brush  away  the  source  of  the  pain 
which  is  present  in  the  head;  pulling  the  hair,  grasping 
and  roUing  the  head.  It  is  sometimes  possible  to 
demonstrate  spasticity,  rigidity,  and  other  signs  of 
intracerebral  pressure.  As  a  rule  there  is  no  height- 
ening of  temperature,  and  such  signs  of  epidemic 
cerebrospinal  meningitis  as  herpes,  and  flushed  and 
spotted  skin  are  absent. 

There  is  great  difficulty  in  the  diagnosis  of  aU  these 
infantile  meningeal  disturbances. 

Feeble-mixdedness. — The  very  large  role  played  by 
syphilis  in  the  production  of  mental  defectives  has  been 
reahzed  only  of  late  years.  Earlj'  statistics  are  com- 
paratively worthless.  Even  recent  works — particu- 
larly English  studies,  excepting  always  those  of 
Mott  and  his  co-svorkers — show  a  tendency  to  mini- 
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mize  its  importance,  showinc  an  unconscious  desire 
to  suppress  disagreeable  trutlis. 

Tlie  intinuite  correlation  between  syphilis  and 
feeble-mindedness  was  first  definitely  brought  out  by 
Fournier,  the  conclusions  being  forced  upon  him  by 
his  clinical  observations  on  parasyphilis.  Following 
him  the  early  English,  German,  and  American  figures 
varied  from  0.01  to  17  per  cent.,  but  since  the  intro- 
duction of  exact  serological  investigation  they  have 
gone  as  high  as  forty  per  cent. 

Feeble-mindedness  is  thus  shown  to  be  the  result  of 
more  than  one  cause,  but  as  we  are  not  here  dealing 
with  it  in  its  larger  aspects  we  limit  ourselves  to  that 
of  purely  S3'philitic  origin. 

This  may  date  from  intrauterine  life,  but  rarely. 
Children  who  are  infected  thus  early  usually  die,  and 
Plaut  (loc.  cit.)  is  authority  for  the  statement  that  so  far 
as  syphilis  is  concerned,  feeble-mindedness  may  be 
regarded  as  the  result  of  extrauterine  S5'philitic 
disease,  incurred  in  infancy.  In  some  there  are 
signs  of  an  acute  brain  disease;  some  ca.ses  of  re- 
covered hydrocephalus  later  show  signs  of  havoc  in 
their  inability  to  develop  normally.  Many  simply 
fail  to  develop.  There  are  many  recorded  observa- 
tions of  mental  defect  of  very  gradual  development, 
without  convulsions  or  fever,  or  other  signs  of  organic 
disease,  arriving  at  a  definite  termination  and  leaving 
behind  as  a  result  entirely  stationary,  perhaps  even 
improvable,  idiots  or  imbeciles. 

The  Wassermann  reaction  is  frequently  shown  in 
Fournier's  "cnfants  arrieres,"  the  type  of  hereditary 
syphihtic  children  described  as  unintelligent,  simple, 
silly,  limited  children,  always  behind. 

Nonne's  reported  cases  of  general  irritable  weak- 
ness of  the  nervous  system,  and  the  researches  of 
others,  convince  one  that  a  less  marked  grade  of 
mental  defect,  along  more  restricted  or  special  lines, 
is  closely  allied  with  this  broad  group  as  a  result  of 
congenital  syphilis.  The  patients  are  highly  excit- 
able, show  extreme  nervousness  and  moodiness,  suffer 
from  headaches,  irregularities  of  appetite,  and  sudden 
fits  of  passion — without  other  epileptiform  analogies. 
Mercury  and  the  iodides  worked  wonders  for  Nonne's 
eases. 

Many  so-called  psychopathic  children  are  also 
to  be  included  in  this  broad  group  of  congenital 
syphiUtics.  These  children  are  intellectually  bright, 
but  show  marked  ethical  defects,  and  one  can  con- 
ceive of  the  mental  defect  in  terms  of  limited  cortical 
control  to  the  affective  response  of  the  sexuaHty,  and 
to  the  nutritional  instincts.  They  want,  and  in- 
dulge their  wants,  without  taking  the  circuitous 
routes  devised  by  cultural  standards.  Anatomically 
one  can  posit,  on  the  basis  of  the  syphilitic  poisoning, 
a  defect  or  destruction  of  certain  corticocortical  as- 
sociation areas.  S.mith  Ely  Jelliffe. 

Brain,  Topography  of  the. — See  Cranio-encephalic 
Topography. 

1  Brain,  Tumors  of  the. — Tumor  formation  within 
the  cranial  cavity  is  not  a  very  rare  condition  as  it 
comprises  about  two  per  cent,  of  all  cases  of  disease 
of  tne  nervous  system.  It  is  very  rare  in  early 
infancy  but  not  infrequent  in  children.  The  greatest 
number  of  cases,  however,  occur  between  the  ages  of 
twenty  to  forty  years.  Old  age  is  comparatively 
exempt. 

Varieties. — Gliomata  are  among  the  most  frequent 
of  the  tumors  of  the  central  nervous  system.  They 
develop  from  the  gray  matter  of  the  cerebral  cortex, 
cerebeflum,  basal  ganglia,  or  floor  of  the  ventricle 
although  they  may  develop  in  the  white  matter  or 
even  in  the  tissue  of  a  cranial  nerve,  a  glioma  of  the 
optic  nerve  having  been  described  by  Chiara.  They 
are   usually   single   tumors,   growing   with   moderate 
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rapidity  and  not  encapsulated,  infiltrating  the  normal 
brain  tissue  so  that  a  microscopic  examination  may 
show  them  to  be  considerably  largcir  than  they  appear 
on  gross  examination.  Sometimes  the  gliomatous 
infiltration  of  a  part  of  the  brain  gives  rise  to  the 
appearance  of  simple  hypertrophy  of  the  brain  as  has 
been  pointed  out  by  Marburg.  Their  appearance  is 
grayisn,  or  reddish-gray  from  excessive  vasculariza- 
tion, and  they  resemble  normal  brain  tissue  very 
closely.  They  are  soft  to  the  feel  anil  may  contain 
cavities  in  the  center  due  to  degenerative  changes. 
Microscopic  examination  shows  that  the  tumor  is 
composed  of  neuroglia,  cells  and  fibers,  which  can  be 
demonstrated  as  such  by  special  staining  methods. 
The  nuclei  frequently  show  mitotic  figures.  Nerve 
fibers,  meduUated  and  non-meduUated,  frequently 
pass  through  these  tumors  unchanged  (Byrnes). 

The  term  gliosarcoma  is  sometimes  used  to  indicate 
unusual  forms  of  either  ghomata  or  sarcomata. 
Ependymoma  is  a  term  applied  to  tumors  developing 
from  the  ependyma  of  the  ventricle.  They  may  take 
on  the  appearance  of  sarcoma  or  carcinoma. 

Sarcomata  of  the  brain  are  almost  as  frequent  as 
ghomata.  They  develop  from  the  meninges,  blood- 
vessel walls,  nerve  sheaths,  or  other  places  where  con- 
nective-tissue elements  are  found.  Primary  sarco- 
mata usually  develop  as  single  tumors,  grow  with  fair 
rapidity  and  frequently  attain  large  dimensions. 
They  are  of  varying  consistency  but  are  usually  more 
den.se  than  brain  tissue  and  are  almost  always  encap- 
sulated or  otherwise  sharply  demarcated  "from  the 
cerebral  substance.  They  are  often  liighly  vascular 
(angiosarcoma).  All  varieties  (large  or  small  round 
cell,  or  spindle  cell)  can  occur,  as  in  other  parts  of 
the  body.  Various  mixed  types  occur,  such  as 
fibrosarcoma,  myxosarcoma,  etc.  Multiple  sarcomata 
are  not  rare  but  ordinarily  cerebral  sarcoma  is  more 
benign  and  shows  less  tendency  to  metastasis  than 
sarcoma  of  other  parts  of  the  body.  Sarcoma  can 
take  on  the  character  of  a  diffuse  process  involving 
the  meninges,  only  recognizable  on  microscopic 
examination.  A  sarcomatous  neuritis  of  the  cranial 
nerves  has  been  described  by  Darkschewitz. 

E ndolhelioma  is  a  term  apphed  to  tumors  developing 
from  the  endothelium  lining  the  blood-ves.sels  or  the 
lymph  spaces  of  the  meninges  but  they  are  especially 
hable  to  develop  in  the  latter  situation.  Tliey  are 
slow-growing  tumors  generally  favorable  for  o|)era- 
tion  on  account  of  their  situation  and  the  face  that 
they  are  usually  well  encapsulated  and  can  be  easily 
shelled  out.  They,  however,  give  rise  to  frequent 
metastasis,  often  recur  after  removal,  and  are  some- 
times widely  diffused  in  the  meninges  or  follow  the 
blood-vessels.  Those  arising  from  the  blood-ves.sels 
are  sometimes  spoken  of  as  perithelioma.  The  endo- 
thehal  cells  are  frequently  arranged  in  nests  and 
whorls  and  sometimes  contain  hyaline  bodies.  Cyhn- 
droma  is  a  name  applied  to  some  of  these  tumors 
with  marked  hyaline  change.  Perithelioma  may  be 
metastatic  from  the  adrenal,  thyroid,  etc. 

Psammomata  are  tumors  composed  wholly  or 
largely  of  concretions  of  calcium  carbonate.  Such 
concretions  may  be  present  in  tumors  of  various 
sorts — sarcoma,  fibroma,  etc. — but  are  most  common 
in  endotheUomatadevelopingfrom  the  dura.  Tumors 
of  the  pineal  gland  and  choroid  plexus  are  usually  of 
this  variety  and  I  have  observed  a  tumor  in  the 
sella  turcica  of  this  kind  which  gave  rise  to  aFrohUch's 
syndrome.  Such  tumors  are  demonstrable  by  the 
x-ray.     They  are  very  slow  growing. 

Fibromata  are  connective-tissue  tumors  usually 
developing  from  the  meninges  or  from  the  sheaths  of 
the  cranial  nerves.  They  are  dense,  encapsulated 
tumors,  sometimes  multiple,  and  usually  occur  at  the 
base  of  the  brain.  Their  favorite  location  is  in  the 
cerebellopontile  angle  where  they  develop  from  the 
sheath  of  the  acoustic  nerve.  They  also  develop  in 
the  vicinity  of  the  Gasserian  ganglion.     Mixed  forms, 
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such  as  osteofibroma,  fibrosarcoma,  fibromyxosar- 
coma.  etc.,  occasionally  occur. 

Xeurofibromata  occasionalh'  occur  in  the  same 
locations  as  those  given  for  fibromata.  They  are 
frequently  multiple,  especiallj-  when  they  occur,  as  in 
Von  Recklinghausen's  disease  (multiple  neuro- 
fibromatosis), along  the  course  of  the  cranial  nerves. 
The  nerve  fibers  contained  in  them  are  usually  non- 
meduUated. 

Lipomata  are  comparatively  rare  in  the  brain. 
They  are  yellow  tumors  usually  well  encapsulated 
and  almost  always  superficial.  Their  consistency 
varies  according  to  the  amount  of  fibrous  connective 
tissue  they  contain.  They  are  almost  always  basal 
and  may  be  mixed  vrith  other  tissue,  forming  myxo- 
matous lipomata,  or  sometimes  undergo  calcification. 

Cholesteatomata  are  usually  found  accidentally,  at 
postmortem,  but  they  can  give  rise  to  the  symptoms 
of  brain  tumor.  Their  favorite  location,  according 
to  Oppenheim,  is  at  the  base  of  the  brain  in  the 
region  of  the  tuber  cinereum  or  mammillary  bodies. 
Cholesteatomata  probably  develop  from  either  epi- 
thelial nodes  (Ziegler)  or  endothelial  formations 
(Birch-Hirschfeld). 

Osteomata  are  rare  tumors  in  the  cranial  cavity. 
Osteofibroma  and  osteosarcoma  are  more  frequent 
but  not  common.  They  are  usualh'  in  direct  relation 
to  the  skull  but  cases  have  been  reported  where  they 
were  in  the  substance  of  the  brain.  D.  J.  McCarthy 
reports  the  experimental  production  of  an  osteoma 
in  the  brain  of  a  kitten  by  piercing  the  brain  with  a 
wire.  Small  plates  of  bone  are  not  infrequenth' 
found  scattered  through  the  pia-arachnoid.  They 
seem  never  to  produce  any  symptoms.  I  have 
observed  them  several  times  in  connection  with 
degenerative  diseases. 

Angiomata  occur  in  the  brain  in  various  types — 
hemangioma  cavernosum,  telangiectasis,  etc.;  the}- 
are  all  uncommon.  Attention  has  been  called  to  the 
frequency  with  which  vascular  nevi  in  the  distribution 
of  the  trifacial  nerve  on  the  face  are  accompanied  by 
similar  conditions  in  the  pia.  They  are  usually 
congenital  and  may  be  the  cause  of  epilepsj'  or 
imbecility. 

Carcinomnta,  as  primary  tumors  in  the  brain,  are 
very  rare.  They  occasional!}'  develop  from  the 
choroid  plexus  or  from  the  hypophysis.  Metastatic 
carcinoma  is  not  uncommon.  Starr  found  forty- 
three  cases  of  carcinoma  out  of  six  hundred  cases  of 
brain  tumor.  The  metastasis  is  through  the  blood 
and  the  tumors  are  usually  multiple.  They  may  be 
of  large  size  and  be  encapsulated  but  are  frequently 
small.  In  some  cases  carcinoma  cells  may  be  seen 
in  the  perivascular  spaces  all  through  the  brain.  A 
carcinomatous  infiltration  of  the  meninges  is  not  un- 
common. The  histological  character  of  the  carcinoma 
may  indicate  its  origin.  Mammary  carcinomata 
most  freciuentl}-  send  metastases  to  the  brain  but  the 
primary  tumor  may  be  in  the  lungs,  esophagus, 
stomach,  adrenal,  testes,  or  other  parts. 

Te.ratomata  and  dermoid  tumors  are  rarely  present 
in  the  cranial  cavity.  When  they  occur  they  are 
usually   located   at    the   base    near  the  median  line. 

Cysts  are  not  infrec(uenth'  present  in  the  brain. 
They  are  often  the  result  of  degeneration  of  tumors, 
especially  ghomata,  and  in  such  cases  have  a  fining  of 
active  tumor  tissue.  Cj'sts  may  also  occupy  the  site 
of  a  former  hemorrhage  or  areas  of  softening.  The  so- 
called  circumscribed  serous  meningitis  may  exert  con- 
siderable pressure  on  the  brain  and  give  rise  to  all  the 
signs  of  brain  tumor.  Cysticercus  and  echinococcus 
cysts  are  occasionally  found  in  the  brain. 

The  infectious  granulomata  deserve  careful  consid- 
eration, as  tumors  of  the  brain,  on  account  of  their 
frequency:  tuberculoma  being  especially  frequent  in 
children  although  present  also  in  adults.  The  large 
solitary  tubercle  is  usualh'  located  either  in  the  pons 
or  cerebellum;  tuberculoma  of  the  meninges,  circum- 
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scribed  tuberculous  meningitis,  or  tuberculosis  en 
plaque,  usually  on  the  convexity  of  the  brain.  They 
have  the  histological  characteristics  of  tubercle  else- 
where in  the  body,  and  the  larger  ones  show 
caseation. 

Macroscopic  guinmata  as  distinct  tumors  are  not 
common  in  the  brain  although  statistics  of  different 
authors  show  considerable  variation  on  this  point, 
depending  probably  on  whether  or  not  gummatous 
infiltration  of  the  meninges  is  included  as  a  tumor. 
Starr  includes  it  and,  in  a  collection  from  the  Utera- 
ture  of  600  cases  of  brain  tumor,  found  gumniata 
twenty-two  times.  Spiller,  in  seventy-two  cases, 
found  four  gummata.  Bruns,  in  thirty-seven  cases 
of  brain  tumor  with  necropsy,  found  no  gummata. 
They  occur  from  acciuired  syphilis,  sometimes  with- 
in a  year  after  infection  (Starr).  They  are  usu- 
ally located  in  the  cerebral  cortex,  rarely  in  the  cere- 
bellum, and  very  rarely  in  the  basal  ganglia. 

Aneurysms  of  the  cerebral  arteries,  if  of  large  size, 
give  the  symptoms  of  cerebral  tumor.  They  may  be 
as  large  as  a  hen's  egg.  Authorities  are  generally 
agreed  that  the  artery  of  the  fissure  of  Sj'lvius  is  the 
one  most  frequently  affected  and  the  arteries  at  the 
base  of  the  brain  are  next  in  frequencj'.  They  com- 
press the  brain  tissue  and  usually  terminate  by 
bursting. 

P-VTHOLOGY. — The  pathological  conditions  in  the 
brain  the  result  of  the  tumor  vary  with  its  size  and 
location.  The  increase  in  pressure  causes  a  flattening 
of  the  convolutions  of  the  brain  and,  not  infrequently, 
a  thinning  of  the  dura  mater.  In  young  cliildren  the 
skull  may  enlarge:  in  adults  the  bones  are  sometimes 
eroded  by  the  pressure  of  the  tumor,  or  the  pressure 
of  the  convolutions  on  the  skull  may  cause  a  deepen- 
ing of  the  digitiform  impressions  normally  present. 
Changes  may  also  occur  in  the  base  of  the  skuU, 
widening  of  the  sella  turcica,  etc.,  which  may  be  seen 
by  x-ray  examination.  Marked  distortion  of  the 
brain  may  be  produced  by  tumors  in  certain  loca- 
tions, especially  those  in  the  cerebellopontile  angle. 
The  pressure  of  the  tumor  may  lead  to  a  marked 
atropliy  of  the  part  of  the  brain  pressed  upon  without 
any  actual  invasion  of  the  tumor  tissue.  Frequently 
tumors  are  surrounded  bj'  an  area  of  cellular  infiltra- 
tion or  of  softening,  and  occasionally  the  invasion  of  a 
blood-vessel  wall  by  the  tiunor  may  cause  a  cerebral 
hemorrhage.  The  circulation  of  the  spinal  fluid  is 
frequently  impeded  giving  rise  to  an  internal  hydro- 
cephalus. This  is  of  considerable  chnical  importance 
as  it  may  lead  to  pressure  symptoms  on  parts  dis- 
tant from  the  tumor;  for  instance,  the  enlargement  of 
the  infundibulum  may  cau.se  pressure  on  the  pituitary 
bod}'  and  on  the  optic  commissure  leading  to  an  errone- 
ous diagnosis  of  tumor  of  the  hypophysis. 

Histological  examination  may  show  changes  in  the 
cerebral  corte.x  such  as  cell  degeneration,  increased 
neuroglia,  etc.,  diffused  throughout  the  brain.  Brain 
tumor,  by  increasing  the  intraspinal  pressure,  causes 
degeneration  of  the  posterior  nerve  roots,  and  posterior 
columns  of  spinal  cord.  The  cerebrospinal  fluid 
frequently  contains  an  increased  amount  of  albumin 
and  sometimes  shows  a  xanthochromatic  change. 

Etiology. — The  cause  of  the  development  of  a  cere- 
bral neoplasm  is  in  most  cases  unknown.  Develop- 
mental anomahes  no  doubt  account  for  some  of  them, 
especially  the  teratomata  and  perhaps  also  for  the 
angiomata  and  my.xomata. 

Many  observations  have  been  made  on  the  relation 
of  trauma  to  brain  tumor.  There  are  well  authen- 
ticated instances  in  which  an  area  of  encephalitis 
or  a  splinter  of  bone  has  become  a  starting-point  for 
the  development  of  a  tumor.  The  case  reported  by 
McCarthy  of  the  experimental  production  of  an 
osteoma  in  the  brain  of  a  kitten  by  inserting  a  piece 
of  wire  shows  one  way  in  which  trauma  could  be 
effective  in  this  connection.     Trauma  may  also  act 
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by  exciting  to  renowed  growth  a  latont  tumor.  Cases 
ill  which  the  tumor  symptoms,  headache,  etc.,  began 
immediately  after  the  trauma  are  probably  of  this 
kind.  Traumatic  cj'sts  are  more  common  than  tu- 
mors. Hedhch  says  that  it  is  certain  that  a  trau- 
matism is  the  cause  of  many  cases  of  intracranial 
aneuiysm. 

.Metastasis  from  other  parts  of  the  body  accounts 
for  most  of  the  carcinoinata  and  adenomata;  and  the 
parasitic  cysts  usually  have  a  primary  focus  elsewhere 
in  tlu'  body.  Solitary  tubercle  may  occur  in  the  brain 
without  anv  evidence  of  tuberculosis  of  the  lungs, 
or  other  parts  of  the  body  open  to  clinical  observation. 
Gummata  of  the  brain  frequently  develop  in  the  .<ec- 
on  iarv  stage  of  syphilis  and  within  a  year  after  the 
infectiv)ii  but  may  occur  in  tlie  later  stages  as  well. 

.■^YMrroMATOLOGY. — In  some  cases  a  tumor  within 
the  cranial  cavity  may  grow  to  a  large  .size  and  cau.«e 
no  .svmptoms  indicative  of  its  presence,  being  found 
at  necropsy  when  death  is  due  to  some  intercurrent 
affection.  Such  ca.ses  are  rare.  The  intensity  of 
tumor  symptoms,  as  well  as  their  character,  depends 
on  their  rate  of  growth,  their  location,  and  the  kin  1 
of  tumor. 

The  symptoms  may  be  divided,  for  the  sake  of 
convenience,  into  the  general  symptoms,  i.e.  those 
common  to  brain  tumors  in  general  wherever  located; 
and  th"  localizing  symptoms  which  depend  upon 
the  effect  of  the  location  of  the  tumor  in  interfering 
with  the  function  of  certain  parts  of  the  brain. 
Other  factors  being  equal,  the  general  symptoms 
are  usually  more  marked  when  the  tumor  is  located 
in  the  cerebellum  or  in  the  posterior  fossa;  whereas, 
tumors  located  in  the  motor  area  or  in  the  pons  will 
produce  focal  symptoms  first. 

Symptoms  are  also  produced  by  pathological 
changes  in  the  neighborhood  of  the  tumor,  areas  of 
softening,  hemorrhages,  etc.,  and  by  the  pressure 
e.xerted  on  parts  distant  from  the  tumor  through  the 
medium  of  a  dilated  ventricle  (dilatation  of  the  in- 
fundibulum  producing  pressure  on  the  optic  chiasm 
and  hypophysis,  for  instance). 

Disturbances  may  occur  in  parts  functionally 
related  to  the  part  of  the  brain  affected:  a  phenomena 
described  by  von  Monakow  under  the  name  of 
"diaschisis." 

The  general  symptom-t  of  brain  tumor  depend 
probably  upon  the  increased  pressure  within  the 
cranial  cavity.  It  is  possible,  however,  that  other 
factors  play  a  part  since  it  is  observed  that  small 
tumors  are  sometimes  attended  with  more  marked 
symptoms  than  the  larger  ones.  The  rate  of  increase 
in  pressure  plays  an  important  part.  According  to 
Naunyn  and  Schreiber  (quoted  by  Redlich)  the 
general  symptoms  are  due  to  a  cerebral  anemia,  the 
result  of  the  pressure,  and  for  this  reason  a  rapid 
lowering  of  the  blood  pressure  in  the  carotid  artery 
may  suddenly  make  the  symptoms  manifest.  The 
general  symptoms  have  also  been  explained  as  due 
to  a  tumor  toxin  but  the  uniform  nature  of  these 
symptoms  arising  from  the  tumors  of  widely  different 
kinds  rather  militates  against  this  view. 

Headache  is  one  of  the  most  frequent  symptoms  of 
brain  tumor  but  its  occurrence  in  so  many  other 
conditions  lessens  its  diagnostic  value.  Usually  it  is 
also  an  earlj'  symptom,  although  small  tumors  in 
the  motor  region  ma\'  cause  other  symptoms  to 
develop  before  the  headache.  Its  character  is  vari- 
able, sometimes  dull  and  boring,  sometimes  neu- 
ralgic, sometimes  pulsating,  especially  in  aneurysm. 
Frequently  in  the  early  stages  it  is  intermittent, 
coming  on  in  attacks  similar  to  migraine.  This, 
according  to  Frankl-Hochwart,  is  especially  true  of 
hypophysis  tumors.  It  may  be  present  only  in  the 
morning  on  arising  or  may  only  be  brought  on  by 
exertion  or  sudden  movement. '  The  location  of  the 
pain  has  no  fixed  relation  to  the  locationof  the  tumor; 
frontal  headache  maj'  be  a  symptom   of  cerebellar 


tumor  or  the  tumor  may  be  on  one  side  of  the  cere- 
brum and  the  pain  on  the  other. 

The  cause  of  the  pain  is  probably  the  stretching  of 
the  nerves  in  the  dura  by  the  increased  pressure. 
Not  infrequently  the  pain  is  a  less  prominent  .symp- 
tom in  the  later  stages  of  brain  tumor  than  in  the 
earlier.  The  numbing  of  consciousness  decrea.';es  the 
perception  of  the  discomfort  in  some  cases;  and  in 
others,  the  erosion  of  bone  or  the  adjustment  of  the 
brain  to  the  altered  conditions  accounts  for  the 
relief.  The  pain  is  usually  relieved  by  a  decompres- 
sion operation.  Tenderness  of  the  skull  on  pcrcu.s.sion 
may  be  a  symptom  of  localizing  value.  The  presence 
of  adjruit  usually  means  an  aneurysm;  however,  it  is 
saiti  to  occur  over  some  highly  vascular  tumors  such 
as  angiosarcoma,  also  in  internal  hydrocephalus,  and  a 
similar  sound  mav  also  be  heard  over  the  skulls  of 
normal  young  children  (Redlich). 

A  true  choked  disc,  especially  over  two  diopters, 
is  a  very  valuable  diagnostic  sign  of  increased  in- 
tracranial pressure  and  is  rarely  absent  in  brain 
tumor.  According  to  Redhch,  Gowers  found  it  in 
four-fifths  of  all  cases;  Oppenheim  in  eighty-two  per 
cent.;  and  Bruns,  fifty-one  times  in  sixty-three  cases. 
An  optic  neuritis  is  less  common.  Spiller  has  called 
attention  to  the  late  appearance  of  choked  disc  from 
ghoma  of  the  brain  but  its  very  rapid  development 
then.  Choked  disc  is  said  to  develop  earliest  from 
tumors  in  the  posterior  fossa  but  I  have  seen  a  case 
of  sohtary  tubercle  of  the  cerebellum  in  which  none 
occurred.  It  occurs  relatively  late  in  cases  involving 
the  motor  region  or  frontal  lobes  and  is  rarely  seen  in 
tumors  of  the  hypophysis  or  those  in  the  vicinity  of  the 
optic  chiasm.  The  latter  usually  cau.ses  an  optic 
atrophy.  Vision  is  usually  little  affected  bv'  the 
edema  of  the  nerve  head  but  the  prolongation  of  the 
condition  leads  to  secondary  optic  atrophj'  and  a 
gradually  developing  blindness. 

The  pathogenesis  of  the  choked  disc  is  usually 
ascribed  to  the  increased  intracranial  pressure.  A 
tumor  to.xin  as  the  cause  seems  most  unlikely. 
Usually  the  edema  of  the  disc  develops  in  one  eye 
earlier  than  in  the  other  and  is  more  marked  in  one 
than  in  the  other.  There  has  been  considerable 
discussion  as  to  whether  or  not  the  eye  showing  the 
greatest  elevation  of  the  papilla  indicates  the  side  of 
the  tumor.  By  most  observers  it  is  held  that  there 
is  no  such  relation  and  Walter  Parker  has  shown  that 
the  eye  in  which  the  edema  is  more  marked  is  the 
one  which  has  the  lower  intraocular  tension,  and 
concludes  that  the  development  of  the  choked  disc 
depends  on  a  disproportion  between  the  intracranial 
pressure  and  the  intraocular  tension,  thus  allowing 
the  disc  to  be  pushed  into  the  eye. 

The  increased  pressure  may  also  account  for  deaf- 
ness by  its  effect  on  the  acoustic  nerve  and  Muskens 
has  described  olfactory  phenomena  and  anosmia  as 
due  to  the  same  cause. 

Not  infrequently  the  increased  intracranial  pressure 
causes  a  loss  of  the  knee-jerks  in  brain  tumor.  At 
necropsy  in  such  cases  there  is  found  a  degeneration 
in  the  posterior  columns  which  begins  at  the  point 
where  the  posterior  roots  enter  the  spinal  cord.  It 
may  be  attributed  to  the  pull  on  the  nerve  roots 
through  their  attachments  to  the  cord  and  spinal 
dura  where  there  is  a  distention  of  the  dural  sac  bj-  the 
cerebrospinal  fluid.  A  lumbar  puncture  may  cause 
a  return  of  the  reflex  (Redhch)  under  such  conditions 
and  I  have  observed  the  same  thing  after  a  decom- 
pression operation. 

Mental  changes  are  not  uncommon  as  a  symptom 
of  tumor  of  the  brain.  In  general  they  are  on  the 
order  of  stupor  or  dementia.  The  special  mental 
symptoms  depend  to  some  extent  on  the  location  of 
the  tumor. 

Tumors  of  the  frontal  region  may  produce  a  mental 
state  somewhat  resembhng  paresis,  with  an  especial 
tendency    to    senseless    joking,    punning,    etc.,   the 
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''wUzehucht"  of  the  Gerinaa  writers.  Tumors 
invoh-ing  the  left  temporosphenoidal  region  and 
causing  word  deafness,  jargon  aphakia,  etc.,  often 
lead  to  a  mistaken  diagnosis  of  insanity.  Mental 
symptoms  are  very  frequently  caused  by  tumors  in 
the  \-icinity  of  the  corpus  callosum. 

Epileptic  attacks  are  frequently  caused  by  tumor  of 
the  brain,  being  present,  according  to  Knapp,  in  about 
one-fourth  of  all  cases.  Tumors  located  in  or  near 
motor  areas  may  cause  Jacksonlan  attacks  which  later 
become  generalized.  In  other  cases  the  general  con- 
vulsions are  present  from  the  beginning  and  have  all 
the  characteristics  of  epileptic  attacks  due  to  other 
causes.  Walton  describes  a  case  of  cerebral  endo- 
theUoma  in  which  the  chief  and  practically  the  only 
symptom  was  attacks  of  epilepsy,  both  grand  mal  and 
petit  mal.  An  operation  and  removal  of  the  tumor 
stopped  the  attacks.  Petit  mal  attacks,  or  the  status 
epilepticus,  maj-  be  caused  by  brain  tumor.  Attacks 
of  intense  sleepiness  (narcolepsy)  may  also  be  so 
caused. 

Tumors  of  the  cerebellum  are  often  accompanied 
by  pecuUar  attacks  described  by  Dana  as  cerebellar 
seizures,  "sudden  seizures  of  violent  vertigo,  or  loss 
of  consciousness,  with  tonic  irregular  movements  of 
the  limbs,  or  perhaps  only  sudden  forced  movements, 
throwing  the  patient  to  the  floor."  Oppenheim  has 
also  described  attacks  of  tremor  or  forced  movements 
without  unconsciousness  and  resembling  hysterical 
attacks,  as  symptomatic  of  cerebellar  tumor. 

Vertigo  is  a  prominent  symptom  in  tumors  of  the 
cerebellum  and  its  connections,  though  also  caused 
by  tumors  in  other  locations.  It  maj'  be  made  worse 
by  sudden  change  of  position  and  usually  bears  a 
fairly  constant  relation  to  the  headache. 

Vomiting  is  a  very  pronounced  symptom  in  brain 
tumor.  It  is  more  frequent,  as  a  rule,  in  tumors 
located  in  the  posterior  fossa.  It  usually  has  no  rela- 
tion to  the  taking  of  food  and  is  frequently  unaccom- 
panied by  nausea.  The  so-called  projectile  vomiting 
is  regarded  as  very  characteristic  of  increased  intra- 
cranial pressure. 

Changes  in  pulse  and  respiration  are  usually  late 
symptoms  in  brain  tumor.  Irritation  of  the  vagus 
nucleus  may  cause  a  bradycardia.  .According  to 
Redhch,  this  occurs  as  an  early  symptom  in  tumors 
of  the  medulla  where  it  is  Uable  to  come  on  in  attacks 
accompanied  by  vertigo  and  vomiting.  In  the  later 
stages  a  tumor  so  located  would  cause  an  increased 
pulse  rate  through  vagus  paralysis.  Respiratory 
symptoms  are  also  uncommon.  In  some  cerebellar 
tumors  there  may  be  attacks  of  apnea.  Cheyne- 
Stokes  or  Biot  types  of  breathing  may  occur  in  the 
last  stages  of  brain  tumor. 

Other  general  symptoms  are  not  common.  The 
course  of  a  brain  tumor  is  non-febrile.  Incontinence 
of  urine  may  be  present  in  the  later  stages.  Cachectic 
symptoms  are  less  marked  with  brain  tumors  than 
they  are  with  tumors  situated  elsewhere  in  the  body. 
Marked  changes  in  growth  and  metabolism  may  occur 
in  connection  with  tumors  in  the  region  of  the  hj-po- 
physis  or  of  the  pineal  gland. 

Localizing  symptoms  are  those  by  which  it  is  possible 
to  determine  in  what  part  of  the  cranial  caxity  the 
tumor  is  located.  Some  of  the  general  symptoms  may 
have  a  locaUzing  value  under  certain  conditions. 

Frontal  Lobe. — The  frontal  lobe  really  includes  all 
that  part  of  the  cerebral  hemisphere  anterior  to  the 
cerebral  fissure  but,  by  usage,  the  term  is  frequently 
apphed  to  include  only  the  parts  anterior  to  the 
ascending  frontal  convolution,  the  prefrontal  lobe. 
Tumors  of  the  prefrontal  lobe  are  usually  credited 
with  the  production  of  certain  symptoms  such  as 
apathy,  intellectual  defects,  childishness,  etc.  There 
is  frequently  a  special  tendency  to  siUy  jokes,  puns, 
answering  questions  with  others,  etc.,  named,  by  the 
Germans,  "witzelsucht";  by  the  French,  "pueriUt^ 
mentale."    Tumors  at  the  base  of  the  frontal  lobe  may 
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cause  anosmia  through  pressure  of  the  olfactory  bulb. 
It  is  usuaUj-  unilateral,  and  local  conditions  in  the  nose 
maj'  interfere  with  the  clinical  value  of  the  symptom. 
Pressure  on  the  optic  nerve  may  cause  an  optic  atrophy 
which  is  primary,  and  not  secondary  to  choked  disc 
such  as  is  usual  in  brain  tumor.  Sometimes  there  is 
a  dilated  pupil  on  the  side  of  the  tumor  and  occasion- 
ally exophthalmos.  The  involvement  of  the  posterior 
part  of  the  third  frontal  convolution  on  the  left  side  usu- 
ally leads  to  a  motor  aphasia,  if  the  patient  is  right- 
handed,  and  to  an  agraphia  if  the  tumor  invades 
the  posterior  part  of  the  second  frontal  convolution. 
Not  infrequently  the  aphasia  is  manifested  suddenly. 
It  may  be,  at  first,  intermittent  or  consist  simply  in  a 
slo\ving  of  motor  speech. 

.\  center  for  conjugate  movement  of  the  eyeballs  is 
also  hypothetically  located  in  this  region,  based  upon 
the  observation  that  epileptic  attacks  arising  from 
such  tumors  frequently  begin  by  conjugate  deviation 
of  the  eyes. 

Tumors  of  the  frontal  lobe  frequently  cause  an 
ataxia,  cerebellar  in  tj-pe,  which  maj-  lead  to  errors 
in  diagnosis.  The  cau.^e  of  the  ataxia  is  uncertain 
but  the  anatomical  connections  between  the  frontal 
lobe  and  cerebellum  are  very  intimate  and  an  atrophy 
of  one  frontal  lobe  usually  determines  an  atrophy  in 
the  opposite  cerebellar  hemisphere  so  that  the  func- 
tional connection  is  to  be  expected. 

Those  tumors  of  the  frontal  lobe  whose  increasing 
size  causes  them  to  involve  the  precentral  convolu- 
tion give  rise  to  symptoms  characteristic  of  that  re- 
gion, the  motor  region  of  the  brain. 

Motor  Area. — Tumors  in  or  near  the  motor  cortex 
produce  definite  localizing  symptoms  and  a  tumor 
producing  no  evidence  of  its  presence  in  this  region 
would  be  most  unlikelj-.  The  motor  area  is  probably 
entirely  comprised  in  the  paracentral  convolution 
and  precentral  convolution.  While  there  are  some 
who  believe  that  the  postcentral  convolution  is  also 
motor,  the  former  view,  based  upon  the  researches 
of  Sherrington,  Brodman,  and  others  is  the  one  gener- 
ally accepted.  The  earliest  symptom  of  a  tumor 
involving  the  cortex  in  this  region  is  usually  Jackson- 
ian  epilepsy.  The  attacks  are  localized  in  a  certain 
part  of  the  body  and  consciousness  is  only  sUghtly, 
if  at  all,  affected.  The  part  in  which  the  attacks 
begin  indicates  the  location  of  the  tumor,  i.e.  as  in  the 
arm  center,  leg  center,  etc.  Not  infrequenth*,  espe- 
cially in  the  later  stages,  there  is  some  weakness  after 
the  attack  in  the  part  affected.  A  continuous 
twitching  may  take  the  place  of  the  ordinary 
attacks. 

As  the  tumor  enlarges  and  the  pressure  becomes 
greater  a  monoplegia  develops  which  in  time  pro- 
gresses to  a  hemiplegia.  The  gradual  onset  of  a  hemi- 
plegia in  this  fashion  is  so  characteristic,  according 
to  Williamson,  that  a  diagnosis  of  brain  tumor  in  the 
motor  area  might  be  based  on  it  alone  and  without 
the  general  sj-mptoms  of  headache  and  choked  disc. 
The  paralysis  which  develops  is  of  the  spastic  type, 
accompanied  by  contractures,  rarely  with  atrophy, 
although  there  is  not  infrequently  some  vasomotor 
change,  cyanosis,  edema,  etc.  The  reflexes  are  in- 
creased and  there  is  a  Babinski  reflex  on  the  paralyzed 
side.  Bychowski  states  that  in  extracerebral  tumors 
the  Babinski  reflex  is  not  present,  but  Redlich  claims 
that  this  is  not  a  constant  sign.  There  may  be  no 
sensor?"  symptoms. 

Tumors  in  the  postcentral  convolution  also  produce 
Jacksonian  epileptic  attacks  which,  however,  usually 
have  a  sensory  aura,  consisting  of  various  parasthesias, 
in  the  affected  part.  The  growth  of  these  tumors 
may  lead  to  the  development  of  a  hemianesthesia. 
As  I  have  shown,  the  nature  and  distribution  of  the 
sensory  changes  following  lesions  to  the  cortex  have 
certain  peculiarities;  localization  of  sensation,  dis- 
crimination of  compass  points,  and  appreciation  of 
fight  touches  are  earlj-  lost;  the  distribution  of  the 
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lost  sensation  may  correspond  to  the  sensory  distri- 
bution of  tlie  spinal  segments. 

Tumors  located  in  the  parietal  region,  especially  the 
superior  parietal  convolution,  frequently  cause  a  loss 
of  storeognostic  perception.  The  kiss  of  tlie  ability 
to  recognize  the  shape  of  objects  placed  in  the  hand 
with  the  eyes  closed  may  also  be  due  to  paralysis  or 
to  marked  changes  in  general  sense  perception. 

Tumors  in  the  motor  and  sensorimotor  region, 
while  producing  localizing  symptoms  very  early, 
may  not  give  ri.se  to  any  of  the  general  symptoms  of 
brain  tumor.  Redlich  refers  to  such  a  case,  in  whicli 
there  was  a  glioma  of  the  paracentral  lobule;  and 
Walton  to  a  similar  case  in  which  an  endothelioma 
was  removed  by  operation.  The  only  symptoms 
in  these  cases  were  Jacksonian  epileptic  attacks. 

Parietal  lobe  tumors,  in  general,  give  rise  to  sensory 
symptoms.  Those  in  the  ascending  parietal  usually 
also  cause  some  motor  disturbance  secondarily  or 
by  pressure.  The  disturbance  of  stereognostic  sense 
is"  the  most  characteristic  phenomenon  caused  by  tu- 
mors of  the  superior  parietal  region. 

Those  located  in  the  lower  parietal  region,  in  or 
near  the  angular  gyrus,  if  on  tlie  left  side  in  a  right- 
handed  person,  cause  word  blindness,  i.e.  central 
vision  may  be  apparently  normal  but  the  patient  is 
no  longer  able  to  comprehend  written  language. 
Tumors  in  this  neighborhood  may  also  cause  mind 
blindness,  soul  blindness,  or  object  blindness  as  it  is 
variously  called.  Tumors  in  the  left  hemisphere  may 
also  cause  the  amnesic  color  bhndness,  described  by 
Wilbrand  and  Sanger.  Spiller  has  reported  such  a 
case  and  I  have  also  observed  an  instance  of  it.  If 
a  tumor  of  this  region  extends  far  beneath  the  cortex, 
it  will  interfere  with  the  optic  radiations  and  cause  a 
hemianopsia.  Difficulties  in  lateral  associated  move- 
ments of  the  eyeballs  are  sometimes  met  with  in 
such  cases. 

Tumors  of  the  occipital  lobe  have  for  their  most 
characteristic  localizing  sign  disturbances  in  vision. 
A  hemianopsia  or  quadrantanopsia  is  a  common 
symptom.  The  macular  region  usually  escapes. 
This  symptom  may  be  covered  up  by  the  blindness 
caused  by  the  secondary  optic  atrophy.  Irritation 
of  the  cuneus  may  give  rise  to  various  hallucinations 
usually,  however,  of  a  simple  character  such  as 
sparks  of  hght,  stars,  etc.,  but  Spiller  has  described 
a  case  of  subcortical  tumor  of  the  occipital  lobe,  in 
which  there  was  no  hemianopsia,  but  in  which  the 
patient  saw  "black  objects  like  snakes,  rosettes,  and 
forms  of  leaves,"  "and  sometimes  sees  the  heads  of 
persons."  Tumors  on  the  convexity  of  the  occipital 
lobe  on  the  left  side  may  cause  alexia  and  such  sec- 
ondary phenomena  as  agraphia,  etc.  Pressure  on  the 
cerebellum  may  give  rise  to  ataxia. 

The  first  temporal  convolution  is  apparently  the 
cortical  center  for  hearing.  Tumors  located  here, 
however,  do  not  cau.se  deafness  unless  they  are 
bilateral.  If  located  on  the  right  side  in  a  right- 
handed  individual  they  may  cause  no  symptoms. 
On  the  left  side,  they  not  infrequently  cause  word 
deafness,  loss  of  understanding  of  spoken  speech, 
with,  in  many  cases,  a  jargon  speech  and  alexia  as 
secondary  phenomena.  Irritation  of  this  region  may 
cause  hallucinations  of  hearing.  These  phenomena 
may  occur  suddenly  and  be  transitory.  There  is  an 
interesting  observation  of  Oppenheim,  quoted  by 
Redlich,  of  a  case  of  tubercle  of  the  left  gyrus  supra- 
marginalis  where  only  on  sitting  up  the  pressure  of 
the  tumor  fell  on  the  first  temporal  convolution  and 
caused  a  sensory  aphasia. 

Lesions  in  the  second  temporal  convolution  are  also 
recorded  as  the  cause  of  agrammatica  and  amusia. 
Large  tumors  in  the  temporal  lobes  may  extend 
inward  until  they  press  upon  the  internal  capsule  and 
oau.se  a  hemiplegia. 

Tumors  in  the  third  temporal  convolution  may  give 
rise  to  gustatory  phenomena,  voracious  appetite,  etc., 


and  may,  by  extension,  involve  the  optic  tract  causing 
hemianopsia  and   may  also  cause  pressure  on  the 

hypophysis. 

Tumors  of  the  gyrus  hippocampus  may  give  rise  to 
a  peculiar  dreamy  state  (Jackson). 

Tumors  of  the  uncinate  gyrus  frequently  give  rise  to 
epileptic  attacks  ushered  in  by  an  aura  of  the  sense  of 
taste  or  smell;  the  so-called  "uncinate  group  of  fits" 
(Mills). 

Tumors  of  the  corpus  callosum  are  characterized 
chiefly  by  the  late  appearance  of  the  general  .symp- 
toms of  brain  tumor  and  paralysis,  although  there 
are  exceptions.  The  most  prominent  symptoms  are 
usually  mental.  Putnam  and  Williams  founil,  in 
thirty-eight  cases,  only  four  without  mental  symp- 
toms. The  symptoms  are  usually  of  the  character  of 
apathy  or  dementia.  Recent  studies  by  Liepmann 
and  others  have  shown  that  apraxia  is  a  characteristic 
of  lesions  in  this  vicinity.  A  hemiparesis  not  in- 
frequently develops,  also  a  pecuhar  form  of  ataxia  has 
been  described  which  clo.sely  re.sembles  the  ataxia 
due  to  frontal  lobe  tumors. 

Tumors  in  the  white  substatice  of  the  frontal,  parietal, 
or  temporal  lobes  can  exist  for  a  long  time  without 
producing  any  localizing  symptoms,  but  sooner  or 
later  the  projection  fibers  from  the  motor  cortex  or 
to  the  sensory  or  special  sense  areas  are  involved  and 
paralysis  or  anesthesia  results.  In  such  cases  the 
distribution  of  the  paralysis  is  likely  to  be  more  wide- 
spread than  in  the  case  of  a  cortical  tumor — a  hemi- 
plegia rather  than  a  monoplegia.  Jacksonian  epi- 
leptic attacks  may  occur,  but  are  neither  so  early  nor 
so  sharply  localized  as  in  cortical  tumors. 

Tumors  in  the  region  of  the  lenticular  nucleus  cause 
hemiplegia  from  pressure  on  the  internal  capsule;  if 
the  posterior  hmb  of  the  capsule  is  involved  there  may 
also  be  hemianesthesia  and  hemianopsia.  Tumors 
in  this  region  may  also  cause  dysarthria  and  if  on  the 
left  side  of  the  brain,  an  aphasia.  Czyhlarz  and  Mar- 
burg have  described  cUsturbances  in  micturition  pro- 
duced by  tumor  in  this  location. 

Tumors  of  the  optic  thalamus  usually  produce 
hemianesthesia  and  hemianopsia;  a  hemiplegia  may 
be  caused  by  pressure  on  the  internal  capsule  and 
also  Jacksonian  epileptic  attacks.  Cases  have  been 
described  in  which  there  was  a  continuous  tremor  in 
the  opposite  half  of  the  body,  but  this  symptom  was 
probably  due  to  irritation  of  the  red  nucleus.  The 
so-called  "central  pain,"  i.e.  pain  referred  to  the  ex- 
tremities and  due  to  irritation  of  the  sensory  fibers 
in  the  brain,  is  a  symptom  of  lesions  of  the  thalamus. 
Tumors  in  this  region  may  cause  a  unilateral  ex- 
ophthalmos and  pupillary  irregularity. 

I  have  observed  a  case  witn  necropsy  in  which  a 
tumor  in  the  thalamic  region  caused  a  blocking  of  the 
foramen  Monro  and  a  hydrocephalus  affecting  only  the 
posterior  horn  of  the  lateral  ventricle. 

Tumors  in  the  midbrain  cause  pronounced  local- 
izing symptoms  very  early  in  their  development  and 
a  very  small  difference  in  their  location  produces  a 
marked  difference  in  the   nature  of  the  symptoms. 

Tumors  of  the  anterior  portion  of  the  cerebral 
peduncle,  the  foot  of  the  peduncle,  produce  the  so- 
called  syndrome  of  Weber,  i.e.  oculomotor  paralysis 
on  the  same  side  as  the  tumor  and  a  spastic  paralysis 
of  the  extremities  on  the  opposite  side.  Tumors  in 
the  posterior  portion  produce  the  syndrome  of 
Benedict,  oculomotor  paralysis  on  the  side  of  the 
tumor  and  choreic  movements  or  tremor  in  the  ex- 
tremities on  the  opposite  side.  Tumors  of  the 
corpora  quadrigemina  are  u.sually  characterized  by 
oculomotor  palsy,  ataxia  and  some  disturbance 
in  vision  or  hearing,  depending  on  whether  it  is  the 
anterior  or  posterior  pair  that  is  involved.  The 
oculomotor  paralysis  usually  appears  in  some  muscles 
earlier  than  others,  indicating  the  probability  of  a 
nuclear  origin. 

Tumors  of  the  pineal  gland  are  not  common.     They 
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are  usually  psaminomas  or  teratoid  growths  and  cause 
symptoms  similar  to  those  caused  by  tumors  of  the 
corpora  quadrigemina  but,  in  addition,  may  be  ac- 
companied by  evidence  of  disturbances  in  the  in- 
ternal secretion  of  the  gland,  shown  by  disturb- 
ances in  growth,  nutrition,  and  secondary  sexual 
characteristics. 

Cerebellar  turners  may  at  times  cause  very  few 
symptoms,  especially  the  soUtary  tubercle  (common 
in  children)  and  the  ghoma.  In  the  majority  of 
cases,  however,  there  are  very  distinct  locahzing 
signs.  The  most  important  signs  of  cerebellar 
involvement  are  the  special  disturbances  in  coordinate 
movements.  This  is  frequently  first  noticed  in  walk- 
ing, as  a  staggering  gait,  like  that  of  a  drunken  man. 
It  is  usually  not  much  affected  by  closing  the  ej'es. 
In  tumors  of  the  vermis  the  tendency  is  to  fall  either 
forward  or  backward,  especially  the  latter,  or  to 
either  side.  In  tumors  of  a  cerebellar  hemisphere 
the  tendency  is  generallj'  to  fall  toward  the  affected 
side.  An  ataxia  on  motion  may  be  noticed  in  all 
four  extremities,  or  only  on  the  side  of  the  tumor. 
The  ataxia  on  motion  may  be  accompanied  by  an 
increased  abihty  to  hold  the  extremity  steadily  in 
one  position,  "cerebellar  catalep,sy."  Babinski  has 
called  attention  to  a  .symptom  which  he  calls  adiado- 
chocinesia.  consisting  of  a  disabihty  or  inability  to 
reverse  rapidly  a  simple  movement,  pronation  and 
supination  of  the  hand,  flexion  and  extension  of  the 
elbow,  and  so  on;  also  to  a  lack  of  the  normal 
synergy  of  the  muscles  of  the  body  and  extremities — 
the  cerebellar  asy  nergy  shown  in  throwing  move- 
ments, etc. 

Vertigo  is  usually  a  pronounced  symptom  in  cere- 
bellar tumor.  It  may  come  on  in  attacks  similar  to 
Meniere's  disea.se.  Dana  has  described,  under  the 
name  of  cerebellar  seizures,  attacks  in  which  the  ver- 
tigo is  accompanied  by  a  loss  of  consciousness  and 
forced  movements.  According  to  Stewart  and 
Holmes,  the  subjective  sensation  produced  by  an 
intracerebellar  tumor  is  that  the  surroundings  are 
whirUng  around  the  patient  from  the  side  of  the 
lesion  to  the  sound  side;  in  extracerebellar  tumors 
this  is  reversed,  the  surroundings  appear  to  be  moving 
from  the  sound  side  toward  the  side  of  the  lesion. 

The  head  is  likely  held  inclined  toward  the  side  of 
the  tumor  and,  according  to  Schmidt,  lying  with  the 
opposite  side  of  the  head  downward  increases  the 
symptoms  because  the  weight  of  the  tumor  presses 
on  the  cerebellum.  There  may  be  some  pain  and 
rigidity  of  the  back  of  the  neck. 

A  light  hemiparesis  with  an  atonic  condition  may 
develop  on  the  same  side  as  the  tumor.  This  is  in 
marked  contrast  to  the  hemiplegia  developing  from 
cerebral  tumors  which  is  always  nypertonic.  I  have 
observed  a  loss  of  the  umbilical  and  cremasteric 
reflexes  on  the  same  side  as  the  tumor  in  one  of  these 
cases. 

Nystagmus  is  an  important  symptom  of  cerebellar 
tumor.  It  is  a  spontaneous  nystagmus,  either  hori- 
zontal or  vertical,  and  the  labyrintt  reacts  normally 
to  the  caloric  and  turning  tests. 

The  general  symptoms  of  brain  tumor  are  fre- 
quently very  severe  in  cerebellar  tumors,  especiallj' 
tne  headache  and  choked  disc.  Mental  symptoms  are 
usually  less  marked.  Epileptic  attacks  may  occur, 
but  they  are  usually  of  a  peculiar  character  with 
opisthotonus,  etc.,  and  may  resemble  hysterical  at- 
tacks. Vomiting  and  changes  in  the  pulse  and  respi- 
ration may  be  marked  symptoms.  Pressure  on  the 
fifth  nerve  maj'  cause  neuralgic  pain  in  its  distribution 
and  frequently  causes  a  loss  of  the  corneal  refle.x  on 
the  side  of  the  tumor.  The  facial  nerve  may  also  be 
pressed  upon  causing  a  facial  palsy.  These  tumors 
may  be  accompanied  by  a  loss  of  the  deep  reflexes 
in  the  extremities,  owing  to  the  degeneration  in  the 
posterior  spinal  nerve  roots. 

Tumors  in   the   cerebelloponlile  angle  are   not   un- 
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common.  They  are  fibromata  or  fibrosarcomata  as 
a  rule,  and  grow  usually  from  the  sheath  of  the  acous- 
tic nerve.  The  first  symptom  is  almost  always  a 
unilateral  nerve  deafness  accompanied  by  a  facial 
palsy  of  the  peripheral  type  on  tne  same  side.  The 
further  growth  of  the  tumor  causes  pressure  on  the 
pons  and  cerebelkim  and  some  S3'mptoras  from  both 
these  locations.  There  is  usually  an  external  rectus 
paralysis  on  the  same  side  as  the  tumor  and  sometimes 
on  both.     The  gait  is  that  of  a  cerebellar  ataxia. 

Tumors  may  also  grow  from  the  sheath  of  the  fifth 
craniol  nerve  or  the  Gasscrian  ganglion  giving  rise  to 
trifacial  neuralgia  as  an  early  symptom  and  later  to  a 
paralysis  of  the  muscles  of  mastication  and  anesthesia 
of  the  face  on  the  same  side. 

Po7is. — The  most  characteristic  symptom  of  tumor 
of  the  pons  is  the  so-called  Gubler  syndrome,  paral- 
ysis of  the  cranial  nerves  especially  the  fifth,  sixth,  and 
seventh  on  one  side  and  of  the  opposite  half  of  the 
body.  Though,  in  general,  localizing  symptoms 
develop  early  in  the.se  cases;  the  sohtarj'  tubercle,  not 
infrequent  in  this  location  especially  in  children,  may 
be  latent  for  a  long  time.  In  the  early  stages  of  these 
tumors  irritation  of  the  fifth  nerve  nucleus  may  cause 
neuralgic  pains  in  the  face  and  trismus,  or  irritation 
of  the  seventh  nerve  cause  a  facial  spasm.  Spiller 
has  called  attention  to  the  resemlilance  of  some  tumors 
of  the  pons  to  tumors  of  the  Gasserian  ganghon  in 
causing  trifacial  neuralgia.  The  later  destruction  of 
these  nerve  nuclei  leads  to  a  paralysis  which  has  the 
character  of  a  peripheral  nerve  palsy.  Dissociation 
of  sensation  in  the  face  may  result  from  pontile  tumor. 
There  is  usuaUj'  some  weakness  in  the  external  rectus 
but  that  is  such  a  frequent  finding  in  brain  tumor  in 
any  location  that  its  locahzing  value  is  lessened. 

The  important  symptom  of  intrapontile  tumor  is 
the  paralysis  of  lateral  associated  movements  of  the 
eyeballs.  If  a  unilateral  tumor,  this  paralysis  is  on 
movement  toward  the  side  of  the  tumor.  Spiller 
regards  it  as  a  very  valuable  sign  to  differentiate 
between  intrapontile  tumors  and  tumors  outside  the 
pons  but  pressing  on  it  and  causing  similar  symptoms. 
If  the  tumor  is  in  the  dorsal  part  of  the  pons  the  in- 
volvement of  the  pyramidal  tracts  may  not  come  on 
until  late  in  the  case.  Involvement  of  these  fibers 
ma}'  cause  Jacksonian  epileptic  attacks  by  irritation, 
or  their  destruction  may  lead  to  a  spastic  paralysis  of 
the  opposite  half  of  the  body. 

Tumors  of  the  medulla  cause  symptoms  similar  to 
those  of  the  pons,  i.e.  a  crossed  paralysis,  the  lower 
cranial  nerves  on  one  side,  the  side  of  the  tumor,  and 
a  spastic  paralysis  of  the  opposite  half  of  the  body. 
Such  symptoms  may  be  caused  by  slowly  developing 
cavities  in  the  bulb,  syringobulbia.  The  descending 
root  of  the  fifth  nerve  when  affected  leads  to  an  anes- 
thesia in  the  distribution.  Tumors  high  in  the  medulla 
may  cause  deafness  and  facial  palsy;  situated  lower 
they  cause  paralysis  of  the  hypoglossus,  with  atrophy, 
dysarthria,  dysphagia,  etc.,  tne.sj-mptoms  of  bulbar 
palsy.  The  involvement  of  the  pyramidal  tracts  may 
he  unilateral  or  bilateral;  in  the  latter  case  there  would 
be  a  spastic  paralysis  of  all  four  extremities.  It 
should  be  remembered  that  bulbar  symptoms  may  be 
caused  by  a  toxemia  and  may  occur  with  carcinoma 
of  parts  other  than  the  nervous  system,  as  in  a  case 
reported  by  Weisenburg. 

The  fourth  ventricle  is  a  favorite  site  for  brain  tumors. 
They  are  usually  ghomata  and  grow  from  the  floor 
of  the  fourth  ventricle  completely  fiUing  it  and  in- 
vading the  cerebellum  through  its  roof.  The  symp- 
toms of  an  intrapontile  tumor  may  be  present, 
including  the  paralj'sis  of  lateral  associated  move- 
ments of  the  eyeballs.  The  growth  of  the  tumor  into 
the  cerebellum  may  cause  a  cerebellar  ataxia  but,  since 
the  tumor  is  in  the  median  hue,  the  special  symp- 
toms indicating  the  side  affected  will  be  absent. 

The  occlusion  of  the  fourth  ventricle  causes  an 
internal  hydrocephalus  which   may  lead  to  the  dis- 
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charge  of  cerebrospinal  fluid  from  the  nose  or  cause 
a  bitemporal  hemianopsia  from  the  pressure  of  the 
dilated  infundibulum  on  the  optic  chiasm.  Polyuria, 
glycosuria,  and  changes  in  pulse  and  respiration  are 
reported  as  occurring  in  sucli  cases. 

Tumors  growing  from  the  dura  or  base  of  the  skull 
and  pressing  upon  the  brain  cau.se  varying  S3'mptoms, 
according  to  tnc  part  pressed  upon.  Tumors  of  the 
hypophysis  are  treated  of  in  another  place. 

Multiple  tumors  and  tumors  infiltrating  the  men- 
inges frequently  cause  no  localizing  symptoms  or 
the  s)-mptoms  of  but  one  tumor  may  be  pre-sent 
when  multiple  tumors  are  disclosed  by  necropsy. 
In  cases  of  von  Recklinghausen's  di.^ea.se  the  tumors 
are  frequently  multiple.  .Metastatic  carcinoma  and 
sarcoma,  melanosarcoma,  etc.,  are  frequently  either 
multiple  or  infiltrate  the  meninges;  and  endothelio- 
mata  sometimes  grow  as  multiple  tumors  from  the 
dura.  Tumors  infiltrating  the  meninges  maj'  some- 
times bo  diagno.sed  by  lumbar  puncture  either  by 
the  golden  yellow  color  of  the  fluid  (Rindfleisch, 
Kleineberger)  or  by  the  presence  of  tumor  cells  in 
the  fluid  (Kronig,  Rindfleisch,  Widal,  Sicard  and  Gy, 
and  others). 

Course. — The  course  of  a  brain  tumor  is  usuaUj' 
slowly  progressive.  It  depends  on  the  location 
whether  the  general  or  localizing  symptoms  appear 
first.  The  first  complaint  may  be  either  of  headache, 
of  visual  disturbance,  or  of  epileptic  attacks,  and  I 
have  had  a  patient  who  was  treated  for  vomiting 
spells,  supposedly  due  to  some  stomach  trouble,  for 
over  a  year  before  other  symptoms  arose  indicating 
a  brain  tumor.  Sometimes  the  earlj-  symptoms  are 
purely  psychic  and  the  patient  is  regarded  as  insane. 
Many  cases  of  brain  tumor  are  in  asylums,  undiag- 
nosed. In  some  cases  the  symptoms  begin  suddenly, 
apoplectic  strokes,  aphasia,  etc.,  due  probably  to  a 
hemorrhage  into  the  growth. 

There  are  frequently  marked  variations  in  the 
s)'mptoms,  periods  of  improvement  or  even  an  inter- 
mission in  symptoms.  This  is  especially  the  case  in 
tubercle  and  gumma  but  is  also  found  in  highly 
vascular  tumors,  due  to  variations  in  their  blood 
content,  and  in  tumors  causing  hydrocephalus.  A 
tumor  may  erode  its  way  through  the  skull  or  into 
the  sphenoidal  sinus  or  pharynx  thus  relieving  the 
pressure  on  the  brain. 

The  duration  of  life  with  brain  tumor  is  very 
uncertain  as  it  depends  on  the  nature  and  rapidity 
of  growth  of  the  tumor  and  on  its  location,  especially 
the  latter.  Tumors  in  the  cerebral  hemisphere  maj' 
attain  a  large  size  without  causing  death. 

The  actual  cause  of  death  from  brain  tumor  may  be 
an  apoplectic  attack:  status  epilepticus:  sudden  inter- 
ference with  respiration,  especially  in  tumors  at  the 
base;  or  some  intercurrent  disease  such  as  pneumonia, 
cystitis,  nephritis,  etc.  Spontaneous  recovery  is 
very  rare.  Tubercles  may  stop  growing  and  become 
calcified.  Cj'sts  dtle  to  echinococcus  or  cysticercus 
may  stop  growing,  so  also  may  some  tumors  such  as 
osteoma,  psammoma,  or  cholesteatoma,  and  possiblj' 
others.  Redlich  is  of  the  opinion  that  most  of  the 
cases  of  brain  tumor  with  reported  spontaneous 
recovery  were  cases  of  so-called  pseudotumor. 

Di.\GNOSis. — The  diagnosis  of  the  presence  of  tumor 
of  the  brain  will  depend  upon  the  presence  of  the 
general  symptoms  of  increased  intracranial  pressure 
and  in  addition  some  signs  indicating  a  localized 
lesion.  At  times  the  diagnosis  is  made  upon  the 
general  symptoms  alone  or  upon  the  locaUzing  symp- 
toms alone,  but  either  course  is  hazardous. 

The  general  symptoms  are  primarily  due  to  the 
increase  of  intracranial  pressure  and  this  may  be 
due  to  many  other  causes  than  brain  tumor.  Headache 
is  such  a  frequent  complaint  and  due  to  so  many 
pathological  conditions  that  its  diagnostic  value  is 


small,  as  a  sign  of  brain  tumor.  Headache  resembling 
that  caused  by  brain  tumor  is  seen  in  migraine,  iu 
various  anemias,  in  neurasthenic  and  hysterical 
individuals,  in  arteriosclerosis,  in  uremia,  auto- 
intoxication, chronic  meningitis,  and  .syphilitic 
periostitis.  The  psychic  symptoms  due  to  brain 
tumor  have  no  special  characteristics  which  by  them- 
selves would  lead  to  a  correct  diagnosis.  The  general 
epileptic  attacks  cannot  be  diflferentiated  from  epi- 
lepsy due  to  other  cau.ses  and  the  Jacksonian  attacks 
may  be  due  to  other  irritative  lesions  of  the  cortex 
sucn  as  a  cortical  hemorrhagic  encephalitis,  as  in  a 
case  reported  by  .Mills.  The  occurrence  of  epileptic 
attacks  late  in  life  should  always  lead  to  a  suspicion 
of  brain  tumor.  Vertigo  is  a  symptom  which  is  also 
common  in  many  affections,  such  as  disease  of  the  laby- 
rinth, arteriosclerosis,  circulatory  disturbances  from 
heart  lesions,  into.xications,  etc.  Choked  disc,  while 
a  symptom  highly  suggestive  of  brain  tumor,  may  also 
be  present  in  other  conditions,  notably  hydrocephalus, 
brain  abscess,  sinus  thrombosis,  pachymeningitis,  etc. 

The  individual  symptoms  are  of  less  value  than  a 
combination  of  several  of  them  but  all  of  them  may 
be  present  in  cases  of  internal  hydrocephalus,  serous 
meningitis,  and  the  so-called  pseudotumor  cerebri, 
sinus  thrombosis,  brain  abscess,  acute  encephalitis, 
multiple  sclerosis,  and  paralytic  dementia.  The 
acute  hydrocephalus  is  frequently  caused  by  a  brain 
tumor  which  blocks  the  flow  of  cerebrospinal  fluid 
from  the  ventricle.  Such  cases  may  sometimes  be 
recognized  b\-  the  relatively  sudden  increase  in  symp- 
toms, the  development  of  a  bitemporal  hemianopsia 
through  the  pressure  of  the  infundibulum  on  the 
optic  chiasm;  through  puncture  of  the  ventricles;  or, 
as  SpiUer  has  pointed  out,  by  an  x-ray  examination 
of  the  skull  which  in  these  cases  of  acquired  hydro- 
cephalus show  digitiform  markings  corresponding  to 
cerebral  convolutions.  Meningitis  serosa  or  pseudo- 
tumor often  cannot  be  clinicallj'  differentiated  from 
brain  tumor.  The  history  of  the  case  may  aid — a 
history  of  trauma,  sunstroke,  or  aural  infection  fol- 
lowed by  the  rapid  development  of  the  symptoms  for 
instance,  but  the  history  is  often  negative.  The 
absence  of  definite  localizing  sj'mptoms  is  probably 
the  most  rehable  means  of  differentiation  ttiough  it 
should  be  remembered  that  serous  meningitis  may 
cause  signs  of  cerebellar  disturbance  such  as  nystag- 
mus, etc.  Autochthonous  sinus  thrombosis  may 
cause  the  symptoms  of  brain  tumor  without  the 
edema  of  the  scalp,  epistaxis,  or  marasmic  origin, 
which  are  the  signs  usuallj-  depended  upon  to  make 
the  diagnosis,  as  in  a  case  reported  by  Riggs. 

The  diagnosis  of  brain  abscess  usually  depends 
upon  a  possible  etiology  and  the  presence  of  some 
symptoms  of  infection  such  as  fever,  leucocytosis,  etc. 
These,  however,  may  all  be  absent  and  as  some 
cases  of  brain  abscess  run  a  very  slow  course  the 
resemblance  to  brain  tumor  is  very  close. 

As  between  multiple  sclerosis  and  brain  tumor,  the 
symptoms  in  favor  of  the  former  are  the  pallor  of  the 
temporal  side  of  the  optic  discs,  the  remittent  course, 
bladder  sj'mptoms,  scanning  speech,  and  the  absence 
of  the  abdominal  and  cremasteric  reflexes.  Demen- 
tia paralytica  may  be  mistaken  for  brain  tumor  but 
the  Argyll- Robertson  pupil  and  other  signs  of  syphilis 
and  the  cytological  and  chemical  findings  in  the 
cerebrospinal  fluid  usuallj'  suffice  to  distinguish, 
clinically,  between  them. 

The  use  of  the  Roentgen  ray  may  be  of  value  in  the 
diagnosis  of  tumor  of  the  brain  in  some  cases,  espe- 
cially where  the  tumor  is  more  dense  than  the  surround- 
ing brain  substance,  as  in  psammoma  or  osteoma,  or 
where  the  tumor  is  so  situated  that  it  changes,  by  its 
presence,  the  conformation  of  the  bone,  the  widening 
of  the  sella  turcica  by  a  tumor  of  the  hypophysis  for 
in.stance.  Another  diagnostic  aid  is  brain  puncture. 
A  small  hole  is  bored  through  the  skuU  and  the  brain 
punctured  with  a  hollow  needle.     In  this  way  a  core 
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of  the  substance  through  which  the  needle  passes 
may  be  obtained  for  histological  study. 

Localization. — The  diagnosis  of  the  localization  of 
brain  tumor  has  made  great  strides  in  recent  years 
but  it  is  a  subject  stiU  beset  with  ditficulties.  This 
is  especially  true  of  certain  parts  of  the  brain  some- 
times spoken  of  as  silent  areas,  the  chief  of  these 
being  the  frontal  lobe,  especially  the  right;  and  the 
right  temporosphenoidal  lobe.  Whereas,  as  we 
have  seen,  a  tumor  located  in  most  parts  of  the  brain 
would,  by  the  disturbance  caused  there,  produce  a 
claaracteristic  symptom  complex,  lesions  in  these 
silent  areas  seem  to  be  without  effect  on  brain 
function.  A  special  difficulty  arises  in  the  diagnosis 
of  tumors  of  the  frontal  lobe  from  those  of  the 
opposite  cerebellum.  Choked  disc  usually  develops 
early  in  the  latter  case.  The  diagnosis  of  e.'ctra- 
pontile  tumors  pressing  on  the  pons  from  intrapontile 
tumors  is  perhaps  best  made  by  the  finding  of  a 
paralysis  of  lateral  associated  movements  of  the 
eyeballs  in  the  latter.  The  diagnosis  of  cortical 
from  subcortical  tumors  is  of  great  importance.  As 
a  rule,  the  cortical  irritation  is  more  hkelj'  to  cause 
Jacksonian  epileptic  attacks  than  the  subcortical, 
but  the  safer  method  of  differentiating  is  by  a  study 
of  the  order  and  rapidity  of  progression  of  the  symp- 
toms. Spiller  has  called  attention  to  softening  of  the 
dentate  nucleus  as  a  cause  of  symptoms  resembling 
those  of  cerebellar  tumor  and  has  reported  such  a 
case.  Buzzard  has  reported  a  similar  case.  The 
i-ray  may  also  aid  in  the  localization  of  a  tumor  in 
certain  cases. 

A  diagnosis  of  the  kind  of  brain  tumor  present  is  not 
usually  attempted.  Certain  kinds  of  tumor,  however, 
are  so  regularly  found  in  certain  locations  that  an 
inference  can  be  drawn  from  the  location  as  to  the 
nature  of  the  growth.  Tumors  in  the  cerebello- 
pontile  angle  are  almost  always  fibroma  or  fibro- 
sarcoma. Those  of  the  Gasserian  ganglion  are  endo- 
thelioma. CerebeUar  tumors  are  usually  either 
ghoma  or  solitary  tubercle.  Tumors  in  the  ventricles 
are  either  gUoma  or  adenoma  from  the  choroid 
plexus.  Endotheliomata  are  usually  on  the  surface 
of  the  cerebrum  and,  according  to  Walton,  are  to  be 
suspected  when  the  general  symptoms  of  brain 
tumor  are  slight  or  absent.  The  kind  of  tumor  may 
also  be  inferred  by  the  density  of  the  shadow  cast  in 
a  radiograph  and  may  be  directly  studied  by  finding 
tumor  cells  in  the  spinal  fluid,  or  by  a  brain  puncture. 
Syphihtic  tumors  may  be  detected  by  the  presence 
of  the  Wassermann  reaction,  especially  if  it  is  present 
in  the  spinal  fluid.  Theoretically  tubercle  should  be 
detectable  by  the  Calmette  or  von  Pirquet  reactions 
but  in  my  e.xperience  these  reactions  have  been  absent 
in  cases  which  necropsy  showed  to  be  tubercle.  Car- 
cinoma elsewhere  in  the  body,  especially  in  the  breast, 
makes  it  likely  that  a  tumor  of  the  brain  in  the  same 
patient  is  a  metastasis.  Serum  reactions  for  car- 
cinoma, sarcoma,  etc.,  have  not  reached  a  point  where 
they  can  be  depended  upon  for  the  detection  of  these 
conditions  within  the  cranial  cavity. 

Treatment. — The  treatment  of  tumors  of  the  brain 
may  depend  to  a  great  extent  upon  their  location  and 
the  nature  of  the  growth.  Medicine  is  not  of  much 
avail,  outside  of  the  antiluetic  treatment  for  gumma. 
It  has  been  claimed  that  the  use  of  potassium  iodide 
in  large  doses  may  inhibit  the  growth  of  tumors 
although  it  cannot  usually  be  proved  that  these  were 
not  cases  of  pseudo-tumor,  hydrocephalus,  and  so  on. 
Redhch  mentions  having  seen  a  case  of  brain 
tumor  in  which  the  administration  of  mercury 
caused  a  marked  improvement  in  the  symptoms  of 
Jacksonian  epilepsy,  paralysis,  choked  disc,  and  head- 
ache; an  operation  showed  that  the  tumor  was  an 
endothelioma.  It  has  been  noted  by  Noethe  and 
also  by  Jooss  that  an  intravenous  injection  of  sal- 
varsan  is  liable  to  cause  a  rapidly  fatal  termination 
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in  cases  of  brain  tumor  apparently  because  it  causes 
an  e-xtravasation  of  blood  into  the  tumor.  Medical 
treatment  of  the  symptoms  of  brain  tumor  is  also  un- 
satisfactory. The  headache  may  often  be  reheved 
temporarily  by  appUcation  of  cold,  absolute  quiet, 
etc.,  but  when  severe  is  not  relieved  even  by  large 
doses  of  morphine.  During  the  attacks  of  vomiting 
no  food  should  be  given  but  small  pieces  of  ice  may 
be  kept  in  the  mouth  and  the  patient  should  be  warned 
against  any  rapid  change  of  position.  The  most  promis- 
ing method  of  treatment  of  brain  tumor  is  by  surgical 
measures.  In  a  certain  percentage  of  cases  the  tumor 
is  of  such  a  kind  and  is  so  situated  that  it  can  be 
removed  surgically,  but  an  accurate  diagnosis  of 
the  location  and  a  thoroughly  efficient  operative  tech- 
nique are  absolutely  necessary  for  a  favorable  result. 
Constant  improvement  in  the  art  of  locaUzation  and 
in  surgical  apphances  is  gradually  increasing  the  num- 
ber of  successful  brain  operations. 

If  it  is  decided  that  for  any  reason  the  tumor  is 
irremovable  it  may  be  of  great  benefit  to  remove  a 
part  of  the  skull  in  order  to  reduce  the  intracranial 
pressure  and  relieve  such  symptoms  as  the  choked 
disc,  intolerable  headache,  or  dangerous  vomiting, 
thus  prolonging  the  Ufe  of  the  patient  and  adding 
greatly  to  his  comfort.  These  so-called  decompres- 
sive operations  may  be  done  over  the  part  of  the 
brain  suspected  of  containing  the  tumor  or  else  done 
in  the  rignt  temporal  region.  The  reasons  given  for 
selecting  the  latter  site  are:  the  accessibihty;  the  right 
temporosphenoidal  lobe  is  a  so-called  silent  area  in 
right-handed  people  and,  therefore,  a  hernia  of  this 
part  of  the  brain  causes  fewer  symptoms;  and  the  tem- 
poral muscle  is  supposed  to  afford  some  protection 
to  the  brain  when  the  skull  is  removed.  The  last 
reason,  however,  is  of  small  account,  in  my  experience, 
as  the  development  of  a  cerebral  hernia  is  the  usual 
result  of  these  operations  and  the  temporal  muscle 
then  atrophies.  The  intracranial  pressure  may  also 
be  reduced  by  lumbar  puncture  or  by  puncture  of  the 
ventricles.  The  former  is  a  dangerous  procedure 
in  brain  tumor  as  a  number  of  deaths  have  been 
reported  as  caused  by  it.  The  explanation  of  these 
deaths  is  that  the  medulla  is  drawn  down,  or  pushed 
down  into  the  foramen  magnum  by  the  pressure 
from  above  when  the  pressure  in  the  spinal  canal  is 
lowered.  The  pressure  of  the  edges  of  the  foramen 
magnum  on  the  medulla  causes  interference  with  its 
vital  functions  and  sudden  death.  Puncture  of  the 
ventricle  would  seem  to  be  less  dangerous  in  such 
cases  but  is  considerably  more  difficult  and  requires 
more  equipment.  Carl  D.  Camp. 
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Brainard,  Daniel. —  Born  in  Whitesborough,  New 
York,  in  1S12.  He  received  the  degree  of  Doctor  of 
Medicine  from  the  Jefiferson  Medical  College,  Phila- 
delphia, in  1834.  He  began  to  give  lectures  on 
anatomy  and  surgery  in  the  Oneida  Institute,  and 
in    1836   removed   to   Chicago.     He  went  to  Europe 


Fig.  10S6. — Daniel  Brainard. 

in  1839  and  returned  in  1841,  when  he  was  appointed 
Professor  of  Anatomy  in  the  University  of  St.  Louis, 
AUssouri.  He  later  moved  to  Chicago  and  took  an 
active  part  in  organizing  the  Rush  Medical  College, 
which  received  its  charter  in  1837  and  opened  in 
1S43.  Brainard  occupied  the  Chair  of  Surgerv.  He 
died  in  1866.  A^  H.   B. 


Branchiogenic  Cysts  and  Fistulas. — Xo  part  of  the 
body  is  so  frequently  the  seat  of  congenital  tumors 
as  the  lateral  regions  of  the  neck  bounded  roughly  by 
the  floor  of  the  mouth  above,  anteriorly  bj'  the 
juguiars,  below  by  the  clavicle,  and  posteriorly  by  a 
line  dropped  from  the  mastoid  process,  the  so-called 
branchial  regions.  Cystic  tumors  of  these  regions  are  of 
very  frequent  occurrence  in  operative  surgery  and 
in  practical  pathological  diagnosis,  although  in  some 
of  the  surgical  text-books  of  the  day  they  are  said 
to  be  rather  rare.  An  analysis  of  these  cystic  tumors 
of  the  lateral  cervical  areas  shows  that  they  represent 
a  number  of  widely  separated  and  unrelated  patho- 
logical conditions,  although  most  surgeons  and  some 
pathologists  group  them  all  under  the  head  of 
"  branchial  cysts."  For  example,  Senn  in  his  article  in 
the  second  edition  of  this  Handbook  dixides  branchial 
cysts  into  four  principal  varieties:  mucous,  athero- 
matous, serous,  and  hemato-cysts,  a  classification 
based  wholly  upon  the  cj^st-contents,  without  refer- 
ence to  the  origin  or  structure  of  the  cyst  itself.  It 
is  obvious  that  such  a  basis  of  classification  has  no 
pathological  value,  inasmuch  as  the  character  of  the 
contents  does  not  in  many  cases  throw  any  light 
upon  the  nature  or  origin  of  the  cyst.  From  their 
histological  structure  these  cerx-ical  cysts  must  be 
classed  as:  (1)  ^pi^/ieHaZ,  lined  either  by  squamous  cells 
(mucous-membrane  cysts,  ectodermal  cysts,  dermoids, 
or  epidermoids)  or  columnar  cells  (mucous-mem- 
brane or  entodermal  cysts);  (2)  angiomatous  tumors 
with  large  cavernous  spaces;  (3)  lymphangiomatous 
tumors  of  the  nature  of  cystic  or  cavernous  lymphan- 
giomata  {cystocele^    hydrocele,   or  hygroma    colli   con- 
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genitum).  It  is  e\'ident  that  only  the  cysts  belonging 
to  the  first  class,  the  epithelial  cysts,  can  be  regarded 
as  definitely  branchial  in  origin,  that  is,  as  arising 
from  remains  of  the  branchial  clefts,  and  they  alone 
should  be  classed  as  branchial  cysts.  Since  the  term 
branchial  has,  however,  been  appUed  to  all  the  cj-sts 
and  tumors  arising  in  the  branchial  region,  the  cysts 
of  true  branchial  origin  may  be  more  properh- 
styled  branchiogenic,  as  indicating  both  their  struc- 
ture and  origin.  Of  the  same  nature  and  origin  are 
the  congenital  lateral  cer^^cal  fistulas  (branchiogenic 
fistula,  fistula  colli  congenita),  and  they  should  be 
treated  in  the  same  connection. 

Origin. — In  the  fetus  of  four  weeks'  development 
there  are  formed  on  either  side,  just  back  of  the 
head,   in  the   region  later  to  be   the   cer\-ical  area, 
four  clefts  or  grooves  and  five    branchial  arches,  the 
last  arch  lying  posteriorly  to  the  fourth  cleft,  and 
not  being  sharply  defined  along  its  posterior  margin. 
These  clefts  are' the   analogues   of   those  that   exist 
in  the  walls  of  the  pharynx  of  fishes  through  which 
the  water  taken  in  at   the  mouth  passes  outward, 
bathing  the  gills  attached  to  the  gUl  arches.     These 
analogous  clefts  and  arches  in  the  human  embryo 
are  called  branchial,  although  they  are  not  normally 
openings    entireh-    through    from    the    skin    to    the 
pnarj-nx,   and   never  possess   any  respiratorj-   func- 
tion."   Corresponding  to  each  groove  in  the  ectoderm 
there  is  one  in  the  entoderm  (branchial  pocket),  so 
that  in  the  region  of  the  groove  the  ectoderm  and 
entoderm  are  in  close  relation,  ha\-ing  only  a  thin 
wall  of  mesoderm  between  them,  while  in  the  arches 
separating  the  clefts  there  is  a  much  greater  amount 
of  mesoderm.     The  branchial  arches  and  clefts  are  of 
great  morphological  importance,  as  they  determine 
largelv  the  development  of  various  parts  of  the  face 
and  head.     The  first  cleft  is  closed  normally  by  a 
fold  growing  backward  from  the  posterior  edge  of  the 
first  arch  to  unite  with  the  ventral  part  of  the  anterior 
border  of  the  second  arch,  only  the  upper  part  per- 
sisting to  form  the  external  auditory  meatus,  while 
the  pinna  of  the  ear  is  developed  from  the  adjacent 
parts  of  the  first  and  second  arches.     The  region  of 
the  three  posterior  arches  and  clefts  becomes  depressed 
to  form  the  sinus  pracervicalis,  the  anterior  boundary 
of  the  sinus  being  formed  by  the  posterior  edge  of 
the    second   arch,    while    its   posterior   boundary   is 
formed    by    the    thoracic    wall.     Later    these    two 
boundaries   approach  and  fuse   together   converting 
the  sinus  into  a  completely  closed  cavity  the  floor  of 
which  is  formed  by  the  ectodermal  covering  of  the 
three  posterior  arches  and  intervening  clefts.     Nor- 
mally  this  cavity  shoiild  entirely  disappear  so   that 
no  traces  of  it  are  found  in  the  adult  body.     The 
entodermal  pockets  or  grooves  between  the  branch- 
ial  arches   internally  develop   further   by   the   con- 
version of  the  first"  into   the   tympanic  cavity  and 
Eustachian  tube;   the  upper  portion  of  the  second 
internal   groove    disappears   but    the   lower   portion 
persists  as  the  tonsillar  fossa;  the  lower  portions  of 
the  other  two  are  represented  by  the  sinus  pj'riformis 
of  the  lars'nx  and  bj-  the  branchial  epithelial  bodies 
that  take"  part  in  the  formation  of  the  thyroid  and 
thymus. 

As  the  result  of  disturbances  in  the  development 
and  closure  of  the  external  and  internal  clefts  various 
malformations  may  arise,  according  to  the  degree  and 
location  of  the  disturbance.  A  failure  in  part  of  the 
normal  closure  or  a  fusion  of  the  clefts  or  cer\-ical 
sinus  leads  to  the  formation  of  persistent  fistulas,  either 
complete  with  both  external  and  internal  openings, 
or  incomplete  ^ith  either  an  external  or  internal 
opening;  or  of  closed  cysts,  either  ectodermal  or 
entodermal.  The  remains  of  the  internal  grooves 
may  form  diverticula  of  the  pharynx,  larynx,  or 
trachea,  or  congenital  sacs  and  pockets  in  the  neigh- 
borhood  of   the    tonsils   or   Eustachian   tube.     Dis- 


turbed development  of  the  posterior  ends  of  the 
lower  three  clefts  may  give  rise  to  the  formation  of 
the  malformation  known  as  "cervical  auricles"; 
it  is  also  probable  that  some  of  the  dermoid  cysts  of 
the  floor  of  the  mouth,  thyroid,  and  thymus  arise 
from  remains  of  the  "epitheUal  bodies"  derived 
from  the  lower  portions  of  the  lower  internal  branch- 
ial grooves  and  which  take  part  in  the  formation 
of  thyroid  and  thymus.  Accessory  thj'roids  also 
take  their  origin  from  these  bodies. 

STRUCTtjRE. — The  most  common  form  of  the  true 
branchiogenic  cj"st  has  an  internal  Uning  of  squamous 
cells  that  do   not  undergo  cornification.     The  cyst 
is  filled  with  a  soft  or  semi-fluid,  or  even  fluid,  or 
pultaceous   mass  consisting  chiefly  of  disintegrated 
epithehal  cells.     Beneath  the  epithehum  there  is  a 
zone  of  h'mphoid  tissue  containing  germ-centers.    The 
inner  wall   of  the  cyst  may^  be  smooth  or  may  pre- 
sent projections  or  crypts,  so  that  there  is  a  striking 
histological    resemblance    between    sections    of    the 
wall  of  these  cysts  and  sections  of  the  tonsil;  so  close 
is  this  resemblance  that  individual  sections  cannot 
be  differentiated.     Mucous  glands  I  have  never  seen 
in  these   cysts,   but  branchiogenic  cysts  containing 
both    squamous-     and    columnar-celled    areas    have 
been  described.     In  such  cases  the  resemblance  to  the 
mucous  membrane  of  portions  of  the  upper  respira- 
tory  tract   may   be   very   close.     Areas   of  cartilage 
have  also  been  described  as  occurring  in  the    cyst 
wall.     In  a  relatively  large  series  of  cases  of  cysts 
from  the  branchial  areas  I  have  never  seen  cartilage. 
The  great  majority  of  my  cases  have  been  of  the  type 
just  described,  with  walls  resembling  in  structure  the 
mucous  membrane  in  the  region  of  the  tonsik.  and 
must,  therefore,  be  regarded  as  entodermal  in  origin, 
arising  from   the   internal  branchial  pockets,    most 
probably    from    the    lower    portion    of    the    second. 
Such    branchiogenic    cysts    are    usually    classed    as 
branchial  dermoids  or  epidermoids,  but  it  is  obvious 
from  their  structure  that  they  are  not  ectodermal, 
and  some  pathological  distinction  should  be  made. 
As  far  as  I  nave  been  able  to  discover,  Ribbert  is  the 
only  writer  who  mentions  the  histological  resemblance 
of  the  wall  of  these  cysts  to  the  tonsil,  and  he  does 
this  only  incidentally."    Cysts  of  this  type  are  practi- 
caU3'  snared-off  pockets  or  diverticula  of  the  pharynx, 
and  might  be  styled  pharyngocysts,  as  an  indication 
of    their    histological    structure.     They    are    found 
most  frequently  in  the  upper  part  of  the  neck  between 
the    hyoid    bone    and    the    mastoid    process.     True 
branchiogenic    dermoids    and    epidermoids    are    much 
less    common.     They    contain    atheromatous,    seba- 
ceous, or  pultaceous  material  (atheromata) ,  and  have 
a  thinner,  but  firm  wall  of  connective  tissue,  rather 
sharply   outUning   them   from   the    cervical   tissues. 
The  cyst  is  Uned  with  squamous  cells  showing  more 
or  less  horny  change.     Some  show  hair-follicles  and 
sebaceous  glands  in  the  wall  (true  dermoids),  but  these 
are  rare.     .Vlso  rare  are  the  cysts  lined  by  columnar 
or  ciliated  epithelium,  with  serous  or  mucoid  contents 
(also   called  hydrocele  or  hygroma  colli  congenitum). 
Multilocular  serous  cysts  have  also  been  described  as 
branchiogenic,  but  it"  is  probable  that  they  belonged 
to    the    cystic    or    cavernous   lymphangiomata    (also 
classed  as  hydrocele,  cystocele,   or  hygroma  colli  con- 
genitum)   that   are    not   rare   in   thus   region.     Such 
tumors    consist    of    greatly    dilated    and    tortuous 
lymphatics  separated  by  connective-tissue  trabecule 
containing     lymph-nodes     or     germ-centers.     It     is 
probable  that  they  arise  as  the  result  of  a  lymph-stasis. 
The  so-called  branchial  hematoeysts  are  eitner  hem- 
orrhagic epithelial  cysts  or  hemangiomata,  that  are 
not  branchiogenic. 

The  contents  of  the  branchiogenic  cysts  will 
depend  upon  the  character  of  the  epitheUal  lining. 
With  squamous  epithehum  showing  a  tendency  to 
cornification  it  will  be  atheromatous  or  pultaceous; 
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with  s<nuimoiis  rolls  of  the  mucous  niombrane  tyi)e 
the  conti'iits  will  lie  scini-iluid,  or  thin  and  serous, 
while  if  the  epilhclium  is  roluinnar  it  may  bo  mucoid. 
Wlion  l)oth  siiuainous  and  oolumnar  colls  are  nresont 
the  contents  may  bo  mixed  in  character.  Ulood  or 
pus  may  bo  i)roscnt  as  the  result  of  secondary  changes, 
or  complications  (hemorrhage,  infection,  etc.). 

The  crlcniid  hrducliiogoiic  Jisltdas  are  usually 
found  at  the  side  of  the  neck,  more  rarely  nearer  to 
the  median  lino,  and  are  the  result  of  a  failure  of  the 
cervical  sinus  to  close  completely;  the  internal 
fistvilas  open  into  the  pharyn.x,  trachea,  or  larynx,  in 
the  majority  of  ca.ses  near  the  tonsil.  Often  the  re- 
mains of  the  internal  pockets  form  only  depressions, 
sacs,  or  diverticula  of  these  organs.  The  complete 
branchiogenic  fistula  with  both  external  and  internal 
openings  is  rarely  seen.  The  orifices  of  the  external 
fistulas  are  often  so  small  as  to  bo  seen  with  dilficultv 
as  minute  points;  but  small  round  depressions  with 
central  conical  orifices,  or  oven  fissures  with  valve- 
like outlets  may  be  found.  The  openings  may  be  so 
small  as  barely  to  admit  the  finest  probe,  or  they 
may  be  open  and  free.  The.y  are  usually  near  the 
border  of  the  sternomastoid,  sometimes  as  low  as  the 
upper  border  of  the  sternum.  The  fistula  is  lined  with 
mucous  membrane,  either  squamous,  or  cohuunar, 
or  ciliated.  It  may  secrete  a  mucoid  fluid.  The 
course  of  the  fistula  may  sometimes  be  traced  upward 
as  a  cord-like  or  indurated  tract,  often  running  a 
very  tortuous  course. 

Symptoms. — The  branchiogenic  ci/sIs  usually  cause 
no  symptoms  beyond  the  disfigurement  caused  by  the 
tumor.  The  swelling  may  be  present  from  birth,  or 
may  develop  soon  after,  or  its  development  may  be 
delayed  until  after  puberty  or  in  adult  life.  It 
appears  usually  as  a  slowly  growing,  painless,  soft 
cyst,  causing  no  symptoms  unless  through  pressure,  or 
infection,  w^iich  is  not  uncommon.  They  are  most 
common  along  the  anterior  border  of  the  sternomas- 
toid. They  may  increase  in  size  until  they  occupy 
the  greater  portion  of  the  anterolateral  cervical 
region. 

The  branchiogenic  _/l.s<i(/a  may  also  cause  no  symp- 
toms, and  may  not  be  discovered  until  infection 
has  occurred.  This  is  particularly  likely  to  be  the 
rase  with  the  external  fistula,  which  usually  .secretes 
little  fluid.  In  the  case  of  the  complete  fistula  there 
is  a  greater  amount  of  secretion,  and  particles  of 
food  may  enter  from  the  pharynx,  causing  irrittaion 
and  inflammation.  A  complete  fistula  may  also  cause 
trouble  in  the  playing  of  wind  instruments.  The 
lining  of  the  fistulas  is  very  sensitive;  probing  almost 
always  produces  a  spasmodic  cough  as  if  the  mucosa 
of  the  larynx  had  been  touched.  It  is  necessary, 
therefore,  to  cocainize  the  canal  before  sounding. 

Di.\GNOsis. — The  branchiogenic  cyst  is  rarely 
diagnosed  clinically,  except  as  one  of  the  possi- 
biUties  of  this  region.  The  tumor  is  in  the  majority 
of  cases  diagnosed  chnicaUy  as  tuberculosis  of  a 
cervical  h'mpli-node,  and  the  correct  diagnosis  made 
onl}'  when  it  is  cut  into  or  examined  microscopically. 
Fluctuation  is  rarely  present  except  in  the  mucoid 
cysts  (hydrocele).  It  may  also  be  mistaken  for  a 
lipoma.  From  the  cavernous  and  cystic  lymphangio- 
mata  the  brancliiogenic  cysts  may  be  differentiated 
by  the  larger  size,  more  rapid  growth  of  the  former, 
presence  of  fluctuation,  and  their  tondencj'  to  form  a 
sort  of  coUar  around  the  neck  extending  backward. 
Aspiration  may  be  u.sed  as  an  aid  in  diagnosis.  A 
sudden  increase  in  size  of  the  lymphangioma  usually 
indicates  a  hemorrhage.  Congenital  hemangioma 
hypertrophicum  is  also  not  rare  in  this  region.  A 
ditlerential  diagnosis  is  not  made  usually  until  the 
growth  is  opened.  Aneurysm,  accessory  thyroid, 
tumor  of  the  carotid  gland,  metastatic  maUgnant 
tumors  in  the  cervical  lymphatics,  syphilis  and  actino- 


mycosis of  the  lymphatic  glands,  etc.,  must  also  be 
considered  in  tiio  differential  tliagnosis,  which  is  not 
ea.sy,  and  often  imjjos.siblo,  before  operation.  The 
chief  points  in  the  diagnosis  are  the  location,  and 
the  slow  growth  of  a  soft  or  cystic  tumor,  not  preceded 
by  (I  solid  tumor. 

In  the  case  of  the  branchiogenic  fistulas  the 
diagnosis  is  ea.sy  when  there  is  an  external  opening, 
but  often  missed  in  the  ca.se  of  the  internal  fistula. 
The  external  fistulas  need  only  to  be  differentiated 
from  the  thyroglossal  fistula  found  in  the  median  line, 
and  having  an  entirely  different  origin,  and  from  a 
purulent  fistulous  tract.  Their  fixed  location  aids 
in  distinguishing  them  from  lym]5halic  or  retention- 
cyst  sinu.ses.  When  inflamed  and  obstructed  the 
picture  nuiy  bo  that  of  cervical  abscess  or  phlegmon, 
and  a  difTorential  diagnosis  may  at  times  lie  impossible. 
Internal  fistulas  may  be  located  by  proper  local 
inspection  of  the  pharynx,  larynx,  and  trachea.  The 
internal  openings  are  usually  in  the  neighborhood 
of  the  tonsils. 

Prognosls. — The  prognosis  for  a  cure  without 
operation  is  bad.  Spontaneous  disappearance  of  the 
tumor  or  closure  of  the  fistula  is  very  rare.  The 
prognosis  in  operations  upon  the  branchiogenic  cysts 
is  usually  very  good  in  the  hands  of  a  skilful  surgeon 
who  knows  well  the  anatomy  of  the  region,  and  the 
close  relation  of  the  tumor  to  the  important  structures 
there.  The  prognosis  in  the  case  of  the  branchio- 
genic fistula  is  not  so  good,  as  operation  is  often 
difficult  or  impossible,  and  other  measures  fail  to 
reheve. 

Tre.\tment. — Operation  offers  the  greatest  possi- 
bility of  cure.  In  the  case  of  the  cysts  the  e.xcision 
may  not  be  difficult,  but  sometimes  the  most  careful 
dis.section  is  necessary  to  avoid  the  injury  of  neigh- 
boring structures  of  importance.  The  difficulties 
are  still  greater  in  operating  upon  the  fistulas.  From 
the  tonsillar  or  pharyngeal  regions  the  fistula  passes 
downward  over  the  pharyngeal  and  hypoglossal 
nerves,  passes  under  the  stylopharyngeus  and  stylo- 
glossus muscles,  along  the  great  vessels,  between  the 
external  and  internal  carotids,  across  the  digastric 
muscle  to  an  exit  near  or  between  the  borders  of  the 
sternomastoid,  sometimes  as  low  as  the  upper  border 
of  the  sternum.  The  removal  of  sucli  a  tract, 
particularly  if  adherent  to  its  surroundings,  becomes 
a  very  difficult  operation  which  only  an  experienced 
surgeon  should  undertake.  Even  in  the  best  hands 
the  removal  of  the  fistula  may  be  impossible.  The 
partial  removal  is  of  no  avail;  if  even  small  portions 
of  the  epithelial  lining  are  left  recurrence  or  cyst 
formation  is  the  rule.  When  complete  removal  is 
impossible  careful  drainage  and  cleansing  of  the 
cavity  may  be  followed  by  a  cessation  or  lessening 
of  the  discharge,  and  a  diminution  in  the  size  of  the 
lumen.  Other  methods  of  obliterating  the  cavity 
by  caustics,  cautery,  injection,  scraping,  etc.,  are 
now  condemned  by  the  best  surgeons  as  useless,  as 
it  is  practically  impossible  to  destroy  aU  of  the 
epithelial  Uning  in  this  way.  Therefore,  if  the  patient 
does  not  object  to  the  disfigurement  of  a  large  scar, 
operation  should  be  performed.  Injections  of  methy- 
lene-blue  into  the  tract,  or  the  introduction  of 
flexible  probes  may  l^e  utilized  as  a  guide  to  the 
operation.  If  such  aids  are  not  used,  the  course  of 
the  sinus  may  be  lost  before  its  end  is  reached,  as  it 
does  not  differ  in  color  or  texture  from  the  surrounding 
tissues.  The  operator  shovild  endeavor  to  remove 
all  of  the  wall  of  the  fistula.  Any  part  left  behind 
will  develop  a  cyst  or  another  fistula. 

Branchiogenic  Carcinoma. — The  most  important 
characteristic  of  both  branchiogenic  cysts  and 
fistulas  is  their  tendency  in  middle  hfe  to  become 
carcinomatous.  That  this  must  be  relatively  fre- 
quent is  shown  by  the  large  proportion  of  such  cases 
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occurring  in  the  pathological  sen-ice  of  my  labora- 
tory in  the  University  of  Michigan.  Two  types  of 
Crimarj-  carcinoma  in  the  branchial  region  occur, 
oth  squamous  ceUed;  one  is  medullary,  without  anj- 
tendency  to  the  formation  of  epitheHal  pearls,  and 
is  very  malignant.  It  is  in  all  respects  like  the 
squamous-ceUed  carcinoma  of  the  mouth  cavity'  and 
esophagus,  and,  therefore,  must  be  regarded  as 
arising  from  the  entodermal  cysts.  The  horny  or 
cancroid  type,  with  epithelial  pearls,  is  much  more 
rare,  and  is  less  rapidlj-  malignant.  It  runs  about 
the  same  course  as  the  lymphatic  secondaries  in  the 
neck  from  the  primary  squamous-celled  horny  cancer 
of  the  lip.  The  differential  diagnosis  of  branchio- 
genic  carcinoma  rests  upon  the  exclusion  of  any 
primary  squamous-celled  carcinoma  in  the  regions 
contributory  to  the  Ij^mph-glands  of  the  branchial 
regions  (mouth,  lips,  nose,  tongue,  pharynx,  tonsils, 
larynx,  trachea,  esophagus,  salivary  glands,  etc.), 
or,  to  be  absolutely  sure,  of  the  existence  of  any 
other  primary  squamous-celled  carcinoma  in  any 
other  part  of  the  body.  When  such  exclusion  is 
determined  the  development  in  the  lateral  regions 
of  the  neck  of  a  squamous-ceUed  carcinoma  is  to  be 
taken  as  positively  branchiogenic  in  origin.  I 
have  seen  all  stages  of  development  of  these  branchio- 
genic carcinoma,  from  the  entodermal  cyst  ■nith 
lymphoid  wall,  in  which  the  carcinomatous  infiltra- 
tion of  the  cyst  wall  was  just  beginning,  up  to  the 
larger  growths  infiltrating  all  of  the  cer\ical  tissues. 
In  the  earUer  stages  in  which  the  lymphoid  tissue  is 
persistent  the  histological  picture  resembles  a  lymph- 
gland  with  carcinoma  infiltration,  and  there  is  no 
doubt  that  the  so-called  "primary  carcinomas" 
of  the  Ij'mph-glands  of  the  cer\-ieal  region  were 
whoUy  or  in  part  branchiogenic  carcinoma.  The 
appearance  of  a  firm,  non-fluctuating  tumor  in  the 
branchial  region  of  individuals  over  thirty-five 
should  alwaj-s  excite  a  suspicion  of  branchiogenic 
carcinoma,  and  prompt  operation  should  be  carried 
out.  Unless  the  tumor  is  removed  in  the  early 
stages,  the  prognosis  is  very  bad.  I  have  seen  some 
very  pathetic  cases  of  strong,  healthy  men  in  the 
forties  developing  "a  swelling  of  the  lymph-glands 
of  the  neck,"  operation  without  microscopical 
examination  of  the  removed  gland,  then  recurrence, 
often  twice  or  thrice  repeated  removal  before  it 
occurred  to  the  surgeon  to  have  a  microscopical 
examination  of  the  removed  tissue.  Then  the 
pathologist's  diagnosis  of  branchiogenic  carcinoma 
comes  as  a  blow,  its  accuracy  at  first  often  disputed, 
and  then  a  j-ear  or  less  of  wretched  and  futile  at- 
tempts at  treatment  vrith  Coley's  serum,  Rontgen- 
ray  treatment,  etc.,  as  after  these  repeated  operations 
the  condition  becomes  quickly  inoperable,  the  cer- 
vical tissues  becoming  rapidly  infiltrated,  usually 
downward  into  the  mediastinum  and  lungs.  Second- 
ary infection  of  the  branchiogenic  carcinoma  is  not 
rare,  and  the  cUnical  picture  may  be  confused,  the 
process  taken  for  a  suppurative  lymphadenitis,  and 
the  diagnosis  possible  oii}"  after  microscopical  e.xam- 
ination.  Routine  examination  of  all  "enlarged 
cervical  glands"  should  be  insisted  upon  by  all  wise 
surgeons,  as  the  ultimate  diagnosis  rests  alone  upon 
the  microscopic  findings. 

Aldred  Scott  Warthin. 


Brand,  Ernst. — A  German  physician  who  owes  his 
celebrity  to  the  fact  that  he  was  the  first  to  call  the 
attention  of  the  Profession  to  the  value  of  cold  water 
in  the  treatment  of  fevers,  especially  typhoid  fever. 
He  was  born  at  Feuchtwangen  in  Franconia  on 
January  2,  1S27.  He  studied  medicine  at  the  Uni- 
versity of  Erlangen  and  received  the  degree  of 
Doctor  of  Medicine  from  that  institution  in  ISol. 
Not  long  afterward  he  settled  in  Stettin  as  a  general 
practitioner,  and  in  1S61  published  his  first  paper  on 


the  cold-water  treatment  of  typhoid  fever.  He  died 
on  March  7,  1897;  but  several  years  previous  to  his 
death,  the  title  of  Geheimer  Sanitatsrat  was  conferred 
upon  him  in  recognition  of  his  valuable  contribution 
to  medical  science. 

Among  his  published   writings   the   following   de- 
serve to  receive  special  mention:  "Die  Hydrothera- 
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pie  des  Typhus,"  Stettin,  1861;  "Die  Heilung  des 
Typhus,"  nebst  dem  Anhange:  "  Anweisung  f ur  die 
Krankenwiirter  bei  der  Behandlung  des  Typhus 
mit  Biidern,"  BerKn,  1S6S;  and  "Die  Wasserbe- 
handlung  der  typhosen  Fieber,"  Tiibingen.  1S77. 
(Pagel.)  A.  H.   B. 


Brandt,  Thure. — Born  in  Sodertelge,  Sweden, 
February  6,  1S19.  As  a  Swedish  military  officer  he 
went  through  a  course  of  training  at  the  Institute 
for  Gymnastics  in  Stockholm.  The  idea  of  utilizing 
massage  in  the  treatment  of  diseases  of  women  first 
occurred  to  him  while  he  was  doing  garrison  duty  at 
Xorrkoping,  in  1S47.  Not  being  himself  a  physician 
he  at  first  met  with  considerable  opposition  on  the 
part  of  medical  practitioners,  but  gradually',  as  the 
beneficial  effects  of  the  method  became  more  and  more 
manifest,  this  opposition  was  withdrawn,  and  the 
phvsicians  eventually  became  his  supporters.  He 
died  August  8,  1S95.     (Pagel.) 

There  seems  to  be  no  reasonable  ground  for  with- 
holding from  Brandt  the  credit  of  ha\ing  been  the 
first  to  advocate  the  employment  of  massage  for  the 
cure  or  relief  of  affections  of  the  pelvic  organs.  He 
published  two  papers  on  this  subject,  viz.,  "Uterin- 
Udanden  oeh  prolapser,"  1864;  and  "  Nouvelle  m^thode 
gymnastique  et  magn^tique  pour  le  traitement  des 
organes  du  bassin,"  1S8S.  A.  H.  B. 

Braschysera. — An  order  of  flies  which  contains 
some  important  families:  Mu^cid(s,  house  flv,  blow 
fly,  flesh  fly;  (Estridce,  bot  fly.  A.  S.  P. 

Brasdor,  Pierre. — Born  December  19,  1721,  in  a 
small  village  of  the  ancient  province  of  Maine, 
France.  His  early  studies  in  surgerj'  were  carried  on 
in  the  city  of  Paris;  and  he  made  such  rapid  progress 
that  he  was  able,  in  a  comparatively  short  time,  to  give 
instruction  in  this  department  of  knowledge  to  his 
fellow  students.  In  1752  he  was  appointed  an  agrige 
in  the  College  of  Surgery,  and  afterward  he  was  made, 
first,  a  full  professor  of  anatomy,  surgical  operations, 
and  general  therapeutics,  and  then  in  turn  counsellor 
of  the  standing  committee,  director,  and  \-ice-director 
of  the  Academv  of  Surgery-.  He  died  September  28, 
1799.     (Diet.  Hist,  de  la  Med.) 
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Brasdor  was  an  exporionfed  and  skilful  snrpoon. 
He  reconiinonded,  a  long  tinio  in  advance  of  Hunter, 
the  treatment  of  aneurj'sni  l)y  the  appMcation  of  a 
ligature  to  the  artery  at  a  point  between  the  tumor 
and  the  heart.  He  was  also  aware  of  the  necessity, 
in  certain  cases,  of  apijlying  a  ligature  to  the  artery 
on  the  distal  side  of  tne  tumor;  and  lie  had  learned 
that,  in  a  few  cases,  ice  might  be  applied  with  benefit. 
In  addition  to  his  acquirements  in  surgery,  Brasdor 
had  accumulated  considerable  experience  in  the 
veterinary  art  and.  along  with  Tronchin  and  Borden, 
he  was  an  ardent  advocate  of  the  practice  of  inocula- 
tion as  a  preventive  of  small-pox. 

Of  the  few  published  writings  left  by  Brasdor  the 
following  deserve  to  be  mentioned:  "Reflexions  sur 
la  fracture  de  la  clavicule,"  in  Memoires  clc  I' Academie 
Toyalc  dc  Chirurgie,  vol.  v.,  1762;  "M^moire  sur  les 
amputations,"  ibidem,  175S;  and  "Mgmoire  sur  la 
maladie  ^pidgmique  des  chiens,"  in  Memoires  de 
I' Academie  royale  des  Sciences,  vol.  vii.  In  Sabatier's 
Mldecine  operatoire,  vol.  iii.,  1796,  there  is  pubhshed 
a  description  of  Brasdor's  method  of  applying  hga- 
tures  to  polyps  in  the  vault  of  the  pharynx. 

A.  H.   B. 


Brashear,  Walter. —  Born  in  Maryland,  in  February, 
1776.  He  commenced  the  practice  of  medicine  at 
Bardstown,  Kentucky,  in  1S06.  In  the  same  year 
he  performed  an  amputation  at  the  hip-joint,  the 
earliest  original  surgical  work  of  any  magnitude  ever 
done  in  the  State.  It  proved  to  be  the  first  operation 
of  the  kind  in  the  United  States.     The  result  was  a 
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complete  success.  In  1813  he  removed  to  Lexington, 
Kentucky,  where  he  acquired  an  extensive  surgical 
practice,  devoting  special  attention  to  the  diseases  and 
injuries  of  the  bones  and  joints.  Later  he  abandoned 
medicine  and  became  a  sugar  planter  in  Louisiana 
where  he  died  at  an  advanced  age.  (A  full  and 
interesting  sketch  of  the  hfe  of  Walter  Brashear  will 
be  found  in  Dr.  D.  W.  Yandell's  "Pioneer  Surgerv  of 
Kentucky.")  A.   H.   B. 

Brass  Founders'  Ague. — S>se  Occupational  Diseases. 

Braumia. — A   genus   of   tapeworms.     One   species, 
B.  jasstjensis,  is  found  in  man.     See  Cestoda. 

A.  S.  P. 


von  Braun,  Carl. —  Born  in  Fistersdorf,  near  Vienna. 
Austria,  March  22,  1S22.  He  received  the  degree  of 
Doctor  of  Medicine  in  1S47.  From  1849  to  185.3  he 
acted  as  an  assistant  to  Prof.  Klein  in  his  manage- 


ment of  tlie  Obstetrical  Clinic — a  clinic  conducted 
in  the  AUgemeine  Krankenhaus  and  designed  pri- 
marily for  the  instruction  of  medical  men.  In  1853 
he  was  appointed  a  "Privatdozent"  in  the  Uni- 
versity of  Vienna,  and  very  .soon  afterward  he 
accepted  a  call  to  fill  the  regular  chair  of  Obstetrics 
in  Trent,  Austrian  Province  of  Tyrol.  In  1856  he 
was  invited  to  return  to  Vienna  and  occupy  the  same 
chair  in  that  University.  His  appointment  to  the 
position  of  Hector  of  the  University  in  186H,  the  fact  of 
his  being  knighted  in  1872,  and  the  furtiier  fact  of  his 
receiving  the  title  of  "Hofrat"  in  1877 — all  these 
show  how  greatly  esteemed  (^'arl  Braun  was  for  the 
valuable  .services  which  he  rendered  as  a  teacher  and 
for  his  high  personal  character.  He  died  March  28, 
1891.      (Pagel.) 

In  addition  to  numerous  contributions  to  current 
medical  hterature  Braun  pubhshed  three  larger 
books  on  obstetrical  and  gynecological  matters, 
viz.,  "Klinik  der  Geburtshilfe  und  Gynaekologie" 
(in  association  with  Chiari  and  Spaeth),  Erlangen, 
1855;  "Lehrbuch  der  Geburtshilfe,  mit  Beruck- 
sichtigung  der  Puerperalproces.se  und  der  Operations- 
technik,"  Vienna,  1857;  and  "Lehrbuch  der  Gynae- 
kologie," second  edition,  1881.  A.   H.   B. 


von  Braun,  Gustav. — Born  in  Zistersdorf,  Germany, 
on  May  28,  1829.  He  was  a  younger  brother  of  Carl 
Braun.  He  received  his  medical  degree  from  the 
University  of  Vienna  in  1853.  After  serving  for 
three  years  as  Assistant  in  the  Obstetrical  Clinic  for 
Physicians  he  was  made  a  Privatdozent  in  Midwifery 
in  1856.  In  1862  he  was  called  to  the  Joseph's 
Academy  to  fill  the  Chair  of  Obstetrics  in  that  insti- 
tution; and,  when  this  organization  cea.sed  to  exist 
in  1873,  he  was  made  professor  and  chief  of  the 
Second  Obstetrical  Clinic  at  the  University  of  Vienna. 
From  1883  to  1884  he  acted  as  Dean  of  "the  Medical 
Facultv.  He  retired  from  active  teaching  and  prac- 
tice in'l900.      He  died  January  8,  1911. 

Gustav  Braun  made  a  number  of  valuable  contri- 
butions to  medical  literature.  The  titles  of  only  a 
few  of  these  may  here  be  mentioned:  "Operative 
Gynajkologie  and  Geburtshilfe,"  Vienna,  1860; 
"Compendium  der  Geburtshilfe,"  Vienna,  1864 
(2d  edition  in  1875);  "Compendium  der  Kinder- 
krankheiten,"  Vienna,  1870;  and  "Lehrbuch  der 
Geburtshilfe  fiir  Hebammen,"  1894  A.  H.   B. 

Brayera. — See  Cusso. 

Breast,  Anatomy  of  the. — The  breast  is  a  promi- 
nence on  the  ventral  surface  of  the  body  which  in  the 
female  secretes  the  milk  for  the  nourishment  of  the 
new-born.  In  the  human  species  there  are  usuaDy  two 
of  these  eminences  situated  one  on  each  side  of  the 
thorax.  They  are  made  up  of  the  mammary  glands  and 
associate  structures,  that  is,  the  true  gland  tissue,  the 
stroma,  and  integument  including  nipple  and  areola. 
The  term  mammary  gland  is  commonly,  however, 
used  as  synonymous  with  breast. 

The  presence  of  mammary  glands  is  one  of  the  most 
prominent  characteristics  of  that  great  class  of  the 
animal  kingdom,  the  mammalia,  where  they  first 
appear.  Breslau  from  his  study  of  the  monotremes 
and  marsupials  is  of  the  opinion  that  the  mammary 
apparatus  of  the  mammals  is  not  essentially  an  en- 
tirely new  development  but  has  its  origin  in  the  so- 
called  brood  organ  common  to  the  progenitors  of  the 
mammalia.  From  these  brood  organs  there  is  devel- 
oped independently  of  one  another  the  mammary 
apparatus  of  the  monotremes  on  the  one  hand  and 
of  the  marsupials  and  placentalials  on  the  other. 
The  mammae  are  found  in  both  male  and  female, 
but  the  size  and  development  differ;  the  male  gland 
as  a  rule  remains  throughout  hfe  in  a  rudimentary 
condition,    wliile   the  female   breast  passes   through 
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marked  and  important  changes  at  puberty,  at  con- 
ception, after  lactation,  and  at  the  menopause. 

Embryology. — In    very   early   embryos,    there    is 
observed  on  either  side  a  slight  streak,  running  from 


Fig.  tOS9. — A,  Pig  Embryo  1.5  cm.  Long.     Ml,  Jlammory  line.     B,  Pig  embryo 
1.9  cm.  long,  with  mammary  hillocks.      (O.  Schultze.) 


the  root  of  the  stump-like  fore-limb  to  the  hind-limb, 
and  situated  a  little  behind  and  parallel  to  the  mem- 
brana  reunions  inferior.  This  is  observed  in  rats  of 
2. .5  to  .5.2.5  milUmcters  (Henneberg)  and  in  human 
embryos  of  from  four  to  eight  millimeters  (Hirschland 
and  Strahl),  and  was  named  by  Schwalbe-Schmidt 
mammary  streak  (.Milchstreifen).  It  is  due  to  the 
cells  of  the  ectoderm  becoming  deeper  and  more 
cubical. 

From  the  mammary  streak  there  is  soon  produced, 
by  multiplication  of  the  cells,  a  well-marked  ridge, 
the  mammary  line  (Milchlinie  or  Milchleiste)  (MI, 
Fig.  10S9,  .\).  This  well-marked  microscopic  ridge 
was  first  studied  by  O.  Schultze  in  the  pig,  and 
more   recently   by    Kallius,    Stahl,    Hirschlanii,    and 
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Fig.  1090. — Mammary  Hillock  of  a  Pig  Embryo  1..^  cm.   Long, 
with  the  Nipple  Zone  (oz)  becoming  Differentiated. 

H.    Schmitt    in    human    embryos    of    about    fifteen 
millimeters. 

In  this  line  the  epithelium  develops  more  rapidly 
at  certain  spots,  corresponding  in  situation  to  the 
future  mammary  glands  of  some  animals  and  to  the 
position  where  supernumerary  mamm;e  occur  in  man. 
The   line    thus  becomes  mom'liform,  and  finally  iso- 
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lated,  spindle-.shaped  enlargements  are  produced  by 
atrophy  of  tlie  portion  of  the  milk  line  lying  between 
the  enlargements  (Fig.  1089,  B).  Thus  the  mauimary 
hillocks  ("  Milchhiigel'')  of  Bonnet  are  produced 
(Fig.  1090).  The  projection  of  the  line  of  hillocks, 
_  above  the  surface  of  the  skin,  is  only  very 

tran.sient.  In  human  embrj^os,  toward  the 
end  of  the  second  month  of  intrauterine 
life,  the  small  tubercular  thickenings, 
gradually  increasing  in  size,  become  lens- 
shaped,  and  their  convex  surfaces  project 
into  the  cutis,  forming  the  mammary  points 
I.Milchpunkte).  Large  numbers  of  the 
mesodermic  cells  of  the  cutis  collecting 
around  the  epithelial  ingrowth  form  a  con- 
dcii.sed  zone  (nipple  zone;  cf.  Fig.  1090), 
from  which  later  the  connective  tissue  and 
unstriped  muscle  of  the  nipple  are  devel- 
oped. 

The  further  growth  results  in  flattening 
above  with  a  projection  of  the  deeper  con- 
vexity of  the  lens,  especially  in  the  center. 
In  this  way  there  is  produced  a  cone- 
shaped  mass  of  the  cells  which  sink  deeper 
into  the  cutis. 

.\round  the  apex  of  the  cone  the  greatest 

activity  is  manifest;  the  cells  push  deeper 

into    the    cutis,   and  spread  out  below  to 

produce  a  large  ball-like  mass  (body)  con- 

i  /        nected  with  the  surface  bv  a  narrow  elon- 

_/■'         gated  part  (neck;  Fig.  1091).     This  is  the 

^  so-called  club-shaped  stage. 

There  now  appears  on  the  free  surface  of 
the  skin  a  small  cavity,  the  ''gland  area" 
(Drusenfeld  of  Huss),  which  soon  deepens. 
In  the  formation  of  this  not  only  the  deep 
but    also  the  superficial  layer  of  the  epi- 
thelium takes  part.      .\round  the  border  of  the  de- 
pression a  ring-Uke  ridge  of  cutis,  the  first  rudiment 
of  the  areola,  is  raised  up. 

F^pon  the  deep  surface  of  the  club-shaped  mass,  at 


Fig.  1091. — Primitive  Nipple,  Club-shaped  Stage  of  a  Fig  Em- 
bryo 6.5  cm.  Long,  ep.  Epidermis;  cz,  layer  of  cylindrical  ceiU; 
ctv,  cutis  wall:  w(,  mammary  point;  g,  blood-vessel;  as,  nipple  zone. 

about  the  twelfth  week  of  intrauterine  life,  small  bnd- 
like  masses  of  the  epitheUal  cells  appear  (Fig.  1092). 
These  rapidly  increase  in  length,  and  force  their  way 
as  solid  plugs  into  the  mesoderm  beneath  (Fig.  1093). 
This  secondary  epithelial  development  is  the  rudi- 
mentof  the  true  secreting  portion  of  the  gland.  The 
number  of  epithehal  sprouts  now  seen  (fifteen  to 
twenty)  corresponds  with  the  number  of  excretory 
ducts  which  the  mature  glands  will  possess.  The 
upper  ends  of  the  plugs  are  in  the  nipple  zone,  but 
the  greater  part  of  their  lower  ends  project  into  the 
loose  connective  tissue  of  the  cutis. 

Only  some  of  these  sprouts  are  held  by  Eggeling  to 
represent  the  ducts  of  the  mammary  glands  whose 
growth  forms  the  parenchyma  of  the  glands.  Others 
are  very  early  anlages  of  hair  and  still  others  anlages 
of  sebaceous  glands.  Neither  of  these  complete  their 
development  and  become  hair  or  sebaceous  glands 
but  join  in  the  lactiferous  duct. 
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There  is  now  developed  a  new  zone  beneatli  the 
nipple  zone,  composed  of  voung,  round,  closely 
packed  connective-tissue  cells.  Surrounding  and 
supporting  the  epithelial  elements  of  the  gland,  these 
form  the  stroma  of  the  giand  (stroma  zone). 

A  retrograde  metamorphosis  ne.Kt  begins  in  the 
central  cells  of  the  primary  epithelial  ingrowth,  and 
from     the    center     the    degeneration    proceeds    per- 


Fig.  1092. — Primitive  Xipple  of  a  12  cm.  Pig  Embryo  with  an  Epithelial  Sprout  (sp). 
cw.  Cutis  wall:  mt,  mammary  point.     (For  other  letters,  see  Figs.  1090  and  1091.) 

ipherally  and  downward.  It  takes  the  form  of  a 
cornification  (Fig.  1093,  hp)  and  proceeds  at  first  very 
rapidly,  though  its  final  progress  is  so  slow  that 
sometimes  it  is  not  complete  until  after  birth. 
Ultin;ately  it  leads  to  the  complete  disappearance 
of  the  primary  epithelial  ingrowth  or  mammary 
point. 

At  the  same  time  as  the  primary,  ingrowth  is  de- 
generating the  secondary  ingrowth,  nipple  zone,  and 
stroma    zone    are    continuing    to    develop.     As    the 
secondary  epithelial  plugs  push  their  way  into  the 
underlying  mesodermic  stroma,   they  become   club- 
bed below.     At  the  same  time   the  originally  solid 
plugs   are   hollowed   out   and   converted   into   tubes, 
and  during  the  seventh    month   of  intrauterine  life, 
or  about   that   time,   give   off   numerous  buds   (Fig. 
109,3i.     In  connection  with  these 
latter,   small  irregular  groups  of 
epithelial  cells  may   be  seen,  the 
matri.x  of  the  acini.     The  branch- 
ing of  the  ducts,  even  up  to  the 
time  of  birth,  is  but  slightly  ad- 
vanced.    At  birth  the  milk  "ducts 
do  not  e.xtend  beyond  the  areola. 
and   the   whole    gland    shows    an 
expansion  of  but  one  centimeter 
and   weighs   only   thirty  to  sixty 
centigrams  (Puech). 

A  rudimentary  corpus  mamm.T? 
is  represented  by  a  well-defined 
rounded  mass,  around  the  cir- 
cumference of  which  the  lobes  pro- 
ject irregularly.  The  whole  is 
embedded  in  a  well-developed 
stroma,  which  is  surrounded  by 
fat  lobules  of  the  subcutaneous 
tissue.  The  coarse  connective- 
tissue  fibers  of  the  stroma  radiate 
from  the  corpus  mamms  and  be- 
come continuous  with  the  fibrous 
capsules  of  the  fat  lobules.  These 
latter  surround  but  do  not  mix 
with  the  stroma.  Beneath,  the 
stroma  is  continuous  with  the  fascia  covering  the 
pectoral  muscle. 

The  fat  layer  of  the  skin  becomes  locallv  thickened 
in  the  region  of  the  gland,  but  not  until  five  or  six 
years  after  birth  does  fat  develop  in  the  stroma  be- 
tween the  gland  lobules. 

At   birth   the   ducts  possess  a  simple  epithelium. 


cubical  in  the  deeper  parts,  but  cylindrical  in  the  re- 
gion of  the  nipple. 

The  time  at  which  the  various  clianges  noted 
above  occur  varies  considerably,  being  by  no  means 
constant.  Even  in  the  new-born  the  development  is 
not  always  equally  far  advanced. 

The  nipple  is  developed  in  the  human  species 
toward  the  end  of  intrauterine  life.  Then  the  meso- 
dermic tissue  which  constitutes  the 
nipple  zone  rapidh'  increases,  and  be- 
tween the  elements  smooth  muscle 
cells  soon  appear.  The  center  of  the 
originally  depressed  gland  area  be- 
comes situated  upon  the  tip  of  a  cone- 
shaped  projection.  The  e.xact  time  of 
the  elevation  of  the  nipple  varies; 
sometimes  it  occurs  in  embryonic  hfc; 
yet  frequently  in  children  of  from  ten 
to  twelve  years  the  depressed  gland 
area  with  its  surrounding  wall  still 
persists. 

There  has  been  considerable  dififer- 
ence   of   opinion    as   to   whether   the 
mammary  glands  were  related  to  the 
sebaceous  or  the  sweat  glands.     All 
recent  investigations  would  lead  us  to 
favor    the    Benda-Eggeling  theory  of 
their  relation  embryologicallj'  to  the 
sweat   glands.      They   not   only  resemble   the  sweat 
glands     developmentally     but     functionally;      most 
modern    investigators    believe    the  milk  to  he  a  se- 
cretion similar  to  that  of  the  sweat  glands.     Struc- 
turalh-   also    Eggeling   describes   in   both   mammary 
and  sweat  glands  groups  of  more  or  less  round  cells 
while    the    liairs    and    sebaceous    glands    present    a 
peripheral  zone  of  cyhndrical  cells. 

Upon  the  areola,  sebaceous  and  sweat  glands  are  de- 
veloped. Rein  has  shown  that  tlie  enlarged  sebaceous 
glands  of  the  areola  (tubercles  of  Montgomer3-)  are  ac- 
cessory rudimentary  milk  glands. 

CoNDiTiox  AT  Birth. — It  wiU  be  seen  that  the  new- 
born of  both  sexes  possess  all  the  skin  ingredients  of 
the  gland,  and  moreover  the  gland  can  secrete  milk, 
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Fig.  109.3. — Nipple  of  a  20  cm.  Female  Pig  Embrj-o.  The  epithelial  sprouts,  excretory 
ducts  sp  1,  have  near  their  terminal  end  a  lumen:  secondary  sprouts  (sp  2)  are  also  seen; 
hp,  cornification  of  the  epithelium  is  beginning. 

which  is  caOed  in  German  "Hexenmilch"  (witches' 
milk).  This  occurs  from  the  fourth  to  the  tenth  day 
after  birth,  and  is  accompanied  by  a  swelling  of  the 
gland.  It  has  been  shown  by  Rein  and  others  to  be 
true  milk.  According  to  De  Sin^ty  considerable 
changes  take  place  in  these  first  ten  days,  after  which 
there  is  some  acinous  tissue  resembling  that  which  is 
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seen  in  the  adult.  But  only  the  main  ducts  are  exca- 
vated. Bizzozero  and  Ottolenghi  state  that  Hexen- 
milch  consists  of,  1.  milk  drops  of  various  sizes;  2. 
leucocytes,  unchanged  or  containing  little  fat  drops; 
3.  milk  bodies  in  which  the  existence  of  the  nucleus 
may  be  shown;  4.  mull^erry-like  groups  of  milk 
drops  rolled  together  with  one  nucleus;  5.  typical 
colostrum  corpuscles.  It  has  been  shown  by  Benda 
that  it  is  only  the  lumen  of  the  acini  of  the  child's 
gland  that  contains  fat,  the  cells  do  not. 

From  birth  till  puberty  the  breasts  remain  rudi- 
mentary, simply  keeping  pace  with  the  general  body 
growth.  The  intralobular  ducts  and  beginning  of 
the  acini  remain  sohd,  and  though  there  are  some 
sUght  changes,  such  as  the  development  of  a  few  acini 
buds,  yet  the  condition  found  shortly  after  birth 
persists  almost  unchanged. 

Changes  at  Puberty. — In  the  female  at  puberty 
an  abrupt  change  like  that  affecting  the  entire  organ- 
ism takes  place.  This  consists  in  further  branching 
and  growtn  of  tubes  into  the  surrounding  tissue, 
and  also  the  further  development  of  the  stroma.  The 
fat  which  appeared  in  the  stroma  at  the  fifth  to  the 
sixth  year  rapidly  increases  in  amount.  Now  devel- 
opment proceeds  rapidly,  but  there  is  no  distinct  sub- 
division into  tlie  lobules,  the  true  secreting  acini 
being  few  in  number.  At  each  succeeding  menstrual 
period  a  slight  engorgement  occurs,  and  it  is  prob- 
able that  it  is  accompanied  by  increased  develop- 
ment. At  these  times  sUght  pricking  sensations 
and  pain  may  be  felt,  and  in  some  cases  a  yellow 
secretion  is  expelled.  Soon  after  puberty  the  breasts 
become  very  well  developed,  but  they  consist  mainly 
of  fatty  stroma  and  excretory  ducts,  with  a  rela- 
tively small  amount  of  glandular  tissue. 

In"  the  male  at  puberty  there  is  sometimes  a  shght 
swelUng  of  the  gland  which  may  also  become  some- 
what harder  and  sore  or  painful.  Tliis  disappears 
after  a  short  time  and  no  further  change,  as  a  rule, 
occurs  in  the  male  breast. 

Situation. — The  breasts  are  situated  in  the  sub- 
cutaneous tela,  superficial  to  the  pectoral  muscles; 
as  usually  described  they  are  said  to  extend  from  the 
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Fio.  1094. — Diagram  to  Show  Method  of  Dividing  Breasts  for 
the  Purpose  of  Description.  1  to  8,  Lines  of  division  for  the  loca- 
tion of  the  different  sections  (see  text).  A,  Mesocephalic;  B, 
cephalolateral ;  C,  caudo-Iateral;  D,  mesocaudal;  £,  cephalic; 
F,  lateral;  G,  caudal;  H,  mesal  sections  or  divisions. 

second  or  third  to  the  fifth,  sixth,  or  seventh  rib, 
and  from  the  edge  of  the  sternum  to  the  ventral  fold 
of  the  axilla.  The.se  estimations  are  undoubtedly 
based  upon  external  conformation,  and  of  necessity, 
therefore,  refer  only  to  tho.se  portions  of  the  gland 


which  cause  its  projection  above  the  surrounding 
surface. 

Stiles,  from  his  examination  of  breasts  before  and 
after  operation,  has  found  that  the  usual  description 
takes  no  account  of  the  peripheral  processes,  wliich 
extend  in  the  subcutaneous  tissue,  often  far  beyond 
the  prescribed  limit.  Moreover,  he  has  shown  that 
this  holds  true  for  nulliparae,  as  well  as  for  multipara, 
though  of  course  the  processes  are  much  more  marked 
in  the  latter. 

He  divides  the  breast  by  two  intersecting  lines,  a 
vertical  (1-2)  and  a  horizontal  (3-4),  into  four  seg- 
ments (Fig.  1094),  named  respectively  cephalomesal, 
cephalolateral,  caudolateral,  and  caudomesal.  For 
purposes  of  more  careful  description,  a  second  divi- 
sion is  made  by  two  oblique  lines  (5-6),  and  (7-8) 
into  four  other  segments,  cephalic,  lateral,  caudal, 
and  mesal. 

The  vertical  diameter  (1-2)  e.xtends  from  the 
caudal  border  of  the  second  rib  to  the  si.xth  costo- 
cartilage  where  it  begins  to  sweep  cephalad  toward 
the  sternum.  The  horizontal  (3-4)  begins  opposite 
the  fourth  rib  or  fourth  interspace,  just  within  the 
lateral  border  of  the  sternum,  and  extends  to  the 
mid-axillary  line  at  the  level  of  the  fifth  rib  or  fifth 
interspace.  The  oblique  Une  (5-6)  extends  from  the 
cephalic  border  of  the  third  costocartilage,  a  little 
lateral  to  the  border  of  the  sternum,  to  the  seventh 
rib  a  little  ventral  to  the  mid-a.xillary  line.  The 
oblique  hne  (7-8)  begins  on  the  third  rib  a  Uttle 
lateral  to  the  ventral  axillary  fold,  and  extends  to 
the  sixth  costocartilage  midway  between  its  angle 
and  sternal  end.  The  circumference  connects  the  ex- 
tremities of  the  lines. 

When  the  arm  is  raised,  as  for  operation,  the 
nipple,  in  nulhpara;,  is  opposite  the  fourth  rib  or 
fourth  interspace  and  2.5  centimeters  mesad  to  the 
axillary  border  of  the  pectoraUs  major.  Thus  the 
extent  to  which  the  breast  overlaps  the  border  of 
the  pectorahs  major  is  considerable.  The  level 
varies  with  the  stature;  as  a  rule  in  tall  women  the 
breast  is  more  caudal,  while  with  short  and  broad- 
chested  women  it  is  more  cephahc  in  position. 

Relations. — The  relations  of  the  dorsal  surface 
of  the  breast  can  best  be  treated  by  describing  each 
segment  separately. 

The  mesocephaUc  segment  (Fig.  1094,  A)  rests 
entirely  upon  the  pectoralis  major  muscle;  so  also 
does  the  mesocaudal  segment  (D),  except  at  its 
caudal  edge  where  it  overlaps  the  aponeurosis  of 
the  external  oblique  muscle. 

The  cephahc  half  of  the  cephalolateral  segment  (B) 
rests  upon  the  pectoraUs  major  muscle,  the  edge  of 
the  pectoralis  minor  muscle,  and  for  a  slight  extent 
upon  the  serratus  magnus  muscle.  Upon  the  latter 
and  under  cover  of  the  pectorahs  major  it  extends  up 
into  the  axilla  as  far  as  the  third  rib.  This  forms 
the  so-called  axillary  tail  of  Spence.  The  circumfer- 
ence of  this  segment  crosses  the  border  of  the  pec- 
toralis major  muscle,  where  its  fibers  leave  the  third 
rib  to  form  the  ventral  axiUary  fold. 

The  caudal  half  of  the  cephalolateral  segment  (B) 
and  the  cephahc  half  of  the  caudolateral  (C),  with 
the  exception  of  a  small  portion  near  the  nipple 
which  is  superficial  to  the  pectoralis  major  muscle, 
lie  upon  the  serratus  magnus  muscle.  The  caudal 
half  of  the  caudolateral  segment  (C)  overUes  those 
portions  of  the  external  obUaue  and  serratus  magnus 
muscles  which  arise  from  the  fifth  and  si.xth  ribs, 
e.xcept  a  portion  near  the  nipple  which  is  over  the 
pectoralis  major  muscle. 

Thus  it  will  be  seen  that,  with  the  arm  in  the  posi- 
tion assumed  for  operation,  fully  one-third  of  the 
whole  breast  fies  caudolateral  to  the  axiUary  border 
of  the  pectorahs  major  muscle.  One-half  of  this 
overlies  the  axilla,  filled  with  its  fatty  fascia  contain- 
ing numerous  lymph  nodes.     Some  of  these  lymph 
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nodes  appear  to  be  in  direct  contai-t  uitli  the  breast 
tissue. 

The  dorsal  surface  of  the  breast  is  concave,  com- 
posed mainly  of  stroma  containing  projecting  proc- 
esses of  the  parenchyma.  The  stroma  is  continuous 
with  a  loo.sely  interlaced  network  of  connective 
tissue  which  forms  the  pectoral  fascia.  This  fascia 
forms  the  sheatli  for  the  pectoralis  major  muscle 
and  like  the  sheath  of  all  muscles  sends  numerous 
septa  through  the  muscle  biniling  together  the  mus- 
cle bundles.  It  is  quite  thin  and  it  is  difficult  to 
separate  it  from  the  muscle,  particidarly  in  spare 
suojects.  In  some  it  attaches  the  gland  .so  closely 
to  the  subjacent  muscle  that  movement  of  the  arm 
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Fig.    1 095. — Diagram    Showing   the   Mammary   Arrangement  of 
Man's  Early  Progenitors.     (Wilhams.) 

causes  considerable  movement  of  the  gland.  In 
others  it  is  very  loose,  but  even  with  tliese  some 
movement  is  observed  when  the  arm  is  raised.  In 
the.se  latter  ca.ses  loose  areolar  tissue  spaces  have 
been  described  by  Chassaignac  as  serous  bursas  (sub- 
or  retromammary  bursie). 

Clo.se  examination  has  shown  that  the  portions  of 
the  parenchyma  which  project  into  the  stroma  of  the 
dorsal  surface  send  numerous  minute  processes  into 
the  retromammary  connective  tissue.  Some  of  these 
even  accompany  the  septa  of  the  pectoral  fascia  be- 
tween the  muscle  fibers. 

The  anterior  surface  is  for  the  most  part  smooth  and 
convex.  It  is  covered  with  skin  continuous  with 
that  of  the  surrounding  surface.  The  skin  is  thin  and 
delicate  and  differs  from  that  of  the  ventral  sur- 
face of  the  body  only  at  its  center,  where  the  raised 
and  pigmented  areola  surmounted  by  the  nipple  is 
seen. 

The  circumference,  although  in  the  main  circular,  is 
very  irregular  owing  to  tlie  processes  of  the  par- 
enchyma. There  are  usualh'  three  fairly  weU-marked 
cusps.  The  largest  projects  toward  the  cephahc  part 
of  the  axilla  and  has  been  already  referred  to  as  the 
axillarj'  tail;  another,  much  smaller,  extends  toward 
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the  caudal  part  of  the  axilla;  the  third  reaches  toward 
the  sternum. 

These  irregularities  are  not  apparent  upon  the  sur- 
face of  the  body  where  the  caudal  border  of  the  cir- 
cumference of  the  breast  is  distinctly  marked  of!  from 
the  surrounding  parts  by  a  furrow,  but  slightly  marked 
in  young  thin  nullipara",  more  marked  in  fat  women, 
and  espc'cially  prominent  in  nuiltipane;  on  the  other 
hand,  the  cephalic  border  of  the  circumference  is  as  a 
rule  ill-defined,  the  breast  arising  in  a  gentle  slope  from 
the  surrounding  tissue. 

Sh.\pe. — In  the  female  Hoerschelmann  distinguishes 
four  stages  in  the  development;  first,  the  neutral  or 
puerile  with  disc-shaped  papillary  area  around  the 
nipple;  second,  the  half  globular  nipple  area  and  nipple 
form  with  the  real  or  primary  mamma  completely 
wanting;  third,  the  primary  manuna  stage  with  half 
globidar  form  of  nipple  and  area  around  it;  fourth, 
the  primary  mamma  with  discoidal  nipple  area  and 
prominent  nipple.  In  the  male  the  development  pro- 
ceeds little  beyond  the  neutral  stage. 

Well  nourished  adult  females  should  possess  a  hemi- 
spherical or  conical  breast  with  smooth  surface,  while 
emaciated  subjects  as  a  rule  present  a  flat  discoidal 
breast    with    irregular    surface.     In    adiUt    nuUiparEe 
(Figs.  109S  and  1099)  it  is  somewhat  conical, 
due  to  the  relatively  large  amount  of  gland 
substance  compared  wntn  the  stroma.     In 
stout  subjects  the  relatively  greater  amount 
of   circummammary  fat  produces  a  hemi- 
spherical   breast.      After    lactation    it  fre- 
quently becomes  pendulous,  a  verj-  marked 
sulcus  being  produced  between  the  breast 
and  the  surface  of  the  thorax.     This  is  due  to 
the   atrophic  fatty  changes  which  at  this 
time  affect  the  secreting  structure  and  pro- 
duce  a  flabbj'    condition.       We    may   dis- 
tinguish three  principal  types:    1.  Standing, 
up  to  and  during  fullest   development;    2. 
drooping,  after  fuU  development;   3.  hang- 
ing, may  reach  down  below  the  border  of  the 
ribs,      in  these  cases  the  breast  sometimes 
becomes   almost   cylindrical  in   shape.      Rarely   the 
attachment  of  the  breast  to  the  thoracic  wall  is  con- 
tracted, producing  a  stalk.     This  is  the  pedunculated 
breast. 

CoNsisTExcE. — The  well-developed  breast  in  the 
virgin  and  nulhpara  is  hard,  firm  and  elastic.  It  loses 
its  consistency  after  having  attained  fuU  activity,  es- 
pecially if  there  has  been  a  period  of  nursing.  In 
women  who  have  had  several  cliildren  the  breasts  are 
as  a  rule  soft  and  flabby,  overhanging  their  attachment 
to  the  thoracic  wall  to  a  greater  or  less  extent. 

Weight. — In  the  adult  nuUipara  the  breast  weighs 
from  140  to  200  grams;  in  nursing  women  from  400  to 
500  and  in  e.'cceptional  cases  as  much  as  900  grams. 

Number. — A  single  pair  of  breasts  is  the  least 
number  normaUj-  found  in  any  mammal.  This  is 
the  usual  number  in  man,  as  also  in  apes  and  a  few 
other  animals.  The  largest  number  is  found  in  cer- 
tain of  the  insectivora,  in  whom  there  are  as  many  as 
eleven  pairs.  Between  these  hmits  all  gradations 
exist.  Reduction  of  this  number  is  very  exceptional, 
but  there  are  numerous  cases  on  record  of  super- 
numerary breasts. 

Arrest  may  occur  in  their  development  at  anj'  time; 
when  it  occurs  very  early  in  embryonic  Ufe  the  breast 
is  entirely  suppressed  (amazia).  This  is  extremely 
rare  in  the  human  subject,  and  is  frequently  associated 
w'ith  other  defects  in  development.  Williams  finds 
complete  absence  of  both  breasts  one  of  the  rarest 
anomaUes;  outside  those  occurring  in  acephaUc  mon- 
sters with  deficient  chest  walls,  only  four  cases  are 
recorded  in  Uterature.  Complete  absence  of  one 
breast  is  slightly  less  rare.     Recently  Wayte  has  re- 
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ported  the  absence  of  the  right  breast  in  a  male  whose 
father  also  had  the  same  defect.  A  more  frequent  con- 
dition is  the  arrest  of  development  at  a  later  stage 
leading  to  rudimentary  but  functionless  organs 
(micromazia).  This  also  may  affect  one  or  both 
sides,  and  as  with  amazia  may  or  may  not  be  asso- 
ciated with  deficiences  in  the  sexual  organs  or  chest 
wall. 

Absence  of  the  nipple  (atheha)  is  much  commoner 
than  the  above.  Williams  has  pointed  out  that  in 
these  cases  there  is  really  no  absence  of  nipple  struc- 
tures, but  simpiy  a  failure  of  the  embryonic  gland 
area  to  become  elevated.     Tliis  is  usually  unaccom- 

Canied  by  other  anomalies,  and  generally  affects 
oth  breasts.  The  areola  is  rarely  absent  when  the 
nipple  is  well  developed,  but  with  athelia  the  areola 
may  be  absent  or  sUghtly  formed.  Intermediate 
conditions  between  complete  absence  and  the  perfect 
nipple,  due  to  degrees  of  elevation  of  the  embryonic 
gland  area,  produce  the  various  recorded  congenital 
imperfections. 

In  the  development  of  supernumerary  mammse 
it  would  seem  that  we  have  a  most  excellent  e.xample 
of  atavism  since  a  study  of  the  comparative  anatomy 
of  the  mammary  gland  shows  that  the  progenitors 
of  man  have  more  than  one  pair  of  mammEE.  The 
lemurs  for  example,  while  having  only  one  pair  of 
glands  functional,  possess  rudimentary  abdominal 
and  inguinal  mamnue  and  an  examination  of  other 
species  shows  that  the  number  of  glands  is  being 
gradually  reduced. 

The  theory  presented  by  Hugo  Schmidt,  that  super- 
numerary mammary  glands  and  nipples  represent 
some  of  the  line  of  ordinarily  temporary  epithelial 
thickenings,  mammary  hillocks,  which  have  persisted 
and  undergone  further  development,  is  most  gener- 
ally accepted.  Walter  has  recently  questioned  this 
on  the  ground  that  the  number  of  mammary  hillocks, 
forty  in  some  embryos,  greatly  e.Kceeds  the  number 
of  mammse  found  in  any  known  species.  On  a 
number  of  grounds  he  has  suggested  that  the  epithe- 
lial thickenings  of  H.  Schmidt  might  represent  not 
the  anlage  of  the  mammary  glands  but  of  the  marsu- 
pial pockets  which  Bresslau  has  shown  to  precede  the 
development  of  the  milk  point  in  the  marsupials. 
The  number  would,  however,  remain  the  same  and 
therefore  I  cannot  see  that  his  explanation  is  any 
more  helpful.  It  would  seem  almost  certain  that 
supernumerary  mammary  glands  and  nipples  have 
as  their  anlage  some  of  these  early  epithehal  growths. 

By  a  careful  study  of  all  recorded  cases  Williams 
found  that  the  position  occupied  by  the  mammas  in 
lower  animals  and  by  the  mammary  hillocks  in  em- 
bryos was  the  same  as  that  occupied  by  aberrant 
mammae.  He  considers  that  man's  early  progenitors 
were  possessors  of  seven  pairs  of  breasts  (Fig.  1095), 
three  cephalolateral  to  the  normal,  and  three  caudo- 
mesal  to  them. 

First  pair — in  the  pit  of  the  axilla. 

Second  pair — in  the  middle  of  the  vontroaxillary 
border. 

Tliird  pair — just  cephalad  and  slightly  laterad  of 
the  normal  pair. 

Fourth  pair — the  normal  mammfe. 

Fifth  pair — just  caudad  and  shghtly  mesad  of  the 
normal  pair. 

Sixth  pair — caudad  and  slightly  mesad  of  the 
preceding,  near  the  costal  margin. 

Seventh  pair — caudad  and  shghtly  mesad  of  the 
preceding,  on  the  upper  part  of  the  abdomen. 

Out  of  166  cases  collected  by  Leichtenstern  and 
Bruce,  there  were  only  4,  2.41  per  cent.,  which  could 
not  be  assigned  to  one  or  another  of  these  positions. 
These  mammae  erraticse  are  supposed  to  be  due  to 
reversion  to  the  ancestral  characters  much  more 
remote  than  those  given  above. 

The  following  table  of  105  cases  recorded  by 
Leichtenstern   snows   the    relative   positions   of   the 
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accessory  mammae.  On  the  anterior  .side  of  the 
thorax,  96  cases  (91  per  cent.  );  in  the  axilla,  5  cases 
(4.7  per  cent.);  on  the  back,  2  cases;  over  the  acro- 
mion, 1  case;  over  the  outer  side  of  the  hip,  1  case. 
Of  those  on  the  anterior  side  of  the  thorax  94  per 
cent,  were  developed  caudad  to  the  normal  pair  and 
in  a  converging  position. 

Supernumerary  mammae  are  repre.sented  often  only 
by  a  nipple,  which  may  or  may  not  be  surrounded  by 
an  areola  (true  polytheUa);  or  the  duct  of  the  gland 
may  open  upon  the  surface  by  one  or  more  openings, 
no  nipple  or  areola  being  present;  or  there  maj'  be  no 
communication  with  the  surface  whatever.  Rarely 
the  extra  gland  is  perfectly  developed  and  functional. 
Rudimentary  breasts  cephalad  to  the  normal  ones 
are  rare — but  12  out  of  166  cases,  or  7.2  per  cent. 
Abdominal  mammae  are  very  rare.  In  polymazia 
the  normal  pectoral  mammae  are  always  present  in 
their  proper  position  and  well  developed.  Of 
Leichtenstern  and  Bruce's  166  cases,  there  was  only 
a  single  extra  structure  in  112,  or  67.4  per  cent. 

Numerous  records  of  supernumerary  mammae  or 
nipples  are  found  in  hterature.  The  condition  is 
much  more  common  than  previously  supposed. 
Bruce  found  in  315  individuals,  of  both  sexes  taken 
indiscriminately,  polymastism  in  7.6  per  cent.;  in 
207  males  9.1  per  cent.,  and  in  104  females  4.8 
per  cent. 

Out  of  2,189  men  recruited  in  the  military  district 
of  Donaueschingen  62  were  found  with  one  super- 
numerary teat  and  4  with  two — that  is,  1  case  in  about 
every  33,  or  a  little  over  3  per  cent.  Besides,  48 
others  were  found  who  showed  discrete  pigmented 
patches  symmetrically  placed  upon  the  line  usually 
occupied  by  supernumerary  mammae  or  nipples. 
These  represented  small  areolae. 

In  the  course  of  physical  examinations  made  on 
2,561  students  at  the  Cornell  University  Gymnasium, 
Hathaway  found  21  cases  or  0.82  per  cent,  in  which 
supernumerary  nipples  occurred.  In  two  of  the  cases 
the  nipples  were  paired.  In  only  two  of  the  cases 
was  the  extra  nipple  cephalad  to  the  normal  nipple. 
Supernumerary  mammK  are  found  more  often  on 
the  left  than  on  the  right  side.  So  also  in  amazia, 
the  right  mamma  is  absent  more  frequently  than  the 
left. 

Anomalies  arising  late  in  the  developmental  proc- 
ess lead  to  two  nipples  on  one  areola  (intraareolar 
polytheha);  or  two  on  one  breast  (intramammary 
polythelia). 

Supernumerary  mammae  or  nipples  are  probably 
found  in  all  races.  They  have  been  noted  by  Owen 
in  the  orang  and  by  various  observers  in  many  ani- 
mals. Supernumerary  mammae  appear  often  to  be 
hereditary.  In  7  out  of  92  of  Leicntenstern's  cases, 
or  7.6  per  cent.,  there  was  a  history  of  such  condition 
in  near  relatives.  The  condition  is  not  usually 
associated  with  other  malformations. 

Although  it  is  generally  believed  that  women  with 
more  than  one  breast  are  no  more  hable  than  other 
women  to  bear  twins,  Teizo  Iwai  from  his  studj'  of 
Japanese  women  believes  that  there  is  probably  a  re- 
lation between  polymastia  and  multiparous  births. 
He  beUeves  also  that  those  who  have  supernumerary 
mammary  glands  have  a  tendency  to  become  more 
frequently  pregnant  and  also  points  to  the  fact  that 
our  progenitors  were  far  more  fertile  than  the  race 
to-day.  In  this  connection  Bresslau  emphasizes  the 
view  of  Bonner  that  supernumerary  nipples  and 
other  mammary  organs  are  remains  of  an  originally 
(primitive)  greater  number  of  mammary  glands, 
which  number  has  been  reduced  in  the  course  of 
development,  and  not  that  they  are  resulting  struc- 
tures of  increasing  fertiUty. 

Size  and  Voltjjie. — The  breast,  which  at  birth 
measures  but  ton  milhmeters  in  diameter,  increases 
but  little  until  after  puberty,  when  it  rapidly  attains 
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a  cliainetor  of  100-130  millimeters  and  a  thickness 
of  50-00  millimeters.  The  greatest  length  is  parallel 
to  the  border  of  the  pectoralis  major. 

Soon  after  impregnation  it  again  increases  in 
volume,  and  although  it  decreases  somewhat  at  the 
fourth  or  fifth  month,  it  becomes  greatly  enlarged 
again  at  the  end  of  gestation.  The  second  or  third 
day  after  delivery  the  milk  begins  to  be  secreted,  and 
now  the  true  functional  activity  of  the  gland  is  first 
established.  The  milk  accumulates  in  the  alveoh 
and  in  the  e.\cretory  ducts.  The  gland  becomes 
harder,  lieavier,  and  more  voluminous.  It  soon 
acquires  a  volume  two  or  three  times  that  of  the 
gland  before  pregnancy. 

After  lactation  it  returns  again  to  its  ordinary  size, 
which  it  retains  until  another  pregnancy  and  another 
period  of  activitj-.  It  is  now  less  smooth,  (irln,  and 
elastic  than  the  virgin  mamma. 

After  the  menopause  the  useless  gland  with  the  rest 
of  the  genitals  becomes  atrophied.  The  glandular  and 
secreting  structures  are  frequently  replaced  by  fat, 
when  but  little  reduction  in  size  occurs.  In  other 
cases  the  fat  does  not  replace  the  gland  tissue  but  the 
entire  gland  is  reduced  to  a  small  fibrous  area  around 
the  nipple  and  immediately  beneath  the  skin.  Thus 
it  returns  at  last  to  a  condition  approaching  the 
infantile. 

The  two  breasts  are  seldom  equal  in  size,  the  left 
usually  being  the  larger,  sometimes  quite  considerably. 
This  is  thought  to  be  due  to  the  fact  that  most  women 
are  right  handed  and  therefore  nourish  the  child  more 
on  the  left  side. 

The  size  of  the  breasts  presents  considerable  eth- 
nological variations.  Huschke  says  that,  as  a  rule, 
they  are  more  voluminous  in  warm  than  in  cold 
countries,  and  in  moist  countries  and  in  valleys  than 
in  dry  countries  and  mountains.  As  regards  races, 
variations  are  considerable,  the  people  of  southern 
Africa  being  remarkable  for  their  large  and  pendent 
breasts. 

In  individuals,  the  size  of  the  breast  offers  consider- 
able variations.  It  appears  that  the  development  is 
independent  of  the  build  and  constitution;  large, 
robust  women  are  frequently  seen  with  very  poorh' 
developed  breasts,  while,  on  the  other  hand,  small 
women  are  seen  with  large,  well-formed  breasts. 


Flo.  1096. — A  Part  of  the  Ventral  Surface  of  the  Corpus  Mammse, 
Showing  the  Branchings  of  Two  Milk  Ducts.     (Henle.) 

The  mammoe  are  formed  of  stroma  containing  fat 
and  the  essential  gland  structure.  It  is  therefore 
clear  that  size  alone  wiU  not  determine  the  activity 
of  the  gland.  A  breast  may  be  formed  of  a  maxi- 
mum amount  of  stroma  and  a  minimum  amount  of 
parenchyma  (fatty  mammae),  or  of  a  maximum 
amount  of  gland  tissue  and  a  minimum  amount  of 
fat  (glandular  mammie).  For  this  reason  large 
breasts  may  furnish  very  considerably  less  milk 
than  much  smaller  ones. 

De  Sin6ty  has  pointed  out  that  city-bred  women 
are  Ukely  to  have  breasts  much  more  poorly  developed 
and  functionally  less  active  than  their  country  sisters. 
This  he  attributes  to  the  social  conditions  in  the  city 


leading  so  often  to  the  wet-nurse  and  bottle,  and  he 
believes  that  this,  carried  through  several  generations, 
has  led  to  an  inherited  characteristic.  Thus  the 
breast  is  following  the  law  of  morphology,  that  those 
organs  which  have  become  functionless  and  useless 
gradually  are  less  and  less  developed  and  finally 
disappear. 

Structure. — The  breasts  are  composed  essen- 
tially of  three  parts:  first,  the  mammae  proper; 
second,  the  covering  skin;  third,  the  surrounding 
fatty    tissue. 

The  mamma?,  like  all  glands,  consist  of  two  parts: 
the  parenchyma,  and  the  stroma.  The  latter  in- 
cludes the  fat,  which  is  embedded  in  it,  also  the 
blood-vessels,  lymphatics,  and  nerves,  which  ramify 
tlirough  it. 

Farenchym.4.. — The  parenchyma  is  divided  into  a 
central  compact  part,  the  body  or  corpus  mammae, 
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Fig.  1097. — Dissection  of  the  Lower  Half  of  the  Female  Mamma 
during  the  Period  of  Lactation.  (Luschka.)  a,  a,  a,  Undissected 
part  of  the  mamma;  1,  the  mammilla;  2,  areola;  3,  subcutaneous 
masses  of  fat:  5,  three  lactiferous  ducts  passing  toward  the  mam- 
milla where  they  open;  6,  one  of  the  sinuses  or  ampullje:  7,  some 
of  the  glandular  lobules  which  have  been  unravelled;  7',  others 
massed  together.     (Quain.) 

surrounded  by  peripheral  processes.  It  is  made  up 
of  lobes  (lobi  mamms)  divided  into  lobules  (lobuli 
mammae).  All  of  the  lobules  of  a  lobe  empty  by 
small  ducts  into  larger  ones.  These  ultimately  lead 
to  one  large  lactiferous  duct,  which  opens  upon  the 
nipple  (Figs.  1096  and  1097). 

When  the  covering  parts  are  removed,  the  gland 
presents  a  flattened  mass  with  an  irregular,  circular 
outline,  thicker  in  the  center  than  at  the  periphery. 
The  ventral  surface  is  convex  but  quite  uneven,  due 
to  the  processes  which  project  toward  the  skin.  The 
tliick  central  portion  mentioned  above  is  the  corpus 
mammce,  and  upon  the  size  and  extent  of  this  the 
external  conformation  of  the  breast  depends.  The 
dorsal  surface,  as  already  noted,  is  flat  or  slightly 
concave  and  much  less  irregular  than  the  ventral 
surface  (Figs.  1098  and  1099). 

The  circumference  is  quite  thick  and  well  defined, 
but  it  is  thicker  caudad  than  cephalad  (Fig.  1098). 
When  a  section  is  made  through  the  gland  at  the 
level  of  the  nipple,  the  cut  surface  of  the  corpus 
mammae  appears  triangular.  The  apex  of  the  tri- 
angle is  at  the  nipple,  and  the  base,  which  represents 
the  dorsal  surface,  rests  against  the  thorax,  from 
which  it  is  separated  by  the  stratum  of  loose  areolar 
tissue. 

Extending  from  this  central  compact  area  of 
glandular  tissue,  the  peripheral  processes  reach  in  all 
directions.  As  already  noted,  tnere  are  three  main 
cusps:  one  extends  cephalad  toward  and  into  the 
axilla;  another  caudad  of  the  axilla;  while  the  third 
reaches  toward  the  sternum.  Besides  these  large 
processes    there    are    numerous    small    ones,    which 
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Fig.  109S. — Vertical  Ventrodorsal  Frozea  Section  of  the  Right 
Breast  of  a  Woman,  Twenty-two  Years  Old.  Ci-On,  First  to 
sixth  ribs;  A,  clavicle:  B,  pectoralis  major;  B',  pectoralis  minor; 
C,  external  oblique;  D,  intercostals ;  E.  pleura;  F,  lungs;  1,  skin 
of  breast;  2,  areola;  3,  nipple;  4,  mammary  gland,  central  part; 
4',  peripheral  part;  5,  milk  ducts;  5',  sinus;  6,  cusps  of  the  mam- 
mary gland;  7,  ligaments  of  Cooper,  continued  to  the  skin;  8,  fat 
lobules;  9,  fatty  retromammary  pad;  10,  intramammary  fat;  11, 
aponeurosis  of  pectoralis  major;  12,  superficial  fascia  forming  sus- 
pensory ligament  of  breast;  13,  layer  of  loose  areolar  tissue  between 
superficial  fascia  and  subjacent  serous  aponeurosis  of  the 
breast;  14,  submammarj'  furrow.     (Testut.) 


radiate  in  all  directions  around  the  circumfer- 
ence. These  form  numerous  branched,  interlac- 
ing processes  enclosing  and  surrounding  masses 
of  fat. 

From  the  ventral  surface  triangular  processes 
project  toward  the  skin  (7,  Figs.  1098  and  1099), 
and  from  the  ape.x  of  the  triangle  the  connec- 
tive tissue  covering  the  gland  is  prolonged  to  the 
dermis.  In  thin  women  the  parenchyma  at  the.se 
points  reaches  almost  to  the  surface. 

From  the  dorsal  surface,  much  more  delicate 
processes  project  into  the  retromammary  tissue, 
even  reaching  through  this  and  extending  into  the 
pectoral  fascia  to  get  between  the  fiber  bundles 
of  the  pectorahs  major  muscle.  These  processes 
are  very  minute  and  are  often  overlooked. 

The  relative  amount  of  parenchyma  to  the 
stroma  varies  in  different  nullipara,  also  even 
in  the  same  breast  one  lobe  or  section  may  have 
numerous  well-developed  lobules,  while  another 
has  few  or  none,  these  remaining  almost  as  at 
pubert}'  mereh'  branching  ducts.  The  paren- 
chyma, on  close  naked-eye  inspection  of  a  cut 
surface  of  fresh  gland,  is  seen  to  be  made  up  of 
closely  packed  sago-Uke  grains. 


DrcTs. — The  ducts  are  also  seen  in  a  cross-section 
running  througli  the  nipple  to  its  summit,  where  they 
open.  ,\rising  from  the  acini  the  minute  ducts  unite 
to  form  larger  canals,  so  that  each  lobtde  gives  rise  to 
a  single  lobular  duct  (Fig.  1097).  These  join  to  form 
larger  and  larger  ducts  until  but  one  duct  leaves  each 
lobe.  This  is  known  as  the  galactophorous  or  ?adi/- 
erous  duct.  These,  fifteen  to  twenty  in  number,  cor- 
responding to  the  lobes  of  the  gland,  gather  at  the 
nipple,  through  which  they  pass,  in  a  vertical  direc- 
tion, to  open  upon  its  summit.  Beneath  the  areola, 
each  duct  presents  an  irregular,  fusiform  swelling 
twelve  to  fifteen  miUimeters  long  and  six  to  eight 
milUmeters  wide,  known  as  the  ampulla  lactiferous 
sinus  (Fig.  1097),  also  as  the  sacculus  or  reservoir. 
Secondary  ampuUie  occur  here  and  there  on  the  ducts. 
In  the  ampulla  and  the  large  ducts,  milk  accumulates 
in  the  intervals  between  nursing.  Ectal  or  superficial 
to  the  sinus,  the  ducts  are  reduced  in  size  and  collected 
into  a  bundle,  the  largest  ones  occupying  the  center. 
Side  b}-  side,  surrounded  by  muscle,  areolar  tissue,  and 
vessels,  and  without  communicating,  they  pass  to  the 
summit  of  the  nipple.  Here  separately  by  minute  ori- 
fices, they  open  into  the  bottom  of  depressions.  The 
orifices,  which  measure  six  miUimeters  are  distinctly 
smaller  than  the  ducts.  In  the  loose  areolar  tissue  under 
the  areola,  the  ducts  and  sinuses  receive  additional 
minute  tributaries  from  the  small  adjacent  lobules. 

The  ducts  are  composed  of  two  coats,  an  external 
and  an  internal.  The  external  coat  is  formed  of  white 
fibrous  tissue  intermixed  with  longitudinal  and  cir- 
cular elastic  fibers.  Smooth  muscle  fibers  have  also 
been  described.  They  are  said  to  be  particularly 
abundant  around  the  ampullae,  where  they  form  an 
imperfect  sheath.  The  inner  coat  is  formed  of  epithe- 
lium resting  on  a  basement  membrane.  The  epithelial 
cells,  constituting  a  single  layer,  are  flat  in  the  lobular 
ducts,  becoming  cubical  in  the  larger  ducts,  and  col- 
umnar in  the  lactiferous  ducts  and  ampullae. 

Lobes  and  Lobules. — Each  of  the  fifteen  to  twenty 
ducts  is  the  outlet  for  a  single  mammary  lobe.  Each 
lobe  is  of  a  reddish  cream  color  and  rather  friable,  and 
is  a  compound  tuboracemose  gland.  .Although  each 
lobe  is  in  contact  on  either  side  with  the  neighboring 
lobes,  there  is  no  known  communication  between  them. 
The  lobes  are  separated,  by  a  considerable  amount 
of  areolar  tissue,  into  a  number  of  subdivisions, 
mammary  lobules,  wliich  in  turn  are  made  up  of  acini 
(Fig.  1097). 

S'  S  -z- 


Fig.  1099. — Horizontal  Frozen  Sec- 
tion of  the  Right  Breast  of  a  Woman 
Twenty-two  Years  Old.  1,  Skin  of 
axillary  border;  1'.  skin  of  sternal 
border;  S,  8',  subareolar  fat  lobules. 
For  further  description  see  Fig.  1098. 


452 


REFERENCE    HANDBOOK    OF   THE    MEDICAL    SCIENCES 


Breast,  Anatomy  of 


Fio.  1100.— Terminal 
Branches  of  a  Milk  Duct 
from  the  Brea-st  of  a 
Young  Woman.  (Bar- 
deleben,  X  56.) 

time  is  the  colostrum. 


Acini. — The  acini  are  small,  spherical,  or  pyri- 
orin  masses,  measuring  on  an  average  0.11?  to  0.15 
iiillimetcr  in  diameter.  An  acinus  consists  of  a 
iiinute  sac  lined  by  a  single  layer  of  small  granular 
epithelial  cells  (Figs,  lino  and  1101 )  resting  on  a  deli- 
;ate  hyaline  luembrana  propria.  This  latter  com- 
jletely  envelops  the  acinus,  and  is  contiinied  for  a 
short  distance  on  the  minute  excretory  duct,  with  which 
,he  acinus  connects.  The  above  is  the  condition  in  a 
jland  which  has  not  yet  become  active,  lirouha  be- 
lieves that  the  gland  acini  is 
lined  by  a  double  layer  of  ei)i- 
thelial  cells  and  that  there  is 
no  nuMubrana  propria  which 
is  only  an  automatic  forma- 
tion. The  inner  layer  of  cells 
monopolizes  the  secretory  ac- 
tivity. 

Up  to  the  time  of  pregnancy 
the  breast  consists,  as  already 
pointed  out,  almost  exclu- 
sively of  stroma  and  excretory 
ilucts,  with  a  relatively  small 
luimber  of  acini.  The.se  with 
the  beginning  of  lactation  en- 
large, and  become  distendcil 
with  a  clear,  slightly  viscid 
yellowish  secretion  (Fig.  1101 1. 
Their  cells  are  flattened  against 
the  membrana  propria,  and 
contain  fat  globules  of  varying 
sizes. 

The  fluid  in  the  acini  at  this 
It  is  produced  for  the  first  two 
to  three  days  after  delivery,  until  the  free  .secretion 
of  milk  is  first  estabhshed.  It  contains  a  lager  per- 
centage of  albumin  and  globulin  and  a  smaller  per- 
centage of  milk  sugar  than  normal  milk. 

Besides  serous  fluid,  colostrum  is  composed  of  fat 
globules  of  varying  size,  similar  to  those  found  in  nor- 
mal milk  but  somewhat  larger  and  having  a  tendency 
to  agglutination;  also  of  granular  cells,  spherical  or  oval 
in  shajjc,  having  a  diameter  of  from  three  to  twenty- 
five  /(  (colostrum  corpuscles).  The  corpuscles  consist 
of  a  mass  of  fat  globules  surrounded  by  protoplasm. 

There  appears  to  be  still  much  controversy  as  to 
the  origin  of  the  colostrum  corpuscles.  Rauber 
considers  them  leucocytes  that  have  wandered  into 
the  alveoli  and  undergone  fatty  degeneration,  Hiz- 
zozero  and  Vassale  believe  that  they  are  leucocytes 
whose  main  function  is  to  absorb  in  the  lumen  every- 
thing which  is  left  unworked,  Czerny  beUeves  that 
they  are  leucocytes  which  are 
gradually  filling  with  fat. 
Others  believe  that  the  cen- 
tral cells  of  the  acini  take  up 
fat  or  degenerate  and  form 
the  colostrum  corpuscles. 

Colostrum  corpuscles  are 
also  supposed  to  be  found  in 
milk  wlien  the  gland  is  not 
secreting  completely  or  when 
its  secretion  has  been  inter- 
fered with. 

When  fuUy  active  the  acini 
secrete  true  milk.     The  pro- 
toplasm  in  the  cells  becomes 
displaced    toward     the     per- 
iphery  bv  the  accvimulation 
of  oil  drops  (Figs.   110-'  and  110-i) 
drops,    at    first   separate,  become  confluent,  forming 
larger  globules  which  occupy  the  greater  part  of  the 
entire  cell. 

There  is  considerable  difference  of  opinion  as  to 
just  how  the  milk  is  secreted.  There  are  five  theories 
of  milk  secretion  which  have  been  held  by  noted 
investigators:  1.  The  necrobiosis  theory,  where  the 
cells  are  spontaneously  worn  out  and  cast  off,  sup- 


FlG.  1101. —  Mammary 
Gland  of  the  Dog.  Trans- 
verse section  of  a  terminal 
vesicle,  showing  an  early 
stage  of  the  formation  of 
fat  globules.   (Heidenhain.) 


The  minute  oil 


ported  by  Vircliow  but  abandoned  in  1871;  2.  the 
pun;  secretion  theory  advocated  by  Kehver,  Sanger, 
.Schmidt,  Hizzozcro  and  \'assale,  Benda,  Unger, 
()tlolcnghi,  and  Bresslau;  3.  the  leucocyte  theory  of 
Haulier,  which  had  no  other  followers;  4.  tiw.  partial 
ncci-obio.sis  theory,  necrobiosis  followed  by  decapi- 
tation of  the  secreting  cells  and  the  formation  of  new 
cells  out  of  their  basement  membrane,  supported 
by  I'artch,  Heidenhain,  Nissen,  l''rominell,  Stein- 
hous,     Duclert,    Limon   and    Bertkan;    5.   the   mixed 

theory,   transi- 
.r=,ii       _  -  ^ .  tory  jiartial  ne- 

crobiosis, then 
pure  .secretion 
propo.sed  by 
Michaelis  and 
su|)])orted  re-, 
c e  n  1 1  y  by 
Brouha.  The 
questions  at 
issue  then  are 
whether  the 
fat  is  formed 
as  a  secretion 
of  the  cell  or 
by  the  degen- 
eration of  its  protoplasm  and  whether  it  is  liberated 
from  the  cell  by  rupture  and  destruction  of  the  entire 
cell  or  only  part  of  the  cell  or  as  a  pure  secretion; 
whether  the  nuclei  found  in  the  milk  are  derived  from 
the  degenerated  epithelial  cells  or  from  the  leucocytes. 
It  is  quite  certain  that  the  milk  sugar  and  protein 
of  the  milk  are  the  products  of  pure  secretion  and  it 
seems  altogether  probable  to  the  writer  that  the 
fat  also  is  produced  in  this  way.  Some  of  the  gland 
cells  are  of  course  worn  out  during  the  course  of  the 
secretory  activity  and  are  cast  off  to  be  replaced  by- 
new  ones.  The  gland  cells  are  thought  by  some  to 
be  replaced  by  karyokinesis  of  the  active  cells  remain- 
ing in  situ;  by  others  to  arise  from  a  deeper  layer  of 
cells;  still  others  believe  they  ari.se  by  amito.sis. 


Fig.  1102. — The  same  Anatomical  Rela- 
tions as  are  shown  in  Fig.  1101.  The  gland, 
however,  is  in  its  highest  stage  of  functional 
activity.      (Heidenhain.) 


/  ' 


- 1)  -. :  ^ 


-^ill%  ^'^.^     #1 


Fig.  1103. — From  a  Cross  Section  of  the  Corpus  Mamm«  of  a 
Woman  who  Died  during  Childbirth,  showing  the  Cubical  Epi- 
thelium of  the  Tubules.      (Bardeleben,  X  116.) 

Within  an  acinus  the  cells  are  cubical,  or  even 
columnar  and  of  very  unequal  .size.  Some  are 
found  large,  distended,  with  fat  projecting  into  the 
lumen,  others  small,  consisting  merely  of  a  nucleus 
and  so  little  fat  that  it  is  obscured  by  the  protoplasm. 
Between  these  are  all  grades. 

During  lactation  the  acini  have  a  comparatively 
wide  lumen,  the  epithelial  layer  forming  but  a  thin 
lining   to   the   irregular   tubular  or  spherical   spaces. 

.At  all  times  there  are  numbers  of  mast  cells  in  the 
connective   tissue   surrounding   the   lobules.      During 
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lactation  these  are  immensely  increased.  They  have 
been  supposed  to  have  some  connection  with  the  secre- 
tion of  the  milk,  but  their  exact  function  is  not  yet 
known. 

The  milk  which  distends  the  acini  during  full  func- 
tional activity  consists  of  fat  droplets  which  were 
present  in  the  cells,  floating  in  a  clear  albuminous 
fluid  (milk  plasma).  The  minute  milk  globules  vary, 
are  from  2  to  5  ^i  in  diameter  and  occasionally  larger. 
They  do  not  coalesce  because  they  are  probably, 
though  this  is  disputed  by  some,  surrounded  by  a 
delicate  sheath  of  casein,  Acherson's  membrane. 

During  pregnancy  and  lactation,  the  increase  in  the 
size  of  the  gland  is  due  largely  to  increase  of  the  paren- 
chyma. This  consists  of  an  increase  in  the  size  and 
number  of  the  lobules.  Finally  they  increase  so  much 
that  they  touch  and  cause  a  disappearance  of  fat 
between  them.  At  this  time  on  section  the  naked-eye 
appearance  closely  resembles  that  of  a  salivary  gland. 


00 


Fig.  1104. — Transection  of  a  Tubule  of  the  Corpus  Mammae. 
Ep,  Glandular  epithelium:  in  the  lumen  are  milk  globules,  Mi, 
and  colostrum  corpuscles.  Col.      (Bardeleben,  X  400.) 

Moreover,  at  this  time  the  superficial  fat  becomes  ab- 
sorbed, and  the  vessels  become  dilated  and  their  walls 
thickened.  The  breast,  due  to  the  rapidly  growing 
acini,  presents  to  the  hand  an  uneven  feeling.  The 
acini  increase  first  on  the  peripheral  processes,  thence 
alon.g  the  larger  ducts  toward  the  center  of  the  corpus 
mammae.  While  some  parts  of  the  glantl  are  at  the 
height  of  their  activity  others  are  in  a  resting  condition 
and  later  these  probably  become  quiescent  while  the 
others  are  active. 

Practically  nothing  is  as  yet  known  in  regard  to 
what  stimulates  the  mammar\'  gland  to  develop 
at  puberty.  We  have  also  almost  no  knowledge  of 
the  agency  by  which  the  gland  is  stimulated  to  growth 
at  conception  and  in  late  pregnancy  to  produce 
scanty  colostrum.  After  delivery  there  is  appar- 
ently still  another  stimulus  which  causes  the  gland 
to  secrete  colostrum  quite  freely  for  a  few  days 
and  then  the  true  milk.  It  is  almost  certain  that 
the  uterus  and  the  ovaries  have  some  influence  on 
the  development  of  the  glands  and  on  the  secretion 
of  milk.  Whether  the  uterus  and  ovaries  act  upon 
the  mammary  gland  through  their  eflfect  upon  the 
specific  secretory  nerves  of  the  gland  or  by  their 
effect  upon  the  vasomotor  nerves  of  the  blood-vessels 
supplying  the  glands  or  through  an  internal  secre- 
tion acting  through  the  vascular  svstem  is  not  cer- 
tainly known.  There  is  most  likely  a  direct  action 
of  the  central  nervous  system  upon  the  secretion 
and  it  is  altogether  probable  that  both  the  other 
influences   are    more    or  less   active   in   causing   the 
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development  and  secretion  of  the  mammary  glands. 
The  experiments  of  Lane-Cla}'pon  and  Starling  seem 
to  prove  that  there  is  produced  in  the  body  of  the 
fetus  a  substance,  in  the  nature  of  a  harmone,  which 
causes  the  mammary  gland  to  develop  but  inhibits 
its  secretory  activity.  They  injected  into  a  virgin 
rabbit  extracts  of  fetuses  and  caused  a  development 
of  mammary  glands  very  like  those  normally  devel- 
oped after  pregnancy.  Extracts  of  uterus,  ovary  and 
placenta  had  no  such  effect. 

The  secretion  when  formed  distends  the  acini  and 
smaller  ducts  and  finally  the  lactiferous  ducts  and 
sinuses.  When  these  are  distended  the  secretion 
ceases.  When  the  tension  is  relieved  by  emptying 
the  ducts  whether  by  the  suckling  young  or  by  some 
other  means,  the  secretion  is  reestabUshed.  Whether 
the  secretion  is  inhibited  by  direct  pressure  on  the 
cells  or  refle.xly  is  not  known. 

After  lactation  the  breast  returns  to  a  resting  stage. 
The  parenchyma  undergoes  revolution,  and  fat  is 
developed  in  the  stroma.  The  acini  are  reduced  to 
narrow  tubules,  many  becoming  atrophied.  The 
gland  does  not  regain  its  virgin  appearance;  therefore 
it  is  easy  to  tell  an  involuted  multiparous  from  a 
nulliparous  breast  since  the  corpus  mammae  is  loose, 
irregularly  broken  up,  and  less  distinct,  and  the  per- 
ipheral processes  are  larger,  with  a  more  extensive  dis- 
tribution. It  is  therefore  not  difficult  to  separate  the 
corpus  mamrace  from  them.  The  stroma  is  loose,  and 
contains  numerous  fat  lobules.  The  whole  is  less 
smooth,  firm,  and  elastic;  therefore  it  tends  to  be 
pendulous,  and  a  sulcus  is  formed  where  it  overhangs 
its  attachment  to  the  thorax.  At  each  succeeding 
pregnancy  there  is  a  new  period  of  activity  which  is 
followed  by  involution. 

With  the  end  of  the  sexual  activity  a  gradual  per- 
manent atrophy  of  the  secreting  portion  of  the  gland 
begins.  This  is  produced,  according  to  Stiles,  by  a 
fatty  degeneration  of  the  epithelium  followed  by  its 
absorption.  The  terminal  alveoli  shrink  and  disap- 
pear as  well  as  the  smaller  ducts.  The  atrophy  is  more 
or  less  complete  in  different  individuals  and  may 
leave  only  the  ducts.  In  thin  women,  the  corpus 
mammie  is  represented,  after  the  menopause,  by  a 
flattened  disc  closel}'  related  to  the  skin,  and  also  to 
the  underlying  pectoral  muscle.  The  peripheral  proc- 
esses can  scarcely  be  separated  from  the  body,  and 
are  reduced  to  mere  irregular  threads.  In  fat  women 
after  the  menopause  the  breast  remains  of  a  large 
size,  but  is  composed  almost  entirely  of  fat.  A  few 
ducts,  here  and  there,  form  a  wide  meshwork  except 
in  the  neighborhood  of  the  nipple,  where  there  is  a 
flattened  disc  of  gland  tissue. 

Stroma. — Both  body  and  processes  are  completely 
covered  by  a  delicate  connective  tissue.  Those  parts 
of  this  which  cover  the  scattered  branched  parts  of  the 
gland  are  continuous  with  the  surrounding  subcutane- 
ous tissue.  It  is  too  delicate  to  be  deserving  of  a 
separate  name,  but  has  nevertheless  been  called  by 
some  the  fibrous  capsule  of  the  mammre.  The  stroma 
proper  is  tough  and  compact,  but  soft  and  yielding. 
It  is  white  in  color  and  is  composed  of  coarse,  wavy 
fibers.  In  the  nullipara,  there  is  only  here  and  there 
an  isolated  fat  lobule;  consequently  the  fibers  are 
closely  arranged.  In  the  multipara,  much  more  fat 
is  found  in  the  stroma.  Toward  the  periphery  more 
fat  lobules  are  seen,  and  the  stroma  of  the  peripheral 
processes  becomes  direeth'  continuous  with  the  con- 
nective-tissue framework  of  the  fat  lobules. 

As  stated  above,  from  the  apex  of  the  processes  on 
the  ventral  surface  of  the  gland,  the  stroma  is  con- 
tinued to  the  corium.  These  prolongations  have  re- 
ceived the  name  retinncida  cutis,  hgaments  of  Cooper 
(7,  Figs.  1098  and  1099). 

Between  the  ventral  processes  of  the  gland,  and 
therefore  surrounded  by  the  hgaments  of  Cooper,  are 
supramammary  accumulations  of  fat  (adipose  fossae). 
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On  the  dorsal  surface  of  the  gland  arc  other  fat  spaces 
(retromammary  fat)  (9,  Figs.  1098  and  1099).  This 
is  separated  from  the  pectoral  fascia  l)y  loose  con- 
nective tissue,  and  in  it  one  or  more  large  lymph  spaces 
are  found,  the  retromamniary  or  submammary  bursv-c. 
The  subcutaneous  fat  and  that  between  the  lobules 
give  the  smoothness  to  the  surface  of  the  gland,  and 
when  it  is  absorbed,  as  during  lactation  or  in  emacia- 
tion, the  lobules  of  the  gland  stand  out  much  more 
distinctly. 

Under  the  nipple  and  areola,  the  stroma  contains  no 
fat.  Its  fibers  are  here  very  loosely  arranged,  and 
allow  free  mobility  of  the  nipple.  It  is  tliis  also 
which  allows  the  distention  of  the  ducts  and  sinuses 
during  lactation. 

The  Skin. — The  skin  covering  the  ventral  surface  of 
the  breast,  except  at  its  center,  does  not  differ  from 
that  of  the  adjacent  thorax.  It  is  thin,  flexible,  and 
verv  adherent  to  the  subjacent  fatty  tissue  and  covered 
with  minute  hairs  and  contains  rudimentary  seba- 
ceous glands.  Following  pregnancy  the  skin  is  some- 
times marked  with  bluish  or  whitish  strise  similar  to 
those  of  the  abdomen. 

Mammary  Areola. — Near  the  center  of  the  skin 
covering  the  breast  is  the  areola  surmounted  by  the 
nipple.  The  skin  of  the  areoia  is  thinner  and  more 
delicate  than  that  surrounding  it  (Fig.  1105,  A). 
It  is  pigmented  and  marked  by  numerous  well- 
developed  sebaceous  glands.  Its  deep  surface  is 
devoid  of  fat,  but  contains  numerous  unstriped 
muscle  fibers.  The  areola  measures  fifteen  to  sixty 
millimeters  in  diameter.     Its  color  in  nuUipane  is  a 
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Fig. 
Nipple 


1105. — The  Nipple  and  its  .\reola.     .\.  la  a  non-pregnant ;     B,  In  a  pregnant  woman.     1, 
;  2,  areola:  3.  tubercle  of  Montgomerj-;  4,  sulcus  at  the  base  of  the  nipple;  5,  skin  of  breast: 


3'.  secondary  areola:  fi.  \enou5  circle  of  Haller. 

rosy  pink,  whose  shade  differs  with  the  complexion 
of  the  individual. 

In  the  second  month  of  pregnancy  the  areola  begins 
to  enlarge  and  darken.  This  increases  as  pregnancy 
advances  and  serves  as  one  of  the  signs  of  gestation. 
.\fter  lactation  the  color  fades,  but  seldom  entirely 
disappears.  In  dark  brunettes,  during  pregnancy, 
the  pigmentation  becomes  very  dark,  almost  black, 
and  following  lactation  considerable  pigment  remains. 
In  light  blondes,  on  the  other  hand,  the  darkening 
of  the  areola  is  very  slight  and  may  subsequently 
almost  entirely  disappear.  In  the  fifth  or  sixth  month 
of  pregnancy  there  is  sometimes  seen  around  the 
areola  an  irregular  slightly  pigmented  ring,  the 
secondary  areola  (Fig.  1105,  B). 

The  ventral  surface  of  the  areola  is  roughened  by 


numerous  slight  elevations.  These  are  caused  by 
well-developed  sebaceous  glands,  areolar  glands. 
At  the  center  of  each  a  minute  lanugo  hair  marks  its 
opening.  During  pregnancv  these  glands  enlarge 
markedly,  forming  hemispherical  elevations  from 
two  to  five  millimeters  in  diameter.  They  are  now 
known  as  the  tubercles  of  Montgomery  (Fig.  1105). 
They  are  particularly  numerous  and  well  marked 
in  the  secondary  areola  (Fig.  1105,  B).  Toward  the 
end  of  gestation  they  become  very  active,  their 
peculiar  fatty  secretion  keeping  the  areola  moist 
and  serving  to  protect  it  during  suckling. 

The  sudoriferous  glands  of  the  areola  are  remark- 
able for  their  large  size  and  degree  of  convolution. 
The  areola  is  not  unusually  covered  with  a  quantity 
of  well-developed  hair,  especially  in  women  who 
have  a  tendency  to  the  development  of  hair  upon  the 
face. 

Besides  the  above  there  are  from  five  to  fifteen 
accessory  milk  glands  below  the  areola.  They  vary 
considerably  in  size,  and  open  on  the  summit  of  the 
nipple.  The  areolar  muscle  proper  is  thickest  beneath 
the  nipple  and  fades  toward  the  circumference  of 
the  areola  (Fig.  1098).  It  is  composed  mostly  of 
circular  fibers  among  which  are  mixed  certain  radially 
disposed  bundles.  All  are  attached  to  the  skin, 
making  it  therefore  a  skin  muscle  analogous  to  the 
dartos.  After  full  development  has  passed  the  areola 
begins  to  form  into  folds  and  loses  its  circular  form. 

Mammary  Papilla. — The  nipple  is  situated  a  little 
meso-caudad  of  the  center  of  the  breast  on  a  level 
with  the  fourth  rib  or  over  the  fourth  intercostal 
space  and  about  twelve  cen- 
timeters from  the  mid-line 
(Figs.  1098  and  1099).  De- 
veloped from  the  gland  area, 
in  the  third  year  it  projects 
from  the  surface,  and  soon 
becomes  conical  or  cylindri- 
cal. It  attains  its  full  size 
shortly  after  puberty.  In 
some  cases  it  is  hemispher- 
ical, flattened,  or  discoidal, 
or  with  ape.x  larger  than 
base,  pedunculated.  It  is 
about  ten  to  twelve  milli- 
meters long,  with  a  diameter 
at  the  base  of  nine  to  fifteen 
miUimeters,  and  points  ven- 
trad  and  slightly  latero- 
cephalad.  Its  tip  is  rounded 
and  marked  by  fifteen  to 
twenty  minute  depressions, 
milk  pores,  into  which  the 
lactiferous  ducts  open. 
These  form  the  cribriform 
area.  In  some  cases  the 
nipple  is  retracted  into  a 
depression  and  projects  only 
on  response  to  stimuli.  The 
skin  of  the  nipple  (Fig. 
1105,  1),  thin  and  pigmented  hke  the  areola,  is  re- 
markable for  the  number  and  size  of  its  papillae.  It 
possesses  neither  hair  foUicles  nor  sweat  glands,  but 
near  the  base  are  a  number  of  sebaceous  glands. 

The  muscle  fibers  of  the  areola  are  continued  up 
into  the  nipple,  being  separated  from  the  skin  below 
only  by  the  sebaceous  glands.  They  form  a  layer 
composed  almost  exclusively  of  circular  fibers. 
From  the  inner  side  of  this  layer  numerous  muscle 
bundles  are  given  ofiF.  These  cross  and  recross  and 
form  a  sort  of  trellis  around  the  lactiferous  ducts. 
Under  the  influence  of  cold,  emotion,  or  touch  these 
contract,  causing  circular  folds  in  the  skin  of  the 
areola,  and  causing  the  nipple  to  become  firmer  and 
more  projecting.  Besides  causing  this  erection  of 
the  nipple,  the  rhythmical  contraction  of  the  fibers 
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tends  to  force  the  milk  from  the  distended  milk  ducts 
and  sinuses  into  the  area  cribrosa.  If  the  fibers  con- 
tract spasmodically,  they  act  as  a  sphincter  and 
retain  the  milk.  Another  set  of  fibers  take  their 
origin  from  the  deep  connective  tissue  below  the 
nipple  and  end  upon  the  under  surface  of  its  skin. 
They  pass  in  variously-sized  bundles  through  the 
connective  tissue  which  surrounds  the  milk  ducts. 
Contraction  of  these  fibers  causes  the  nipple  to 
retract. 

During  pregnancy  the  nipple  becomes  larger,  more 
readily  erectile,  and  more  sensitive.  Suppression 
and  multiplication  of  the  areola  and  rupple  were  con- 
sidered with  suppression  and  multiplication  of  the 
gland  proper. 

Arteries. — The  arteries  which  supply  the  breast 
are  derived  from  three  sources:  from  the  internal 
mammary,  from  the  lateral  thoracic  (long  thoracic), 
and  from  the  intercostal  artery.  The  internal  mam- 
mary, a  branch  of  the  subclavian,  is  the  principal 
artery  of  the  breast.  It  gives  oS  two  or  three  branches 
(rami  perforantes),  which  pierce  the  chest  wall  and 
then  pass  to  the  cephalo-mesal  edge  of  the  gland, 
where  they  break  into  branches  for  both  of  its  sur- 
faces. The  lateral  thoracic,  a  branch  of  the  axiUary, 
gives  two  or  three  branches  (e.^cternal  mammary 
rami)  to  the  e.xternal  portion  of  the  breast.  Besides 
the  above,  twigs  from  the  pectoral  rami  of  the  acro- 
mial thoracic  artery  pierce  the  major  pectoral  and 
supply  the  cephahc  segment  of  the  breast.  Lasth', 
the  intercostal  furnishes  several  small,  short  branches 
to  the  caudal  segment  and  posterior  surface.  The 
above  vessels,  taking  a  sinuous  course,  break  up  into 
numerous  branches  which  anastomose  freely  and 
ramify  in  the  fascia  surrounding  the  gland.  From 
the  wide-meshed,  irregular  network  of  the  ventral 
surface  two  sets  of  branches  are  given  off:  one  very 
small  to  the  skin,  the  other  much  larger  to  the  gland 
proper.  These  latter,  situated  in  the  stroma,  di- 
vide and  subdivide  on  the  connective-tissue  frame- 
work. The3-  finally  form  a  close  capillary  network 
which  surrounds  the  acini.  The  arterioles  of  the 
nipple  do  not  form  cavernous  sinuses,  and  its  erection 
is  due  entirely  to  the  muscular  tissue.  The  capillary 
network  in  each  lobule  forms  a  closed  whole  and  com- 
municates with  that  of  the  neighboring  lobules  onh- 
through  small  arteries  and  veins. 

Veins. — From  the  arterial  capillary  plexus  aroimd 
the  acini  a  venous  plexus  arises.  This  proceeds  to- 
ward the  ventral  surface  of  the  gland  and  forms  be- 
neath the  skin  a  large-meshed  plexus.  During  the 
period  of  lactation  these  vessels  are  seen  through  the 
skin  as  blue  hues.  Around  the  nipple,  these  sub- 
cutaneous veins  form  a  more  or  less  complete  ring, 
the  venous  circle  of  Haller  (Fig.  llOo,  B). 

The  superficial  network  communicates  freely  with 
the  superficial  veins  of  the  neck  above,  with  those  of 
the  abdomen  below,  and  with  the  thoraco-epigastric 
vein  laterally.  These  carry  the  blood  into  the  sub- 
clavian, the  intercostal,  the  internal  mammary,  and 
the  axillary  by  branches  which  parallel  the  arteries. 

Lymphatics. — The  following  description  of  the 
lymphatics  is  in  the  main  that  given  by  Stiles,  and 
differs  somewhat  from  that  of  other  authors.  Tiiere 
are  five  sets  of  lymphatic  vessels:  (1)  superficial  or 
cutaneous,  including  those  of  the  nipple,  areola,  and 
surrounding  skin;  (2)  subareolar  plexus  (Sappey): 
(3)  intramammary;  (4)  those  of  the  circummammary 
fat;  (5)  retromammary. 

The  cutaneous  lymphatics  are  similar  to  the  cuta- 
neous lymph  vessels  elsewhere.  It  is  to  be  noted 
that  those  of  one  side  of  the  body  communicate  with 
those  of  the  other;  thus  explaining  the  occurrence  of 
a.xillary  infection  on  one  .side  from  a  tumor  of  the 
opposite.  Upon  the  skin  of  the  nipple  and  areola 
the  network  formed  by  these  vessels  is  very  close, 
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being     particularly     rich     upon     the     nipple.     They 
open  mainly  into  the  subareolar  group. 

The  subareolar  lymphatics  consist  of  very  large 
ves.sels,  forming  a  wide-meshed  network  running 
horizontally  in  the  loose  areolar  tissue  around  the 
lacteal  sinuses.  As  noted  above,  the  cutaneous  ves- 
sels open  into  this  plexus,  as  do  also  many  of  the  in- 
tramammary vessels.  It  thus  serves  as  a  means  of 
communication  between  the  two.  From  the  sub- 
areolar plexus  of  lymphatics  Sappey  states  that  there 
are  two  and  sometimes  three  large  trunks  which 
open  into  the  axillary  lymph  nodes. 

The  intermammary  lymphatics  begin  as  a  plexus 
of  small  channels  consisting  of  a  single  layer  of  endo- 
thelium supported  b^-  stroma.  Each  mesh  of  the  net- 
work surrounds  one  or  more  of  the  ultimate  lobules 
of  the  gland,  and  receives  its  lymph  from  the  in- 
teracinous  spaces.  From  this  layer  vessels  parallel 
to  the  milk  ducts  proceed  to  the  subareolar  ple.xus 
into  which  they  empty.  Waldeyer  describes  lymph 
spaces  all  around  the  gland  acini. 

These  periductal  as  well  as  the  perilobular  lym- 
phatics anastomose  with  others  which  are  closely  re- 
lated to  the  blood-vessels.  The  larger  blood-vessels 
are  accompanied  by  two  or  more  lymphatics  which 
occupy  their  sheaths.  The  smaUor  vessels  are  usu- 
ally accompanied  by  onlj''  one  lymph  channel,  which 
is  larger  than  the  vessel  and  more  or  less  completely 
surrounds  it. 

The  circummammary  set  receives  branches  from 
the  skin  and  the  ventral  surface  and  circumference 
of  the  breast.  It  is  merely  a  part  of  the  general 
lymphatic  system  of  the  ventral  chest  wall.  From  this 
set  larger  lymph  vessels  proceed  between  the  layers 
of  the  deep  fascia.  They  soon  pierce  the  deep  layer 
of  this  fascia  and  proceed,  as  large  muscular-walled 
lymph  vessels,  to  the  lymph  glands. 

The  retromammary  lymphatics  include  those  of  the 
pectoral  fascia.  They  receive  branches  from  the 
posterior  surface  of  the  gland.  Either  directly  or  in- 
directly some  of  the  lymph  from  all  other  sets  passes 
into  these  lymphatics  of  the  deep  fascia  which  accom- 
pany the  mammary  blood-vessels  and  thus  reach  the 
lymph  nodes. 

Tlie  lymphatics  of  the  medial  part  of  the  gland 
accompany  the  branches  of  the  internal  mammary 
artery  through  the  chest  wall  and  empty  into  the  ster- 
nal lymph  nodes  situated  along  this  artery.  .\  great 
many  accompany  the  branches  of  the  axillary  artery 
to  empty  into  the  axiUary  Ij'mph  nodes.  The  retro- 
mammary lymphatics  of  the  two  breasts  communicate. 

During"  the  activity  of  the  breast  the  lymphatics  are 
filled  and  the  lymph  nodes  are  red,  solid,  and  composed 
almost  entirely  of  lymphoid  tissue.  During  inactivity 
the  lymph  vessels  are  but  slightly  filled  and  the  nodes 
appear  to  take  on  a  fatty  change.  This  is  particularly 
marked  in  senility. 

Nerves. — The  nerves  of  the  breast,  e.xcluding  those 
derived  from  the  sympathetic,  which  enter  the  gland 
with  the  arteries,  are  derived  from  three  sources:  first, 
from  the  second,  third,  fourth,  fifth,  and  sixth  inter- 
costals;  second,  from  the  cervical  plexus;  tliird,  from 
branches  of  the  brachial  plexus.  The  intercostals 
supplj'  the  breast  by  twigs  from  their  anterior  and 
lateral  cutaneous  branches.  The  third  and  fourth 
cervical  nerves  of  the  cervical  ple.xus  give  off  the  su- 
prasternal, supraclavicular,  and  supraacromial.  Twigs 
from  the  middle  of  these  groups,  the  supraclavicular, 
supply  the  upper  part  of  the  breast.  From  the  inner 
and  outer  cords  of  the  brachial  plexus  the  medial  (in- 
ternal) and  lateral  (e-xternal)  anterior  thoracic  nerves 
take  origin  and  pass  forward  to  supply  the  pectoralis 
major  and  minor  muscles.  Twigs  from  these  nerves 
pierce  these  muscles  to  supply  the  breast  on  its  deep 
surface.  The.se  nerves  receive  their  fibers  from  the 
anterior  primary  divisions  of  the  fifth,  sixth,  seventh, 
and  eighth  cervical  and  first  thoracic  nerves.     They 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Breast,  Anatomy  of 


proceed  to  the  gland  proper,  to  tlio  .skin,  to  tlie 
muscle  fibers  below  the  areola  as  well  as  to  the  blood- 
vessels. The  nerves  of  the  nianmiary  gland  resemble 
those  of  the  pancreas  and  .'■alivary  glamis  in  that  they 
form  in  the  rnenihrana  propia  a  network  from  which 
fine  fiber.s  extend  to  come  in  contact  with  the  glandnlar 
epithelium.  Tho.se  fillers  form  no  net  or  plexus  but 
snort  graindar  endings  <if  different  conligurations 
and  dimensions.  Krau.se  and  i^anger  report  lintling 
Pacinian  corpuscles,  never  in  the  connective  tissue  but 
in  the  base  of  the  gland,  sparingly  also  in  the  nipnle. 
The  nerves  may  end  in  tactile  corpuscles  in  the  papilhe. 
Brunn  in  examining  two  constant  nerves  in  white  rats 
has  found  that  in  rats  that  are  neither  pregnant  or 
nursing  the  niunber  of  nerve  fibers  ranges  from  .307  to 
491.  In  mu'sing  rats  the  number  of  fibers  varied 
from  5()'.t  to  Oti!)  and  in  pregnant  ones  from  .191  to  (i.")."). 
Thus  there  is  an  increase  of  forty-two  per  cent,  in  the 
number  of  fibers  in  the  nerves  in  question  between  the 
inactive  and  active  stages.  It  is  not  known  if  there  is 
a  like  increase  in  the  nerves  of  the  human  mammiB. 

Stinnuation  of  the  mammary  nerves  cau.ses  an  erec- 
tion of  the  nipple,  dilatation  of  the  vessels,  and  secre- 
tion of  milk,  .\fter  section  of  the  cerebrospinal  nerves 
erection  of  the  nipple  does  not  occur,  but  the  secretion 
of  milk  is  not  interfered  with.  It  seems  probable 
that  there  are  special  nerves,  aside  from  tho.se  of  the 
blood-vessels,  governing  secretion;  but  this  has  not 
been  proved.  Emotional  disturbances  (anger,  fear, 
and  so  forth)  arrest  secretion. 

From  .500  to  1,500  c.c.  of  milk  is  daily  .secreted. 
To  remo\'e  this  from  the  gland  there  is  not  only  the 
mechanical  action  of  sucking,  but  also  the  activity  of 
the  gland  it.self.  This  latter  consists  in  the  contrac- 
tion of  tlie  muscle  fibers  beneath  the  areola.  By  these 
the  nipple  is  erected  and  by  their  rhythmical  contrac- 
tion tne  milk  ducts  and  sinuses  are  emptied.  The 
sucking  not  only  stimulates  the  muscles  to  act,  but 
also  excites  the  sensory  nerves  of  the  nipple,  thus 
causing  a  reflex  stimulation  of  the  gland  acini  and  an 
increase  of  the  secretion.  During  activity  the  vessels 
of  the  gland  are  dilated.  The  amount  of  the  secretion 
appears  to  be  influenced  by  blood  pressure.  Frequent 
and  rapid  emptying  of  the  gland  causes  a  greater  flow, 
possibly  through  secretion  pressure  within  the  cells. 
The  oftener  the  breasts  are  emptied  the  richer  the  milk 
becomes  in  casein.  The  last  milk  obtained  at  any 
time  is  always  richer  in  fat,  as  it  comes  from  the  acini. 

Human  milk  is  always  alkaline.  Cow's  milk  may 
be  alkaline,  acid,  or  neutral.  The  milk  of  carnivora 
is  always  shghtly  acid.  Various  substances,  when 
eaten  by  the  mother,  are  secreted  in  the  milk.  .Such 
are  anise,  vermouth,  garlic,  etc.;  chloral,  rhubarb, 
opium,  iodine,  merciuy,  lead,  etc.  Some  substances, 
such  as  atropine,  arrest  the  secretion  of  milk. 

Milk  contains  large  amounts  of  casein,  lactose,  and 
fat,  also  certain  inorganic  constituents.  Neither  the 
casein  nor  the  lactose  occurs  in  the  blood,  and  fat  is 
found  only  in  small  amounts.  The  inorganic  salts  in 
the  milk  are  in  different  proportions  from  those  found 
in  the  blood.  Food  rich  in  proteids  increases  the 
amount  of  milk,  but  the  relative  amount  of  fat  is 
increased  more  than  the  other  constituents.  With  a 
pure  flesh  diet,  the  milk  contains  a  very  large  amount 
of  fat.  Fat  added  to  the  food,  if  not  accompanied  by 
an  addition  of  proteid  material,  rather  diminishes  than 
increases  the  amount  of  fat  in  the  milk.  It  appears, 
therefore,  that  the  fat  in  the  milk  is  not  obtained  from 
the  fat  taken  with  the  food,  l)ut  is  the  result  of  the  de- 
composition of  the  proteid.  Increasing  the  carbo- 
hydrates of  tlie  food  does  not  increa.se  the  amount  of 
sugar  in  the  milk.  The  greater  part  of  the  sugar  is 
therefore  also  derived  from  the  proteids;  so  too  is  the 
casein.  Both  the  milk  sugar  and  the  ca.sein  are  prob- 
ably formed  by  the  action  of  ferments  which  remain 
in  the  cells  and  do  not  pass  into  the  milk.  It  is  clear 
that  milk  is  a  chemical  product,  and  that  it  is  due  to 
the  activity  of  the  cells  in  the  mammary  gland.     Con- 


cerning the  specific  chemical  .source  of  the  constituent.s, 
nothing  is  known  with  certainty.  The  relative  pro- 
portion of  the  various  constituents  of  the  milk  varies 
in  the  different  months  after  delivery.  The  ca\i.se  of 
tliis  variation  is  not  known,  but  by  it  tho.s('  sub- 
stances best  suited  to  the  chilil  during  its  different 
(icriods  of  growth  seem  to  be  supplied. 

Abra.m  T.  Kerr. 
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Breast,  Diseases  of  the. — The  mammary  glands  are 
not  only  among  the  distinctive  anatomical  features  of 
the  human  species,  but  they  alike  serve  to  designate 
and  to  group  together  into  a  separate  division  the 
higher  orders  of  the  animal  kingdom  thus  endowed, 
that  is,  the  mammalian  class  of  vertebrates. 

In  the  human  being  the  breasts  constitute  two 
hemispherical  bodies  resting  on  the  anterior  aspect 
of  the  thorax,  on  either  side  of  the  sternum,  and  are 
present  in  both  sexes,  although  in  the  female  they 
secrete  the  milk  for  the  su.stenance  of  the  infant. 
The  female  breast,  moreover,  becomes  large  and 
prominent  and  is  subject  to  a  series  of  characteristic 
evolutionary  changes;  whOe  the  male  breast  retains 
its  embryonic  type  until  near  middle  life,  when  it 
undergoes  retrogression  and  atrophy. 

Development. — It  can  be  safely  assumed  that  the 
mammary  glands  originate  in  a  group  of  finely  special- 
ized sudoriparous  glands.  There  is  no  difference  of 
opinion  among  embr3'ologists  as  to  their  develop- 
ment from  the  glands  of  the  epiderm,  but  the  point  of 
contention  is,  whether  these  glands  are  of  a  sebaceous 
or  sudoriparous  type.  But  the  e%'idence  is  so  strongly 
in  favor  of  the  latter,  that  it  seems  now  to  be  the 
generally  accepted  view  that  the  highly  organized 
milk  gland  is  the  evolved  product  of  the  sweat  gland. 

In  very  early  embryonic  life  in  the  pig  and  other 
animals,  Schultze  found,  extending  from  the  foreleg 
to  the  inguinal  fold  on  either  side,  a  light  streak,  along 
which  the  mammary  glands  later  developed,  to  which 
was  applied  the  name  of  mammary  streak.  This 
was  found  in  the  human  embryo  by  HirscUand  and 
Strahl,  and  results  from  the  cells  of  the  ectoderm 
penetrating  deeper  and  becoming  more  cubical. 
In  this  streak  or  line  the  epithelihm  midtiplies  more 
rapidly  at  points  corresponding  to  the  future  glands, 
thus  forming  the  mammary  hillocks  (Bonnet). 
About  the  end  of  the  second  month  of  fetal  life, 
these  small  tubercle-like  thickenings  of  the  epi- 
dermal layer  gradually  increa.se.  This  change, 
as  Minot  states,  is  very  slight  at  first,  and  begins 
where  the  epidermis  is  composed  of  an  inner  and 
an  outer  layer,  but  is  exclusively  confined  to  the 
inner  or  germinal  layer.  Somewhat  later  this  mass 
of  cells  assumes  a  flask-like  shape — a  rounded  form 
with  a  .slight  projection,  the  intended  nipple — which 
pushes  downward  as  an  ingrowth  into  the  derma. 
This  ingrowth  increases  in  size,  its  central  cells  grad- 
ually harden  or  cornify  and  drop  out,  leaving  the 
ingrowth  excavated.  This  excavation  or  hollow  pro- 
gre.s.ses  very  slowly,  and  occasionally  is  not  completed 
until  just  after  birth  or  even  later.  Shortly  follow- 
ing the  commencement  of  this  hollowing  out,  the 
ingrowth  sends  out  buds  that  resemble  in  appearance 
and  development  genuine  sweat  glands,  wnich  view 
both  Minot  and  Gegenhauer  maintain.  Coincident 
with  this  e.xcavating  process  a  depression  is  formed 
at  the  point  corresponding  to  the  future  nipple,  and 
which  is  later  filled  out  by  the  formation  of  the  nipple. 
This  depression  sometimes  remains  uneffaced  to  a 
greater  or  lesser  degree,  resulting  in  a  deformed  or 
depressed  nipple.  The  mammary  gland  is  evolved 
by  a  budding  from  the  deeper  portions  of  the  original 
mass  of  epiderm.  The  branching  of  the  buds  miich 
form  the  glandular  tissue  commences  about  the 
seventh  month;  the  first  appearance  of  the  lumen  of 
the  glands  is  at  the  lower  ends,  which  become  in- 
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creased  in  size  and  clubbed,  and  extends  toward  the 
mouth  of  the  gland.  At  an  early  date  can  be  seen, 
surrounding  and  supporting  these  glandular  elements, 
a  stroma  of  fibrillated  connective  tissue,  within 
which  the  development  and  growth  of  the  glands 
proceeds. 

At  birth  the  gland  is  composed  of  a  number  of 
radiating  ducts  with  clubbed  extremities  but  without 
definitely  formed  acini.  The  duct  epithelium  is 
sometimes  in  an  activelj-  proliferating  state,  pro- 
ducing dilatation  of  the  ducts  and  swelling  and 
tenderness  of  the  glands,  a  supposed  inflammatory 
condition — mastitis  neonatorum — which  occurs  from 
the  fourth  to  the  tenth  day.  At  the  same  time  a 
milky  secretion  may  exude  from  the  nipple,  the  so- 
called  "witches  milk."  It  is  possible  for  infection 
to  enter  through  the  nipple  and  cause  this  condition, 
but  everything  indicates  that  it  is  rather  a  normal 
glandular  developmental  activity.  Therefore  in  the 
ten  days  succeeding  birth  changes  take  place  pro- 
ducing some  acinous  tissue,  but  only  the  main  ducts 
are  hollowed  out.  From  this  time  but  little  change 
occurs,  the  intralobular  ducts  and  beginning  of  the 
acini  continue  solid,  and  this  state  remains  unaltered 
up  to  the  period  of  puberty.  In  the  male  there  is  no 
further  development,  and  the  breast  structure  re- 
tains its  rudimentary  character. 

After  this,  scarcelj'  any  change  in  the  appearance 
or  anatomy  of  the  breast  takes  place  until  the  period 
of  puberty.  At  this  age  the  development  of  the  acini 
actively  begins,  together  with  the  formation  of  ducts, 
and  this  is  often  accompanied  bj'  an  enlargement 
and  decided  tenderness  of  the  breast.  This  may 
also  occur  in  the  male. 

At  each  menstrual  epoch  a  mild  engorgement  of  the 
breast  recurs,  attended  by  a  pricking  sensation,  and 
it  is  probable  that  this  condition  indicates  further 
development  at  these  stages.  In  a  short  while  after 
the  onset  of  puberty  the  mammary  glands  undergo 
rapid  developmental  changes,  although  they  consist 
principally  of  stroma  and  excretory  ducts,  with  only 
proportionately  a  small  amount  of  gland  tissue.  The 
connective  tissue  surrounding  the  gland  tubes  also 
takes  on  active  change,  assuming  an  uncommon 
hj'aline  form,  richly  nucleated,  which  presents  a 
striking  contrast  to  the  interstitial  connective  tissue 
that  fills  the  spaces  between  the  lobes  of  the  gland. 
This  semitran-sparent  periductal  substance  exists 
only  in  the  mammary  gland,  and  is  the  framework 
giving  the  shape  and  density  to  the  young  breast. 
It  has  been  carefully  studied  by  Warren,  and  he 
particularly  emphasizes  the  importance  of  this  tis- 
sue both  as  to  the  subsequent  vascular  formation  at 
the  time  of  gestation,  and  as  being  the  starting-point 
of  certain  types  of  neoplasms. 

With  the  occurrence  of  pregnancy  and  lactation 
the  vascularity  of  the  tissues  becomes  quite  increased, 
epithelial  proliferation  is  most  active,  and  there_  is 
an  excessive  multiplication  of  acini.  After  lactation 
ceases  the  acini  shrink,  but  there  is  no  contraction  of 
the  connective  tissue,  and,  consequently,  the  breasts 
do  not  regain  their  former  firmness  but  remain  flabby 
or  pendulou.s. 

When  the  breasts  have  passed  the  period  of  func- 
tional activity  and  the  stage  of  decline  is  reached, 
the  glandular  tissue  atrophies,  the  epithelium  dis- 
appears, with  final  cohapse  of  the  acini.  The  ducts 
alone  remain  as  lengthened  tubes  at  the  ends  of  which 
can  be  seen  remnants  of  the  atrophic  acini  of  the 
gland;  the  glandular  structures  are  replaced  by 
fatty  tissue.  When  the  final  stage  in  the  life  history 
of  the  gland  is  completed,  there  is  left  scarcely  a  ■ 
trace  of  gland  tissue,  the  breast  structure  being  com- 
po.sed  alone  of  elongated  tubes  along  with  connective 
and  adipose  tissues.  It  is  at  this  period  of  mammary 
degeneration  that  the  ducts  often  undergo  ddatation 
of  a  cystic  nature,  and  may  not  infrequent!)-  assume 
pathological  features. 
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Anatomy  and  Sukoical  Relations. — The  mam- 
mary body  is  a  glandular  struotiire  of  the  compound 
racemose  type.  There  are  normally  a  pair  of  brea.sts, 
which  are  situated  beneath  a  covering  of  fat  and  skin, 
on  the  anterior  aspect  of  the  thoracic  wall,  one  on 
cither  side  of  the  sternum.  Somewhat  me.socaudad 
of  the  center  of  the  breast  and  pointing  sliglilly  in  an 
upward  and  outward  direction,  projects  the  conical- 
shaped  nipple  surrounded  by  the  areola,  ilaidenhain, 
Oelsner,  and  Stiles  have  shown  that  the  common 
estimate  of  the  area  occupied  by  the  breast  is  largely 
based  upon  the  external  dimensions  and  conformation 
of  the  organ,  and  does  not  agree  with  its  actual  size 
and  contour.  Stiles  gives  the  measurements  as 
follows:  Extending  in  a  vertical  line  from  the  lower 
border  of  the  second  rib  to  the  sixth  costocartilage, 
from  which  point  it  begins  to  pass  rapidly  upward 
toward  the  sternum,  and  horizontaU}*  from  just 
within  the  outer  border  of  the  sternum  opposite  the 
fourth  rib  or  interspace  to  the  midaxillary  lino  at  the 
level  of  the  fifth  rib  or  interspace.  The  level  of  the 
breast  varies  with  the  height  of  the  individual, 
being  lower  in  tall  and  higher  in  short  and  broad- 
chested  women.  It  is  also  considerably  displaced 
upward  and  outward  when  the  arm  is  elevated  and 
drawn  away  from  the  body,  as  in  the  position  for 
operation. 

The  gland  rests  posteriorly  for  the  greater  part  upon 
the  fascia  of  the  great  pectoral  muscle  and  slightly 
on  that  of  the  pectoralis  minor  muscle,  on  the  fascia 
covering  the  serratus  magnus  muscle,  and  on  the 
external  abdominal  oblicjue  muscle.  The  intimate 
relationship  between  the  gland  and  the  pectoral 
fasciie  is  of  special  importance  in  connection  with 
malignant  disease  of  the  breast.  Along  its  inner 
and  inferior  quadrant  the  gland  is  rather  distinctly 
outlined  from  the  fat,  and  is  also  more  intimately 
attached  to  the  deeper  fascia  by  bundles  of  fibrous 
tis.sue,  the  so-called  mammary  ligaments.  Carcinoma 
located  here  usually  forms  early  and  deep  adhesions. 
The  gland  is  of  an  irregular  circular  or  tricuspid 
shape  due  to  the  several  projecting  processes  of  the 
parenchyma.  Of  these  prolongations  there  are  three 
principal  ones,  the  longer  one  known  as  the  "axillary 
tail,"  projects  toward  the  upper  part  of  the  axilla; 
another,  smaller  one,  reaches  toward  the  lower  part 
of  the  axilla;  and  a  third  extends  in  the  direction  of 
the  sternum.  In  addition  to  these  prolongations 
other  small  outward  extensions  of  parenchyma 
exist  between  the  gland  and  the  skin,  along  the  liga- 
ments of  Cooper,  and  also  downward  to  the  major 
pectoral  muscle,  and,  again,  even  processes  project 
into  the  surrounding  fat.  There  are  also  a  number 
of  adjacent  and  separate  masses  of  gland  tissue 
frequently  found,  the  paramammary  glands.  The 
parenchyma  is  furrowed  at  its  lower  border,  which 
depression  is  especially  marked  in  stout  women  and 
in  multipara. 

The  under  or  dorsal  surface  of  the  breast  is  slightly 
concave  and  largely  composed  of  stroma-holding 
radiations  from  the  parenchyma.  The  stroma  is 
continuous  with  the  loose  pectoral  fascia,  and  joins 
with  it  in  sending  out  numbers  of  trabeculte  in  between 
the  fibers  of  the  subjacent  muscle.  This  fascia  is 
delicate  and  loose,  but  in  thin  subjects  it  is  often 
difficult  to  strip  from  the  muscle,  and  in  some  persons 
it  is  so  tightly  adherent  that  movements  of  tne  arm 
may  produce  marked  displacement  of  the  breast. 
Spaces,  or  serous  bursae — submammary  bur.sje — were 
found  by  Chassaignac  in  this  loose  areolar  tissue. 

The  outer  surface  of  the  breast  is  smooth  and  cov- 
ered with  integument  of  the  same  texture  as  the 
surrounding  surface  of  the  body,  except  near  the  cen- 
ter where  it  is  raised  and  pigmented,  forming  the 
areola,  with  the  projecting  nipple.  In  plump, 
healthy,  unmarried  women  it  is  conical  in  shape, 
but  this  differs  with  the  degree  of  stoutness  or  thin- 
ness of  the  individual,  and  in  virgins  and  in  those 


who  have  lactated.  The  consistency  al.so  varies 
in  the  nulliparous  and  multiparous  breast,  being 
firm  and  elastic  in  the  former,  and  .softer  and  flabby 
or  even  pendulous  in  the  latter  class. 

In  size  the  breasts  are  often  unequal,  .sometimes 
one,  usually  the  left,  being  much  larger  than  its 
companion,  probably  an  hypertrophy  due  to  more 
constant  nursing  of  the  child  on  the  enlarged  sid<^ 
Race  also  influences  the  size,  tlie  African  races  having 
very  large  and  pendidous  mamma;.  But  the  volume 
does  not  indicate  the  size  of  the  gland  structure, 
since  the  largest  breast  may  possess  but  little  secreting 
tissue. 

Structure  of  the  Mammary  Gland. — In  structure 
the  mamma  consists  of  a  parenchyma  and  a  stroma, 
similar  to  other  glandular  structures.  It  should  be 
remembered,  however,  that  the  anatomical  structure 
of  the  mammary  body  is  not  permanent,  but  changes 
with  the  varying  stages  of  its  life  history.  In  the 
mature  female  breast  the  parenchyma  is  made  up  of  a 
central  compact  triangular  mass,  the  body  of  the 
mamma,  with  its  apex  at  the  nipple,  and  peripheral 
proccs.ses.  It  is  divided  into  lobes,  fifteen  to  twenty 
in  number  and  arranged  radially,  which  are  sub- 
divided into  lobules,  and  the.se  again  into  acini. 
All  of  the  lobules  empty  by  a  duct  into  larger  and 
larger  ducts,  and  finaOy  into  the  large  lobular  or 
lactiferous  duct,  which  in  turn  empties  into  a  milk 
pore,  a  little  depression  on  the  surface  of  the  nipple. 
Every  lobe  represents  a  separate  and  distinct  gland. 
The  spaces  separating  them  are  filled  with  fatty 
tissue.  Each  lobule  with  its  acini  is  embedded  in  a 
loose  myxomatous  intralobular  connective  tissue, 
and  is  then  enclosed,  including  nerves  and  vessels, 
by  the  tough  interlobular  stroma.  The  acini  have  an 
epithelial  lining  of  granular  cells  resting  on  a  delicate 
membrana  propria,  and  the  ducts  are  also  lined 
with  one  layer  of  columnar  epithelium.  The  large 
ducts  correspond  to  the  fifteen  or  twenty  lobes  and 
converge  toward  the  nipple  on  which  they  terminate 
in  the  milk  pores;  but  before  thus  ending  they  dUate 
into  ampulife  beneath  the  base  of  the  nipple. 

The  stroma  is  a  white,  tough,  though  soft  and 
elastic,  structure.  From  its  anterior  surface  numer- 
ous fibrous  prolongations  or  bands  extend  into  the 
dermis,  forming  the  ligamenta  suspensoria  of  Cooper. 
These  so-called  ligaments  are  of  particular  diagnostic 
value  in  early  malignant  disease  of  the  breast.  They 
are  often  connected  with  paramammary  glands  and 
lymphatic  vessels,  and  it  is  to  the  cicatricial  con- 
traction of  these  bands  that  the  dimpling  or  depres- 
sion of  the  integument  in  cancer  is  due. 

Structure  of  the  Nipple  and  Areola. — The  nipple  is 
placed  a  little  above  and  mesad  of  the  center  of  the 
breast,  about  on  a  level  with  the  fourth  rib.  It  is  a 
cone-shaped  body  and  formed  by  an  elevation  of 
rugous,  reddish-brown  skin.  At  its  summit  are 
from  fifteen  to  twenty  depressions,  or  milk  pores, 
into  which  open  a  corresponding  number  of  galacto- 
phorous  ducts.  The  nipple  is  supplied  with  circular 
muscle  fibers  which,  under  the  stimulus  of  emotion, 
touch,  or  cold,  contract  and  produce  erection  of  this 
body,  and  still  others  that  cause  its  retraction. 
There  are  no  cavernous  sinuses  in  the  nipple,  and  its 
erection  is  controlled  entirely  by  muscular  action. 
Surrounding  the  nipple  is  the  areola,  a  circle  of  dark- 
hued,  pigmented,  delicate  skin,  and  marked  by  a 
number  of  sebaceous  follicles,  known  as  the  tubercles 
of  Montgomery.  The  assertion  by  Rein  that  these 
are  accessory  mUk  glands  is  now  believed  to  be 
erroneous.  The  areola  contains  numerous  unstriped 
muscle  fibers,  but  its  under  surface  is  wholly  free 
from  fat.  Its  color  varies  with  the  complexion  of 
the  owner,  and  it  enlarges  and  becomes  more  deeply 
pigmented  with  the  accession  of  pregnancy. 

Lymphatic  Distribution. — In  view  of  the  frequency 
of  new  growths  of  the  breast,  the  lymphatic  vessels 
of  the  mammary  gland  and  their  intimate  association 
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with  neighboring  structures  and  organs,  assume  an 
importance  that  cannot  be  overestimated.  Whereas 
in  the  male  breast  the  l}'mphatics  scarcely  differ  in 
development  from  those  of  the  surrounding  tissues, 
in  the  female  the  mamma  is  more  richly  supplied 
with  lymph  vessels  than  any  other  gland  of  the  body. 

In  the  present  discussion  of  the  mammary  lymph 
vessels  I  have,  to  some  extent,  followed  the  descrip- 
tion given  by  Stiles,  from  whose  paper,  and  from  the 
article  of  Kerr,  I  have  rather  liberally  drawn. 

Five  divisions  of  lymph  vessels  may  be  recognized : 
First,  the  cutaneous  division;  second,  the  subareolar 
plexus  of  Sappey;  third,  the  intramammary;  fourth, 
those  of  the  fat  surrounding  the  breast;  and  fifth, 
the  retromammary. 

(1)  The  distribution  of  the  cutaneous  lymphatics, 
which  include  those  of  the  breast  skin,  areola,  and  nip- 
ple, does  not  differ  from  that  of  the  superficial  lymph 
vessels  of  the  adjacent  skin.  They  are  composed 
of  two  networks  or  plexuses,  and  each  sends  efferent 
trunks  leading  to  the  axilla.  These  trunks  may 
occasionally  turn  back  to  the  skin,  which  explains, 


Fig.  1106. — Lymphatics  of  the  Female  Breast.  1,  1.  Lymphatic  network  of  the 
anterior  surface  of  the  mammary  gland;  2,  2.  lobules  of  the  mammary  gland,  the  per- 
ipheral lymphatic  network  of  which  has  not  been  injected,  in  order  to  render  more  proini- 
nent  the  circumlobular  network  which  surrounds  the  lobules;  3,  3,  trunks  which  arise 
from -the  upper  and  lower  portions  of  the  mammary  gland;  4,  4.  lymphatic  plexus  under 
the  areola;  5,  lymphatic  vessel  which  arises  from  the  internal  part  of  this  plexus  and 
which  takes  a  semicircular  course  to  reach  the  axilla;  6.  another  vessel  arising  from  the 
outward  part  of  the  same  plexus  and  running  directly  outward;  7.  lymphatic  vessel  aris- 
ing from  the  lower  part  of  the  gland  and  uniting  with  the  preceding  to  form  one  of  the 
two  trunks  into  which  all  the  other  vessels  empty;  S.  8.  vessels  arising  from  the  internal 
part  of  the  subareolar  plexus  and  from  the  upper  portion  of  the  breast  converging  to 
form  the  second  of  the  two  trunks  which  empty  into  the  axillary  lymph  nodes.  (Sappey.) 


according  to  Oelsner,  some  cases  of  skin  metasta.ses. 
There  is  free  intercommunication  between  the  skin 
lymphatics  of  the  two  sides  of  the  body,  which 
accounts  for  those  cases  of  axillary  infection  of  one 
side  being  associated  with  tumor  in  the  breast  of  the 
opposite  side.  The  lymphatic  network  of  the  skin 
of  the  areola  and  nipple  is  very  fine  and  close  meshed, 
e.specially  on  the  nip])le,  and  empties,  for  the  most 
part,  into  the  subareolar  plexus. 
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(2)  The  group  of  subareolar  lymphatics  consists  of  a 
network  of  large  ve.ssels,  occupying  a  horizontal 
position  in  the  loose  areolar  tissue  around  the  lacteal 
sinuses.  Sappey  has  demon.strated  that  two  and 
often  three  large  trunks  from  the  subareolar  lymphatic 
plexus  empty  into  the  lymph  glands  of  the  axUla, 
thereby  putting  the  nipple  and  areola  in  direct 
communication  with  that  .space. 

(3)  The  intramammary  lymphatics  ari.^e  as  a  plexus 
of  minute  channels,  made  up  of  a  single  endothelial 
layer  sustained  by  stroma,  and  each  one  of  the  meshes 
of  this  surrounds  one  or  more  of  the  terminal  lobules 
of  the  gland,  and  receives  the  Ij'mph  from  the  inter- 
acinous  spaces.  From  this  layer  vessels  make  their 
way,  in  a  direction  parallel  to  the  lacteal  ducts,  to 
the  subareolar  plexus  into  which  they  empty.  These 
periductal  lymphatics  together  with  the  perilobular 
lymphatics,  inosculate  with  other  vessels  in  close 
relation  with  the  blood-vessels.  The  larger  blood- 
vessels have  within  their  sheaths  two  or  more  accom- 
panying lymph  vessels.  The  smaller  blood-vessels 
have  only  one  such  lymph  channel  associated  with 

them,  but  this  is  larger  than  the 
vessel  and  surrounds  it  to  a  great 
extent. 

(4)  The  circummammary  division 
is  simply  a  part  of  the  general  lym- 
phatic system  of  the  anterior  chest 
wall,  and  receives  branches  from  the 
skin  of  the  ventral  surface  and  the 
circumference  of  the  breast.  From 
this  division  larger  vessels  branch 
and  extend  out  between  the  layers 
of  the  deep  fascia,  pierce  the  deep 
laj'er,  and  pass  on  as  large  muscular- 
walled  lymph  trunks  to  the  lymph 
nodes. 

(.5)  The  retromammary  lymph 
vessels  embrace  those  of  the  pectoral 
fascia,  and  receive  branches  from  the 
under  surface  of  the  gland.  A  por- 
tion of  the  lymph  gathered  from  all 
the  other  lymphatic  divisions,  is  con- 
veyed, either  directly  or  indirectly, 
into  these  lymphatics  of  the  deep 
fascia  which  accompany  the  mam- 
mary blood-vessels  and  by  this  route 
reach  the  lymph  glands.  Free  com- 
munication exists  between  the  retro- 
mammary lymphatics  of  the  two 
breasts. 

The  Ij'mphatic  vessels  of  the  inner 
segment  of  the  breast,  in  company 
with  the  branches  of  the  internal 
mammarj'  artery,  perforate  the  chest 
wall  and  empty  into  the  anterior 
mediastinal  nodes  situated  along  that 
artery  in  the  loose  substernal  areolar 
tissue.  A  large  number  follow  the 
branches  of  the  axillary  artery  to 
empty  into  the  axillary  lymph 
glands.  An  important  lymph  ves.sel, 
and  one  that  is  rather  regular  in  this 
position,  comes  out  from  the  base  of 
the  gland,  pierces  the  great  pectoral 
muscle  and  runs  upward  between  it 
and  the  lesser  pectoral  muscle  along 
the  thoracic  wall  to  a  point  just  below 
the  attachment  of  the  pectoralis 
major,  where  it  perforates  the  second  intercostal  space 
to  enter  the  anterior  mediastinum.  The  deep  lym- 
phatics of  the  gland  inosculate  freely  with  those  from 
the  deep  pectoral  fascia.  Many  authorities  (Seidel, 
Schweigger,  Ludwig,  Rotter,  and  others)  claim  that 
the  direction  of  the  lymph  stream  is  from  the  pec- 
toralis major  muscle  (especially  the  superficial  portion) 
toward  the  fascia  and  not  in  the  opposite  course. 
The  lymph  vessels  coming  from  the  clavicular  portion 
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of  the  muscle  flow  into  tlie  rotroijeetoral  glands; 
those  of  the  upper  steriuU  ijortion  empty  into  the 
supniclavicular  nodes.  Cliains  of  lymph  nodes 
accompany  tlie  large  blood-vessels  throughout  their 
length,  in  close  relation  with  the  vein;  and  they 
extend  from  the  bottom  to  the  top  of  the  axilla, 
forming  three  principal  groups,  namely,  the  jMM'toral, 
tlie  axillary,  and  the  subscapular  grou|)s.  The 
glands  of  the  pectoral  group  are  i)laced  beneath  the 
outer  edge  of  (he  great  pectoral  muscle, 
and  are  the  nodes  which  are  usually  the 
earliest  to  become  infected  in  mammary 
carcinoma.  Next  to  these  is  the  axillary 
cluster  located  in  the  loo.se  adipo.se 
ti.ssue  of  the  axilla,  forming  a  network 
covering  the  anterior  aspect  of  the  axil- 
lary vein.  This  group  also  receives 
ves.sels  coming  from  the  subscapular 
grou|)  of  lymi)h  nodes,  which  latter  do 
not  directly  connect  with  the  breast  but 
receive  lymph  ves.sels  principally  from 
the  thoracic  waU  and  postcervical  re- 
gions. This  last  group  of  glands  is  fre- 
quently infected  from  below  on  account 
of  their  extensive  anastomotic  associa- 
tion. The  lymphatics  coming  from  the 
axillary  group  accompany  the  axillary 
vein  (being  principally  placed  on  the 
inner  surface),  and  then  pass  on  by 
means  of  one  or  several  large  ducts  to 
the  right  lymphatic  duct.  These  lym- 
phatic vessels  inosculate  with  the  sub- 
clavian and  deep  nodes  of  the  posterior 
cervical  triangle. 

Blood  Supply. — The  arterial  supply 
of  the  breast  is  principally  derived  from 
three  sources,  namely,  (1)  the  internal 
mammary,  (2)  the  intercostal,  and  (3), 
the  long  or  lateral  thoracic.  The  in- 
ternal mammary  is  the  principal  artery 
of  the  breast,  and  sends  off  the  anterior 
intercostals  which  perforate  the  inter- 
costal muscles,  which  they  supply,  and 
then  pass  to  the  upper  and  inner  margin 
of  the  gland  where  they  divide  into 
branches  for  both  the  anterior  and 
posterior  surfaces.  The  intercostal  sup- 
plies several  small  and  short  branches 
to  the  posterior  surface  of  the  gland 
and  its  caudal  segment.  The  long 
thoracic  comes  from  the  axUlary,  anas- 
tomoses with  the  above  vessels,  and 
furnishes  several  branches  to  the  exter- 
nal portion  of  the  breast.  In  addition 
to  tnese  vessels,  small  branches  from 
the  pectoral  branches  of  the  acromial 
thoracic  artery  perforate  the  pectoralis 
major  muscle  and  pass  to  the  upper 
portion  of  the  gland. 

The  venous  return  from  the  mammary  gland 
arises  in  the  arteriovenous  capillary  plexus  around 
the  acini,  and  pa.s.ses  toward  the  outer  surface  of 
the  mamma  and  into  the  .subcutaneous  tissues. 
Around  the  base  of  the  nipple  the  subcutaneous 
veins  anastomose  to  form  almost  a  complete  venous 
circle,  the  "cireulus  venosus"  of  HaUer,  from  which 
large  veins  carry  the  blood  to  the  periphery  of  the 
breast.  From  this  region  the  blood  is  transmitted  to 
the  superficial  cervical  veins,  below  to  those  of  the 
abdomen,  and  laterally  to  the  thoraco-epigastrio  vein, 
through  which  it  is  conveyed  to  the  venw  comites  of  the 
arterial  supply. 

Nerve  Supply. — The  nerve  supply  also  comes 
from  three  principal  sources:  (1)  From  the  second 
to  the  sixth  intercostal  nerves;  (2)  from  the  anterior 
and  posterior  thoracic  nerves;  and  (3)  from  the 
cervical  ple.xus.  The  intercostal  nerves  send  fila- 
ments to  the  breast  from  their  anterior  and  lateral 


cutaneous  l)ranclu's.  The  internal  and  external 
anterior  thoracic  and  long  thoracic  (external  respira- 
tory nerve  of  Bell)  nerves  arise  from  the  brachial 
plexus  and  fifth  and  sixth  cervical,  pass  forward  to 
supi)ly  the  major  and  minor  pectoral  muscles,  together 
with  p(^nel rating  twigs  to  tlie  t)osterior  surface  of 
the  gland,  and  j)roceed  to  the  gland  prop(T,  to  the 
skin,  and  the  subareolar  muscli^  fibers.  The  third 
and    fourth    cervical    nerves   of   the   cervical   plexus, 


pi  b. 


Fig.  1107. — Lymphatics  of  the  Axilla.  1,  1,  Anterior  thoracic  lymph  nodes; 
2,  2,  inferior  lymph  nodes;  3,  3,  posterior  or  subscapular  thoracic  nodes;  4, 
superior  brachial  thoracic  nodes;  5,  intermediate  thoracic  nodes;  6,  subpectoral 
and  subclavicular  thoracic  nodes;  pl.h..  brachial  plexus;  a.s.,  subclavian  artery;  v.s., 
subclavian  vein.      (Oelsner,  Archiv.  f.  klin.     Chirurgie,  Ixiv.,  1901.) 

through  the  suprasternal,  supraclavicular,  and 
supraacromial,  form  the  third  source  of  nerve  supply, 
especially  to  the  upper  part  of  the  breast. 

Some  of  the  nerves  may  terminate  in  Pacinian 
corpuscles  in  the  areola  and  in  the  papill;^  of  the 
nipple.  Stimulation  of  the  nerves  supplying  the 
nipple  produces  its  erection,  also  dilatation  of  the 
vessels,  and  milk  secretion. 

The  anastomosis  of  the  intercostohumeral,  a  cu- 
taneous branch  of  the  second  intercostal,  with  the 
le-sser  internal  cutaneous  branch  (nerve  of  Wrisberg) 
explains  the  severe  pain  in  the  arm  and  side  of  the 
chest  in  certain  diseases  of  the  breast. 

Congenital  Anomalies  op  the  Breast  and  the 
Nipple. — The  mammary  gland  and  its  nipple  are 
subject  to  various  congenital  abnormalities  and 
structural  defects,  the  result  of  arrest  in  development 
or  to  a  reversion  to  original  types,  and  may  occur 
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at  any  period  of  the  evolution  of  the  breast.  These 
malformations  are  more  often  associated  with  some 
other  congenital  deficiency,  particularly  of  the 
sexual  organs,  absence  of  the  pectoral  muscles,  de- 
formity of  the  chest  wall,  and  in  acephalism.  They 
are  found  in  both  sexes,  and  involvement  of  both 
breasts  in  the  same  individual  has  been  observed. 

Absence  of  the  Breast  {Amastia:  A7nazia). —  When 
developmental  disturbance  takes  place  early  in  em- 
bryonic life,  before  the  third  month,  the  formation 
of  the  mammary  gland  is  entirely  arrested.  This 
abnormality  is  very  rare,  and  is  frequently  ac- 
companied by  other  congenital  defects  usually 
not  compatible  with  extrauterine  life.  The  ovary 
on  the  side  corresponding  with  the  defect  is  occasion- 
ally wanting.  The  right  breast  is  more  often  absent 
than  the  left. 

Total  absence  of  both  mammce  is  one  of  the  rarest 
anomalies,  and  Roger  Williams  states  that,  excluding 
acephalic  monsters,  he  was  able  to  find  only  four 
such  instances  in  the  literature.  A  case  of  bilateral 
amazia  is  reported  by  Voglie,  in  which  the  woman 
became  pregnant.  It  is  probable  that  absence  of 
one  breast  and  a  rudimentary  state  of  the  other  is 
the  most  frequent  form  of  this  anomalous  condition 
found  in  the  adult. 

Micromastia  (Micromazia). — Arrest  of  develop- 
ment at  a  later  stage  of  uterine  life,  or  if  the  disturb- 
ance be  incomplete,  a  small,  imperfectly  formed  or 
rudimentary  gland  results — micromastia — which  is 
functionless.  This  may  involve  one  or  both  breasts, 
and  may  be  associated  with  genital  deficiencies. 
Williams  states  that  the  mammary  glands  are  .im- 
perfectly developed  in  the  Bavarian  women,  due  to 
hereditary  influences  resulting  from  the  custom  of  not 
suckling  their  children,  which  has  been  prevalent 
among  them  for  long  years  of  time. 

Supernumerary  Breasts  (Polymastia;  Polymazia). — 
Plural  mammfe  is  a  rather  common  anomaly,  more 
so  than  was  at  one  time  supposed,  and  the  lit^ 
erature  abounds  in  records  of  such  examples.  The 
statistics  of  Bruce  show  that  in  4,000  examinations 
the  deformity  was  present  in  1.54  per  cent. ;  and  in 
315  individuals  of  both  sexes,  indiscriminately  taken, 
supernumerary  glands  existed  in  7.6  per  cent.;  in 
207  males,  9.1  per  cent.;  in  104  females,  4.S  per  cent.; 
and  that  men,  in  the  proportion  of  4  to  1,  are  more 
frequently  affected  than  women.  This  latter  con- 
clusion is  the  reverse  of  that  arrived  at  by  Godfrain 
and  others,  who  have  determined  the  greater  propor- 
tion to  be  in  favor  of  the  female  sex. 

The  theory  of  the  atavistic  origin  of  accessory 
mammary  glands  offers  the  most  rational  explanation 
of  their  existence,  and  investigations  in  embryology 
and  comparative  anatomy  seem  to  substantiate  this 
position.  Roger  Williams,  Orth,  and  other  investi- 
gators maintain  that  the  milk  gland  is  the  homologue 
of  but  a  single  sebaceous  gland,*  and  that  it  is  im- 
possible for  an  organ  so  finely  speciaUzed,  which 
required  vast  Eeons  of  time  to  reach  its  present  per- 
fected state,  to  be  suddenly  evolved  as  "spasts" 
from  ordinary  sebaceous  and  cutaneous  processes, 
as  set  forth  by  Ahlfeld  and  others.  This  theory  is 
supported  by  the  belief  that  our  early  progenitors 
were  supplied  with  seven  pairs  of  mammje  situated 
along  the  ventral  aspect  of  the  trunk,  three  above 
and  three  below  the  present  natural  pair.  Moreover, 
it  is  a  suggestive  fact  that  the  accessory  glands  are 
more  often  seated  along  the  course  of  the  so-called 
"milk  line" — a  line  on  the  ventral  surface  extending 
from  the  axilla  to  the  groin,  and  corresponding  with 
the  mammary  ridge  along  which  the  mammjE  are 
normally  situated  in  polymastic  animals. 

Supernumerary  breasts  are  frequently  in  pairs, 
and  when  unilateral  they  are  oftener  found  on  the 

*The  weight  of  opinion  is  in  favor  of  the  sudoriparous  rather 
than  the  sebaceoua  glanus,  as  the  source  from  -which  the  mammary 
gland  is  evolved.     See  the  section  on  Development,  above. 


left  side  than  on  the  right  side,  and  above  the  level 
of  the  umbilicus  than  below  it.  The  ordinary  site 
is  somewhat  below  and  internal  to  the  normal  glands, 
in  which  position  three-fourths  of  all  the  cases  are  so 
placed.  The  next  most  prevalent  position  is  above  the 
natural  ones  and  toward  the  axilla.  When  below  the 
normal  breasts  they  are  apt  to  be  more  fully  developed 
and  provided  with  better  formed  nipples.  Leichten- 
stern's  table  of  105  cases  shows  the  relative  position 
of  accessory  breasts  to  be,  the  anterior  side  of  the 
thorax  ninety-six  cases,  and  axilla  live  cases  (four 
cases  were  wandering).  It  is  probable  that  many  of 
the  axillary  accessory  mammas  are  prolongations  or 
sequestrations  from  the  normal  breast,  and  may  be 
mistaken    for   lymph    nodes,    sebaceous    cysts,    and 


Fig.  1108. — Supernumerary  Nipples  and  Small  Mammary 
Glands  in  the  Axillse.  (McGilUcuddy,  Medical  Record,  October  10, 
1891.) 

fatty  tumors.  Occasionally  they  are  met  with  in 
various  localities  outside  of  the  "milk  line,"  as  the 
axilla,  the  anterior  mid-line,  abdomen,  back,  on  the 
shoulder,  hip,  thigh,  labium,  the  lip,  and  the  ear;  and 
in  a  few  instances  they  have  been  noted  occupying 
the  inner  waU  of  dermoid  cysts  of  the  ovary.  Leich- 
tenstern  and  Bruce  in  a  collection  of  166  cases  of 
multimammce  found  only  four  (2.41  per  cent.) 
aberrantly  disposed.  When  occupying  sucn  aberrant 
sites  they  are  designated  "mammce  erraticae,"  and 
are  supposed  to  be  caused  by  a  reversion  to  an  ances- 
tral type  much  more  remote  than  the  other  more 
usual  forms.  In  polymastia  the  normal  pectoral 
breasts  are  always  naturally  situated  and  well 
developed. 

The  number  of  accessory  breasts  may  vary  from 
one  to  as  many  as  ten.  Hirst  mentions  the  case  of  a 
negress  with  nine  mamm»  and  nine  nipples.  Their 
characters  also  largely  vary.  Some  of  them  include 
only  a  vestige  of  glandular  structure  and  are  function- 
less,  while  others  may  be  large,  well  formed,  and 
functionate  actively.  Numerous  examples  of  such 
are  on  record,  and  among  these,  and  of  special  note,  ■ 
is  the  case  of  a  woman  with  five  mammae,  all  of  which 
yielded  milk.  Roberts  reports  the  case  of  a  woman 
who  possessed  a  supernumerary  mamma  on  the  outer 
aspect  of  the  left  thigh  from  which  she  nursed  her 
own  chUd  for  the  period  of  two  years,  together  with 
four  foster  chUdren  for  six  years.     A  case  reported 
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by  Hardman  of  polymazia  in  a  negress,  thirtj'-nine 
years  old,  is  interesting  in  that  the  accessory  mamma 
did  not  develop  until  the  fifth  gestation,  there  being 
uo  evidence  of  its  existence  prior  to  that  time. 

Sometimes  there  is  no  glandular  tissue  demon- 
strable, the  nipple  alone,  with  or  without  an  areola, 
being  present.  There  may  be  entire  absence  of  the 
nipple  and  areola — the  ducts  of  the  gland  opening 
on  a  flat  surface  by  one  or  several  openings;  or  there 
may  be  no  communication  whatsoever  with  the 
surface. 

The  condition  is  probably  common  to  all  races, 
but  would  seem  to  be  more  so  in  the  negro  race 
(Tiffany) ;  and  that  heredity  often  plays  an  important 
rdle  is  also  apparent,  Leichtenstern  showing  that  in 
7.6  per  cent,  of  his  series  there  was  such  a  history  in 
near  relatives.  It  is  not  usually  accompanied  by 
other  congenital  deformities.  These  accessory  struct- 
ures follow  the  same  evolutionary  changes  character- 
istic of  the  normal  gland,  as  to  both  lactation  and  the 
menopause.  Several  observers  have  referred  to  the 
interesting  fact  that  the  occurrence  of  tumor-changes 
in  true  accessory  mammae  is  practicallj'  unknown, 
only  one  or  two  questionable  cases  having  been 
published.  Kayser,  however,  in  a  report  comprising 
four  cases,  mentions  that  in  one  of  them  primary 
carcinoma  developed  in  one  of  the  breasts. 


Supcniu7nerary  Xipples  (Polythelia). — Multiple 
nipples  are  relatively  of  frequent  occurrence,  espe- 
cially in  the  male  subject  in  whom  as  compared 
with  the  female  it  is  stated  to  occur  in  the  proportion 
of  two  to  one.  The  number  of  nipples  may  vary 
from  one  to  even  ten  or  more :     Neugebauer  reports  a 


Fig.  1109. — Supernumerary  Mamma  of  the  Thigh.     (McGillicuddy, 
Medical  Record,  October  10,  1S91.) 


The  diagnosis  of  accessorj^  breasts  is  usuaUj'  ob- 
vious, but  often  they  may  be  so  small  that  their 
nature  can  be  determined  only  by  excision  and 
microscopic  examination.  When  the  nipple  is  want- 
ing the  glandular  mass  may  be  readUj'  mistaken  for 
a  fatty  tumor  which  it  closely  simulates,  for  axillary 
lymph  nodes,  or  for  a  sebaceous  cyst.  Supernumer- 
ary nipples  without  associate  breasts  may  resemble 
pigmented  moles  and  naevi. 

No  treatment  is  needed  except  for  cosmetic  pur- 
poses, or  in  the  event  of  intercurrent  conditions 
demanding  surgical  intervention,  when  excision  of 
the  structure  or  structures  should  be  performed. 

Absence  of  the  Xipple  (Athelia). — Absence  of  the 
nipple  exists  much  more  commonly  than  absence 
of  the  mammary  gland  itself,  and  results  when 
developmental  arrest  takes  place  early  and  is  com- 
plete. Williams  states,  however,  that  "there  is  actu- 
ally no  deficiency  in  the  mammillary  structure,  but 
simply  a  failure  of  the  embryonic  gland  area  to  project 
or  become  elevated. 

Deficiency  of  the  nipple  is  often  attended  by  ab- 
sence of  or  an  imperfectly  formed  areola,  but  the 
areola  is  seldom  absent  if  the  nipple  is  normally 
formed.  Varying  degrees  of  imperfections  exist 
from  complete  absence  to  the  almost  perfect  or  nor- 
mal nipple.  The  lesser  defects  are  comparatively 
frequent,  as  seen  in  the  small  or  flattened  nipple  and 
the  depressed  or  inverted  organ,  and  are  the  frequent 
cause  of  inflammations  of  the  gland  during  lactation. 


Fig.  1110. — Illustrating  Various  Forms  of  Faulty  Development 
of  the  Nipple.  1,  Normal  nipple;  2.  cone-shaped  nipple;  3,  stunted 
nipple;  4,  mushroom  nipple;  5,  fissued  nipple:  6,  mulberry  nipple; 
7.  retroverted  nipple;  8,  engulfed  nipple.  (Reder,  Am.  Journal 
of  Obstetrics,  December,  1910.) 

case  of  polymastia  with  t«n  nipples.  The  case  of  a 
mulatto  male  is  mentioned  by  Alexander,  in  whom 
there  were  six  nipples  arranged  in  two  vertical  rows, 
with  a  space  of  four  inches  verticallv  between  the 
nipples;  and  this  patient  asserted  that  nis  mother  was 
similarly  deformed,  four  of  her  nipples  yielding  milk, 
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and  also  that  one  sister  and  several  brothers  each 
possessed  four  supernumerary  mammEe.  Honiaiis 
records  a  case  having  five  nipples  on  one  breast. 

This  malformation  may  be  simply  a  bifid  condi- 
tion or  cleft  nipple;  or,  when  the  defects  arise  late  in 
the  process  of  development,  there  may  be  two  nipples 
superimposed  on  one  areola — intraareolar  polythelia; 
or  several  nipples  and  areolae  on  one  breast — intra- 
mammary  polythelia.  Again,  the  nipple  may  be  lo- 
cated on  parts  of  the  body  more  or  less  distant  from 
the  pectoral  region. 

Excision  should  be  practised  as  conditions  may 
demand. 

Hypertrophies  of  the  Breast. — Congenital 
Hypertrophy. — At  birth  the  structure  and  general 
characters  of  the  mammarj-  glands  are  apparently 
identical  in  the  two  sexes,  at  which  stage  of  growth 
they  are  composed  of  ducts  and  acini,  some  well 
developed  and  others  imperfectly  so,  enclosed  in  a 
loose  fatty  connective  tissue.  But  commencing  im- 
mediately after  birth  the  breasts  assume  rapid  devel- 
opmental changes  and  cell  proliferation  in  the  ducts, 
which  sometimes  exceeds  the  normal  limits  and  pro- 
duces an  overgrowth  of  the  gland,  accompanied  by 
the  secretion  of  a  mUk-like  fluid  similar  to  colostrum. 
This  condition  is  known  as  congenital  or  infantile  hyper- 
trophy, and  is  not  infrequenth'  found  in  connection 
withVprecocious  development  of  the  sexual  organs  in 
young  infants.  It  has  been  suggested  that  this  con- 
dition is  similar  to  the  early  sexual  development 
occurring  in  female  children  in  tropical  countries. 


Fig.  1111. — Precocious  Development  of  the  Breast  in  a  Child 
Four  Years  and  Nine  Months  Old.  Menstruation  began  at  the 
age-'of  fifteen  months.     (Mudd,  Am.  Practice  of  Surgery.) 

Physiological  Hypertrophy. — This  type  of  hy- 
pertrophy represents  the  natural  enlargement  of  the 
mammary  gland  associated  with  certain  changes  in- 
cident to  pubescence.  L'ntU  the  period  of  puberty 
is  attained  there  is  no  perceptible  difference  in  the 
structure  of  the  male  and  the  female  mUk-gland,  but 
at  this  time  further  development  in  the  male  ceases, 
whereas  in  the  female  breast  renewed  evolutionary 
changes  begin  and  progress  until  the  menstrual  func- 
tion is  fully  established.  After  this  period  the  mam- 
mary changes  again  remain  in  abeyance  until 
stimulated  to  renewed  activity  bj'  gestation,  at 
which    time    marked   hypertrophy   takes   place   and 
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steadily  goes  on  to  the  time  of  lactation,  when  the 
gland  arrives  at  its  highest  state  of  organization. 

According  to  Dennis  there  is  a  true  physiological 
mammary  hypertrophy  of  gigantic  proportions;  but, 
if  it  ever  exists,  it  is  extremely  rare,  and  histological 
examinations  have  not  substantiated  this  view. 

DiFFCSE  Idiopathic  Hypertrophy. — This  form  is 
pathological,  and  is  practically  always  bilateral  in  the 


Fig.  1112. — Case  of  Diffuse  Fibroma  of  the  Breast  with  a 
tendency  to  intracanaUcular  growth.  (C.  B.  Port«r,  Trans-  Am. 
Surgical  Association,  1891.) 

female  breast.  The  few  cases  of  unilateral  hyper- 
trophy, other  than  in  the  male,  that  are  found  in  the 
literature  are  of  doubtful  pathology,  and  probably 
should  be  classed  with  the  fibroadenomata.  Of  the 
seventy  cases  collected  by  Albert,  sis  were  stated  to 
be  unilateral — three  on  the  right  and  three  on  the 
left  side. 

Two  varieties  of  diffuse  idiopathic  hypertrophy 
are  recognized,  (1)  the  virginal,  which  is  the  most 
frequent,  and  (2)  the  gestational  form,  which  is  less 
commonly  met  with. 

(1)  Virginal  Hypertrophy. — This  lesion  is  of  the 
younger  female  breast,  is  relatively  rare,  and  is  char- 
acterized by  a  symmetrical  enlargement  of  both 
niammse.  The  enlargement  begins,  as  a  rule,  near 
the  period  of  puberty  or  even  later,  although  in  some 
instances  the  affection  would  seem  to  have  no  re- 
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latioMsliip  with  cither  puhorty  or  prcKimiicv.  In 
Albert's  edileclion  (if  lifly-twii  eases,  (ill y-eiglit  \>fr 
cent,  were  of  this  variety,  and  devekiped  lietween  tlie 
ages  (if  eleven  and  sixteen  years — forty  per  cent,  of 
the  tifty-eight  per  cent,  occurring  during  the  four- 
teenth and  fifteenth  years. 

In  the  gn^atcr  number  of  cases  the  adeetion  is  of 
slow  progress — a  gradual  enlargement  often  covering 
several  years — but  occasionally  the  on.set  is  sudden 
and  the  case  runs  an  acute  cour.se.  Sometimes  acute 
exacerbations  occur  at  intervals;  these  are  more  often 


Fig.  1113. — Bilateral  Diffuse  Virginal  Hypertrophy  of  the  Breasts 
in  an  Unmarried  White  Girl  of  Sixteen  Years.  The  left  breast 
weighed  seven  and  three-fourths  pounds,  both  breasts  eighteen  and 
one-iourth  pounds.  (Dr.  George  Ben  Johnston,  Transaction  of  the 
Southern  Surgical  and  Gynecological  .\s30ciation,  1903.) 

near  the  menstrual  epoch.  In  the  few  recorded  cases 
where  pregnancy  supervened,  that  condition  does  not 
appear  to  nave  exercised  any  material  influence  over 
the  course  of  the  affection,  but  it  has  been  observed 
that  under  these  circumstances  the  milk  secretion 
was  either  defective  or  the  glands  were  entirely 
functionless.     The  duration  is  indefinite 

(2)  Gestational  Hypertrophy. — Diffuse  hypertrophy 
of  the  breast  occurring  during  gestation  is  less  com- 
mon than  the  virginal  type.  Of  the  eighteen  cases 
in  Albert's  collection,  he  states  that  fourteen  were 
bilateral  and  four  unilateral.  In  this  variety  the 
onset  is  invariably  acute,  the  growth  and  course  is 
very  rapid;  it  attains  its  height  by  the  end  of  gesta- 
tion, and,  as  a  rule,  completely  subsides  with  the  com- 
pletion of  pregnancy.  It  more  often  than  otherwi.se 
recurs  with  each  subseciuent  gestation.  The  hyper- 
trophy is  not  always  confined  to  the  first  pregnancy, 
but  may  appear  during  subsequent  pregnancies,  and 
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ev(Mi  has  been  encountered  as  late  as  the  eighth  gesta- 
tion.     Usually  gestation  is  normal. 

Etiotoqy. — The  etiology  is  obscure.  The  pubescent 
state,  pregnaiuty,  and  disturbance  of  menstruation 
are  the  only  accepted  etiological  factors;  for  neither 
heredity,  racial  conditions,  traumatism,  excessive 
sexual  indulgence,  nor  climatic  influences  seem  to 
have  any  relationship  to  the  disea.se.  J.  Collins 
Warren  believes  that  the  histological  findings  suffi- 
ciently explain  the  course  of  the  affection  without 
looUing  to  doubtful  theories. 

'i"h(^  experiments  of  Lane-Clayton  and  Starling  on 
the  production  of  increa.se  in  size  of  the  milk  glands 
in  virgin  rabliits,  by  the  injection  of  extracts  prepared 
from  the  body  of  the  rabbit  fetus,  is  interesting. 
Their  conclusions  were  that  the  mammary  enlarge- 
ment during  gestation  is  effected  by  means  of  a  hor- 
mone produced  in  the  fetus.  These  results  would 
suggest,  as  Albert  remarks,  the  action  of  a  similar 
hiiimone  in  the  human  fetus  as  the  cause  of  the 
gestational  type  of  diffuse  idiopathic  hypertrophy, 
and  the  probability  of  which  is  increased  by  tlie 
fact  that  the  di.sease  usually  declines  after  parturition. 

The  cause  of  the  natural  increase  in  size  of  the  mam- 
mae at  the  period  of  puberty  is  equally  if  not  more 
ob.scure.  Albert  believes  that  the  theory  of  a 
hormone  in  the  ovaries  can  be  applied  here,  and  is 
quite  probably  the  material  factor  in  the  production 
of  this,  together  with  the  virginal,  variety  of  mam- 
nuiry  hypertrophy. 

Hypertrophy  of  the  mammce  is  occasionally  as- 
■sociated  with  gigantism  of  an  upper  e.xtremity. 

Pathology. — In.spection  of  a  section  of  the  hyper- 
trophic breast  shows  a  glistening  white,  smooth  sur- 
face, not  materially  vascular,  and  without  evidences 
of  cyst-formation.  Sections  of  dilated  ducts  and 
parenchymatous  tissue  are  seen  scattered  about. 
The  tissues  are  firm  to  the  touch;  and  the  subcuta- 
neous fat  is  atrophic. 

Microscopically  the  process  is  shown  to  consist  prin- 
cipally of  a  growth  of  young  connective  ti.ssue,  to- 
gether with  the  existence  of  cell  proliferation  and 
hypertrophy  of  the  parenchyma.  Warren  describes 
the  changes  as  a  peritubular  and  acinous  growth 
of  fibrous  ti.ssue  containing  many  nuclei,  and  it  is 
the  large  quantity  of  this  growth  and  its  diffusion 
throughout  the  gland  which  distinguishes  it  from  the 
class  of  fibromata.  It  is  evident,  therefore,  that  the 
condition  is  an  exaggeration  of  the  physiological  tissue 
growth  at  the  stage  of  puberty. 

The  degenerations  of  both  sarcoma  and  carcinoma 
are  known  to  occur  in  diffuse  mammary  hypertrophy, 
but  this  is  uncommon,  and  until  within  recent  years 
such  changes  had  not  been  observed.  Bloodgood, 
writing  in  1908,  states  that  during  the  last  two  years 
he  had  seen  carcinoma  in  conjunction  with  diffuse 
hypertrophy  in  two  women,  both  over  twenty-five 
years  of  age. 

Symptoms  and  General  Course. — The  affection  does 
not  always  start  with  the  changes  of  puberty,  and 
may  not  appear  until  a  much  later  period.  It  fre- 
quently commences  as  a  localized  enlargement  in  a 
portion  of  one  gland,  which  goes  on  to  a  general  diffu- 
sion throughout  the  breast,  soon  followed  by  enlarge- 
ment of  the  other  breast.  As  has  been  remarked, 
the  disease  may  be  unilateral,  but  the  pathology  of 
such  ca.ses  is  doubtful.  After  attaining  a  certain  size 
the  enlargement  may  cease.  The  growth  may  pro- 
gress for  years,  or  it  may  reach  its  limit  within  a  few 
months.  In  the  beginning  the  breasts  are  elastic, 
but  as  the  size  increases  they  become  lax  and  pendu- 
lous or  even  pedunculated. 

The  nipples  do  not  become  hypertrophic,  but  are 
flattened  and  depres.sed;  the  areola  is  generally  greatly 
enlarged;  and  the  skin,  although  .sometimes  edemat- 
ous at  dependent  portions,  is  for  the  most  part  normal 
and  grows  with  tne  gland.  Large  veins  course  over 
the  surface,   but   the  a.xillary  lymph   nodes  are  not 
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implicated.  Respiratory  disturbance  has  been  noted 
in  some  cases.  There  is  seldom  any  pain,  but  decided 
discomfort  is  experienced  usuallj-  due  to  the  enormous 
size  of  the  breasts,  which  have  been  known  to  hang 
down  as  low  as  the  knees  and  to  require  a  table  to 
support  them.  The  size  may  diminish  or  subside 
after  confinement,  but  may  again  increase  with  the 
next  pregnancy;  and  it  has  also  been  observed  to 
lessen  after  marriage.  Tissue  resistance  is  low,  and 
ulceration,  abscess,  and  gangrene  are  apt  to  follow 
trivial  injuries. 

It  occurs  in  both  the  male  and  the  female  breast 
(in  the  former  being  known  as  gynecomastia)  and 
begins  apparently  oftener  in  the  left  than  the  right 
breast. 

In  the  reported  cases  the  age  limit  ranged  from 
eleven  to  forty-two  years. 

The  size  of  the  breasts  has  reached  enormous  dimen- 
sions, varj'ing  from  one  and  one-third  pounds  to 
sixtj'-four  pounds,  with  an  average  of  seventeen 
pounds,  and  in  the  case  of  Durston  the  weight  of  both 
mammEe  was  124  pounds — exceeding  the  weight  of 
the  body  after  operation.  The  greatest  circumference 
was  fifty-one  and  one-half  inches,  and  the  average 
circumference  was  thirty-one  and  one-half  inches 
(Albert). 

Instances  of  remarkable  development  of  lactation 
in  both  extremelj'  early  and  advanced  stages  of  life 
are  mentioned  bj'  Shield  and  many  other  writers. 
For  example,  these  include  a  woman  of  sixtj'-one 
years  who  nursed  her  grandchild;  a  child  of  three 
years  whose  mammae  and  genital  organs  were  fuUy 
developed;  and  an  infant  less  than  two  years  old  with 
established  menstruation  and  large,  well-developed 
breasts.  Mudd  reports  a  personal  case  of  an  infant 
who  menstruated  at  the  age  of  fifteen  months,  and 
at  four  years  and  nine  months  the  mammae  were 
large  and  fully  formed. 

The  prognoHs  may  be  considered  good  except  in  the 
presence  of  general  debility  and  emaciation,  or  other 
serious  maladies. 

Treatment. — In  the  milder  cases,  palliative  measures 
may  be  tried,  the  breast  being  supported  by  a  prop- 
er!}' adjusted  sling  or  bandage,  precaution  being 
taken  against  undue  pressure  lest  ulceration  and  in- 
fection follow.  A  restricted  diet,  recumbency  for  a 
long  period,  and  the  administration  of  thyroid  extract 
and  the  iodine  salts  have  been  advocated.  In  the 
gestational  form  the  possibility'  of  rapid  subsidence 
after  parturition  should  not  be  forgotten,  and  in 
cases  of  great  gra\aty  miscarriage  should  be  induced. 
In  the  virginal  and  non-pregnant  forms  amputation 
is  the  only  rational  method  of  treatment.  Both 
breasts  can  be  removed  at  the  same  sitting,  but  it  is 
often  wiser  to  allow  an  interval  of  several  weeks  to 
intervene  before  operating  on  the  second  organ. 

Hemorrhage  is  usually  excessive,  and  the  bloodless 
method  of  amputation  bj'  Wyeth's  pins  and  elastic 
constriction  should  not  be  neglected. 

Porter  has  reported  operating  on  sixteen  cases 
without  a  death,  and  Williams  collected  twenty-two 
operations  with  only  one  death. 

Senile  Parenchymatous  Hypertrophy. — This  hyper- 
trophy is  a  most  interesting  affection  of  striking  im- 
portance and  is  due  to  parenchymatous  changes  in 
the  female  breast  occurring  just  prior  to  or  during 
the  climacteric  state.  It  has  been  described  under 
a  great  variety  of  titles  which  fuUj'  attest  to  the 
marked  difference  in  the  conception  existing  as  to 
the  pathology  of  the  disease:  It  was  designated 
chronic  cystic  mastitis  by  Koenig;  cystadenoma  by 
Schimmelbusch;  chronic  cirrhosing  mastitis  by  Bui- 
roth;  chronic  mastitis  or  diffuse  fibroadenoma  by 
Wood;  fibrous  and  glandular  hyperplasia  with  reten- 
tion cysts  by  Whitney  and  others;  interstitial  mastitis 
by  English  writers;  abnormal  involution  by  Warren; 
and  senile  parenchymatous  hypertrophj^  lay  Blood- 
good.     Thus,  as  would   be  iniferred,   the  earlier  in- 
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vestigators  attributed  it  to  the  result  of  distinct 
inflammatory  changes;  then  came  Schimmelbusch 
and  contemporaneous  writers  who  believed  thai  it 
represented  a  true  neoplasm  with  cj-st-formation; 
and  finally  American  surgeons,  chiefly  Warren  and 
Bloodgood,  who  regard  the  process  as  an  abnormal 
involution  producing  a  definite  hypertrophj'  of  the 
parenchyma,  and  which  is  now  the  more  generally 
accepted  theory.  Therefore  it  is  to  be  considered  as 
clearly  a  lesion  of  the  senile  breast,  especially  occur- 
ring between  the  ages  of  forty  and  fifty  j'ears,  and  is 
more  commonly  found  in  unmarried  women  and 
married  women  who  are  sterile  or  who  have  borne 
children  but  never  lactated.     It  appears  distinctly 


Fig.  1114. — .\bnonnaI  Involution.  "Chronic  cystic  disease," 
"chronic  cystic  mastitis;"  gross  appearances.  (Warren.  .American 
Journal  of  the  Medical  Sciences,  April,  1907.) 

within  the  cancer  period,  and  as  it  is  prone  to  malig- 
nant transformation  the  possibility  of  such  a  transi- 
tion is  of  great  importance,  and  should  be  kept 
prominently  in  view  by  the  surgeon.  The  fre- 
quencj'  of  carcinomatous  degeneration  has  been 
variously  estimated  at  from  ten  to  fifty  per  cent. 
Warren  found  carcinoma  either  coincident  with  or 
resulting  later  in  thirteen  per  cent.,  and  Greenough 
and  Hartwell  in  their  series  of  cases  place  it  at  ten 
per  cent.  A  previous  mastitis  is  said  to  be  a  pre- 
disposing cause. 

There  are  a  few  rare  instances  on  record  where 
senile  parenchymatous  hypertrophj-  accompanied 
by  cyst-formation  has  been  encountered  in  tKe 
male  breast.  These  cases  presented  all  the  charac- 
teristics of  the  disease  as  seen  in  the  female  mamma. 

Pathology. — The  disease  is  divided  into  a  benign 
and  a  malignant  stage.  The  benign  stage  has  two 
recognized  tj-pes,  the  cystic  and  the  adenocystic. 

In  the  cystic  type  the  distinguishing  feature  is  the 
presence  of  cysts  without  proliferative  epithelial 
changes — the  fibrous  thickening  having  produced 
ectasia  or  dilatation  of  the  ducts  alone.  These  cysts 
are  generally  multiple,  both  large  and  small,  and  with 
smooth  walls.     .\t  first  they  are  lined  by  one  layer 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Rrciist,  IHseast'S  of 


of  columnar  opithRlium,  but  later  with  the  increase 

of  pressure  from  the  n^lainod  secretions,  this  epithelial 
lining  is  lost.  The  cysts  contain  a  turljiil,  brownish, 
or  greenish  lluici,  but  it  is  never  bloody  in  character. 
The  adennc.ijMic  li/pc  is  cliaracterizrd  by  the  exist- 
ence of  cysts  togctlier  with  proliferative  epithelial 
changes.     This    epithelial     growth     is    ob.served     in 
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Flo.  1115. — .\bnormal  Involution:  Cyst  Formiition.  Micro- 
scopic appearances.  (Greenougti  and  Hartwell,  Journal  of  Medical 
Research.  Vol.  II.  Plate  21,  June,  1903.) 

several  degrees,  as  proliferation  of  the  acini,  papillary 
outgrowth  of  the  epithelium  into  the  cysts,  and 
adenomatous  epithelium  multiplication.  Hence,  in 
some  varieties  of  this  type  there  is  evidence  of  a 
recent  subacute  inflammation,  both  the  periglandular 
connective  tissue  and  parenchyma  snowing  such 
changes.  In  other  instances  the  adenomatous  qual- 
ity is  more  prominent.     The  c.ysts  and  glandular  acini 


Fig.  1116. — Abnormal  Involution;  Microscopic  appearances. 
Papillary  and  adenomatous  types  of  epithelial  proliferation. 
(Greenough  and  Hartwell,  Journal  of  Medical  Research,  Vol.  II, 
Plate  22,  June,  1903.) 

are  filled  with  cells  and  epithelial  debris  due  to  cell 
proliferation  from  their  walls,  or  to  a  papillary  out- 
growth resembling  an  adenoma. 

The  malignant  stage  represents  the  transitional 
period  from  the  adenomatous  to  the  carcinomatous. 
Here  the  pathological  condition  is  identical  with 
adenocarcinoma. 


In  gross  appearance  it  is  quite  the  picture  of  a 
cystic  adenoma  with  the  exception  that  it  is  diflu.se 
and  not  encapsulated.  The  interlobular  connective 
tissue  is  distinct;  papillar.v  ingrowths  arc  fref|uently 
seen;  but  the  notal)le  features  are  ectasisB  or  dilata- 
tions of  the  acini  and  the  ducts. 

Its  early  recognition  is  of  the  highest  importance. 
Bloodgood  has  shown  that  the  closer  the  pathological 
condition  approaches  the  adenomatous,  or  adenocys- 
tic,  t.vpe,  the  mon;  prone  it  is  to  cancer  development. 
But  on  the  other  hand,  where  the  tendency  is  to  the 
formation  of  a  single  large  cyst  or  multi))le  smooth 
walled  cysts,  carcinomatous  transformation  is  in- 
fret(uently  encountered. 

Si/nrptoms  and  Diagnosis. — One  or  both  breasts 
may  be  implicated.  It  rarely  begins  in  a  single  area, 
but  ordinarily  originates  in  .several  points  or  areas  of 
the  same  or  both  glands,  and  becomes  diffuse  and  in- 
volves the  greater  part  of  the  breast.  When  thus 
forming  multiple  liardenings  in  both  niamnue,  where 
in  a  .senile  breast  an  atrophic  condition  is  naturally 
to  be  expected,  the  diagnosis  should  not  be  difficult. 
If  only  a  single  portion  or  quadrant  of  the  breast 
is  involved,  the  lengthening  of  the  diameter  of 
the  affected  quadrant  is  stated  to  be  of  diagnostic 
significance. 

Palpation  of  the  hypertrophied  area  usually  dis- 
closes a  more  or  less  well-outlined  mass,  rather  hard 
and  firm,  but  it  may  be  fluctuant.  This  mass  is 
without  intimate  skin  or  fascial  attachments;  it  is 
tender  to  the  touch,  but  the  color  of  the  skin  is  not 
changed;  and  in  many  cases  pain  is  quite  pronounced, 
and  increased  at  the  catamenia.  As  a  rule  there  is 
neither  inversion  of  nor  discharge  from  the  nipple, 
and  the  fat  is  not  atrophic.  Where,  however,  can- 
cerous degeneration  has  taken  place,  nipple  retraction 
is  usual.  The  axillary  lymph  nodes  may  be  hyper- 
plastic but  are  soft;  and  metasta.ses  do  not  occur 
before  the  advanced  malignant  stage. 

Treatment. — The  surgeon  should  keep  in  mind  the 
fact  that  the  condition  is  primarily  benign,  and  may 
continue  unchanged  for  quite  a  long  interval  of  time. 
But  even  at  an  early  period  it  is  impos.sible  to  say 
whether  or  not  itialignancy  has  supervened,  and 
hence  an  induration  in  the  breast  of  a  woman  at 
or  during  the  menopause  must  bo  regarded  with 
suspicion,  and  the  breast  had  better  be  exci-sed. 
A  plastic  resection  may  be  made  and  the  growth 
removed  for  immediate  examination,  and  then,  if 
indicated,  this  can  be  converted  into  the  radical 
operation  for  carcinoma. 

Partial  resection  is  not  to  be  advLsed  save  in  ex- 
ceptional instances,  and  the  same  may  be  said  of 
aspiration  under  aseptic  precautions,  although  this 
simple  procedure  has  occasionally  resulted  in  cure  in 
single  cysts.  Medical  measures  have  no  place  in  the 
treatment. 

Elephantiasis  of  the  Breast. — This  is  an  extremely 
rare  affection  of  the  breast,  and  consists,  as  it  does 
el.sewhere  in  the  body,  of  an  enormous  hypertrophy 
of  the  skin  and  subcutaneous  areolar  tissue.  Elephan- 
tiasis is  sometimes  found  in  temperate  regions,  but 
it  is  a  very  common  disease  of  tropical  and  subtropical 
countries.  Obstruction  of  the  lymph  channels  by 
one  or  another  means  is  responsible  for  the  hyper- 
trophic tissue  changes,  a  frequent  cause  of  which 
being  the  Filaria  bancrofti  and  its  larvse.  These 
nematodes,  by  accident  or  through  an  error  of  in- 
stinct, on  rare  occasions  may  enter  the  lymphatics 
of  the  upper  portion  of  the  body,  including  the 
breasts.  It  is  the  opinion  of  some  observers  that 
repeated  local  inflammatory  disturbances  are  a 
necessary  part  in  the  production  of  elephantiasis, 
but  this  belief  is  negatived  by  a  number  of  reported 
cases  in  which  inflammation  was  at  no  time  present. 
The  simple  obstruction  of  the  lymph  ducts  of  the  part 
involved   seems  sufficient  to  produce  the  condition. 

When  the  breast  is  affected,  complete  excision  of  the 
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gland  with  removal  of  the  axiUary  lymph  nodes  is  the 
treatment  called  for. 

Gynecomastia  (Gynecomazia). — The  actual  defini- 
tion of  the  term  gynecomastia  signifies  an  excessive 
size  of  the  male  breast,  and  was  employed  by  Paul 
d'Egine  to  designate  the  male  breast  possessing  the 
dimensions  and  functional  characteristics  of  the  female 
breast.  It  was  believed  that  under  certain  condi- 
tions the  male  mammary  gland  was  in  fact  capable 
of  secreting  milk  and  assuming  the  role  of  the  female 
organ,  and  the  literature  of  olden  days  abounds  in 
recorded  examples  where  this  was  stated  to  exist. 
In  modern  times,  however,  reports  of  such  cases  are 
rarely  found,  and  among  scientific  physicians  the 
existing  opinion  is  that  such  a  condition  is,  to  say 
the  least,  most  improbable.  More  than  that,  as 
Woodyatt  remarks,  there  is  no  authentic  instance 
where  the  milk  from  such  a  source  has  been  subjected 
to  proper  chemical  and  microscopic  examinations. 
In  addition,  it  has  not  been  shown  that  the  acini  of 
such  glands  are  developed  to  the  .same  degree  as  those 
of  the  lactating  female  breast;  and  it  is  probable  that 
the  milk-like  fluid  that  frequently  exudes  from  the  nip- 
ple of  these  breasts  is  derived  from  a  cystic  formation, 
or  is  of  a  purulent  character.  It  is  true  that  the  mam- 
mary glands  of  the  male  and  the  female  are  identical 
in  structure  up  to  the  period  of  pubescence,  and  that 
the  so-called  mastitis  adolescentium  occurs  in  both 
sexes;  but  from  that  time  the  resemblance  ceases, 
the  male  gland  remains  stationary,  retaining  its 
rudimentary  features,  whereas  the  female  breast 
continues  to  increase  in  outward  size  and  glandular 
development,  preparatory  to  entering  upon  the  des- 
tined function  of  lactation. 

It  has  been  clearly  demonstrated  by  Volkmann, 
Scheiber,  Israel,  Stieda,  and  others,  that  the  condi- 
tion of  gynecomastia  is  purely  an  hypertrophy,  and 
that  the  enlargement  may  consist  in  an  increase  in 
the  fibrous  stroma  and  parenchyma,  or  be  due  ex- 
clusively to  the  excessive  production  of  adipose  tissue. 
It  is  mentioned  by  Dennis  that  the  affection  is  very 
prevalent  in  Pomerania.  But  it  now  seems  to  be  rare 
in  all  countries,  and  Puech  has  shown  that  only  one 
case  was  discovered  among  1.3,000  French  conscripts. 

Two  varieties  are  described,  nameh^  one  in  which 
the  sexual  organs  are  normal:  and  the  other  in  which 
the  testicles  are  defective,  either  congenitalh'  or  from 
traumatism  or  disea.se.  In  the  former  type  Williams 
considers  that  the  condition  is  caused  by  a  reversion 
to  that  early  state  when  both  the  male  and  the  female 
parents  suckled  their  young.  The  enlargement 
commonly  begins  near  the  time  of  puberty,  and 
generally  involves  both  glands;  but  it  is  often  unilat- 
eral, the  left  breast  being  more  frequently  affected. 

In  the  .second  type,  congenital  anomalies,  par- 
ticularly some  form  or  degree  of  hcrmaphrodism.  are 
connected  with  the  mammary  hypertrophy.  Gigan- 
tism of  the  upper  extremity  on  the  same  side  also 
may  be  an  associated  anomalj'.  When  castration 
is  performed  during  the  stage  of  highest  sexual  ac- 
tivity, hypertrophy  of  the  mamma  may  result; 
but  when  this  operation  is  executed  before  puberty 
or  on  men  toward  middle  age,  no  effect  upon  the 
breast  has  been  observed  to  foUow  it.  Certain 
disea.ses  of  the  testicle,  as  for  example,  syphilis  or 
parotitis,  in  which  atrophj^  of  the  testis  occurs,  may  be 
followed  by  gynecomastia.  In  gonorrhea,  however, 
where  the  epididymis  alone  is  involved,  testicular 
atrophy  is  very  unusual,  and  mammary  hypertrophy 
has  not  been  found  connected  with  the  malady. 

No  treatment  is  called  for  except  in  those  instances 
where  removal  of  the  deformity  is  desired  by  the 
patient,  when  plastic  resection  may  be  resorted  to. 

Atrophies  of  the  Breast. — Pathological  Atrophy. 
— Various  disturbances,  other  than  tho.se  due  to  de- 
fects of  development,  maj'  be  the  cause  of  atrophy 
of    the    mammary   gland.     Severe    traumatism,    cer- 
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tain  infectious  diseases,  and  inflammatory  conditions 
have  residted  in  arrest  in  growth  and  subsequent 
wasting  of  the  gland.  Mastitis  of  the  new-born  is 
regarded  as  a  particular  etiological  factor.  The 
atrophy  is  rareh'  complete,  and  may  be  either  unilat- 
eral or  bUateral;  enlargement  of  the  breast  at 
puberty  and  lactation  after  pregnancy  fail  to  occur; 
and  it  is  frequently  accompanied  by  a  condition  of 
infantDism.  The  normal  covering  of  fat  may  conceal 
the  deformity. 

Removal  of  the  ovaries  in  early  life  has  been  fol- 
lowed by  mammary  atrophy,  although  if  oophorec- 
tomy is  performed  at  full  sexual  maturity  no  effect 
upon  the  volume  of  the  gland  is  noticed. 

Certain  drugs  are  accredited  with  the  faculty  of 
diminishing  the  size  of  the  mammae,  especially  potas- 
sium iodide.  Dennis,  however,  relates  a  case  of  a 
young  girl  to  whom  large  daily  doses  of  the  salt  were 
administered  for  a  period  of  manj'  weeks,  but  no 
changes  in  the  breast  occurred. 

Senile  Atrophy. — Atrophy  of  the  mamma  is  a  normal 
process  during  the  stage  of  involution.  At  the  cli- 
macteric the  parenchyma  shrinks  and  disappears  and 
is  replaced  by  a  growth  of  fibrous  stroma  and  fat 
deposit,  this  condition  being  characteristic  of  the 
gland  structure  in  old  age.  Thus,  the  senile  breast 
under  the  microscope  is  seen  to  be  composed  of  a 
fibrous  tissue  framework  filled  in  with  fat,  which 
often  is  excessive,  with  a  few  ducts  and  acini  scattered 
about.  These  remaining  elements  are  verj'  subject 
to  cystic  degenerative  changes. 

DisE.tsES  OP  the  Nipple  axd  the  Integument  op 
THE  BRE-A.ST. — Acutc  affectious  of  the  nipple  rarely 
assume  importance  except  during  the  functional 
activity  of  the  mammary  gland.  Tlie  naturally  con- 
gested state  of  the  breasts  attendant  upon  the  early 
days  of  lactation,  together  with  the  increa.sed  secre- 
tion produced  by  the  sucking  efforts  of  the  child  re- 
sult in  greater  engorgement  and  milk  retention. 
Add  to  this  a  deficiency  in  the  development  of  the 
nipple  and  a  want  of  cleanline.ss,  and  you  have  the 
essential  etiological  factors  in  the  greater  number  of 
inflammatory  lesions  of  the  nipple.  Platzer  states 
that  in  1,000  cases  in  his  clinic  in  Budapest,  he  found 
suckling  the  child  to  be  the  only  cause  of  inflammatory 
lesions  of  the  nipple.  Such  conditions  he  ascribes 
to  the  combined  effects  of  bruising  by  the  infant's 
gums,  traction  on  the  nipple  during  nursing,  and 
maceration  of  the  delicate  nipple  epithelium  pro- 
duced by  the  mother's  milk  and  the  secretions  from 
the  mouth  of  the  child.  Badly  formed  nipples  are 
more  prone  to  be  thus  affected  than  normal  ones. 
Primiparae  are  the  more  frequent  subjects. 

It  is  of  first  importance,  therefore,  that  the  con- 
dition of  the  nipples  be  ascertained  during  the  later 
months  of  pregnancy.  When  the  normal  protrusion 
of  the  nipple  is  absent,  and  it  is  .small,  flattened,  and 
depres.sed  into  the  areola,  persistent  endeavor  should 
be  made  to  overcome  this  lack  of  development  by 
frequent  traction  with  the  fingers,  or  by  the  employ- 
ment of  some  one  of  the  many  nipple  suction  devices. 
These  measures  should  be  supplemented  by  frequent 
bathing  of  the  breast,  and  the  application  of  astrin- 
gent and  anti-septic  lotions  to  harden  the  delicate  skin 
of  the  nipple  and  its  surrounding  areola.  After  con- 
finement the  .same  cleansing  and  hardening  methods 
should  be  diligently  pursued,  both  before  and  after 
nursing,  in  order  to  free  the  nipple  of  the  germ  carry- 
ing secretions  of  the  child's  mouth.  Equal  care,  of 
course,  should  be  given  to  the  mouth  of  the  infant. 

Inverted  Nipple. — The  typically  formed  nipple  is  of  a 
cylindrical  shape,  protrudes  about  half  an  inch  or  more 
beyond  the  breast  surface,  and  is  rugous  or  even 
nodular,  but  never  fissured.  There  are  many  devia- 
tions from  this  standard — varying  from  a  stunted 
nipple  to  a  mere  central  areola  depression  into  which 
the  milk  ducts  open. 
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Inversion  or  retraction  of  the  nipple  is  frequently 
a  congenital  defect — an  error  of  tlovelopment — or  it 
may  result  from  cicatrieial  contraction  following 
disease  or  injury,  such  as  burns,  ulcerations,  carci- 
noma, and  like  affections,  and  even  from  the  pressure 
of  tight-fitting  clothing.  As  mentioned  before,  it  is 
a  most  important  element  in  the  production  of  cer- 
tain acute  affections  of  the  breast. 

Carefully  ajiplied  traction,  together  with  the  use  of 
the  wooden  ni])|)le  shii-ld,  will  remedy  tlie  condition  in 
some  instances.  Operative  measures  have  been  men- 
tioned as  beneficial  in  a  few  ea.ses  of  the  congenital  type. 

Eczema. — Eczema  of  the  nipple  and  areola  and 
the  skin  of  the  breast  does  not  differ  from  this  affec- 
tion in  other  portions  of  the  body,  and  yields  to  the 
same  treatment  as  applied  eLsewhere.  It  may  affect 
one  or  both  breasts,  and  may  be  independent  of  the 
sources  of  irritation  connected  with  pregnancy  and 
lactation.  Want  of  cleanliness  is  not  an  unusual 
cause.  It  appears  as  an  irregular  red,  excoriated 
area  of  skin  about  the  nipple,  and  which  is  covered 
with  crusts.  The  nipple  and  areola  of  the  male 
breast  may  be  similarly  affected. 

The  intractable  chronic  forms  may  bo  difficult  to 
distinguish  from  malignant  papillary  dermatitis  or 
Paget's  disea.se  of  the  nipple. 

Piii/et's  Disease  of  the  Nipple. — (See  Malignant 
Papillary  Dermatitis,  under  heading  of  Carcinoma.) 

Injlammntion  of  the  Nipple  {Fis.sures.  Erosions, 
Cracks,  Etc.). — Fi.ssures,  excoriations,  and  like  af- 
fections, form  the  principal  inflammatory  diseases 
of  the  nipple  and  areola,  and  occur  most  freciuently 
during  lactation.  They  are  caused  by  the  trauma 
and  maceration  of  the  delicate  skin  of  the  nipple 
inflicted  by  the  child  during  suckling.  These  lesions 
are  distressingly  painful,  and  the  inten.se  burn- 
ing and  smarting  when  the  child  is  at  the  breast  are 
far  beyond  the  degree  of  inflammatory  action  pres- 
ent, and  often  render  nursing  impossible.  Asso- 
ciated with  these  conditions  small  abscesses  may 
form  in  the  areola,  following  bacterial  invasion 
through  the  atrium  of  the  denuded  derm.  Scrupu- 
lous cleanliness,  frequent  bathing,  and  keeping  the 
parts  dry,  together  with  the  use  of  antiseptic  and  as- 
tringent lotions,  such  as  acetate  of  lead  lotion,  solu- 
tions of  alum,  boracic  acid,  alcohol,  painting  with 
tincture  of  benzoin  or  a  weak  solution  of  cocaine,  or 
the  use  of  some  drying  powder,  constitute  the  usual 
treatment.  The  nipple  shield  is  of  great  assistance, 
and  should  be  employed  early.  In  severe  cases 
weaning  the  child  may  become  necessary.  In  cases 
of  deep  and  persistent  fissures  the  application  of 
silver  nitrate  will  often  effect  a  rapid  cure. 

Furuncle. — Boils  of  the  areola  occur  more  com- 
monly in  nursing  women,  and  are  due  to  infection  of 
the  sebaceous  glands  of  the  part  resulting  in  one  or 
several  small  superficial,  inflamed,  tender,  and  hard 
nodules,  which  may  be  ciuite  painful.  These  nodules 
soon  suppurate,  open,  and  discliarge,  and  in  some  cases 
they  may  merge  together  and  form  short  subcutaneous 
sinuses. 

Abscess  of  the  nipple  is  rare.  Velpeau  believes 
that  it  usually  ari.ses  in  a  mUk  channel.  Only  a 
small  quantity  of  pus  forms,  and,  as  this  discharges, 
milk  wiU  often  escape  through  the  opening. 

Ecchymoses  of  the  nipple  and  areola,  due  to  sucking 
efforts  and  the  bruising  caused  by  the  child's  gums, 
is  sometimes  observed. 

Hyperesthesia  and  rigidity  of  the  nipple  is  occa- 
siojially  met  with,  and  is  probably  associated  with 
some  uterine  or  ovarian  disturbance. 

Chancre  of  the  Nipple  a)id  Breast. — The  primary  or 
initial  lesion  of  syphilis  is  not  very  infrequent  in  this 
situation,  and  even  may  be  bilateral.  It  has  been 
reported  in  men  as  weU  as  in  women,  although  inocu- 
lation is  most  often  acquired  by  suckling  an  infant 
with  mucous  patches  in  the  mouth.  I  have  person- 
ally seen  two  examples  of  chancre  of  the  nipple,  one 


at  the  base  and  the  other  on  the  nipple  proper,  in 
women  who  were  bitten  by  their  syphilitic  paramours. 
The  lesion  is  usually  situated  on  the  nipjile  oral  its  base, 
and  appears  as  a  fissure,  erosion,  or  ulceration,  and 
may  be  mistaken  for  simple  fi.ssure  which  it  closely 
resembles.  An  indurated  crack  or  sore  on  the  nipple 
which  is  chronic  and  proves  rebellious  to  ordinary 
local  measures,  associated  w'ith  enlarged  and  indo- 
lent axillary  nodes — especially  located  just  under  the 
edge  of  the  pectoralis  nuijor  muscle— is  sufficient  to 
make  a  provisional  diagnosis  of  lues.  The  presence 
of  the  Treponema  pallidum  furnishes  the  positive 
answer.  When  a  chancre  occupies  the  skin  overlying 
the  breast  it  has  much  of  the  appearance  of  such  a 
lesion  on  the  genitalia. 

Secondary  manifcstatio7is  of  syphilis  are  here 
observed  as  mucous  patches  and  moist  condylomata 
of  the  nipple  or  areola,  and  also  along  the  inframam- 
mary  crea.se  in  pendulous  breasts. 

Antisyphilitic  treatment  should  be  prescribed,  and 
the  nursing  child  separated  from  its  mother. 

The  infection  of  diphtheria,  through  the  medium  of 
the  nipple,  has  been  communicated  from  the  nursing 
child  to  the  mother.  Such  an  example  of  a  .six  weeks 
old  baby  with  tonsillar  diphtheria,  is  mentioned  by 
Caddy. 

Thrush  may  be  conveyed  in  a  like  manner  from  the 
nursing  child. 

The  integumentary  system  of  the  breast  is  also 
subject  to  many  other  affections  found  on  other  parts 
of  the  cutaneous  surface,  such  as  chancroid,  lupus, 
keloid,  scabies,  erysipelas,  herpes  zoster,  etc.,  but 
these  do  not  call  for  notice  here. 

Tumors  of  the  Nipple  and  Areola. — The  most  fre- 
quent growths  of  this  locality  are  sebaceous  {retention) 
cysts,  originating  in  the  glands  of  Montgomery. 
Cases  of  epithelioma,  also  arising  in  the  sebaceous 
follicles,  are  reported. 

Examples  of  true  hypertrophy  of  the  nipple,  and 
papillomata  and  angiomata  of  the  nipple  and  areola 
nave  been  noted,  and  are  occasionally  found  in  the 
literature. 

These  affections  occur  in  the  male  as  well  as  the 
female  breast. 

Disturbances  op  Function. — Neurosis  of  the 
Breast  (Neuralgia,  Mastodynia,  Irritable  Breast). — 
This  affection  is  more  often  met  with  in  young,  usu- 
ally unmarried,  women  between  the  ages  of  fifteen 
and  thirty  years  (Gross),  at  a  time  when  the  gland  is 
nearing  or  has  reached  its  highest  development,  and 
is  intimately  associated  with  disturbed  sexual  life. 

Swelling  of  the  breast  with  tenderness  is  frecjuent 
at  times  of  uterine  change  or  derangement,  par- 
ticularly at  the  catamenia,  at  the  beginning  of  puberty, 
during  gestation,  and  even  at  the  menopause.  Indeed, 
the  slightly  painful  or  sensitive  breast  is  such  a 
common  attendant  upon  the  menstrual  epoch  that 
but  little  heed  is  given  it  by  women  thus  affected. 

When  these  symptoms  are  intensified  the  condi- 
tion is  given  the  name  mastodynia — painful  breast — - 
which  may  become  agonizing,  unbearable,  and  the 
cutaneous  hyperesthesia  often  .so  severe  as  to  be 
intolerant  of  a  touch  or  the  pressure  of  the  clothing. 
The  pain  may  be  localized  in  the  breast  or  it  may 
shoot  through  the  gland  up  into  the  shoulder,  down 
the  arm,  and  also  radiate  over  the  intercostal  area — 
following  the  course  of  the  intercostohumeral  and 
intercostal  nerves.  One  or  both  breasts  maj'  be 
affected. 

The  subjects  of  the  disorder  are  usually  slender  and 
delicate  women,  with  pale  skins,  and  are  generally 
of  the  better  classes  of  society.  They  incline  to  the 
neurotic  tj'pe  and  are  often  hysterical,  given  to  brood- 
ing, dwell  upon  their  sufferings,  and  frequently  become 
depressed  by  the  fear  of  malignancy.  Such  patients 
may  also  be  subject  to  neuralgia  in  other  localities, 
or  maj'  suffer  from  rheumatism. 
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Examination  of  the  breast  is  for  the  most  part 
negative,  except  possibly  that  the  affected  gland 
may  be  a  little  firmer  to  the  feel  and  slightly  larger 
than  its  companion.  In  some  instances  sensitive 
lobules  may  be  distinguished,  constituting  a  form  of 
lobular  viaslitis. 

The  treatment  consists  in  attention  to  the  pelvic 
organs,  regulation  of  the  secretions,  substantial  food, 
changing  the  mode  of  life  to  an  active,  useful,  out-of- 
door  existence,  together  with  tonics  and  recon- 
structives  if  anemia  be  present.  A  gouty  or  rheu- 
matic tendency  should  receive  due  attention.  Local 
applications  are  of  little  avail,  but  when  the  breasts 
are  pendulous  a  supporting  sling  may  afford  comfort. 
The  pain  and  hyperesthesia  may  be  so  intense  and 
persistent  that  amputation  of  the  whole  breast  be- 
comes the  only  remedy,  as  occurred  in  a  case  men- 
tioned by  Finney.  Resection  of  the  involved  nerves 
may  afford  relief. 

Spontaneous  Ecchtmosis. — A  rather  peculiar 
condition  of  ecchymosis  of  the  breast,  non-traumatic 
or  spontaneous  in  origin,  has  been  observed  in  women 
suffering  from  difficult  menstruation.  It  is  often 
preceded  by  severe  pain  in,  together  with  swelling  of, 
the  mamma.  These  symptoms  may  be  of  a  mild 
character,  but  occasionally  they  are  pronounced  and 
may  be  accompanied  by  oozing  of  blood  from  the 
nipple  and  other  distressing  .symptoms. 

Regulation  of  any  existing  disturbance  of  the  men- 
strual function,  and  meeting  whatever  other  condi- 
tions that  may  require  attention,  covers  the  neces- 
sarj'  treatment. 

M.4.STITIS  (Mammitis). — Inflammation  of  the  mam- 
mary gland  is  met  with  at  all  ages,  but  there  are  cer- 
tain periods  of  life  at  which  the  breast  is  distinctly 
more  susceptible  to  this  process  than  at  others, 
namely,  just  after  birth,  in  adolescence,  during 
lactation,  and  at  the  time  of  senDe  atrophic  changes. 
Therefore  it  is  customary  to  classify  such  conditions 
according  to  these  several  periods,  to  the  structures 
involved,  and  the  degree  of  inflammation. 

Mastitis  is  comparatively  rare  in  the  male  breast, 
since,  naturally,  lactation  and  associate  conditions 
are  ab.sent.  When  it  does  occur,  however,  it  usually 
results  from  traumatism  or  is  dependent  upon  infec- 
tion foUowing  necrosis  of  a  rib,  tuberculosis,  syph- 
ilis, etc. 

Acute  inflammation  of  the  breast  (mastitis  acuta) 
almost  invariably  occurs  when  the  functional  activ- 
ity of  the  gland  is  at  its  height;  whereas,  the  low 
grade  or  chronic  form  (mastitis  chro7iica)  is  more  apt 
to  follow  lactation,  or  to  be  associated  with  the  wan- 
ing stage  or  time  of  senile  decline  of  the  mamma. 

Mastitis  Neonatorum. — Inflammatory  changes  in 
the  breast  of  the  new-born  child  frequently  accom- 
pany the  hypertrophy  of  the  organ  met  with  at  that 
period.  The  condition  occurs  in  both  sexes  within  the 
first  week  after  birth,  and  is  characterized  by  swell- 
ing, often  redne.ss  of  the  skin,  and  occasionally  with 
oozing  of  a  turbid,  milk-like  fluid  from  the  nipple. 
As  remarked  by  Dennis,  it  may  be  aggravated,  or 
possibly  induced,  by  the  manipulations  of  an  igno- 
rant nurse  in  attempting  to  empty  the  breast  of  the 
small  quantity  of  colostrum  it  sometimes  contains. 

The  cause  of  the  disorder  is  a  question  of  some 
doubt — even  as  to  its  being  a  positive  inflammation. 
It  is  regarded  as  inflammatory  by  Warren  who 
believes  that  the  process  is  inaugurated  in  utero, 
inasmuch  as  he  found  active  proliferation  of  epithe- 
lium and  clogging  of  the  ducts  with  epithelial  debris, 
similar  to  a  true  inflammation,  in  the  glands  of  new- 
born infants.  Others  (Koelliker)  regard  the  changes 
as  concomitant  to  normal  development,  and  attribute 
the  secretion  to  epithelial  degeneration  and  crowding 
the  ducts  with  debris  before  birth  (De  Sin^ty),  and 
also  to  a  po.sitive  lacteal  secretion. 

This  condition  usually  subsides  in  a  few  days,  and 


.seldom  requires  any  treatment  beyond  hot  moist 
applications  or  .some  soothing  lotion.  Any  manipu- 
lation of  the  breast  is  officious  and  harmful,  and  may 
even  intensify  the  condition  to  the  point  of  suppu- 
ration. When  pus  is  present  it  should  be  evacuated 
bj'  an  incision  radial  to  the  nipple,  with  drainage  or 
not  as  circumstances  require. 

Mastitis  Adolescentium. — At  the  time  of  puberty 
both  se.xes  are  subject  to  a  form  of  mastitis  desig- 
nated by  the  above  caption.  It  is  more  frequent  in 
girls  than  in  boys,  and  particularly  in  those  of  deli- 
cate mould,  with  feeble  musculature,  sallow  skins, 
and  irregular  bowels.  In  mild  cases  the  breast  is 
swollen,  tense,  hard,  and  resilient  to  the  feel,  and 
small  deeply  seated  nodules  may  be  present;  it  is 
quite  painful  and  sensitive;  or  the  induration  may 
extend  to  the  entire  gland  with  aggravation  of  all 
the  symptoms.  In  the  still  severer  cases  the  breast 
is  markedly  enlarged,  the  nipple  and  areola  are  in- 
flamed, often  with  hard  ridges  radiating  outward,  the 
axillary  glands  become  involved,  and  the  pain  and 
tenderness  are  intense. 

A  painful  and  enlarged  condition  of  the  breast  also 
occurs  in  young  girls  during  the  catamenia,  and  is 
probably  associated  with  sexual  development.  Like- 
wise hemorrhage  from  the  nipple,  probably  a  vicari- 
ous menstruation,  has  been  noted  under  similar 
circumstances. 

In  the  male  (mastitis  pubescenlium  virilis)  it  is 
stated  by  some  writers  to  affect  the  left  breast  more 
often  than  the  right;  and  also  when  the  inflammation 
continues  for  a  long  period  of  time  it  may  produce  a 
permanent  enlargement  of  the  gland. 

The  symptoms  gradually  decline  without  treatment, 
and  after  several  weeks  the  breast  regains  its  normal 
state.  Resolution  is  hastened,  however,  by  carefully 
adjusted  pressure,  warm  and  moist  applications,  or 
soothing  salves.  Suppuration  rarely  occurs,  but  when 
abscess  forms,  evacuation  of  the  pus  should  be 
effected. 

Chronic  Interstitial  Mastitis. — There  is  a  chronic 
form  of  mammary  inflammation  of  rare  occurrence 
which  is  observed  during  or  near  the  menopause. 
It  consists  of  a  dense  fibrous  infiltration  and  atrophy 
of  the  breast  and  its  superimposed  fat,  and  has  been 
termed  "cirrhosis  mammae."  It  is  evidently  an 
interstitial  inflammation,  and  two  forms  are  recog- 
nized, a  diffuse  form  and  a  circumscribed  form.  The 
resemblance  to  scirrhus  cancer  is  very  positive,  and 
may  be  confused  with  this  malignant  growth.  There- 
fore the  differential  diagnosis  is  extremely  difficult, 
often  impossible,  and  then  often  cleared  up  only  after 
exploration  or  removal.  Surgical  intervention  is 
called  for. 

Chronic  forms  of  mastitis  are  sometimes  met  with 
in  the  male,  and  may  be  of  syphilitic  or  gouty  origin, 
or  may  arise  from  adjacent  disease.  Leudet  has 
described  a  peculiar  form  of  chronic  hypertrophy  of 
the  male  breast  connected  with  tuberculosis  of  the  lung 
on  the  same  side.  This  mammary  enlargement  is 
distinctly  inflammatory  and  not  tuberculous,  and  is 
interesting  as  being  associated  with  the  pulmonary 
disease. 

Traumatic  Mastitis  (Mastitis  Traumatica). — Certain 
injuries  to  the  breast  are  known  to  produce  an  in- 
flammation of  its  tissues.  In  men  such  traumatisms 
may  be  directly  inflicted  by  means  of  the  tools  em- 

Cloyed  in  their  vocations,  as  in  the  case  of  carpenters 
y  the  brace  and  bit.  An  abrasion  of  the  skin  may 
then  furnish  a  ready  atrium  for  the  invasion  bj'  infect- 
ing organisms,  and  suppuration  results;  or  the  mastitis 
may  assume  a  chronic  form  with  the  usual  attendant  • 
symptoms. 

Puerperal  Mastitis  (Lactation  Mastitis). — It  is  well 
known  that  ordinarily  during  gestation  and  the  period 
of  lactation  the  mammary  gland,  with  the  exception 
of  infections,  possesses  marked  immunity  to  disease. 
Inflammatory  conditions,  however,  are  frequent,  and 
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puerperal  mastitis  is  the  commonest  variety  of  the 
infective  inllammations  of  the  breast.  It  is  stated  to 
supervene  in  six  per  cent,  of  all  nursing  women 
(Guleke),  and  is  especially  fretiuent  in  primipara;. 
Winckel  states  that  07. ti  per  cent,  of  all  ca.scs  of 
mastitis  are  found  in  first  lactations.  However,  such 
percentages  are  largely  influenced  by  the  medical  at- 
tention given  the  patient  during  gestation  and  after 
parturition,  and  thus  are  shown  to  vary  from  0..54  to 
41.1  per  cent,  by  Rubeska's  statistics  gathered  from 
various  German  clinics  (Whitridge  Williams).  The 
right  breast  has  been  stated  to  be  more  liable  to  the 
disease  than  the  left  one,  and  also  that  a  preference 
is  shown  for  the  lower  and  outer  (puidrant. 

The  degree  of  inflammation  ranges  from  a  simple 
state  of  congestion  and  milk  retention  to  the  severest 
suppurative  type. 

During  the  last  days  of  pregnancy  and  in  the  first 
seventy-two  hours  of  lactation  the  breast  often 
becomes  largely  distended,  firm,  and  knotted  on 
palpation,  which  is  frequently  accompanied  by  much 
pain  together  with  a  slightly  elevated  temperature 
and  accelerated  pulse.  Only  a  portion  of  the  gland 
is  involved,  the  trouble  being  usually  confined  to 
a  single  lobe.  This  condition  is  vulgarly  termed 
"caked  breast,"  but  technically  is  known  as  stagnation 
mastitis.  It  is  ordinarily  of  brief  duration  and  sub- 
sides either  spontaneously  or  yields  to  the  applica- 
tion of  gentle  massage,  supportive  and  compressing 
bandages,  th^  ice  bag,  and  the  u.se  of  the  breast 
pump — measures  designed  to  empty  the  breast  of  its 
retained  secretion  and  relieve  the  surcharged  state  of 
the  blood-vessels.  Should  such  treatment  fail  to 
bring  about  resolution,  it  may  be  advisable  to  dry 
up  tne  milk  in  order  to  avoid  suppuration,  which 
invariably  succeeds  upon  a  continuance  of  this  con- 
dition. 

In  those  instances  where  the  s^'mptoms  are  not 
speedily  relieved,  but  continue  unabated,  the  ex- 
cessive distention  leads  to  mild  tissue  changes  in 
the  glandular  elements  with  lessened  resistance.  Mi- 
crobic  invasion  now  soon  follows  with  resulting  sup- 
puration, and  an  infective  or  pyogenic  mastitis  is 
inaugurated. 

This  parenchymatous  inflammation  of  the  breast  is 
the  commonest  form,  and  not  an  infrequent  complica- 
tion of  the  puerperal  state.  It  follows,  and  usually  is 
an  e.Ktension  of,  the  engorged  condition  just  described. 
The  symptoms  generally  become  manifest  from  the 
end  of  the  first  to  the  fourth  week  after  labor,  and 
are  ushered  in  by  the  ordinary  signs  of  beginning 
infection. 

Etiology,  Symptoms,  and  Course. — This  form  of 
mastitis  is  always  due  to  the  invasion  of  pyogenic 
bacteria  by  way  of  abraded  or  fi.ssured  nipples, 
through  the  avenue  of  the  lymph  vessels,  or  by  the 
lactiferous  ducts,  in  which  latter  channels  bacteria  are 
usually  present,  ready  to  assume  virulence  as  condi- 
tions may  favor.  The  infection  may  also  spread  from 
surrounding  structures,  such  as  the  subareolar  area 
and  the  neighboring  sebaceous  glands.  Honigmann, 
Bumm,  and  Koestlin,  together  with  other  searchers 
in  this  field,  have  shown  that  the  staphylococcus 
pyogenes  albus  and  aureus  are  found  in  from  eighty 
to  ninety-four  per  cent,  of  all  mammary  glands. 
Under  natural  surroundings  these  bacteria  are 
innocent  residents  of  the  lacteal  fluid,  but  they  take 
on  pathological  activity  with  the  tissue  changes  inci- 
dent to  engorgement  and  imperfect  drainage.  The 
streptococcus  has  also  been  found  in  these  cases,  and 
even  the  presence  of  the  gonococcus  has  been  demon- 
strated— the  infection  following  direct  inoculation 
from  the  vagina  of  the  patient  or  by  the  gonorrheal 
pus  from  the  eyes  of  the  nursing  infant.  Mastitis 
has  also  been  ascribed  to  the  infection  from  puerperal 
metritis. 

The  virus  seems  to  follow  the  perilobular  lymphat- 
ics and   then  spread  out  through  the  anastomosing 


lymphatics  in  different  directions.  At  first  it  is 
probably  limited  to  the  immediate  vicinity  of  the 
gland  structure,  since  in  the  beginning  the  intersti- 
tial connective  tissue  is  practically  free  of  infection; 
but  later  it  may  extend  to  the  deeper  structures, 
attacking  and  destroying  the  greater  part  of  the  gland. 
In  other  and  favorable  instances  the  process  is  less 
severe,  and  nuiy  end  in  final  resolution  and  without 
damage  to  the  breast. 

The  symptoms  are  those  usually  attendant  upon 
suppuration;  and  when  the  surgeon  does  not  interfere, 
but  which  he  should  always  do,  the  process  goes  onto 
softening  and  spontaneous  evacuation  of  the  pus. 
When  the  infection  enters  through  the  atrium  af- 
forded by  excoriated  or  fissured  nipples,  the  char- 
acter of  the  inflammation  is  usually  of  the  phlegmon- 
ous type. 

The  abscess  (suppurative  mastitis)  may  be  located 
superficially,  in  the  subcutaneous  tissues  of  the 
breast,  forming  a  para-  or  supramammary  abscess, 
or  limited  to  the  subareolar  space  with  the  formation 
of  a  small  abscess,  which  has  been  spoken  of  as 
subareolar  mastitis.  When  the  abscess  occurs  within 
the  lobules  it  is  designated  as  intramammary ;  and  if 
the  infection  burrows  backward  into  the  loose  cellular 
tissue  beneath  the  breast  a  retro-  or  submammary 
abscess  may  result.  In  the  superficial  and  intramam- 
mary varieties  the  bacteria  travel  through  the  lym- 
phatics connected  with  the  affected  nipples,  or  by  the 
route  of  the  lacteal  ducts;  but  the  submammary 
form  of  abscess  arises  secondarily  from  the  infected 
breast  or  the  adjacent  thoracic  wall  or  cavity.  Puru- 
lent collections  within  the  breast  structure  may  be 
single  or  multiple — one  large  abscess  or  numerous 
small  ones,  whicn  latter  may  coalesce  at  a  later  stage. 
If  not  incised  the  pus  may  tunnel  its  way  to  tne 
surface  by  one  or  more  openings,  leaving  intractable 
sinuses.  The  process  may  be  so  extensive  that  the 
gland  is  completely  destroyed,  functionally  and 
otherwise. 

The  symptoms  consist  of  a  tense,  firm  swelling  of 
the  breast,  either  a  circumscribed  or  diffuse  indura- 
tion, tenderness,  and  a  constant  throbbing  pain, 
with  redness  and  infiltration  of  the  skin  in  the  later 
stages.  Fluctuation  is  often  difficult  of  detection. 
When  the  abscess  is  retromammary  the  symptoms 
are  not  so  characteristic,  and  the  whole  breast  is 
thrust   forward  and   bulges  as  a   firm,    tense   mass. 

The  immunity  of  the  mamma  to  disease  during  lac- 
tation has  already  been  mentioned,  the  chief  excep- 
tion being  that  of  infection.  But  this  statement 
shoidd  be  qualified,  for,  in  rare  instances,  malignant 
tumors  of  the  breast  may  develop  during  pregnancy 
and  the  nursing  period.  Bloodgood  believes  tnat  an 
induration  in  the  breast  occurring  before  delivery  in 
women  over  twenty-five  years  of  age,  should  always 
be  explored,  and  states  that  in  his  experience  it  is 
either  carcinoma  or  tuberculosis.  He  has  observed 
eight  cases  of  carcinoma  and  two  of  tuberculosis 
in  the  lactating  breast.  Finney  observes  that  carci- 
noma developed  during  lactation  in  two  per  cent,  of 
the  cases  in  Halsted's  clinic. 

Treatment. — The  treatment  of  puerperal  mastitis 
should  begin  with  its  prevention.  By  needful  and 
appropriate  attention  given  to  the  breasts  during  the 
last  months  of  pregnancy  and  after  parturition, 
abrasions  and  fissures  of  the  nipples,  the  chief  cause  of 
mastitis  and  abscess,  can  be  largely  prevented,  and 
nursing  rendered  more  comfortable  for  both  mother 
and  child.  To  this  end  the  breasts  should  receive 
frequent  and  cooling  baths,  a  light  supporting  band- 
age adjusted  if  they  be  heavy  and  tense,  and  appli- 
cations to  the  nipples  of  hardening  and  antiseptic 
lotions  made  several  times  daUy,  such  as  a  saturated 
solution  of  boracic  acid  in  equal  parts  of  alcohol  and 
sterile  water,  or  a  similar  solution  to  which  has  been 
added  borax  and  alum.  These  measures  afford  the 
very   necessary    cleanliness,    toughen   the   skin,   and 
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render  the  nipple  more  resistant  to  the  traumatisms  of 
nursing  and  other  outside  influences. 

If  the  nipples  are  small  and  depressed,  attempts 
should  be  made  to  draw  them  out  and  bring  about 
their  development  by  frequently  applied  traction, 
together  with  wearing  the  wooden  nipple  shield  for 
several  hours  during  each  day.  When  the  nipples  are 
deeply  inverted  every  means  to  rectify  the  deformity 
may  fail. 

After  labor  and  during  lactation  these  measures 
should  be  persisted  in,  and,  at  the  .same  time,  equal 
attention  snould  be  paid  to  the  child's  mouth  before 
and  after  each  nursing,  since  the  buccal  cavity  has 
been  shown  to  contain  pathogenic  bacteria  in  ninety- 
eight  per  cent,  of  infants  at  the  time  of  birth  (Kneise). 
^Vhen  the  breasts  become  engorged  and  in  the  early 
stages  of  mastitis,  the  condition  should  be  met  by 
applying  a  firm  compressing  bandage  and  an  ice  bag, 
together  with  the  use  of  the  breast  pump  and  careful 
massage  to  remove  the  secretion,  and  the  usual 
attention  to  the  nipples  continued. 

Where  abscess  has  developed,  too  much  stress  can- 
not be  placed  on  the  necessity  for  early  evacuation  by 
one  or  more  incisions  radiating  from  the  nipple,  but, 
if  possible,  avoiding  the  areola.  When  the  abscess 
is  small  and  confined  to  a  single  lobe  only  a  short  cut 
is  required,  and  this  can  be  done  under  local  anesthesia ; 
but  the  mistake  must  not  be  made  of  making  an  in- 
sufficient opening  with  consequent  defective  drainage. 
If  this  be  neglected  the  suppurative  process  is  liable 
to  spread  to  other  lobes,  and  the  breast  is  in  danger  of 
partial  or  complete  destruction.  Where  the  abscess 
is  large,  free  incisions  should  be  made,  under  general 
anesthesia,  through  each  softened  area.  These  open- 
ings may  be  supplemented  by  another  incision  in 
a  dependent  portion  of  the  breast,  or  beneath  the 
gland  through  the  inframammary  crease,  burrowing 
up  with  forceps  to  the  abscess  cavity  and  draining  it 
from  the  base.  The  finger  should  be  passed  into  the 
openings,  the  septa  broken  down  and  the  several 
pocketiS  converted  into  one  large  cavity,  then  curetted 
if  desired,  and  followed  by  the  introduction  of  ample 
tubular  drains. 

Recently  the  Bier  hyperemia  treatment  for  acute 
infection  has  been  employed  in  suppurative  mastitis 
with  gratifying  success.  B.  M.  Bernheim  has  given 
the  method  extensive  trial,  and  his  conclusions  are, 
that  there  is  almost  absolute  freedom  from  pain  dur- 
ing the  course  of  treatment,  that  the  gland  function 
is  better  preserved,  a  minimum  of  scar  deformity  is 
left,  a  distinct  shortening  of  the  disease  is  obtained, 
and,  in  cases  seen  early,  the  prevention  of  abscess 
formation. 

In  severe  cases  with  extensive  and  multiple  ab- 
scesses, associated  "/ith  serious  general  infection, 
amputation  of  the  breast  may  become  necessarj'. 

Chronic  Lactation  Mastitis. — A  chronic  form  of 
mastitis  is  recognized  as  connected  with  lactation 
inflammation  of  the  mamma.  In  fact  it  seems  very 
desirable  that  the  term  chronic  should  be  limited  to 
these  cases  alone,  since,  if  so  applied  much  of  the  exist- 
ing confusion  connected  with  so-called  chronic  mammi- 
tis  would  be  eliminated. 

This  condition  is  found  toward  the  end  of  lactation, 
and  is  characterized  by  numerous  small  abscesses  and 
necrotic  foci  scattered  throughout  the  breast  in  inti- 
mate relationship  with  the  deeper  ducts.  These  small 
pus  formations  are  observed  as  hard  masses,  sometimes 
adherent  to  the  skin,  and  the  axillary  glands  may  be 
hyperplastic.  The  fibrous  ti.ssue  is  increased,  and  the 
periductal  tissue  is  infiltrated  with  leucocytes  and 
small  round  cells.  The  distinguishing  clinical  features 
are  the  extensive  induration  of  the  breast,  irregular 
in  character,  and  found  especially  in  young  women 
late  in  lactation.  Bloodgood  mentions  two  cases  with 
chronic  ab.scess.     The  treatment  is  entirely  surgical. 

Mammary  Fistula. — One  or  several  fistulse  com- 
municating with  the  surface  of  the  breast  or  with 
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the  pleural  cavity,  may  follow  prolonged  suppuration 
of  the  mammary  gland.  These  fistuke  sometimes  heal 
.spontaneously,  but  oftener  are  intractable  and  re- 
quire free  incision,  curetting,  and  gauze  packing  for 
their  cure. 

Pyogenic  Mastitis. — The  highest  type  of  pyogenic 
mastitis  is  represented  by  that  variety  associated  with 
and  characteristic  of  the  lactating  breast,  but  the 
present  heading  is  intended  to  cover  that  form  which 
occurs  independently  of  the  puerperium.  Such 
.sources  are  found  in  certain  specific  infections  involv- 
ing the  structures  adjacent  to  the  breast,  that  is, 
pyogenic  diseases  of  the  rib.s,  axilla,  or  arm,  and  in 
typhoid  fever.  Bloodgood  observed  six  cases  among 
at  least  1,200  diseases  of  the  breast.  Davis  records  a 
case  resulting  from  typhoid  fever  on  the  thirty-ninth 
day  of  the  disease,  in  which  the  pus  aspirated  from 
the  gland  grew  a  pure  culture  of  the  typhoid  bacillus. 
H.  Roger  reports  a  personal  ca.se  of  suppurative  post- 
typhoid mammitis,  and  was  able  to  collect  twenty- 
three  additional  cases.  In  one  of  these  the  disease  was 
bilateral,  in  one  it  coexisted  with  thyroiditis,  and  ten 
of  the  twenty-four  cases  suppurated.  He  states  that 
it  usually  appears  during  the  decline  of  the  disease 
and  less  frequently  during  convalescence. 

Free  incision  and  drainage  in  the  suppurative  cases, 
and  a  rational  treatment  for  the  non-suppurative  ones, 
are  called  for  here  as  in  other  forms  of  mastitis. 

Postmammary  Abscess  (Sub?nammary  or  Retromam- 
mary Ahscesx). — The  pus  in  suppurative  mastitis  finds, 
as  a  rule,  the  least  resistance  to  its  progress  in  an 
outward  direction,  and  in  consequence  it  commonly 
approaches  the  surface  on  the  anterior  a.spect  of  the 
breast.  But  in  some  cases  the  pus  makes  its  way 
backward  into  the  loose  retromammary  cellular  tissue, 
where  it  collects  and  forms  a  postmammary  abscess. 
In  other  cases  the  infection  has  its  origin  in  tubercu- 
losis or  osteomyelitis  of  the  ribs  or  their  cartilages,  in 
typhoid  periostitis,  and  from  injury;  or  pus  from  an 
empyema  may  penetrate  the  chest  wall  and  accumu- 
late in  this  location.  Abscess  is  rare  in  the  male 
breast. 

Treatment. — A  large  incision  and  free  drainage 
should  be  practi-sed.  The  incision  .should  be  made 
along  the  dependent  edge  of  the  breast,  with  prefer- 
ence given  to  the  Warren  plastic  resection  method  by 
which  the  abscess  cavity  is  easUy  reached.  This  in- 
cision is  particularl}-  applicable  to  those  cases  compli- 
cated b}'  di.sease  of  the  thoracic  wall  and  cavity,  when 
any  additional  operative  work  can  be  carried  out  at 
the  same  time. 

Specific  Infections  of  the  Breast. — There  are 
three  particularly  important  specific  infections  or  in- 
flammations of  the  mammary  gland,  namely,  (1) 
syphOis,  (2)  tuberculosis,  and  (3)  actinomycosis. 

(1)  Syphilis  {Syphilitic  Mastitis;  Gumma). — Syph- 
ilis may  involve  the  mamma,  and  produce  both 
an  acute  and  chronic  inflammation  of  its  tissues.  It 
is  relatively  rare,  and  may  be  confused  with  carcino- 
matous infiltration.  The  primary  lesion  or  chancre,, 
affecting  the  nipple,  together  with  certain  manifesta- 
tions in  the  skin  of  the  breast  have  already  been  dwelt 
upon. 

Affections  of  the  gland  itself  should  be  grouped 
among  the  late  secondaries,  or  the  tertiary  forms  of 
the  disease,  although  it  may  occur  quite  early  in  the 
secondary  period:  for,  like  many  late  manifestations 
of  this  erratic  infection,  it  may  sometimes  desert  its 
regular  rank  for  an  earlier  one.  Thus  an  acnt& 
mastitis  may  be  seen  during  the  early  constitutional 
stage,  accompanied  by  swelling,  pain,  and  tenderness. 
Ca.ses  of  this  character  are  recorded  by  Ambrosali  and 
others. 

The  more  common  exhibitions  are  the  gummalout 
and  the  diffuse  infiltration  types.  In  the  first  stages 
of  gumma  it  may  appear  as  an  insensitive,  ill-defined, 
roundish  infiltration,  unattended  by  either  adeno- 
pathy   or    other    positive   symptoms,    which   closely 
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simulates  a  maliKiiant  growth.  Somewhat  later  this 
becomes  more  cireiimseribed,  and  pain  and  tenderness 
may  supervene.  If  the  mass  originates  in  the  center 
of  tlie  gland  tlie  nipple  will  become  retracted.  At  a 
still  later  period  the  gummatous  deposit  may,  if  near 
the  surface,  break  down,  implicate  the  skin,  and  pro- 
duce a  typical,  sharp-edged,  non-proliferating  ulcer, 
with  enlargement  of  the  axillary  glands  from  mixed 
infections.  If  the  deposit  be  deeper  in  the  gland, 
softening  may  be  followed  by  a  chronic  or  cold  abscess. 

Syphilitic  lesion  of  the  breast  may  al.so  develop  as  a 
dense,  often  difTu.se,  infiltrated  enlargement  of  the 
mamma,  a  true  si/phililic  maslilis.  atfecting  one  or 
both  glands,  and  sometimes  resulting  in  contraction 
ami  atrophy  of  the  involved  structures. 

Syphilis  of  the  mammary  gland  occurs  in  both  men 
and  women,  and  also  it  may  be  iiercditary  and  con- 
genital. 

Diagnosis. — The  diagnosis  may  be  perplexing,  and 
the  physical  signs  especially  hard  to  differentiate  from 
cancer  and  tuberculosis.  Furthermore,  sy[)hilis  of  the 
breast  is  sufficiently  rare  not  to  be  suspected.  A  care- 
ful analj'sis  of  associated  symptoms  will  bo  often 
neces.sary.  A  history  of  syphilis,  or,  possibly,  the 
presence  of  specific  lesions  elsewhere,  together  with 
the  ab.scnce  of  enlarged  lymph  nodes;  and  later  the 
effects  following  the  therapeutic  exhibition  of  sal- 
varsan,  or  mercury  and  the  iodides,  shoidd  in  most 
ca.ses  clear  up  any  existing  doubts.  But  the  infor- 
mation derived  from  the  serum  diagnosis  by  means 
of  the  Wassermann  reaction  or  as  modified  by 
Noguchi,  as  well  as  the  microscopic  disclosure  of  the 
specific  Treponema  pnllidum  in  the  tissues  of  or  dis- 
cnarges  from  the  growth,  afford  diagnostic  methods 
both  scientific  and  exact. 

When  the  presence  of  pus  complicates  the  case,  it 
may  be  probably  differentiated  from  a  tuberculous 
abscess  by  the  absence  of  the  characteristic  tuberculous 
membrane.  Von  Pirquet's  skin  test  may  strengthen 
the  diagnosis. 

Treatment. — This    constitutes    the    specific    thera- 

{)eusis  of  syphilis  in  general,  that  is,  the  judicious  ex- 
libition  of  mercury  and  the  iodine  salts,  with  or  with- 
out the  injection  of  salvarsan.  Where  the  lesion  is  an 
old  one  and  resistant  to  medicinal  treatment,  opera- 
tive intervention  may  be  required. 

(2)  Tuberculosis. — As  W.  Roger  Williams  remarks, 
tuberculosis  of  the  mammary  gland  is  a  disease  which 
in  recent  years  seems  to  have  undergone  a  redis- 
covery, since  Cooper  in  1829,  N^laton  a  decade  later, 
and  Velpeau  in  185-1,  published  admirable  descrip- 
tions of  the  affection — the  work  of  Velpeau  being  the 
equal  in  lucidity  and  accuracy  of  any  modern  disser- 
tation on  the  subject.  Even  with  the  later  writings 
of  Billroth  (1880),  Dubar  (ISSl),  Mandry  (1891), 
and  many  others,  the  di-sease  is  still  spoken  of  as  rare 
in  occurrence.  A  rather  careful  examination  of  the 
literature,  however,  would  indicate  that  the  disorder 
is  gaining  more  widespread  recognition,  and  that  it 
occurs  much  more  commonly  than  was  formerly  be- 
lieved. There  is  scarcely  a  doubt  that  very  many 
ca.ses  pass  unrecognized.  J.  Collins  Warren  believes 
that  probably  the  majority  of  cold  abscesses  of  the 
breast  are  tuberculous.  In  1898  Levings  collected 
fifty-seven  cases,  of  which  seven  were  his  own,  all  then 
found  on  record.  Later  an  analysis  of  1,-500  cases  of 
di.sea.ses  of  the  breast  in  St.  Bartholomew's  Hospital 
gave  only  1.5  per  cent.,  as  tiUjerculous;  and  more  re- 
cently Bloodgood  mentions  twenty  cases,  the  entire 
number  up  to  that  time  which  had  been  admitted  to 
Halsted's  clinic,  all  of  them  far  advanced  and  necessi- 
tating amputation  of  the  gland. 

The  condition  is  decidedly  more  common  in  the 
female  than  in  the  male,  as  shown  in  Mandry's  col- 
lection of  forty  cases,  in  only  one  of  which  the  male 
breast  was  affected;  and  the  interval  between  the  years 
of  fifteen  and  forty,  especially  after  twenty,  appears 
to  be  the  age  period  of  preference,  although  it  has 


been  ob.served  in  an  infant  of  one  year,  and  in  two 
women  of  fifty-three  and  fifty-seven  years  respec- 
tively. The  di.sease  is  oftener  unilateral,  but  both 
breasts  may  be  inplicatcd. 

The  malady  nuiy  be  primary  or  .secondary.  In  the 
former  the  specific  organism  may  gain  access  to  the 
gland  through  abrasions  or  fissures  of  the  nipple,  or 
directly  ijy  way  of  the  milk  ducts,  or  by  the  lympli- 
ve.s.sels  of  the  nipple.  In  this  mannc^r  infection  may 
be  conveyed  from  the  mouth  of  a  tuberculous  child. 

In  the  secondary  form  the  lymphatics  and  the 
blood-vessels  are  the  accepted  avenues  of  transmis- 
sion (Roux).  Halstod  states  that  there  is  a  retro- 
grade transnns.sion  through  the  lymphatics  from 
tuberculous  axillarj-  glands  or  intrathoracic  deposits. 
Osteomyelitis  of  the  ribs  or  sternum  or  a  tuberculous 
empyema  may  be  the  primary  focus  from  which  the 
bacilli  are  transferred;  or  a  like  transference  may 
lake  place  from  a  greater  distance,  as  a  primary  bone 
lesion  in  the  extremities.  A  chronic  mastitis  may  be 
a  predisposing  factor.  Von  Eberts  reports  a  case  of 
solitary  or  primary  lesion  of  the  breast  developing 
upon  the  cicatrix  of  an  ancient  mastitis,  where  there 
was  an  area  of  induration  with  central  abscess.  The 
breast  was  not  othcrwi.se  involved.  The  macroscopic 
examination  of  the  removed  specimen  showed  nu- 
merous typical  tubercles.  In  this  connection  the  ca.se 
of  A.  B.  Johnston  is  interesting,  where  a  rapidly 
growing  intracanalicular  fibroma  w'as  associated  with 
the  presence  of  miliary  tubercles.  The  growth  was 
hard,  and  attached  to  both  the  skin  and  underlying 
deeper  structures,  and  the  axillary  lymph  nodes  were 
tuberculous  and  ca.seated.  It  was  assumed  that  the 
tuberculous  infection  was  secondary  to  the  fibroma, 
gaining  entrance  through  the  nipple. 

Scudder  states  that  fully  one-half  of  the  reported 
cases  were  in  women  who  had  borne  children.  Blood- 
good  is  of  the  opinion  that,  contrary  to  the  general 
belief,  the  onset  of  mammary  tuberctilosis  is  infrequent 
during  lactation. 

The  primary  type  is  the  less  frequent  of  the  two, 
but  beyond  question  more  frequent  than  heretofore 
recognized.  A  number  of  ca.ses  of  this  variety  are 
scattered  throughout  the  literature.  Von  Eberts, 
writing  in  1904,  states  that  between  that  date  and 
the  publication  of  Dubar's  monograph  in  18S1,  there 
had  been  reported  forty  cases  answering  to  the  solitary 
type.  Four  out  of  five  cases  published  by  Kamamura 
in  1904,  were  of  primary  origin.  But  authors  gener- 
ally are  agreed  tliat  the  disease  is  oftener  secondary 
to  the  presence  of  tuberculosis  elsewhere  in  the 
body. 

Symptoms. — The  clinical  manifestations  of  the 
disease  are  various,  and  it  is  essentially  chronic  in  its 
course.  Pain  may  be  present  though  by  no  means 
constant.  The  breast  may  be  enlarged,  but,  as  a 
rule,  it  is  small  and  sometimes  shrunken,  with  pal- 
pable, fairly  circumscribed,  deep-seated  nodules, 
usually  situated  in  the  upper  and  outer  quadrant, 
which  later  may  coalesce  into  a  single  irregular  mass. 
Such  a  mass,  or  masses,  graduaUy  develop  in  size 
and  in  time  disintegrate,  resulting  in  softening  areas 
covered  with  discolored  skin,  which  eventuate  into 
tuberculous  abscesses,  and  the  breast  becomes  per- 
forated with  numerous  discharging  sinuses.  Sup- 
purating glands  may  exist  in  the  axilla.  The  breast 
is  usually  movable  on  the  subjacent  structures,  but 
the  nipple  is  often  retracted.  The  axUlary  lymph 
nodes  are  practically  always  involved  and  ca.<eous, 
although  they  may  not  be  palpable.  In  cold  ab- 
scesses, which  occur  in  a  limited  number  of  cases, 
the  overlying  skin  often  remains  normal.  These 
progress  slowly,  may  continue  at  a  stand-stiU  indefi- 
nitely, but  in  the  end  they  gradually  enlarge  and 
become  ten.se  and  fluctuant.  Incision  gives  vent 
to  the  well-known  flaky  pus,  and,  as  Halsted  states, 
the  cavity  is  lined  with  a  characteristic  membrane. 

Diagnosis. — The  diagnosis  is  not  always  clear,  par- 
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ticularly  in  the  early  stages  and  if  the  lesion  be  pri- 
mary. '  Later,  after  the  disease  has  advanced  and 
discharging  sinuses  have  formed,  the  clinical  picture  is 
one  easily  recognized.  In  secondary  cases,  the  pre- 
sence of  tuberculosis  elsewhere  is  of  valuable  aid  in 
the  differentiation.  The  existence  of  the  tubercle 
bacilli  in  the  discharges  and  the  tissues,  together 
with  cultural  methods  and  inoculation  experiments, 
should  decide  any  specially  obscure  case.  Scudder, 
and  Gautier  (Schley)  have  showm,  however,  that  in 
primarj'  tuberculosis  of  the  breast  the  bacillus  may 
not  be  found  in  more  than  one-third  of  the  cases. 
The  prognosis  will  depend  upon  the  extent  of  the 
disease,  and  whether  primary,  or  secondary  to  disease 
in  other  organs,  more  especially  in  the  chest  area. 
A  primary  lesion  involving  only  the  breast  and  the 
Ivmph  nodes  of  the  axilla  is  to  be  regarded  in  a  de- 
cidedly more  favorable  light  than  when  there  is 
dissemination,  and  the  pulmonarj'  and  other  impor- 
tant organs  are  affected. 

Treatment. — In  primary  cases,  smaU  and  isolated 
nodules  and  abscesses  may  occasionally  be  treated 
by  enucleation,  incision  and  curetting,  and  the  appli- 
cation of  iodoform.  But  if  the  disease  is  diffuse 
and  extensive,  amputation  of  the  breast  together 
with  a  thorough  dissection  of  the  axUlarv*  glands 
should  be  performed.  Possibly  it  might  be  the  wisest 
course  to  remove  the  breast  in  even.-  case,  since 
any  small  tuberculous  focus  that  is  left,  or  an  unsus- 
pected axillary  gland,  may  infect  the  mediastinal 
glands  and  the  lungs. 

In  the  secondary  form  the  diseased  breast  should 
be  excised,  if  the  state  of  the  patient's  health  admits 
of  it  and  the  original  tuberculous  process  is  not  too 
extensive. 

(3)  Actinomycosis. — Actinomycosis  is  among  the 
very  rare  diseases  of  the  breast.  Only  a  few  cases 
of  the  affection  are  on  record;  these  varying  as  to 
age  from  twenty-two  to  thirty-five  years.  It  does 
not  differ  in  its  manifestations  in  this  region  from 
the  disease  elsewhere,  and  is  a  destructive  process, 
chronic  in  its  course,  which  finally  results  in  the  under- 
mining and  destruction  of  the  gland,  with  resultant 
abscesses  and  sinuses.  It  may  be  primary  in  type, 
or  secondary  to  infection  in  adjacent  parts — in  the  lat- 
ter case  usually  advancing  from  the  lung  or  chest- 
wall  to  the  structures  of  the  breast. 

Primary  actinomycosis  of  the  mamma  at  first  ap- 
pears as  one  or  several  nodules  or  masses,  hard  and  well 
outlined  ordinarily,  not  adherent  to  contiguous 
structures;  it  is  without  pain,  and  often  only  acciden- 
tally discovered.  As  a  rule,  except  in  the  late  stages, 
the  general  health  is  not  impaired;  and  the  axillary 
glands  remain  uninvolved  which  fact  is  a  valuable 
aid  in  distinguishing  it  from  carcinoma  and  tubercu- 
losis, for  which  it  is  most  apt  to  be  mistaken.  After 
abscess  and  sinus  formation  the  diagnosis  should  be 
easily  made  by  the  presence  of  the  fungus  granviles  in 
the  discharge. 

Complete  removal  of  the  breast  and  all  surrounding 
infected  tissue  is  to  be  recommended,  to  be  followed 
by  the  administration  of  potassium  iodide  in  massive 
doses,  and  the  use  of  the  sulphate  salt  of  copper  after 
the  method  advised  by  Bevan.  Just  here  it  should  be 
noted  that  MacArthur  not  long  since  reported  a  case 
of  mammary  actinomycosis  where  the  iodide  of  potas- 
sium was  of  no  avail  after  being  administered  in  large 
doses,  and  which  eventually  necessitated  total 
extirpation. 

IxjURiES. — Repair  of  the  tissues  of  the  mammary 
gland  after  injur}'  takes  place  as  readily  and  smoothly 
as  it  does  in  other  structures  of  the  body. 

Incised  and  penetrating  wounds  are  frequently 
attended  by  free  parenchymatous  hemorrhage,  which 
is  easily  controlled,  and,  unless  infected,  the}'  heal 
rapidly,  as  is  daily  observed  by  the  surgeon  operating 
on  this  organ.     If  infection  and  suppuration  takes 
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place  the  same  surgical  measures  should  be  employed 
as  in  similar  conditions  in  other  situations. 

Contusions  or  injuries  resulting  from  blunt  force 
often  cause  blood  extravasation  into  both  the  sub- 
cutaneous and  glandular  tissues.  These  effusions  are 
slowly  absorbed,  and  may  remain  to  form  hematoma 
with  cystic  limitations:  or  the  tissues  may  become  in- 
fected to  be  followed  by  mastitis  and  the  formation 
of  pus.  The  role  played  by  contusions  and  like  trauma 
in  the  etiology  of  malignant  growths  of  the  breast 
offers  a  question  of  mucli  doubt.  Many  surgeons,  to 
say  nothing  of  the  laj'  mind,  are  thoroughly  imbued 
with  the  belief  that  such  injuries  are  positive  predis- 
posing factors  in  the  causation  of  both  carcinoma  and 
sarcoma  of  the  gland,  but  which  the  actual  facts 
would  scarcely  seem  to  warrant. 

Milk  fistulcE,  and  other  chronic  sinuses,  sometimes 
foUow  injury  inflicted  during  the  functional  activity 
of  the  gland,  as,  for  example,  contusions,  penetrating 
wounds,  and  abscess  formation.  Such  conditions 
should  be  treated  by  prompt  withdrawal  of  the  child 
from  the  breast,  together  with  the  employment  of  what- 
ever surgical  measures  the  individual  case  requires. 

Bums  and  scalds  are  occasionally  met  with  here, 
but  call  for  no  particular  notice,  except  inasmuch  as 
the  resulting  sear  displaces  or  distorts  the  nipple, 
which  maj'  or  may  not  offer,  according  to  the  degree 
of  injury,  an  impediment  to  the  outflow  of  milk  in 
later  confinements.  LTceration  may  destroy  the 
nipple,  however,  in  which  event  mastitis  wiU  in- 
variably develop  with  each  subsequent  lactation. 

Foreign  bodies  are  not  infrequently  found  embedded 
in  the  gland  substance.  Instances  where  needles, 
pins,  wood  slivers,  sequestra  from  the  ribs,  and  such 
like  materials  have  been  removed  from  the  breast, 
often  with  the  history  of  a  long  local  residence,  are 
scattered  throughout  the  literature.  All  such  bodies 
should  be  promptly  removed. 

Ctsts  of  the  Brb.\st. — The  mammary  gland  is 
subject  to  a  variety  of  cysts  and  neoplasias  associated 
with  cystic  formation,  and  clinically  it  is  often  a  mat- 
ter of  some  diiEculty  to  separate  the  true  cyst  from 
that  due  to  the  breaking  down  or  cystic  transforma- 
tion of  solid  growths,  of  which  the  cyst  is  only  an 
incident.  This  difficulty  is  more  especiaUj'  en- 
countered in  large  cysts,  which  may  quite  overshadow 
the  original  growth  from  which  they  are  derived,  and 
thus  offer  to  the  surgeon  an  obstacle  to  diagnosis  that 
is  often  not  easily  set  aside.  It  is  the  true  cysts, 
those  that  are  independent  in  their  origin  of  other 
morbid  growths,  that  we  wish  now  to  consider.  They 
are  of  rather  infrequent  occurrence,  and  form  about 
2.6  to  .3  per  cent,  of  all  mammary  tumors. 

Cysts  of  the  male  breast  are  relatively  of  frequent 
occurrence,  and  the  annals  of  medicine  abound  in 
records  of  such  cases  both  as  to  numbers  and  varieties. 

Simple  Cysts  (Involution  Cysts). — These  growths  as 
a  rule  occur  in  the  breasts  of  women  past  the  age  of 
forty  years,  that  is,  about  the  climacteric.  They  may 
occupy  one  or  both  breasts  but  not  to  the  same  degree, 
and  may  constitute  a  single  tumor  although  multiple 
tumors  are  oftener  present.  These  formations  are 
more  common  in  women  who  have  never  lactated, 
and  they  compose  fully  one-half  of  all  growths  found 
in  such  functionless  glands. 

Involution  cysts  nave  been  found  in  the  male 
breast.  J.  A.  WiUiams,  Morgagni,  and  other  writers 
have  described  such  cases,  and  Schuchardt  states 
that  they  are  comparatively  common  in  men  between 
the  ages  of  fifty-five  and  sixty-one  years.  These 
cysts  may  be  seated  in  any  portion  of  the  organ,  but 
large  single  cysts  are  more  often  situated  toward  the 
center  of  the  breast  whereas  the  small  multiple  tumors 
are  found  in  the  periphery  of  the  gland. 

During  the  involution  period  of  the  mammary 
gland  the  acini  rapidly  disappear  until  the  paren- 
chyma has  been  absorbed,  leaving  behind  the  lacteal 
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(iiK'ts  witli  only  traces  of  atropliicd  acini  at  their 
terminal  portions.  The  interstitial  connective  tissue 
contracts  dnrin<j  this  process,  distortinp;  the  ducts, 
separating  the  smaller  ducts  from  the  larger  tubes, 
which  tluis  become  obstructed  and  dilated  (ec- 
tasic)  and  form  large  numbers  of  minute  nodules 
easily  discerned  in  tlie  breasts  of  elderly  women. 
This  may  be  considered  a  normal  i)rocess;  but 
not  infre(juently  these  cystic  changes  advance 
farther  and  some  of  the  cysts  enlarge  to  the  pro- 
portion of  a  walnut  or  an  egg,  while  the  gland 
generally  is  also  tilled  with  myriads  of  smaller  cysts 
varying  in  size  from  a  bird  shot  to  a  pea.  These  are 
of  a  bluish  color,  as  seen  in  sections  of  the  breast. 
The  contents  are  greenish  or  cotfee  colored,  and  con- 
tain disintegrated  blood  corpuscles,  degenerated  cells, 
and  cholesterin  crystals.  The  walls  of  the  smaller  cysts 
are  lined  with  one  or  two  layers  of  low  columnar 
epithelial  cells,  but  those  of  the  larger  cysts  are  com- 
posed of  inflammatory  fibrous  tissue.  There  is  a 
difference  of  opinion  as  to  the  origin  of  these  cysts — 
whether  they  arise  from  the  acini  or  the  smaller 
ducts — but  it  is  probable  that  the  latter  is  the  actual 
source.  The  presence  of  active  epithelial  cell  pro- 
liferation created  the  view  that  the  di.sease  is  an 
epithelial  growth;  the  growth  of  connective  tissue 
suggested  the  theory  of  a  chronic  mastitis  with  re- 
tention cysts.  But  it  is  more  probable  that  the  affec- 
tion is  an  aberration  of  the  process  of  involution,  and 
tliat  inflammatory  changes  in  the  connective  tissue 
and  epithelium  are  accidental  (Warren). 

Pain  is  not  a  positive  feature,  but  it  may  be  quite 
prominent  if  the  tumor  is  of  rapid  growth.  A  dis- 
charge of  a  yellowish  or  bloody  fluid  from  the  nipple 
is  occasionally  observed,  but  the  nipple  is  not  re- 
tracted and  there  is  no  dimpling  of  the  skin  unless 
inflammatory  changes  have  taken  place  in  the  cyst. 
If  the  tumor  is  superficially  located  fluctuation  is 
ordinarily  apparent,  although  often  the  cyst  wall  is 
so  tense  as  to  appear  solid.  In  cysts  deeply  located 
only  an  indurated  area  is  discernible.  The  contour  is 
generally  smooth,  round,  and  regular.  The  sub- 
cutaneous fat  is  unchanged  and  the  breast  is  of  nor- 
mal appearance. 

The  course  of  the  disease  is  usually  a  benign  one. 
The  cysts  grow  slowly  up  to  a  certain  size,  then  cease 
to    enlarge,    and    commonly    produce    no    material 


Fig.  1117. — Plastic  Resection  of  the  Breast  for  Cystic  Disease. 
First   incision.      (Warren,    Annals    of    Surgery,    June.    1902.) 

trouble.  But  it  should  always  be  borne  in  mind 
that  carcinomatous  degeneration  is  a  possible  late 
accession. 

Diagnosis. — The  diagnosis  may  present  decided 
difficulties.  The  contour,  consistency,  slow  develop- 
ment, multiplicity  of  tuinors — one,  possibly  two,  of 
moderate   size,    with   a   number   of   smaller   nodules 


scattered  throughout  the  broa.st — and  the  result  of 
exploratory  puncture  compo.se  the  clinical  evidence 
of  most  importance.  The  cyst  is  usually  a  firm,  ten.se, 
and  distinctly  defined  tumor  in  which  fluctuation  is 
hard  to  detect,  but  withdrawal  of  the  contained  fluid 
will  clear  up  this  point.  The  i)resonce  of  multiple 
cysts,  the  slow  growth  of  the  tumor,  (he  occasional 


Fig.  Ills. — Plastic  Resection  of  the  Breast  for  Cystic  Disease. 
Breast  reflected  upward.      (Warren,  Annals  of  Surgery,  June,  1907.) 

oozing  of  a  darkish  fluid  from  the  nipple,  the  absence 
of  nipple  retraction  and  skin  dimpling,  together  with 
the  non-existence  of  glandular  infection,  are  strong 
points  in  differentiating  it  from  carcinoma. 

Treatment. — The  fact  that  recent  investigations 
have  demonstrated  the  readiness  with  which  cystic 
formations  of  the  breast,  ordinarily  considered  inno- 
cent, may  assume  carcinomatous  features,  shows  that 


Fig.  1119. — Plastic  Resection  of  the  Breast  for  Cystic  Disease. 
Radiating  incisions  following  removal  of  large  cyst;  excision  of 
medium-sized  cysts  and  incision  of  small  ones.  (Warren,  Annals 
of  Surgery,  June,  1907.) 

operative  intervention  should  never  be  limited  to 
puncture  and  aspiration,  or  that  such  a  method  as 
forcible  massage  should  be  resorted  to.  The  large 
single  cysts  slKaild  be  excised  together  with  a  good 
margin  of  gland  tissue,  when  the  cyst-wall  is  not 
thickened  and  the  contained  fluid  is  not  bloody.  If 
the    cyst   is   large,    or    the    cyst-waU   infiltrated,    or 
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when  the  breast  is  generally  riddled  with  cysts,  ampu- 
tation is  to  be  recommended.  Abbe  and  other  sur- 
geons have  advised  simple  tapping  (and  the  possible 
injection  of  iodine,  etc.)  in  large  cysts,  but  the  ca.se  of 
Curtis,  where  cancer  was  demonstrated  in  a  smooth- 
walled  cyst  with  normal  surroundings,  together  with 
the  reported  cases  of  McGraw  and  others  in  which 


Fig.  1120. — Plastic  Resection  of  a  Part  of  the  Breast  for  Cystic 
Disease.  Method  of  suturing  a  V-shaped  wound.  (.Warren. 
Annals  of  Surgery,  June.  1907.) 

aspiration  of  the  cyst  was  followed  by  the  development 
of  carcinoma,  alone  offer  quite  sufficient  reason  for 
the  abandonment  of  a  procedure  that  may  be  potent 
for  evU. 

Appreciating  that  amputation  of  the  entire  breast 
is  a  formidable  operation  for  the  removal  of  a  disease 
usually  benign,  J.  Collins  Warren  has  adopted  a  pro- 


FiG.  1121. — Plastic  Resection  of  the  Breast.  -Adjustment  of 
gland  to  outer  edge  of  pectoral  muscle.  Self-closure  of  radiating 
incisions.      (Warren,  Annals  of  Surgery,  June,  1907.) 

cedure,  modelled  after  the  operation  of  T.  Gaillard 
Thomas,  by  which  the  breast  is  turned  back  and  the 
cysts  excised  as  may  be  required,  even  to  the  extent 
of  removal  of  the  entire  gland.  This  he  designates, 
plastic  resection  of  the  breast. 

Technique  of  Plastic  Resection  of  the  Breast. — The  in- 
cision is  placed  at  the  outer  and  lower  border  of  the 
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breast  (instead  of  entirely  below  in  the  inframammary 
crea.se,  as  in  the  Thomas  incision)  and  extends  in  a 
curved  sweep  around  the  organ  from  the  lower  end 
of  the  outer  hemisphere  along  the  axillary  border,  and 
should  be  sufficiently  long  to  freely  e.xpose  the  upper 
and  outer  quadrant  of  the  gland.  Where  conditions 
reciuire  it  the  incision  may  extend  from  one-half  to 
two-thirds  of  the  circumference  of  the  breast.  The 
incision  is  now  deepened  to  the  pectoral  fascia  and 
enters  into  the  loose  cellular  tis.sue  between  the 
mammary  gland  and  the  fascia;  at  the  same  time  the 
left  hand  of  the  surgeon  reflects  the  breast  upward  and 
everts  its  posterior  wall  through  the  wound  thus  made. 
This  affords  a  full  exposure  of  the  under  surface  of 
the  gland,  and  the  greenish-blue  color  of  the  cyst  is 
easily  recognized  through  the  mammary  fascia.  The 
cyst  is  now  excised  by  including  it  within  a  wedge,  or 
\'-shaped  cut  through  the  gland  substance,  witli  the 
apex  of  the  V  in  the  central  portion  just  beneath  the 
nipple,  and  being  careful  not  to  open  the  larger  cysts. 
Tlie  remaining  segments  of  the  gland  are  now  ex- 
plored by  radiating  incisions  to  disclose  the  presence 
of  other  cj'sts,  and  these  cuts  may  vary  from  two  to 
eight  or  more  as  may  be  deemed  advisable.  Any 
questionable  area  can  thus  be  easily  removed  and  sub- 
mitted to  microscopic  examination,  which  should  be 
made  at  the  time.     The   V-shaped  incision  or  inci- 


FiG-  1122. — Plastic  Resection  of  the  Breast  for  Cystic  Disease. 
Operation  completed.      (Warren,  Annals  of  Surgery,  June.  1907.) 

sions  are  now  closed  by  a  double  row  of  buried  sutures 
of  chromicized  catgut,  which  should  closely  approxi- 
mate the  edges,  and  the  radiating  exploratorj-  cuts 
may  be  either  stitched  or  left  to  fall  together,  which 
generally  occurs  when  the  gland  is  readjusted  in  posi- 
tion upon  the  pectoral  muscle.  The  outer  edge  of 
the  gland  is  tacked  by  a  stitch  or  two  to  the  margin 
of  the  pectoral  muscle,  which  holds  it  .securely,  and  the 
cutaneous  wound  is  closed  with  silkworm-gut  sutures. 
The  puckered  appearance  of  the  surface  of  the  breast, 
due  to  suturing  the  wedge  incisions,  soon  disappears 
as  the  sutures  are  absorbed,  and  in  a  short  while  the 
breast    resumes   a   natural   contour. 

This  method  is  widely  applicable  to  the  removal  of 
benign  neoplasms  where  complete  amputation  of 
the  breast  is  not  required.  It  possesses  the  advantages 
of  affording  an  ample  field  for  both  examination  and 
removal  of  the  growth  at  the  .same  time;  and.  more- 
over, the  incision  is  so  situated  as  to  be  readily  con- 
vertible into  one  for  radical  amputation  of  the  breast 
with  dissection  of  the  axilla.  The  resulting  scar  is 
almost  concealed  and  often  scarcely  visible,  which 
is  of  much  consequence  to  young  women  who  are 
anxious  about  cosmetic  appearances. 

Evolution  cyst  is  a  term  applied  by  S.  W.  Gross  to  a 
single  cyst  met  with  in  women  whose  breasts  are 
functionally  active. 
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Another  form  of  single  cyst  is  found  in  women  of 
middle  life,  and  is  a  retention  eyst  arising  from  a 
lacteal  sinus.  It  is  a  hard,  dearly  outlined  tumor  of 
moderate  size,  and  usually  situated  in  the  up|)er 
hemisphere.  Pressure  may  cause  fluid  to  exude  from 
the  nipple.  Excision  is  the  rational  surgical  pro- 
cedure. 

Hematoma,  or  extrava.sated  blood  into  the  tissues 
of  the  mammary  gland,  may  remain  uiiabsorbed  for 
a  long  period  of  time.  It  may  finally  become  sur- 
rounded by  an  inflammatory  wall,  forming  a  pseudo- 
cyst. If  aspiration  and  pressure  fail  to  relieve,  free 
incision  and  gauze  packing  may  be  resorted  to. 

Mucoid  Cysts. — These  cysts  originate  in  the  glandu- 
lar structure,  and  are  so  designated  on  account  of  the 
character  of  their  contents,  which  resemble  the 
mucu.'f-like  secretions  found  in  dilated  ducts.  This 
varies  from  a  pale  j-ellow,  serous-like  fluid,  to  that  of 
a  muddy  brown,  reddish,  or  greenish  hue,  viscid  and 
mucoid  in  appearance,  and  is  composed  of  granulo- 
fatty  debris,  fat  globules,  hematin  crystals,  and  cho- 
lesterine  scales,  with  albumin.  The  cyst-wall  is  of 
a  thin  fibrous  tissue  lined  by  a  layer  of  cubical 
epithelium.  These  cysts  are  usually  single,  but  there 
may  be  several  of  them,  and  thej'  more  commonly 
occupy  the  neighborhood  of  the  nipple  and  areola; 
and  are  seen  as  slow-growing,  smooth,  rounded  tu- 
mors, varying  in  size  from  a  small  nut  to  a  large  egg. 
They  may  be  so  tense  that  fluctuation  cannot  be 
elicited,  and  often  under  pressure  fluid  may  escape 
from  the  nipple,  wliich  is  a  sign  of  diagnostic  impor- 
tance. The  growth  is  not  adherent,  the  nipple  is  not 
retracted,  and  the  axillary  glands  are  uninvolved.  It 
is  painless  and  insensitive  on  pressure.  They  seldom 
appear  before  puberty,  and  are  oftener  found  in  women 
of  early  adult  and  middle  hfe.  They  are  usually 
perfectly  benign  unless  associated  with  other  tumor 
formations.  Aspiration  will  usually  remove  any 
doubt  as  to  their  nature.  Enucleation  of  the  cjst 
should  be  practised. 

Cysts  Associated  icith  Papillomatous  Ingrowths. — 
.\s  the  name  implies  these  are  cysts  in  which  a  papil- 
lomatous ingrowth  or  sprout  from  the  cyst-wall  takes 
place.  This  intracystic  growth  may  be  only  of  mi- 
nute size  or  so  large  as  to  fill  the  entire  cyst,  associated 
with  a  bloody  fluid.  These  papillomata  are  shown, 
microscopically,  to  consist  of  processes  of  connective 
tissue  surrounded  by  several  layers  of  a  ductal  type 
of  proliferating  epitheUum.  The  surrounding  breast 
tissue  is  not  infiltrated  unless  mahgnant  degenerative 
changes  have  supervened. 

This  character  of  growth  is  quite  similar  to  the  .sim- 
ple or  involution  cyst,  but  much  rarer,  and  the  most 
constant  clinical  symptom  is  the  discharge  from  the 
nipple.  This  discharge  may  be  of  small  amount  or 
rather  profuse,  and  varies  from  a  clear  serous  charac- 
ter to  blood  stained  or  bloody,  which  latter  is  more 
generally  present.  The  cysts  are  seated  near  the  nip- 
ple, their  cystic  character  can  usually  be  confirmed 
by  palpation:  and  they  luay  be  of  an  elongated  shape 
extending  toward  the  nipple.  They  maj'  exist  from 
a  few  months  to  a  dozen  years,  and  in  some  instances 
spontaneous  disappearance  has  been  noted,  as  111 
has  shown,  .\lthough  these  tumors  are  probably 
classed  among  the  innocent  growths,  they  exhibit  a 
marked  tendency  to  become  cancerous.  About  fifty 
per  cent,  of  the  cases  met  with  at  Johns  Hopkins  Hos- 
pital had  assumed  malignant  changes  (Finney). 

Treatment. — The  treatment.  naturaUy.  calls  for 
removal  of  the  whole  breast;  and  where  there  are  evi- 
dences of  induration  and  infiltration  of  the  adjacent 
mammary  structure,  the  procedure  should  comprise 
the  radical  operation  for  carcinoma — clearing  out  the 
axilla  and  ablating  the  pectoral  muscle. 

Cancer  Cysts. — These  cysts  are  discussed  under  the 
head  of  carcinoma. 

Galactocele  {Lacteal  Cyst). — This  is  a  type  of  reten- 
tion cyst,  and  is  a  comparatively  rare  cystic  tumor 


produced  bj'  obstruction  or  obliteration,  followed  by 
dilatation,  of  a  milk  sinus  or  duct.  Injury  inflicted 
upon  the  nipple  during  sucking  or  otherwise,  is  a 
probalile  cause  of  the  obstruction.  Rupture  of  the 
wall  of  the  duct  may  take  i)lace  with  escape  of  milk 
into  the  connective  tissue,  which  becomes  thickened 
and  altered  to  form  a  pseudo-cyst  wall.  Practically, 
the  growth  invariably  develops  during  the  lacta- 
tion period,  but  it  has  been  known  to  a  isc  indepen- 
dently of  pregnancy,  that  is,  months  before  and  long 
years  after,  as  shown  by  the  cases  of  Atlee  and  of 
Bouchacourt. 

The  contents  of  the  lacteal  cyst  vary  with  the 
absorption  of  the  fluid  elements,  and  the  chemical 
changes  incident  to  the  age  or  length  of  time  the 
tumor  has  existed.  At  first  this  is  pure  milk;  later  it 
may  be  altered  to  a  turbid  fluid  with  colostrum  debris; 
and  an  older  cyst  may  contain  a  creamy  or  oily  matter 
often  resembling  butter  in  con.sistency  and  appear- 
ance.    In  still  others,  as  absorption  goes  on.  this  may 


Fig.   1123. — Multiple  Galactocele.     (Mudd,  .\ni.  Practice  of 
Surgery.) 

be  reduced  to  a  curdy  or  cheese-like  substance. 
Microscopically  the  material  is  found  to  be  almost  pure 
fat.  I  have  seen  two  such  tumors,  one  as  large  as  an 
apple,  the  other  somewhat  smaller,  and  fiUed  with  a 
caseous  mass  almost  identical  in  resemblance  to  soft 
cream  cheese. 

They  do  not  often  grow  to  a  great  proportion,  the 
average  size  being  about  that  of  an  egg.  but  occasion- 
ally cases  have  been  reported  where  enormous  dimen- 
sions were  attained,  as,  for  example,  the  patient  of 
Scarpa.  The  tmnor  is  usually  solitary,  less  frequently 
multiple;  and  the  consistency  will  depend  upon  the 
contents — the  presence  of  fluid  giving  fluctuation, 
whereas  if  the  contents  are  thick  and  inspissated  there 
is  pitting  on  pressure,  and  a  doughy  or  even  solid  sen- 
sation is  imparted  to  the  finger.  In  old  cysts  the  wall 
may  undergo  calcareous  tlegeneration.  The  tumor 
is  usually  situated  beneath  tne  nipple  or  the  areola. 
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at  the  seat  of  a  lacteal  sinus.  It  is  mobile,  there  are 
no  attachments,  and  it  is  without  pain  or  inflammatory 
reaction.  If  occlusion  of  the  galactophorous  duct 
originates  in  a  lobule,  the  growth  is  deeply  seated  and 
away  from  the  nipple.  When  superficial  it  appears 
darker  under  transillumination  than  the  contiguous 
skin.  The  growth  may  be  rapid  at  first,  but  with  the 
cessation  of  lactation  it  may  shrink  in  size,  become 
more  sohd,  and  remain  apparently  unchanged  until 
another  lactation  supervenes  when  it  again  assumes 
greater  dimensions. 

The  onset  is  somewhat  sudden,  and  it  appears  as  a 
smaU,  ovoid,  tense,  and  smooth  swelling,  unless  rup- 
ture of  the  duct  has  occurred  when  it  becomes  irregu- 
lar or  lobulated  in  outline.  Compression  of  the  tumor, 
if  it  be  in  the  areola  space,  may  cause  a  milky  fluid  to 
exude  from  the  nipple.  When  these  tumors  reach  a 
large  size  suppuration  and  ulceration  may  occur, 
together  with  the  formation  of  milk  fistulffi,  but  this 
is  an  uncommon  complication.  It  is  probable  that 
many  of  the  hard  nodules  in  the  breast  of  young 
mothers,  and  usually  considered  to  be  lobular  mas- 
titis are  due  to  retained  milk;  and  again  it  is  also  not 
improbable  that  some  of  the  cases  of  acute  mastitis 
with  abscess  originate  from  the  same  source  (Warren). 

Some  remarkable  instances  of  galactocelcs  occur- 
ring in  axillary  mammse  have  been  related  by  W. 
Roger  Williams. 

Diagnosis. — Difficulty  in  diagnosis  is  not  experi- 
enced except  in  old  cases,  after  long  retention  of  the 
fluid,  and  where  the  cj'st  contents  become  semisolid. 
But  the  clinical  history,  namely,  the  fact  that  the 
tumor  appeared  during  lactation,  its  stationary  con- 
dition between  pregnancies,  normal  nipple  and  lymph 
glands,  together  with  the  results  of  aspiration  should 
enable  one  to  avoid  mistakes. 

Treatment. — Small  lacteal  cysts  in  nursing  women 
may  be  dissipated  by  puncture  and  strapping  the 
breast.  Incision  with  subseciuent  gauze  packing  will 
eflPect  a  cure  in  certain  cases.  Aspiration  followed  by 
injection  of  tincture  of  iodine  is  not  to  be  recom- 
mended. In  the  majority  of  instances,  however, 
excision  and  immediate  suture,  by  a  plastic  resection 
operation,  is  the  preferable  surgical  procedure. 
Where  the  sac  is  thickened  and  indurated,  Keen 
advises  amputation  of  the  breast. 

Dermoid  Cyst. — Dermoid  cysts  of  the  anterior 
aspect  of  the  chest,  especially  in  the  upper  and  mid- 
sternal  region,  have  been  met  with  in  a  fair  number 
of  instances;  but  dermoids  of  the  mammary  gland 
proper  are  of  great  rarity.  In  fact  it  has  been  claimed 
by  some  writers  that  no  genuine  case  of  such  forma- 
tion in  the  breast  has  ever  been  observed.  Roger 
WUliams,  however,  has  collected  from  the  literature 
four  cases,  reported  by  Hermann,  Reverdin  and 
Mayor,  .\lljers,  and  Velpeau,  which  seem  to  be  of 
undoubted  dermoid  character,  and  which  should 
occupy  a  legitimate  place  in  this  categorj'.  The  cases 
are  too  few  to  permit  the  assemblage  of  any  dis- 
tinctive symptoms,  although  these  seem  in  no  wise 
different  from  those  of  other  mammary  cj'stic  growths. 
It  is  well  to  note,  however,  that  in  two  of  the  four 
cases  (the  situation  in  the  others  not  stated)  the 
cysts  were  located  in  the  lower  hemisphere  of  the 
breast;  that  they  were  of  very  slow  growth,  remaining 
almost  stationarj'  for  years;  and  that  the  nipple  and 
axillary  glands  were  normal.  Ulceration  of  the  skin 
existed  in  one  case.  Dermoid  cyst  is  stated  to  have 
been  observed  in  the  male  breast. 

Treatment. — If  the  cyst  is  of  moderate  size  the 
simple  enucleation  of  the  tumor  is  called  for,  as 
practised  in  other  cystic  growths.  This  should  be 
done,  if  possible,  without  rupturing  the  cyst,  and 
particular  care  should  be  exercised  in  the  dissection 
to  avoid  leaving  behind  the  smallest  portion  of  the 
sac,  lest  this  become  the  nidus  from  which  repuUula- 
tion  takes  place.  With  large  cj-sts  complete  removal 
of  the  breast  is  the  preferable  procedure. 
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Echinococcus  Cyst  {Hydatid  Cyst). — The  scolex  of 
the  taenia  echinococcus  only  occasionally  finds  lodg- 
ment in  the  mammary  gland,  and,  therefore,  echino- 
coccus cyst  is  quite  an  uncommon  affection  of  this 
locality.  But  a  sufficiently  large  number  of  cases 
have  been  observed  to  necessitate  its  being  reckoned 
with  in  considering  diseases  of  the  breast.  It  may 
occur  in  the  male  as  well  as  the  female  mamma. 

Le  Conte  in  1891  collected  and  published  thirty- 
three  cases  of  true  hj'datid  disease  of  the  gland,  in- 
cluding a  case  of  his  own  which  he  regarded  as  the  first 
one  of  the  kind  occurring  in  America.  The  cyst  ordi- 
narily grows  very  slowly,  is  unattended  with  pain, 
and  in  several  cases  an  hydatid  colony  has  been  known 
to  exist  in  the  mamma  for  a  period  of  ten  years  or 
longer  without  causing  material  discomfort.  It  may 
be  smooth  and  rounded,  but  sometimes  is  irregular  in 
outline,  may  develop  in  any  part  of  the  breast  except 
in  the  nipple  and  areola,  and  seldom  attains  any  great 
dimensions,  although  cases  are  on  record  where  it  has 
reached  the  size  of  a  child's  head.  They  occasionally 
become  inflamed  and  suppurate,  which  causes  adhe- 
sions to  adjacent  tissues  and  enlargement  of  the  axil- 
lary lymph  glands. 

Diagnosis. — The  great  rarity  of  the  disease  makes 
the  diagnosis  difficult,  or  even  impossible  in  some 
instances,  before  operation  or  the  spontaneous  open- 
ing of  the  cyst  with  extrusion  of  daughter  cysts. 
When  seen  at  an  early  stage  in  young  women,  it 
might  readily  be  mistaken  for  a  benign  growth;  and 
at  a  later  period  if  in  older  women,  the  firmness  of  the 
tumor,  its  sometimes  irregular  contour  and  tendency 
to  implicate  the  skin,  would  be  strongly  suggestive  of 
carcinoma.  The  fluid  contents  of  the  hj-datid  cyst  are 
non-albuminous,  differing  in  this  respect  from  the 
fluid  of  other  mammary  cysts,  and  often  containing 
the  characteristic  booklets  and  scolices.  Hence 
aspiration  of  the  sac  and  a  microscopic  examination 
of  the  withdrawn  fluid  should  clear  the  diagnosis,  but 
it  should  be  remembered  that  in  only  about  one-half 
of  the  cases  are  the  booklets  to  be  found. 

Treatment. — The  treatment  should  be  governed  by 
the  size  of  the  cyst,  age  of  the  cyst,  and  characterof 
the  cyst-wall.  This  will  vary  from  simple  enuclea- 
tion by  dissection,  free  incision,  and  application  of 
iodine  with  gauze  packing  of  the  sac,  to  partial  or 
complete  amputation  of  the  breast. 

Tumors  of  the  Bre.\st. — Classification. — Tumors 
of  the  mammary  gland  are  chnically  divided  into  two 
primary  classes,  namely,  the  benign  and  the  malignant 
growths;  although  such  a  division  cannot  be  regarded 
as  being  without  question,  since  many  of  the  benign 
neoplasms  assume  malignancy  during  some  period  of 
their  life  history.  But  beyond  this,  an  entirely  ac- 
ceptable and  scientific  classification  of  breast  tumors 
still  remains  to  be  elaborated.  The  fact  that  these 
tumors  are  represented  by  such  a  variety  of  types, 
together  with  the  many  and  changing  terms  applied 
to  the  same  pathological  conditions,  and  the  assem- 
bhng  of  these  morbid  findings  into  different  s}'stems, 
has  produced  a  state  of  much  confusion  and  dis- 
agreement. 

This  perplexity  is  the  greater  in  regard  to  the  patho- 
logical grouping  of  the  benign  tumors  of  the  breast, 
and  the  nearest  approach  to  an  orderly  arrangement 
of  these  formations  is  the  one  propo.sed  by  J.  Collins 
Warren,  based  upon  the  suggestion  of  Ribbert. 
This  diWsion  of  the  benign  tumors,  as  applied  to 
those  of  homologous  structure,  will  be  adopted  in  the 
present  discussion.  However,  the  prime  question 
and  the  one  of  great  practical  importance  alike  to  the 
patient  and  to  the  surgeon  is.  Whether  the  growth  is 
benign  and  presumably  curable,  or  malignant  and 
probably  incurable?  But  it  should  be  remembered 
that  all  mammary  tumors  are  potentially  maUgnant, 
and  that  benign  neoplasms  are  subject  to  mahgnant 
degeneration  in  both  the  male  and  female  breast. 
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The  male  breast  is  subject  to  the  same  diseases  and 
new-srowths  as  are  found  in  the  female  gland,  except 
those  connected  with  the  function  of  lactation. 
Neoplasms,  however,  are  decidedly  less  frequent  in 
the  male  breast,  wliich  is  accounted  for  by  its  em- 
bryonic and  rudimentary  state  together  with  tlie 
absence  of  physiological  glandular  activity,  especially 
those  clianges  dependent  upon  gestation.  \'arious 
estimates  of  the  relative  proportion  of  tumor-growth 
in  the  two  sexes  have  been  made,  but  it  may  be  broadly 
stated  that  fully  ninety-nine  per  cent,  of  all  niammarj' 
tumors  occur  in  tlic  female  mamma  and  only  about 
one  per  cent,  in  the  male  breast. 

I.  BENIGN  TI'.MORS.— Histologically  considered 
the  benign  neoplasms  of  the  breast  are  structurally 
composed  of  tissues  indigenous  or  normal  to  the  mam- 
mary gland,  as  contrasted  with  the  malignant  class; 
and,  again,  clinically  they  present  characteristics 
equally  distinctive  of  their  type.  Thus,  the  benign 
tumors  occur  at  a  much  earUer  age,  being  sometimes 
encountered  in  chiUlliood;  thej"  are  definitely  circum- 
scribed and  encapsulated,  and  more  frequently 
multiple;  the}'  are  for  the  most  part  mobile,  not 
adherent  to  adjacent  structures,  and  the  overlying 
skin  and  fat  are  usually  unchanged.  They  are  apt 
to  be  of  slow  growth,  and  as  they  enlarge  they  dis- 
place but  do  not  infiltrate  the  surrounding  tissues. 
Their  consistency  is  usually  softer,  and  pain  and  ten- 
derness are  more  pronounced  than  in  malignant 
tumors.  Metastases  are  absent,  and  the  axillarj' 
lymph  nodes  are  seldom  involved.  Discharge  from 
tne  nipple  is  another  feature  suggestive  of  benignancy, 
unless  it  be  bloody  in  character  when  it  is  more  apt  to 
be  associated  with  a  malignant  condition. 

Benign  tumors  of  the  breast  are  much  less  frequent 
than  malignant  tumors.  In  an  analysis  of  5,000  cases 
of  mammary  tumors,  taken  largely  from  German 
clinics  where  the  microscopic  findings  were  presum- 
ably more  Ukely  to  be  accurate,  Rodman  found  that 
It). 5  per  cent,  were  benign. 

Williams  found  six  benign  growths  among  twenty- 
five  tumors  of  the  male  breast;  and  in  Schuchardt's 
first  collection  of  295  tumors,  274  were  malignant  and 
21  benign. 

When  occurring  in  childhood  they  are  much  more 
frequent  in  girls  tiian  in  boys,  although  the  disparity 
in  numbers  is  not  nearly  so  great  as  between  the  sexes 
in  adults. 

The  rarest  of  the  benign  mammary  tumors  occur- 
ring in  both  the  male  and  female,  are  those  composed 
of  only  a  single  type  of  tissue,  such  as  fibroma, 
myxoma,  angioma,  adenoma,  myoma,  etc. 

Warren's  classification  is  based  upon  the  two 
separate  structures  which  are  so  intimately  connected 
with  the  development  of  the  mammary  gland,  namely, 
that  peculiar  transparent  myxomatous  connective 
tissue  surrounding  the  terminal  ducts  and  acini,  first 
mentioned  by  Billroth,  and  which  is  characteristic  of 
the  earh'  stages  of  the  young  breast;  and,  secondly, 
the  epithelial  elements,  which  reach  their  mature 
development  in  later  Life,  especially  during  the  changes 
incident  to  pregnancy  and  lactation.  Warren  shows 
that  these  two  tissues  are  so  closely  associated  that  a 
new  growth  of  either  one  must  necessarilj-  share  in  the 
essential  features  of  both  structures.  In  other  words, 
that  a  neoplasm  of  the  periductal  fibrous  glandu- 
lar tissue  cannot  develop  in  any  proportion  without 
implicating  to  a  great  or  less  degree  the  duct  epi- 
thelium; and,  again,  that  a  tumor  arising  from  the 
epitheUal  elements  must  likewise  involve  the  fibrous 
structure,  unless  it  be  of  a  true  carcinomatous  type. 
Therefore,  the  term  fibroepitheUal  has  been  given  to 
this  class  of  tumors  as  emphasizing  the  two  essential 
structures  of  which  they  are  composed.  Furthermore, 
Warren  has  divided  these  fibroepithelial  growths  into 
two  groups,  viz.,  (1)  the  fibrous,  and  (2)  the  epi- 
thelial, according  to  the  preponderance  of  the  fibrous 


or  the  epithelial  elements.  This  distinction,  he 
states,  is  sanctioned  clinically  by  the  fact  that  the 
fibrous  group  has  a  distinct  tendency  to  sarcomatous 
transformation,  while  the  epithelial  group  evinces  a 
predisposition  toward  carcinomatous  change.  The 
tumors  of  the  fibrous  group  are  marked  by  the  pre- 
dominance of  fibrous  tis.sue,  while  the  epithelium  that 
is  present  is  of  small  importance;  and  in  the  tumors  of 
the  epithelial  group  tlie  existing  fibrous  tissue  is 
distinctly  subordinate  to  the  predominating  epi- 
theUal element. 

(1)  The  fibrous  or  connective  tissue  group  of 
tumors  are  mixed  growths,  and  from  the  similarity 
of  the  connective  tissue  of  which  they  are  composed 
to  that  surrounding  the  terminal  ducts,  Warren  has 
designated  them  periductal  tumors,  and  divides  them, 
according  to  the  character  and  richness  of  their  cells, 
into  three  subgroups,  (a)  periductal  fibroma,  (b) 
periductal  myxoma,  and  (c)  periductal  sarcoma. 

(a)  Periductal  Fibroma. — This  type  of  growth  has 
been  designated  by  a  variety  of  names,  among  the 
more  prominent  of  which  may  be  mentioned  intra- 
canalicular  papiUarj-  fibroma,  intracanahcular  myx- 
oma, fibroadenoma,  adenofibroma,  cystosarcoma, 
chronic  mammarj'  tumor,  and  so  on. 

Pathology. — In  a  recent  communication,  Greenough 
and  Simmons  detail  the  results  of  a  careful  study  of 
a  series  of  twenty-seven  cases  of  periductal  fibromata, 
and  from  this  paper  I  have  liberally  drawn  in  the  fol- 
lowing section. 

The  gross  appearance  of  a  section  of  these  tumors 
shows  a  grayish-white  or  pink,  irregular  surface 
having  either  pearly  translucent  spots,  or  clefts, 
scattered  about  over  it.  The  whole  growth  is  fre- 
quently divided  into  lobular  masses,  and  in  not  a  few 
instances  it  has  a  gelatinous  appearance  due  to  an 
edematous  condition  of  the  fibrous  tissue,  which  has 
caused  certain  authors  to  classify  these  tumors  as 
mj'xomata.  The  translucent  areas  above  metioned 
represent  the  severed  ducts  and  lobules  of  the  mass, 
and  the  clefts  and  minute  cysts  are  often  produced  by 
the  distortion  and  choking  of  these  ducts.  The  cleft- 
formation  may  be  so  pronounced  in  large  tumors  as  to 
present  the  appearance  of  a  large  cyst  filled  with 
numerous  rounded  papQlarv  outgrowths  of  fibrous 
tissue  from  its  walls,  to  which  type  of  tumor  the  term 
intracanalicular  papillary  fibroma  is  often  applied. 

Microscopically  these  growths  are  made  up  of  a 
fibrous  tissue  stroma,  divided  into  lobular  masses  by 
bands  of  dense  connective  tissue,  which  forms  the 
framework  of  the  tumor  and  gives  support  to  the  lym- 
phatics and  blood-vessels,  and  through  which  pass 
ducts  with  epithelial  lining,  cysts,  and  clefts.  The 
whole  mass  may  be  likened  to  one  of  the  racemose 
gland  lobules  of  the  breast.  Fibrous  tissue  is  the 
greatest  component  of  the  tumor,  and  resembles  the 
h3-aline  connective  tissue  intimately  surrounding  the 
ducts  in  the  immature  breast.  This  tissue  is  delicate 
and  richly  nucleated  as  compared  to  ordinary  con- 
nective tissue,  and  the  nuclei  of  the  cells  are  more 
oval  and  vesicular.  It  also  appears  succulent  or 
edematous,  caused  by  a  fluid  separating  its  fibers. 

The  epithelial  elements  are  seen  in  the  epithelial 
Uned  ducts,  or  cysts,  or  clefts.  These  vary  in  num- 
ber and  character  in  different  tumors  and  even  in 
different  portions  of  the  same  growth.  They  origi- 
nate, undoubtedly,  from  the  ducts  of  the  gland,  or 
from  the  early  embryonic  epitheUal  elements  from 
which  the  ducts  are  derived,  but  apparenth'  they  are 
not  continuous  with  the  ducts  terminating  at  the  nip- 
ple. In  may  cases  the  epithelial  elements  are  scanty, 
and  appear  as  various-sized  gland  ducts,  which  have 
been  distorted  by  the  growth  of  the  surrounding 
periductal  fibrous  tissue.  This  produces  the  slit 
cysts  so  distinctive  of  these  growths,  and  suggested 
the  frequently  employed  name  of  intracanahcular 
papillary  fibroma.     In  other  instances  the  epitheUal 
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structures  are  in  greater  quantity,  and  seem  to  liave 
grown  as  rapidly  as  the  fibrous  element,  producing, 
instead  of  distorted  clefts,  a  uniform  tissue  consisting 
of  numerous  small  epithelial  lined  tubules  separated 
by  a  periductal  fibrous  tissue  stroma.  In  some  cases 
there  is  a  grape-like  arrangement  of  the  smaller 
lobules,  while  in  others  this  clustering  is  absent  and 
the  lobules  are  placed  irregularly  in  the  fibrous  stroma. 
Tumors  having  this  last  or  irregular  arrangement 
have  been  classified  as  fibroadenoma  or  adenofibroma, 
and  to  the.se  Rodman  has  recently  given  the  term 
pericanalicular  in  contradistinction  to  the  growths 
with  shts  or  clefts  wliich  are  described  as  intra- 
canaUcular.  The  intracanaUcular  type  is  the  more 
common. 

The  epithelial  cells  of  these  several  forms  vary  in 
type  from  compressed  columnar  cells  to  cuboidal, 
large  and  clearly  defined  cells,  or  even  high  columnar 
cells.  Cystic  formation  occurs  in  both  groups  of 
tumors;  in  the  pericanalicular  tumors  they  are  usually 
small,  whereas  in  the  other  class  they  may  reach  a 
large  size. 

Symptoms. — These  growths  represent  the  common 
breast  tumors  in  young,  usually  unmarried,  women 
between  the  ages  of  twenty  and  thirty  years.  Warren 
found  that  forty-five  per  cent,  occurred  in  females 
from  ten  to  twenty  years,  and  fifty  per  cent,  from 
twenty  to  thirty  years  old,  and  then  rapidly  dimin- 
ished with  the  succeeding  decade. 

They  are  also  the  most  frequent  type  of  benign 
tumor'  encountered  in  the  male  breast,  which  do 
not  differ  in  any  respect  from  those  of  the  female 
mamma.  Woodyatt  divides  these  growths  in  the 
male  into  two  forms,  the  circumscribed  variety  occur- 
ring in  young  men  and  possessing  all  the  microscopic 
characters  of  fibroepithelial  tumors  in  the  young 
female  breast;  and  the  diffuse  form,  usually  called 
fibroadenoma,  which  are  met  with  at  any  age  and  are 
frequently  produced  by  traumatism.  Adolescent 
mastitis  is  also  stated  to  be  a  positive  causative  fac- 
tor. Denenholtz  mentions  a  case  of  bilateral  tumors 
in  a  boy  fifteen  j'ears  of  age. 

These  growths  are  frequently  multiple  but  oftener 
single,  and  occur  equalh'  on  the  two  sides  and  some- 
tinies  in  both  breasts:  they  are  found  in  any  portion 
of  the  gland,  but  with  an  "evident  preference  for  the 
upper  half  of  the  organ  and  particularly  the  outer 
quadrant. 

Billroth  has  noted  the  interesting  fact  that  these 
tumors  do  not  interfere  with  the  normal  gland  devel- 
opment, but  that  the  tumor  undergoes  lactation 
hypertrophy  along  with  the  breast,  and  the  secretion 
of  milk  proceeds  naturaUy. 

These  tumors  are  distinctly  encapsulated,  and  vary 
in  size  from  a  hazelnut  to  a  large  apple,  or  may  even 
attain  an  enormous  size.  The  contour  is  usually  of  an 
irregularly  round  and  lobulated,  or  bossed,  outline,  and 
the  large  growths  are  of  a  hard,  firm,  or  fibrous  con- 
sistency, except  in  the  presence  of  cystic  degeneration 
when  softening  of  the  mass  is  discernible.  The  small 
tumors  are  elastic  in  feel  and  generally  rounded,  and 
may  be  mistaken  for  cysts.  When  of  early  growth 
they  are  freely  movable  beneath  the  surface  and  show 
no  tendency  to  impheate  the  skin  or  subcutaneous 
tissues,  except  in  very  large  tumors  where  an  inflamma- 
tory process  may  cause  adhesions.  Discharge  from 
the"  nipple  is  veryinfrequent.  These  formations  are  of 
slow  growth  and  long  duration,  although  it  occasion- 
allj'  happens  that  a  sudden  activity  in  growth  sets  in 
after  a  long  period  of  quiescence.  Ordinarily  they  are 
without  pain,  except  at  the  catamenia  when  thej'  may 
become  decidedlj'  painful  and  sensitive. 

Diagnosis. — The  characteristic  features  of  these 
tumors  are  those  distinctive  of  benign  tumors  in 
general,  and  have  already  been  dwelt  upon,  but  may 
be  summarized  as  follows:  They  are  oftener  single 
than  multiple;  occur  in  young  women;  grow  slowly:  are 
painless;  round  and  lobular  but  with  clearly  outUned 


margin;  usually  hard  and  resistant,  but  often  elastic 
in  consistency:  mobile  in  the  early  stages,  and  seldom 
adherent  to  adjacent  structures;  there  is  no  discharge 
from  the  nipple;  and  the  axillary  lymph  nodes  are  not 
afi'eeted. 

Treatment. — These  tumors  should  be  removed. 
Bloodgood.  with  some  other  surgeons,  advise  against 
operation  when  they  occupj'  both  breasts,  are  multi- 
ple, and  of  small  size,  since  they  may  ultimately  dis- 
appear. A  short  radial  incision  is  usually  sufficient 
for  their  removal  and  leaves  a  scarcely  visible  scar. 
In  those  cases  with  troublesome  symptoms,  and 
particularlj-  where  the  tumor  assumes  sudden  activity 
in  growth — suggestive  of  possible  mahgnant  degenera- 
tion— the  whole  breast  sliould  be  removed  together 
with  the  muscles,  although  it  is  not  necessary  to  invade 
the  axilla. 

(b)  Periductal  Myxoma. — These  tumors  are  quite 
similar  in  structures  to  the  preceding  type  or  fibroma, 
being  composed  of  a  myxomatous  fibrous  tissue  which 


Fig.  1124. — Periductal  Myxosarcoma  (Low  Power).  Por- 
tion of  tumor  showing  cell-rich  stroma  of  sarcomatous  periductal 
tissue,  gland  ducts,  and  cysts  and  encapsulation.  (Greenough 
and  Simmons,  Annals  of  Surgery,  October.  1911.) 

is  succulent,  or,  rather,  edematous;  and  the  principal 
chnical  difference  between  them  is  that  the  myxomata 
attain  a  larger  size,  and  are  found  in  the  breasts  of 
both  single  and  married  women  (oftener  in  the  latter) 
of  middle  age,  rather  than  in  young  women.  They 
are  usually  hard,  firm,  growths,  although  the  greater 
number  of  them  contain  cyst-cavities;  they  are  dis- 
posed to  necrosis;  and  the  axillary  lymph  nodes  are 
not  infrequently  enlarged.  There  is  no  discharge  from 
the  nipple. 

(c)  Periductal  Sarcoma. — This  third  subgroup  of 
periductal  mammary  tumors  is  characterized  by  a 
stroma  rich  in  cells  combined  with  gland  ducts. 
CUnically.  it  is  noted  that  these  growths  are  commonly 
encountered  in  married  women  of  medium  age; 
that  they  grow  rapidly;  are  usually  large;  may  even 
reach  enormous  dimensions,  and  often  the  whole 
breast  is  involved  in  the  formation.  They  are  encap- 
sulated, hard,  and  irregularly  lobulated,  but  softened 
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areas  from  degenerative  changes  are  not  infrequent; 
sometimes  they  contain  cysts;  the  overlying  skin  is 
stretched,  with  large  veins  coursing  over  it,  but  not 
adherent,  altliough  ulceration  may  occur;  and  the 
axillary  glands  are  only  rarely  involved.  There  is 
no  fluid  exudation  from  the  nipple.  Pain  is  not  a 
positive  symptom,  the  only  discomfort  experienced 
being  that  attributable  to  the  size  and  weight  of  the 
organ. 

Greenough  and  Simmons  believe  that  the  distinc- 
tion between  the  periductal  myxoma  and  the  peri- 
ductal sacronia  is  but  an  arbitrary  division,  and  prefer 
to  classify  them  under  the  one  term  of  "periductal 
myxosarcoma."  This  merging  of  the  two  subgroups 
into  a  single  one  seems  to  possess  certain  advantages, 
and  hence  will  be  adopted  in  the  further  description 
of  the  subject. 

This  class  of  myxosarcomata  have  also  an  extensive 
and  varied  nomenclature,  being  known  under  the 
captions  of  adenosarcoma,  fibrosarcoma,  fibromyxo- 
sarcoma,  cysticsarcoma,  and  many  other  terms. 
This  variety  of  tumor  is  relatively  rare,  but,  at  the 
same  time,  it  is  the  commoner  form  of  mammary 
sarcoma. 

Pathology. — A  section  shows  distinct  encapsulation, 
with  a  lobulated  surface  of  a  semitranslucent  gray 
color,  and  with  cysts  or  clefts  interspersed  throughout. 
The  cysts  range  In  size  from  just  visible  bodies  to  that 
of  a  "large  orange,  contain  a  brownish  fluid,  and 
sometimes  cystic  papillary  outgrowths  exist. 

The  microscopic  findings  vary.  The  connective- 
tissue  stroma  is  divided  into  lobules  by  bands  of 
fibrous  tissue,  and  is  more  or  less  rich  in  cells.  Inter- 
spersed throughout  the  stroma  are  clefts  and  cysts, 
and  ducts  lined  with  epithehum.  The  connective 
tissue  is  different  in  different  portions  of  the  growth — 
it  may  be  the  loose  periductal  fibrous  tissue,  the  myxo- 
matous tissue  composed  of  delicate  processes  and  stel- 
late cells,  or  the  more  closely  packed  fibrosarconiatous 
tissue.  The  fact  that  tissues  made  up  of  these  sev- 
eral types  of  cells  are  often  in  juxtaposition,  fre- 
quently makes  the  separation  of  the  periductal 
myxoma  from  the  periductal  sarcoma  a  matter  of 
impossibility.  In  the  large  tumors  hyaUne  degenera- 
tion is  common. 

The  epithoUal  elements  are  identical  in  every 
particular  with  the  epithehal  structures  of  the  peri- 
ductal fibroma.  The  resemblance,  both  micro- 
scopical and  clinical,  between  the  two  groups  of 
neoplasms  is  so  very  marked  that  the  conclusion  is 
forced  upon  the  observer  "  that  the  myxosarcoma  is  a 
periductal  fibroma,  the  fibrous  tissue  of  which  has 
more  or  less  taken  on  the  change  in  characteristics 
(anaplasia)  which  marks  the  advance  from  benign  to 
malignant  tumor-growth — a  change  which,  whether 
correctly  or  not,  is  often  spoken  of  as  degeneration." 

Diagnosis. — The  clinical  features  of  the  periductal 
myxosarcoma  may  be  thus  briefly  stated :  They  are  of 
rather  rapid  growth,  and  of  large  size;  are  found  in 
middle-aged  women;  are  encapsulated  and  lobulated; 
they  are  somewhat  prone  to  cystic  formation  and  to 
degeneration;  the  skin  is  not  adherent  unless  ulcera- 
tion occurs;  the  axillary  nodes  may  be  enlarged;  there 
is  no  discharge  from  the  nipple;  and  they  are  usually 
devoid  of  pain. 

Treatment. — As  a  rule,  the  myxomata  only  require 
local  removal,  unless  associated  with  symptoms  of 
degenerative  change  when  amputation  of  tne  entire 
breast  should  bo  practised.  With  the  sarcomata, 
however,  amputation  of  the  gland  is  always  the  re- 
quired procedure;  and  in  advanced  cases,  or  where 
growth  is  rapid,  the  dissection  should  include  both 
the  muscles  and  the  axillary  space,  which  usually 
carries  with  it  a  favorable  prognosis. 

(2)  The  EPiTnELi.\L  group,  or  ctstadenoma,  is 
subdivided  into  (a)  fibrooystadenoma,  and  (b)  papil- 
lary cystadenoma. 

(a)  Fibrooystadenoma. — This    type    of    the    fibro- 
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epithelial  class  of  tumors  is  principally  found  in  young, 
unmarried  women,  and  the  tumors  arc  usually  of 
slow  growth  and  painless.  They  may  be  seated  in 
any  portion  of  the  breast,  and  cvi^n  in  both  glands. 
They  arc  lobulated,  of  a  hard,  lirm  consistency,  mo- 
bile, and  vary  from  the  size  of  a  large  nut  to  that  of  an 
a])ple;  tlie  axillary  nodes  are  not  liypc'rplastic.  The 
growth  has  a  distinct  capsule,  tlie  tumor  structure  is 
lobular,  and  contains  various-sized  cysts  w^ith  epi- 
t  lielium-covered  outgrowths  of  connective  tissue.  The 
pathological  process  involves  the  gland  ducts  rather 
than  the  acini,  and  evidently  represents  the  initial 
step  toward  malignant  metamorpnosis. 

(/))  Painllary  Cy.itailrnnma. — This  second  variety 
of  the  epithelial  group  of  neoplasms  is  rather  uncom- 
mon. The.><e  tumors  are  single  or  multiple,  they  grow- 
slowly,  are  of  long  duration,  and  occur  more  commonly 
in  married  women  of  mature  middle  life,  but  they 
have  been  found  at  all  ages,  and  .seem   to  be  inde- 


Fia.  1126. — Fibrocy3tadenoma  (Low  Power).  Showing  largo 
number  of  gland  ducts  and  cysts  in  proportion  to  stroma,  and  active 
proliferation  of  epithelium.  (Greenough  and  Simmons.  Annals 
of  Surgery,  October,  1911.) 

pendent  of  lactation  or  trauma.  They  are  hard,  firm, 
usually  small  growths,  although  occasionally  soft  and 
indistinctly  fluctuant;  and  may  assume  a  large  size. 
OrdinarOy  the  skin,  as  well  as  the  axiUary  lymph 
glands,  remains  unimplicated;  and  they  are  the  source 
of  but  little  pain  or  other  disturbance.  The  location 
of  preference  in  the  breast  seems  to  be  in  the  larger 
ducts  just  beneath  the  nipple.  A  bloody  discharge 
from  the  nipple  is  frequent  and  considered  a  symptom 
of  pathognomonic  importance.  Greenough  and  Sim- 
mons report  them  associated  with  a  low  grade  of  can- 
cer (adenocarcinoma)  in  fifteen  per  cent,  of  a  series  of 
twenty  cases. 

On  section  of  the  growth  there  is  seen  a  cyst  cavity 
filled  with  a  bloody  fluid,  and  the  walls  covered  with 
papillary  outgrowths  of  connective  tissue  thickly 
covered  with  epithelium  derived  from  the  ducts — 
the  acinal  epithelial  cells  not  usually  being  in  evidence. 
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The  fibroepithelial  group  of  mammary  tumors  have 
received  the  various  names  of  cystadenoma,  cystade- 
noma  proliferens,  adenoma,  papillary  cystadenoma, 
tubular  adenoma,  polycystadenoma,  duct  papilloma, 
villous  papilloma,  cystic  fibroma,  and  many  others. 
They  are  distinctly  epithelial  in  type,  but  at  the  same 
time  are  benign,  'except  in  a  late  stage  when  they 
evince  decided  tendencv  toward  cancerous  trans- 
formation. Thev  differ  from  the  periductal  fibromata 
onlv  in  the  relation  of  their  elements,  their  charac- 
teristic or  diagnostic  feature  consisting  in  the  great 
hyperplasia  of  the  epithelial  structures. 

'  These  tumors  also  exist  in  the  male  breast,  although 
they  are  less  common  than  the  fibrous  or  connective- 
tissue  group  (fibroadenoma),  and  present  identical 
characteristics  with  .similar  growths  in  the  female 
mamma.  They  are  usually  seen  between  the  ages 
of  fortv-five  aiid  sixty  years,  although  they  are  often 
met  with  in  youth  and  early  manhood. 

Pathology. — In  general  appearance,  these  tumors 
are  enveloped  in  a  dense,  fibrous  capsule,  their  con- 
sistency is  firm  and  hard,  or  firm  and  elastic,  and  are 
irregularlv  rounded  or  lobulated  in  shape. 

A  section  of  the  growth  presents  an  appearance 
similar  to  the  periductal  fibromata,  being  firm  and 
fibrous,  and  of  a  dull  white,  sometimes  tran.slucent 
color.  The  ducts  and  acini  are  observed  on  the  sur- 
face as  many  soft,  glistening  spots,  which  exist  in 
greater  numbers  t'lan  in  the  fibromata.  Sometimes 
the  cut  surface  is  covered  with  .slits,  in  other  words, 
being  of  the  intracanalicular  type.  The  small  cysts 
are  filled  with  either  a  serous-like  fluid  or  the  contents 
may  be  rather  thick  or  nidtaceous  in  character. 

As  just  remarked,  the  chief  point  of  difference 
between  these  tumors  and  the  periductal  fibromata 
lies  in  their  relatively  large  epithelial  composition  as 
compared  to  the  fibrous  tissue  they  contain,  together 
with  the  active  growth  of  the  former  element.  The 
tumor  tissue  has  a  lobular  arrangement,  especially  so 
in  the  larger  growths.      Like  the  periductal  fibroma, 


Fig.  U2G. — Papillary  Cj'stadenoma;  "Villous  Papilloma." 
Gross  appearances.  (Massachusetts  General  Hospital,  R.  B. 
Greenough.) 

the  stroma  consists  of  a  loose,  cellular  fibrous  tissue, 
derived  from  the  periductal  connective  tissue,  and 
without  round  cell  infiltration.  Two  separate  types 
are  recognized,  as  in  the  periductal  tumors,  the  intra- 
canalicular and  the  pericanalicular.  The  pericanalicu- 
lar type  seems  to  be  the  more  common,  and  the  sug- 
gestion has  been  offered  tliat  the  pericanalicular  type 
of  periductal  fibromata  is  that  from  which  the  fibro- 
cystadenoma  is  chiefly  derived.  Epithelial-lined 
cysts  are  more  frequent  than  in  the  fibroma;  many 
glands  are  lined  with  onlv  one  layer  of  epithelium, 
and  in  others  there  is  a  heaped-up  arrangement 
forming  papillary  growths  projecting  into  the  lumen 
and  wliich  may  even  entirely  choke  the  lumen. 
There  may  be  an  adenomatous  arrangement  of  the 
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cells — an  extreme  epithelial  proliferation — similar  to 
that  in  cases  of  involution,  which  have  a  disposition 
to  become  cancerous. 

Diagnosis. — From  a  clinical  standpoint  these  tu- 
mors are  inseparable  from  the  periductal  fibromata. 
All  of  the  symptoms  and  physical  conditions  are  prac- 
tically identical,  and.  unless  a  large  cyst  is  present, 
yielding  distinct  fluctuation,  the  diagnosis  must  be 
conjectural  until  microscopic  aid  is  invoked. 

Treatment. — The  possibility  of  the  transition  of 
these  tumors  into  carcinoma  must  ever  be  borne  in 


Fig.  1127. — Papillary  Cystadenoma.     Microscopic  appearances. 
(Massachusetts  General  Hospital,  R.  B.  Greenough.) 

mind,  and  a  proper  histological  study  is  necessary  to 
determine  the  extent  to  wliich  surgical  intervention 
should  be  carried.  In  the  fibrocystadenomata,  ordi- 
narily it  is  sufficient  to  excise  them  by  a  small  inci- 
sion,"or  bv'  the  plastic  resection  method;  and  the  same 
simple  local  removal  is  applicable  to  the  small  papil- 
lary cystadenoraata.  But  in  either  instance,  partic- 
ularlythe  last,  when  the  neoplasm  has  existed  a  long 
time,  is  of  large  dimensions,  with  axillary  gland 
involvement,  the  modern  radical  breast  amputation 
should  be  performed.  Non-recurrence  may  usually 
be  promised  after  thorough  operation. 

Mixed  Tumors  of  the  Bre.^st. — There  are  occa- 
sionally encountered  certain  rare  forms  of  mammary 
tumor  containing  structures  foreign  to  the  normal 
breast,  and  whose  characteristics  bear  a  close  resem- 
blance to  the  mixed  growths  of  the  parotid  gland.  The 
histological  composition  of  these  tumors  is  very  ir- 
regular, and  they  probably  spring  from  embryonic 
intraglandular  inclusions.  They  are  always  encap- 
sulated, pursue  a  benign  course,  and  may  occur  at 
any  period  of  life  from  adolescence  to  advanced  age. 
Microscopic  examination  is  invariably  required  for 
a  positive  diagnosis  (Finney). 

In  all  cases  when  the  neoplasm  assumes  rapid 
growth  and  other  svmptoms  of  activity,  amputation 
of  the  breast  should  be  resorted  to,  although  it  is 
seldom  necessary  to  excise  the  muscles  or  empty  the 
axilla. 

LiPOM.\  (Fatty  Tumor). — True  intramammary 
lipoma  is  one  of  the  rarest  of  breast  tumors.  W. 
Roger  Williams,  in  1894,  was  able  to  find  only  three 
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publislu'd  oxainplcs  (out  of  2,397  cases  of  consocutive 
iieoplasins  of  tlu'  f<'iiuik'  Ijrcast  analyzed),  wliicli  were 
the  oases  of  Kocliler.  lU'Rouiii,  and  Sir  Astley  ('o(ip<'r. 
This  is  a  faet  worthy  of  eonmient  when  we  consider 
the  excess  of  adipose  tissue  surrounding  tlie  nuiinniary 
structure  and  the  increased  fat  deposit  in  the  inter- 
stitial tissue  of  tlu!  gland  during  involution.  Occa- 
sionally an  enormous  overgrowth  takes  place  in  the 
parainanmuiry  fat  or  fatty  capsule  of  the  gland 
associated  with  .senile  changes  and  certain  circulatory 
disturbances,  producing  the  .so-called  cai>sular  lipoma 
or  iiiiiiiiiiKiri/  liiKimiitii.'iis,  whieli  should  be  distin- 
guished from  genuine  lipoma. 

Comparatively  fre(|uent,  however,  are  the  circum- 
scribed nuimmary  lipomata,  wliicli  ari.se  from  the 
paraniaminary  or  the  subcutaneous  adipose  tissue 
over  the  front  of  the  breast:  they  seldom  attain  a 
large  size,  and  are  usually  founii  in  women  between 
twenty  and  thirty  years  of  age. 

Retromammary  lipomata  are  also  occasionally 
encountered.  They  usually  originate  in  the  fascia 
of  the  pectorahs  major  muscle  and  often  grow  to 
an  enormous  size.     Examples  of  such  retromammary 

frowths  are  seen  in  the  frequently  mentioned  ca.ses  of 
(illroth,  Sir  Astley  Cooper,  and  others.  Billroth's 
case  was  of  immense  proportions,  displacing  and 
pushing  forward  the  flattened  gland  before  it;  and 
the  tumor  in  Cooper's  case  weighed  fourteen  pounds. 

A  number  of  cases  of  true  lipomata  of  the  male 
breast  are  recorded  in  literature.  They  do  not  differ 
from  those  occurring  in  the  female  organ,  and  are 
commonly  found  in  men  of  middle  life.  They  are 
ordinarily  of  moderate  size  and  slow  growth,  but  may 
increase  rapidly  and  reach  a  large  size.  A  case  re- 
corded by  Masse  was  of  congenital  origin  and  grew 
as  large  as  an  orange  in  the  short  space  of  nine 
months;  and  Queirel  mentions  a  fatty  tumor  tliat  in 
fifteen  months  had  grown  to  the  dimensions  of  a 
child's  head. 

Duignosis. — The  diagnosis  should  not  offer  material 
difficulties.  The  subcutaneous  type  possesses  the 
same  characteristics  of  like  growths  elsewhere, 
namely,  a  soft  and  elastic  consistency,  semifluctuant 
in  feel,  loo.se  attachments  to  adjacent  structures,  and 
distinct  lobulation.  It  may  be  mistaken  for  a  mam- 
mary cyst,  as  in  the  instances  mentioned  by  Velpeau 
and  others. 

In  the  intramammary  and  retromammary  forms, 
the  differentiation  may  be  much  less  easy.  These 
will  be  probably  oftener  confounded  with  hyper- 
trophy of  the  breast,  as  was  done  in  Billroth's  case, 
and  foUowed  by  amputation  of  the  breast. 

Extirpation  is  the  proper  surgical  procedure.  In 
small  and  superficial  tumors  this  is  C|uickly  done  by  a 
short  radial  inci.sion  directly  over  the  mass;  but  in 
larger  growths  and  those  of  retromammary  origin, 
plastic  resection  of  the  breast  should  be  the  method 
of  election. 

Vascul.\r  Tumors  (Erectile  Tumors,  Angio- 
M.\T.\,  Nevi). —  Vascular  or  erectile  tumors  of  the 
breast  are  relatively  infrequent,  and  when  seen  are 
usually  situated  in  the  superficial  structures.  A  fair 
number  of  cases  are  on  record.  Jopson,  Speese,  and 
White  have  recently  discussed  this  subject  in  an 
interesting  article,  basing  their  study  largely  on  the 
data  collected  by  Malapert  and  Morichant. 

These  formations  are  commonly  congenital  or  first 
appear  in  infancj',  and  they  have  been  observed  in 
the  breasts  of  both  sexes. 

The  cutaneous  or  nevoid  type  are  generally  of  small 
size,  and  more  often  located  on  or  close  to  the  nipple. 
They  present  no  features  differing  from  nevi  found  in 
other  localities,  and  are  for  the  most  part  of  little 
importance. 

The  subcutaneous  class  is  represented  by  small, 
circumscribed,  nodular  formations  in  the  cellular  tis- 
sues, and  without  involvement  of  the  integumentary 


system.  They  are  apt  to  cause  glandular  atrophy 
by  pressure. 

The  intra  mammary  or  glandular  types  constitute 
the  true  angiomata  of  the  breast.  Their  precise 
origin  in  .some  ca.ses  i.s  difficult  to  determine.  Rarely 
they  are  encapsulated,  and  occasionally  they  may  be 
diffuse,  as  Bojardi's  ca.se  exemplifies.  If  situated  in 
the  nipple  area  the  glandular  elements  may  suffer 
througn  pressure  atrophy,  althougli  the  ducts  usually 
ri'fiist  this  process.  They  occur  more  often  at  birth 
or  during  the  early  months  or  first  years  of  life;  they 
seem  to  affect  both  .sexes  equally;  Init  show  a  i)re- 
dilection  for  the  right  mamma,  and  in  one  ca.se  bilat- 
eral tumors  existed  (Bittner's  case).  They  may  be 
present  for  years  before  being  discovered.  I'ain  may 
or  may  not  be  complained  of,  and  there  may  be  but 
few  symptoms  besides  eidargement  of  a  few  super- 
ficial vein.s.  If  the  skin  is  invaded  and  ulcerates, 
active  bleeding  may  follow.  In  the  greater  number 
of  instances  the  tumor  is  smooth,  but  sometimes  it 
is  irregular  or  nodular,  and  when  cystic  degeneration 
occurs  fluctuation  is  perceived. 

Diagnosis. — The  nevoid  or  skin  angiomata  are 
generally  recognizable  at  a  glance,  and  the  subcu- 
taneous forms  should  scarcely  offer  difficulties  in 
diagnosis,  but  the  deep-seated  intraglandular  types 
may  be  accompanied  by  marked  obscurities.  In  the 
majority  of  instances,  however,  the  sponge-like 
compressibility  of  the  growth  and  its  prompt  return 
to  its  original  size  upon  relaxation  of  the  pressure,  are 
pathognomonic  .symptoms.  PuLsatile  movement  may 
sometimes  be  felt. 

Treatment. — The  simple  nevoid  growths  may  be 
e.xci.sed;  destroyed  by  the  galvanocautery,  or  by  the 
application  of  liquid  air,  or  by  carbon  dioxide  snow, 
the  latter  agent  having  recently  been  employed  with 
gratifying  success.  Tne  old  strangulation  method 
is  practically  obsolete. 

In  the  larger  subcutaneous  and  intraglandular 
growth.s,  e.xcision  is  the  most  satisfactory  surgical 
measure,  but,  unless  care  be  exercised  in  the  dissec- 
tion not  to  invade  the  vascular  structure  with  the 
knife,  the  operation  will  be  attended  by  serious 
hemorrhage.  Where  the  entire  gland  is  involved, 
amputation  of  the  breast  .should  be  performed.  In 
extensive  ca.ses,  particularly  large  venous  angiomata 
and  the  arterial  or  cirsoid  forms,  trial  should  be  made 
of  Wyeth's  boiling-water  injection  forced  deeply  into 
the_  growth.  This  brings  about  consolidation  of 
the  structure,  shrinkage  follows,  and  a  cure  is  effected 
without  deformity. 

Echondroma;  Osteoma. — Both  of  these  formations 
have  been  mentioned  as  existing  in  the  mammary 
gland,  male  as  well  as  female,  but  they  are  to  be 
regarded  as  of  extremely  rare  occurrence,  and  some 
authorities  even  deny  their  existence.  Astley  Cooper 
describes  a  tumor  of  the  breast  largely  composed  of 
cartilage.  Billroth  states  that  a  great  variety  of  car- 
tilage is  found  in  the  mammary  structure  of  bitches, 
and  which  exhibits  changes  having  a  tendency  to 
the  formation  of  both  myxomatous  and  osseous 
tissues.  Cartilaginous  and  calcified  placques  are  at 
times  seen  in  carcinomas,  sarcomas,  and  old  adeno- 
fibromas,  and  also  in  the  walls  of  ancient  cysts. 
Thayer  chronicles  an  interesting  case  of  calcification 
of  the  walls  of  a  breast  abscess,  following  the  admin- 
istration of  massive  doses  of  calcium  lactate  and  the 
submammary  injection  of  .500  c.c.  of  a  one-per-cent. 
solution  of  calcium  chloride,  during  an  attack  of 
typhoid  fever.  The  abscess  was  opened  and  packed 
with  iodoform  gauze,  and  he  believed  that  the  deposi- 
tion of  calcium  salts  resulted  from  the  iodine  contained 
in  the  iodoform  combining  w-ith  the  large  quantity 
of  lime  in  the  tissues. 

Neuroma. — True  neuroma  probably  never  occurs 
in  the  mammary  gland.  The  little  growths  of  the 
breast  which  have  been  spoken  of  as  neuromata  are 
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evidently  identical  with  those  small  and  painful 
fibrous  formations  that  sometimes  exist  around  the 
ends  of  the  subcutaneous  nerve  filaments  in  the 
extremities.  They  are  rare  in  the  breast  and  are 
entirely  benign.  When  present  they  are  very  tender 
to  the  touch,  and  are  quite  often  the  seat  of  severe 
neuralgic  pains.  Their  small  size  may  prevent 
detection. 

Roger  Williams  refers  to  two  cases  of  amyelinic 
neuromata  recorded  by  Tripier. 

Excision  of  the  tumor  should  be  done. 

II.  MALIGNANT  TUMORS.— A  malignant  tumor 
is  one  that  is  composed  of  tissue  elements  e.xotic  to, 
that  is  to  say,  histologically  different  from,  the 
structure  in  which  it  grows,  and  possesses  certain 
clinical  and  structural  characteristics  which  distin- 
guish it  from  the  non-malignant  or  benign  class  of 
growths,  rhe  two  most  cnaracteristic  features  of 
a  malignant  tumor  are  the  disposition  to  recur  in  loco 
and  to  renew  or  reproduce  itself  in  other  parts  of  the 
body  distant  from  the  original  tumor.  It  further 
differs  from  a  benign  neoplasm  in  being  of  more  rapid 
growth,  and  this  varies  with  the  character  and  pro- 
portion of  the  cellular  elements  composing  it.  How- 
ever, the  more  rapid  increase  in  and  the  softer  and 
more  vascular  the  tumor,  the  greater  is  the  tendency 
to  metastasis,  which,  from  a  clinical  view-point,  is 
usually  accepted  as  indicating  the  relative  degree  of 
malignancy.  Another  accompaniment  of  the  malig- 
nant tumor  is  a  systemic  toxemia,  as  observed  in  the 
cachexia  and  exhaustion  generally  attendant  upon 
advanced  stages  of  the  disease. 

The  histological  differentiation  has  already  been 
dwelt  upon,  but  will  be  discussed  at  greater  length 
as  we  proceed  with  this  section. 

The  two  distinctively  malignant  diseases  are  can- 
cer or  carcinoma,  and  sarcoma. 

C.\RciNOMA  (C.-i-NCER). — Carcinoma  of  the  mamma 
is  a  new-growth  composed  of  atypical  epithelial  cells, 
which  in  the  majority  of  cases  are  derived  from  the 
epithelium  Lining  the  acini  and  the  ducts  of  the  nor- 
mal gland  and  paramammary  tissue. 

It  seems  to  be  unquestionable  that  the  disease  is 
locally  confined  in  its  incipiency,  but  at  what  time 
or  stage  the  localizing  barrier  ceases  to  exist  cannot 
be  answered.  Consequently,  carcinoma  should  be 
always  regarded  as  having  passed  to  the  stage  of 
dissemination,  that  is,  capable  of  direct  extension  and 
transmission  to  remote  regions  of  the  organism  by 
the  avenue  of  the  lymphatics,  and  also  possibly  the 
blood-vessels,  no  matter  how  early  it  is  seen  or  how 
small  the  size  of  the  growth  may  be. 

The  exact  method  by  which  dissemination  of  cancer 
is  accomplished  is  undetermined,  but  it  is  generally 
agreed  that  the  lymphatic  system  constitutes  the  chief 
medium  through  which  diffusion  takes  place.  The 
principal  theory  is,  that  spreading  is  effected  by 
cancer  cells  conveyed  by  the  lymph  stream,  and  the 
manner  of  such  extension  together  with  the  many 
variations  and  irregularities  in  the  metastasis  of 
cancer,  will  be  more  clearly  comprehended  by  a 
glimpse  at  the  minute  arrangement  of  the  lymphatics. 
It  has  been  shown  that  definite  areas  or  spaces  are 
drained  by  definite  sets  of  lymph-vessels  which  lead 
direct  to  certain  lymph  nodes  in  one  direction,  and  in 
the  other  direction,  or  the  periphery  of  the  space, 
anastomose  bj'  means  of  a  system  of  dehcate  radicles 
with  similar  fine  capillar}'  vessels  of  other  pro.ximate 
areas  (Oelsner).  Thus  it  is  seen  that  occlusion  of  the 
outgoing  or  efferent  channel  of  a  given  space  will  be 
followed  by  the  lymph  reflowing  to  and  escaping,  by 
compensator}'  dilatation,  through  the  minute  periph- 
eral vessels  communicating  with  the  nearest  adjoining 
space,  and  thus  continue  on  by  way  of  the  non- 
occluded  efferent  vessel  of  this  other  space  to  a  central 
destination.  This  would  cause  a  backward  flow  of 
the  lymph  collected  from  one  of  these  areas,  thereby 


meeting  with  a  double  filter,  as  it  were,  one  for  each 
end  of  the  efferent  channel,  namely,  the  lymphatic 
gland  on  the  one  side  and  the  peripheral  plexus  of 
vessels  on  the  other  side.  Hence  cancer  cells  floating 
as  emboli  in  the  lymph  current  are  intercepted  by 
either  the  proximal  gland  filter  or  farther  on  by  the 
other  or  distal  hne  of  obstructions.  The  hypothesis 
of  the  blood-vessel  transmission  of  cancer  is  not  alto- 
gether tenable,  and,  if  such  really  occurs,  it  is  only  in 
the  most  advanced  cases  when  the  blood  has  possibly 
lost  certain  definite  quahties.  Moreover  this  belief 
has  received  a  rude  shock  by  Goldman  and  Schmidt 
who  have  demonstrated  that  when  cancer  cells  gain 
entrance  into  the  blood  current  they  produce  thrombo- 
sis, and  are  destroyed  or  rendered  harmless  during 
the  organization  of  the  clot. 

The  idea  that  carcinomatous  tumors  increase  by  a 
process  of  progressive  invasion  of  the  adjacent  tissues 
has  been  offered,  and  especially  by  Stiles,  Heidenhain, 
Rotter,     and    others.     Recently    Mr.     Handley,    of 
London,  has  developed  tliis  conception  of  dissemina- 
tion of  cancer  into  an  interesting  theory  which  he 
designates    "permeation."     He    maintains    that  the 
disease  permeates  the  tissues  in  a  circle — a  centrifugal 
extension — with   the   original  tumor  as  a  center,  by 
an  actual  growth  of  cancer  cells.     This  extension  pro- 
gresses continuously  along  the  path  of  the  ducts  and 
dehcate  radicles  of  the  lymphatic  plexuses  and  irre- 
spective of  the  direction  of  the  lymph  stream.     In  this 
way  the  tissues  are  invaded  by  an  increasing  zone 
of  "disease  radiating  in   all  directions.     He   hkens  a 
mammary  carcinoma  to  a  biconvex  lens,  the  central 
thicker  portion  representing  the  original  cancer  focus 
with  the  depth  of  disease  gradually  decreasing  toward 
the  tliinner  circumference.     The  rim  or  edge  of  the 
circle  is  often  some  distance  beyond  the  limits  of  the 
glandular    tissue,    and    is   composed   of    the   cancer- 
charged  lymphatics  forming  the  fascial  lymph  plexus, 
and  which,  of  course,  he  entirely  in  the  plane  of  the 
fascia.     Handley   and   other  observers  beheve   that 
this  permeation  first  advances  in  the  plane  of  the 
deep   fascia,   and   that  infiltration   of   the   skin,   the 
muscles  underlying  the  deep  fascia,  and  the  nearby 
viscera,  is  a  secondary  invasion  by  means  of  those 
lymphatic    ducts    running    perpendicularly    to    this 
primary  fascial  plane.     This  comprehension  of  the  dis- 
ease, as  advancing  primarily  along  the  fascial  planes, 
has  an  important  surgical  and  pathological  bearing. 
Carcinoma    is    the    commonest    of    all    mammary 
tumors,  and  next  to  the  uterus  and  the  stomach  the 
female  breast  is  its  most  frequent  seat.     It  is  variously 
estimated   as   being   in    the   proportion    of  between 
seventy  and  eighty-two  per  cent,  of  all  breast  tumors. 
Billroth  found  only  eighteen  per  cent,  of  non-malig- 
nant growths  in  440  neoplasms  of  the  breast,  and 
McConnell  points  out  that  the  United  States  Census 
indicates   that,   in   the   year  1900,  there  were   3,500 
deaths  from  carcinoma  of  the  breast.     Andrews  has 
shown  in  a  series  of  7,8S1  cases  of  cancer  that  the 
breast  was  involved  in  1,232  instances,  and,  next  to 
the  uterus  and  the  stomach,  he  places  the  mammary 
gland  as  the  third  most  frequently  affected  region  of 
the  body.     The  statistics  of  Wilhams  give  the  breast 
even  a  higher  rating — 40.3  per  cent,  of  all  cancers  as 
against  34  per  cent,  in  the  uterus. 

Carcinoma  is  also  the  most  common  neoplasm  of 
the  male  breast,  being  sUghtly  more  frequent  than 
all  other  growths  combined.  WiUiams  encountered 
sixteen  cases  of  carcinoma  in  twenty-five  tumors  of 
the  male  mamma. 

Etiology. — The  etiology  of  cancer  is  unknown. 
Thus  far  the  laboratory,  with  all  of  its  marvelous 
revelations  in  the  science  of  medicine,  has  signally 
failed  in  the  untiring  efforts  made  to  disclose  this 
hidden  secret  of  one  of  the  most  feared  and  fatal 
diseases  of  mankind.  Our  knowledge,  therefore, 
of  the  cause  of  carcinoma  consists  only  in  what 
inteUigent  cUnical  observation  has  brought  to  hght — 
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those  conditions  that  have  been  shown  to  be  intimately 
connected  with  the  development  of  the  disease. 

(a)  Among  these  factors  racial  individualities 
appear  to  have  some  effect  upon  the  origin  of  car- 
cinoma. The  affection  has  long  been  regarded  as  rare 
among  the  black  races,  and  decidedly  more  common 
in  temperate  than  in  tropical  climates,  besides  being 
known  to  be  more  prevalent  in  certain  localities  of 
Europe  and  the  United  States.  Dennis  and  Warren, 
both  with  wide  experience  in  the  disease,  have  noted 
only  a  few  instances  in  the  negro  race.  But  more 
recently  Rodman  has  pointed  out  that  carcinoma 
is  relatively  as  common  in  the  black  as  in  the  white 
race,  and  quotes  from  the  eleventh  United  States 
Census  as  snowing  that  the  death  rate  from  cancer 
among  the  white  population  was  4.27  per  cent.,  and 
4.19  per  cent,  in  the  colored  race,  or  practically  an 
equal  mortality.  The  Census  also  shows  that  it  is 
found  twice  as  often  among  the  foreign  born  as  among 
the  native  whites  of  the  United  States.  Carcinoma 
has  been  stated  to  be  rare  in  India,  but  Roger  Williams 
quotes  CantUe  as  saying  that  it  is  frequent  among 
Uie  Chinese,  and  that  in  a  series  of  one  hundred  and 
fourteen  cases  of  cancer  thirty-eight  were  affected 
with  the  mammary  form.  Kerr  in  one  year's  hospital 
work  in  Canton  performed  thirty  operations  for  malig- 
nant disease,  and  of  these  eleven  were  for  cancer  of 
the  breast. 

(6)  Heredity  is  undoubtedly  an  etiological  factor 
to  be  reckoned  with,  although  there  is  not  perfect 
unanimity  on  this  point  among  writers.  That  there 
exists  a  very  evident  susceptibility  to  cancer  in  certain 
faraihes  is  well  established.  S.  W.  Gross  found  that 
heredity  (in  a  direct  line  of  descent)  played  a  decisive 
part  in  only  4.72  per  cent,  of  his  statistics;  and  Roger 
Williams  in  13S  cases  traced  a  family  cancer  history 
in  24.2  per  cent.  Finney  states  that  it  has  been 
reported  to  vary  from  three  to  thirty-three  per  cent., 
but  he  thinks  the  evidence  adduced  is  insufficient  to 
substantiate  the  heredity  claim,  and  in  line  with  this 
opinion  quotes  Jennings  who  found  a  family  history 
of  cancer  in  one  out  of  nine  cases  where  the  mammarj- 
growth  was  cancer,  and  in  one  out  of  seven  cases  where 
it  was  benign. 

The  positive  effect  of  heredity  in  the  causation  of 
carcinoma  of  the  male  breast  is  also  claimed  bj'  a 
number  of  authors.  This  influence  is  stated  to  extend 
to  both  benign  and  malignant  mammary  growths. 

(c)  Age  is  known  to  exert  a  definite  influence  in 
the  predisposition  to  cancer.  Prior  to  the  stage  of 
puterty  the  mammary  gland  enjoj's  almost  complete 
immunity  to  carcinomatous  invasion,  whereas  it 
stands  preeminent  as  the  disease  of  the  senile  breast. 
After  puberty  it  is  still  rare  in  the  young  breast  until 
the  third  decade  of  life  is  reached,  when  it  gradually 
increases  in  frequency  to  between  forty  and  sixty 
years,  the  so-called  cancer  age,  when  it  attains  its 
highest  rate.  Rodman  gives  the  age  percentage  as 
follows:  Between  the  ages  of  twenty  and  tnirty 
years,  11  per  cent.;  tliirty  to  forty  years,  12.5  per 
cent.;  forty  to  fifty  years,  27  per  cent.;  fifty  to  sixty 
years,  2S  per  cent.  Briefly,  the  period  of  greatest 
cancer  activity  in  the  mammary  gland  is  between 
forty-five  and  fifty-one  years,  with  an  average  of 
about  fifty  years;  and  it  then  steadily  declines  in 
frequency  until  the  age  of  eighty  j-ears,  after  which 
it  practicaU3'  does  not  develop.  In  other  words, 
cancer  is  emphatically  a  disease  of  the  retrograding 
gland. 

It  occurs  as  frequenth'  in  one  breast  as  in  the  other, 
but  shows  a  positive  predUectiou  for  the  upper  hemi- 
sphere, and  especially  for  the  upper  and  outer  quad- 
rant— a  situation  in  near  proximity  to  the  axQla. 
The  central  areola  region  is  the  next  of  preference; 
and  occasionally  it  develops  in  an  accessory  mammary 
gland  and  not  connected  with  the  gland  proper.  The 
same  preference  is  found  in  the  male  breast. 

The   age   at    which   cancer   develops  in   the   male 


breast  is  much  later  than  that  observed  in  women, 
varying  from  fifty  to  .seventy  years  with  an  average 
of  about  si.xty  j'ears.  It  may  occur,  however,  at  an 
early  age,  instances  of  such  neoplasms  teing  reported 
at  twelve  years,  twenty  years,  and  twenty-two 
years,  by  Williams,  Moore,  and  Coley,  respectively. 
Lunn  has  reported  a  man  with  mammarj'  cancer  at 
ninety-one  years,  and  this  is  referred  to  as  the  oldest 
recorded  case. 

(d)  Sex  is  most  pronounced  in  its  relation  to  mam- 
mary carcinoma,  and  it  is  generally  reckoned  that 
only  one  in  one  hundred  of  the  cases  occur  in  the 
male  breast.  Billroth  places  the  percentage  as  high 
as  2.82;  but  Warfield  stales  that  in  a  .series  of  307 
cases  of  mammary  cancer  at  the  Johns  Hopkins 
Ho.spital,  only  three  were  in  the  male;  Key.ser  found 
thirteen  males  in  1,400  ca.«es;  Sick  mentions  only 
two  males  in  616  ca.scs;  Farentino  found  only  one  male 
in  228  cases;  and  Mumford  had  one  male  in  72  ca.ses. 

(e)  The  sexual  state  bears  a  distinct  relationship  to 
mammary  cancer.  It  is  estimated  that  only  about 
twenty-five  to  twenty-seven  per  cent,  of  the  cases 
are  seen  before  the  climacteric.  It  is  much  commoner 
in  married  than  in  single  women,  and  in  women  who 
have  borne  children  than  in  those  who  are  sterile, 
and  also  more  frequent  in  multipane.  Further 
figures  indicate  that  from  fifty  to  eighty  per  cent, 
occur  in  married  women,  of  whom  eighty  to  ninety 
per  cent,  have  borne  children  and  seventy- to  ninet\- 
five  per  cent,  have  suckled  them  (Finney). 

(/)  It  is  uncertain  what  predi-sposing  relation- 
ship traumaiism  bears  to  the  development  of  car- 
cinoma of  the  breast.  The  trauma  of  continued  or 
recurrent  mild  irritations  would  .seem  to  be  of  more 
significant  causal  effect  than  that  resulting  from  a 
single  blow  or  any  one  positive  injurj-.  The  statistics 
on  this  point  gathered  by  various  investigators  show 
a  wide  difference  in  percentage — ranging  anywhere 
from  three  to  fifty  per  cent.,  with  an  average  of  thir- 
teen to  fourteen  per  cent. — and  besides  many  of  the 
data  on  which  these  are  based  are  not  without  re- 
proach. The  ca.ses  with  a  histon.-  of  incidental  injurj', 
or  when  received  at  a  verj'  remote  date  before  the  ap- 
pearance of  the  tumor,  manifestly  should  not  be  in- 
cluded with  those  in  which  direct  traumatism  is  noted, 
and  unless  these  were  separated  and  properly  classed 
any  deductions  drawn  from  them  must  be  valueless. 
However,  there  are  authentic  cases  on  record  that  have 
developed  carcinoma  of  the  breast  almost  immediately 
after  an  injury  was  inflicted,  and  clearly  in  conse- 
quence of  the  traumatism.  And  it  is  readily  conceived 
how  a  blow  or  other  traumatism  delivered  upon  the 
breast  may  arouse  a  slumbering  predisposition  to  can- 
cer, especially  when  such  an  injury  is  received  during 
the  time  of  retrograde  changes  in  the  mamma,  a  period 
when  the  gland  is  recognized  as  being  the  most  vulner- 
able to  malignant  disease.  In  addition  there  is  a  pecu- 
liarly prevalent  belief  in  the  lay  mind  the  world  over 
that  cancer  invariably  results  from  blows  or  bruises, 
which  should  not  be  wholly  disregarded.  (Jn  the 
other  hand,  it  should  be  noted  that  in  the  large  major- 
ity of  instances  no  history  of  antecedent  traumatism 
is  obtainable;  and  in  Gilliam's  statistics  of  traumatic 
cases  in  onlj'  one-fourth  of  one  per  cent,  did  the  dis- 
ease spring  from  the  scar  left  after  the  injury.  There- 
fore as  the  matter  stands  the  case  is  not  proven,  and 
the  largely  prevailing  opinion  among  surgeons  is 
that  the  injury  directs  attention  to  an  already  exist- 
ing tumor,  rather  than  holding  any  etiological  rela- 
tionship with  the  disease. 

It  would  seem  that  traumatism  holds  a  more 
definite  position  as  a  predisposing  factor  in  cancer  of 
the  male  breast  than  it  does  in  the  female.  In  a 
collection  of  406  cases  Schuchardt  found  a  history  of 
traumatism  in  twenty-five  of  them,  and  Warfield 
mentions  that  such  was  present  in  eight  of  a  group  of 
thirty-seven  cases.  Rodman  is  emphatic  in  his  state- 
ment that  traumatism  is  of  much  greater  importance 
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as  an  etiological  factor  in  mammary  carcinoma  in  the 
male  than  in  the  female.  Not  a  few  instances  are 
recorded  where  carcinoma  has  developed  in  a  nodule 
remaining  after  the  absorption  of  a  hematoma,  or  in 
the  scar,  following  traumatism,  among  wliich  may  be 
noted  the  cases  of  Deitrich.  Moore,  and  Schuchardt. 
Occupation  pressure,  as  exerted  by  the  constant  use 
of  certain  tools  which  impinged  against  the  breast,  has 
been  known  to  be  followed  by  carcinoma  of  the  gland. 
Even  the  chronic  irritation  resulting  from  the  friction 
of  clothing  has  been  suggested  as  a  predisposing  cause. 
But,  as  just  stated,  the  position  of  traumatism  in  the 
etiology  of  carcinoma  is  far  from  being  determined. 

(g)  Mastitis  in  its  several  forms,  together  with 
other  inflammatorj-  lesions  of  the  breast,  is  justly 
credited  with  a  direct  influence  in  the  causation  of 
mammary  cancer. 

The  frequency  of  suppurative  lactation  mastitis, 
both  acute  and  chronic,  which  occurs  during  the 
puerperium  (six  per  cent.)  furnishes,  as  would  be 
e.xpected.  the  basis  for  a  large  percentage  of  carcinoma 
of  the  breast.  It  has  been  demonstrated  that  in 
from  twenty  to  twenty-two  per  cent,  of  all  cases  there 
is  a  history  of  puerperal  mastitis.  Dennis  asserts 
that  mastitis  from  aO  causes  is  the  starting-point  of 
thirty  per  cent,  of  cancer  cases;  but  this  conclusion  is 
materially  vitiated  from  having  included  traumatic 
inflammations  among  the  cases.  Rosenstein  states 
that  mastitis  had  involved  the  cancerous  side  in  onh' 
eight  per  cent,  of  his  cases;  but  as  Finney  remarks,  the 
relative  frequency  would  be  much  greater  if  due 
allowance  had  been  made  for  those  women  with  car- 
cinoma mammae  who  have  never  lactated,  since  thej- 
constitute  no  inconsiderable  proportion  of  cancer 
cases.  Carcinoma  has  frequently  arisen  from  cica- 
trices remaining  after  acute  mastitis. 

It  is  the  chronic  forms  of  mastitis  with  persistent 
local  indurations  which  offer  conditions  especially 
conducive  to  malignant  metamorphosis. 

Involution  mastitis  must  be  regarded  as  a  positive 
causative  factor  in  mammary  cancer.  Bloodgood. 
Greenough,  and  Hartwell,  together  with  several 
other  observers  have  sufEcientlj'  attested  to  this 
relationship. 

Adolescent  mastitis  has  been  noted  as  a  predispos- 
ing cause  in  the  male  breast.  ■ 

(h)  The  transition  frotn  a  benign  growth  of  the  breast 
to  a  state  of  mahgnancy  has  been  abundanth'  proven 
by  both  cHnical  and  pathological  testimony.  In 
repeated  instances  tumors  of  the  mammary  gland,  of 
long  duration  and  to  all  appearances  entirely  innocent, 
have  without  warning  or  assignable  reason  put  on  a 
malignant  garb;  and  this,  too,  to  the  chagrin  of  the 
surgeon  who  may  have  assured  the  patient  that  the 
formation  was  benign  in  character  and  inconsequen- 
tial. Such  cases  are  not  so  infrequent  as  may  be 
supposed,  and  should  add  to  the  caution  in  expre.ssing 
an  opinion  in  aU  early  breast  tumors. 

In  the  section  on  tlie  benign  neoplasms  of  the  mam- 
marj-  gland  this  tendency  to  assume  malignant 
features  was  emphasized,  and  it  was  then  shown  that 
pathological  investigation  had  amply  demonstrated 
this  fact.  It  was  also  indicated  that  this  disposition 
varied  with  the  cellular  constituents  of  the  growth, 
and  that  the  cancer  predisposition  increased  with  the 
degree  of  epithelial  proliferation,  and  diminished  with 
the  degree  of  connective-tissue  predominance. 
However,  it  was  also  explained  that  even  in  those 
neoplasms  composed  essentially  of  connective  tissue, 
there  was  always  present  a  certain  proportion  of 
epithelial  elements  which  were  capable  of  abnormal 
changes  and  of  setting  up  carcinomatous  degenera- 
tion in  the  growth.  The  weakness  of  the  connective 
tissue  elements  to  sarcomatous  transformation  is  of 
course  understood.  Therefore  it  is  in  the  epithehal 
group  of  the  fibroepithelial  tumors  that  cancer 
metamorphosis  is  more  often  exhibited,  and  espe- 
cially  those   of   the   papillary-cj-stadenoma   type    in 
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which  the  percentage  of  mahgnant  change  rises  to 
fully  fifty. 

Tumors  of  the  male  breast  may  undergo  mahgnant 
degenerative  changes  identical  with  those  in  women. 
Owens  and  Eisendrath  report  carcinomatous  forma- 
tions in  a  fibroadenoma. 

Pathology.  Varieties,  and  Classification. — Carci- 
noma of  thie  breast  is  di^^ded  into  two  general  classes, 
namelj'',  the  primarj-  and  the  secondarj-. 

The  primary  class,  which  is  bj-  far  the  most  common, 
is  usuallj'  divided  into:  1.  Glandular  carcinoma:  2. 
adenocarcinoma;  3.  coUoid  carcinoma;  4.  Paget's 
disease  (malignant  papillary  dermatitis);  and,  more 
recently,  5.  cancer  cysts. 

1.  GL.VXDUL.4.R  CAHCixoMA  is  Sometimes  also 
divided  into  three  varieties,  according  to  the  pro- 
portion of  connective  tissue  present  in  the  growth,  as 
(a)  medullary  carcinoma;  (6)  carcinoma  simplex;  and 
(c)  scirrhus  carcinoma. 

(«)  Medullary  Carcinoma. — This  form  is  known  as 
encephaloid  or  soft  cancer,  and  is  characterized 
histologically  by  the  large  proportion  of  epithelial 
elements  and  the  relativelj-  small  amount  of  stroma 
or  connective  tissue  that  it  contains.  It  appears  at 
a  much  earher  period  of  hfe  than  does  the  scirrhus 
variety.  It  is  also  rare,  representing  from  two  to 
four  per  cent,  of  these  tumors,  and  is  generaUy  classed 
among  the  most  mahgnant  neoplasms  of  the  breast, 
although  Finney  states  that  such  is  not  the  experience 
in  the  Johns  Hopkins  cMnic.  The  epithehal  cells  are 
of  a  glandular  form,  and  the  alveoh,  which  are  either 
of  large  size  or  small  and  numerous,  may  vary  accord- 
ing to  the  shape  of  the  plugs  or  masses  of  cells  that 
accumulate  in  the  connective-tissue  framework  or 
stroma — which  are  sometimes  round  or  oval,  long 
and  narrow,  or  a  combination  of  both — in  different 
tumors.  From  these  variations  arise  the  acinous  and 
tubular  cancers  of  Billroth.  Connective-tissue  fibers 
infiltrated  with  round  cells  make  up  the  stroma. 
Sometimes  the  amount  of  connective  tissue  is  very 
small,  there  being  often  only  a  few  fibers  forming  the 
trabeeuliB  which  separate  the  alveoli,  and  then  the 
plug-masses  exist  in  greater  numbers.  Round  cell 
infiltration  is  extensive  in  the  peripherj-  of  the  tumor. 

The  cut  surface  of  the  tumor  shows  the  absence  of  a 
capsule  or  defined  border,  but  a  general  infiltration 
into  the  tissues;  it  is  fleshj-  and  succulent,  and  of  a 
grayish-white  color,  over  which  light  striae  branch  out. 
With  the  progress  of  the  cancer  the  epithelial  elements 
continue  to  multiply,  and  finalh',  after  h-mphatic, 
blood-ves.sel,  and  visceral  involvement  take  place, 
large  areas  are  changed  to  a  soft  cellular  mass  sup- 
ported by  only  a  delicate  fibrous  stroma.  The  tumor 
is  richly  supplied  with  blood-vessels,  the  growth  is 
very  rapid  and  it  attains  large  dimensions  in  a  short 
time.  It  is  soft  or  elastic  to  the  touch,  of  a  rounded 
or  hemispheric  contour,  and  often  softened  and  fluc- 
tuating spots  are  palpable.  Suppuration  in  a  malig- 
nant growth  is  very  rare,  but  Bloodgood  has  observed 
abscess  formation  in  two  cases  of  medullary  car- 
cinoma. It  is  stated  that  the  average  duration  of 
life  is  about  a  year,  but  this  may  be  materially  short- 
ened and  especially  if  the  disease  arises  during 
pregnancy  or  lactation,  when  a  few  weeks  may  ter- 
minate existence. 

(b)  Carcinoma  Simplex. — This  varietj'  occupies  an 
intermediate  rank  between  medullary  and  scirrhus 
carcinoma,  from  both  a  clinical  and  an  histological 
standpoint.  It  constitutes  an  uncertain  group  of 
tumors  in  which  the  epithelial  and  connective  tissue 
elements  are  about  equally  divided,  and  represents  a 
percentage  of  from  fifteen  to  eighteen  (Finney). 

(c)  Scirrhus  Carcinoma  (Hard  Cancer). — In  this 
variety  the  connective  tissue  largely  predominates 
over  the  other  elements  of  parenchyma,  and  gives  the 
characteristic  hardness  to  the  tumor.  Here  we  find 
the  carcinoma  cells  few  in  number  and  of  small  size. 
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md  siiiiK'tiiiK's  flustcri'd  togotlicr;  tlu'  alvooli  are 
jonerally  spinfllo-sliapod  or  ovoid,  and  are  distributed 
iboiit  in  an  irregular  manner.  At  an  early  stage  of 
:he  growth  the  single  layer  of  epithelial  eells  lining 
the  small  elusters  of  the  acini  assume  abnornuil 
-oroliferation;  and  these  new  or  eaneer  eells  erowd  the 
icini  and  duets  producing  the  so-called  epithelial 
nests.  The  basement,  mendirane  of  the  acini  gives 
way  under  tliis  pressure  and  the  cells  break  through 
the  walls  of  the  glands,  antl,  thus  liberated,  they 
infiltrate  the  surrounding  stroma  and  lymph  spaces. 
In  the  tieighborhood  of  such  acini  numbers  of  alveoli 
are  .seen  between  the  meshes  of  the  connective  tissue. 
The  proliferation  of  connective  ti.ssue  is  pronounced, 
and  much  in  excess  of  the  epithelial  cell  growtli, 
which  last  proliferates  slowly,  and  even  in  a  well- 
advanced  growth  the  alveoli  are  often  not  entirely 
tilled  with  cells.  In  the  more  typically  arranged  por- 
tions of  the  tumor  is  found  a  dense  cicatricial-like 
tissue  consisting  of  strands  of  connective-tissue 
fibers  with  sparsely  scattered  cells  in  slender  and 
elongated  bunches.  This  is  the  characteristic  for- 
mation   of    the    atrophic    or    withering    scirrhus,    the 


Fig.  1128. — Unoper.ited  Scirrhus  Cancer  of  the  Left  Breast  of 
Eighteen  Years'  Standiug.  (.\fter  Clopton;  Mudd.  .\ni.  Practice 
of  Surgery.) 

highest  type  of  scirrhus  formation.  In  this  type  the 
progressive  contraction  of  the  newly  formed  tissue 
compres.ses  the  cells  and  arrests  their  growth,  and 
prevents  the  blood-vessel  formation.  The  squeezing 
or  pressure  causes  the  cells  to  be  absorbed,  or  to  de- 
generate and  calcify.  This  cell  degeneration  proceeds 
at  an  equal  rate  with  the  growth  of  the  neoplasm, 
the  breast  withering  or  shrinking,  and  thus  leaves 
no  palpable  tumor. 

In  gross  appearance  a  section  of  such  a  breast  shows 
a  central  band  or  mass  of  white  fibrous  tissue,  con- 
tinuous with  the  retracted  nipple  above,  containing 
remnants  of  ducts.  Branching  out  from  this  mass 
into  the  remains  of  the  gland  and  adipose  tissue  are 
a  few  bands  of  cicatricial  tissue.  A  microscopic  sec- 
tion presents  the  appearance  of  dense  scar  tissue,  with 
scarcely  any  evidence  of  glandular  structure;  and  the 
condition  closely  resembles  the  chronic  atrophic 
mastitis  of  Billroth. 

Scirrhus  is  the  most  frequent  and  least  malignant  of 
the  glandular  types  of  carcinoma  on  account  of  its 
few  epithelial  elements  and  its  slow  development; 
and  the  extreme  type  of  the  disease  or  atrophying 


scirrhus  is  still  less  malignant.     It  is  variou.sly  esti- 
mated as  occurring  in  the  proportion  of  sixteen  to 

fifty  per  cent. 

The.sc  growths  may  occupy  any  portion  of  the  breast 
or  the  nipple.  There  are  no  material  facts  as  to  the 
etiology  of  scirrhus,  although  it  has  been  stated  to  be 
one  of  the  tyi)es  of  malignant  transition  of  chronic 
cystic  mastitis,  of  benign  growths,  and  of  Paget's 
disease  of  the  nipple. 

Atrophic  arirrhas  is  more  often  encountered  in 
elderly  women,  sixty  years  or  older,  and  tho.se  of 
feeble  constitution  and  spare  build.  The  course  of 
this  form  does  not  differ  from  scirrhus  in  general;  the 
increase  is  .slow,  often  extending  over  years.  In  the 
late  stages  the  .skin  adheres  and  ulcerates,  the 
disoa.se  now  .seems  arrested,  and  the  ulcer  contract.s, 
becomes  indolent,  and  assumes  a  deep  red  rose  color. 
There  is  a  scant  discharge,  littler  pain  or  other  dis- 
comforts are  experienced,  and  the  general  health 
remains  undisturbed.  These  conditions  maj'  exist 
without  change  for  years. 

In  early  cases  the  complete  operation  should  be 
practised.  But,  inasmuch  as  this  variety  of  cancer 
is  of  slow  growth  and  the  average  percentage  of  cures 
low,  in  certain  advanced  cases  it  may  l)e  the  part  of 
good  judgment  to  postpone  operation  \intil  the  prog- 
ress of  the  di.sea.se  and  the  comfort  of  the  patient 
actually  require  it.  Occasionally  in  cases  of  atrophic 
scirrhus  operation  has  been  known  to  precipitate  a 
rapidly  fatal  cour.se. 

Carcinoma  in  the  male  breast  generally  ari.ses  from 
the  ducts  of  the  gland  and  but  seldom  from  the  acini; 
and  the  embr3'onic  or  rudimentary  condition  of  the 
gland  in  the  male  furnishes  an  easy  explanation  of 
this  fact.  All  varieties  of  carcinoma  have  been 
observed,  but  the  scirrhus  form  is  by  far  the  most 
frequent  type  in  the  male  gland.  In  Warfield's 
group  of  twenty-six  cases,  eleven  of  them  were  scir- 
rhus; and  in  100  cases  Williams  found  eighty-eight  to 
be  scirrhus,  three  encephaloid,  six  tubular,  and  three 
of  the  cutaneous  squamous  cell  variety.  It  should 
be  noted  here  that  the  male  breast  seems  to  be  par- 
ticularly prone  to  the  squamous  and  melanotic  types 
of  cancer,  which  is  probably  due  to  the  fact  that  the 
male  mamma  is  generally  more  liable  to  cutaneous 
growths. 

2.  Adenoc.\rcinoma  (Malign.vnt  Adenoma). — 
The  term  adenocarcinoma  is  applied  by  Halsted  to  a 
group  of  cancerous  tumors  where  there  is  an  evident 
pedunculation  or  constriction  at  the  base  of  the  growth 
which  gives  it  a  prominence  on  the  surface.  It  in- 
cludes those  types  of  cancer  which  manifest  a  disposi- 
tion to  produce  glandular  structures  in  the  mahgnant 
tissue,  the  microscope  showing  large  acini  containing 
masses  of  epitheUal  cells  surrounding  a  central 
cavity.  Among  these  Halsted  places  villous  cancer, 
and  the  duct  cancer  of  English  writers.  Adeno- 
carcinoma is  rare  (three  to  five  per  cent.)  and  only 
mildly  malignant  even  when  of  exuberant  growth  with 
skin  ulceration,  to  which  condition  it  has  a  decided 
tendency.  The  mahgnancy  seems  to  be  still  further 
reduced  when  the  pedunculation  is  pronounced. 
Infection  of  the  axillary  lymph  nodes  is  infrequent. 
Halsted  obtained  seventy-five  per  cent,  of  cures  after 
operation  in  this  variety.  Furthermore,  it  has  been 
frequently  observed  that  with  the  progress  of  the 
growth  there  is  a  disposition  for  the  adenomatous 
structure  to  disappear  and  give  place  to  the  common 
carcinomatous  tissue.  As  to  etiology,  these  adenoma- 
tous forms  of  cancer  seem  to  have  their  origin  in 
senile  parenchymatous  hypertrophy  (chronic  mastitis) 
or  in  the  benign  tumors,  the  cystic  type  especially, 
more  often  than  any  other  form  of  malignant  growth. 

3.  Colloid  Carcinoma. — This  form  of  carcinoma 
is  extremely  rare.  It  is  estimated  at  from  one-third 
to  three  per  cent.;  S.  W.  Gross  gives  it  1..34  per  cent, 
of  all  breast  tumors;  and  Warren  has  seen  but  three 
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specimens  in  a  wide  experience.  The  chief  character- 
istic is  the  formation  of  coUoid  or  mucin  between  the 
epithelial  cells  and  the  stroma.  The  alveoli  are 
usually  round  and  appear  to  be  greatly  distended 
with  a  gelatinous  or  coUoid  material,  and  the  tra- 
beculce  of  the  stroma  are  thin  and  translucent.  The 
coUoid  is  either  transparent  or  homogeneous,  or  it 
may  be  striated,  and  is  apparently  developed  at  the 
expense  of  the  cells  of  the  alveoli — the  intra-alveolar 
pressure  thus  producing  degeneration  of  the  contained 
epithehal  cells.  The  process  should  be  regarded 
rather  as  one  of  degeneration  than  a  separate  type. 
The  mahgnancy  is  very  mild. 

MacroscopicaUy  the  tissue  is  transparent  and  gela- 
tinous, the  surface  of  a  section  of  the  tumor  being  not 
inaptly  likened  to  the  interior  of  a  grape  or  plum. 


become  involved  in  the  carcinomatous  process;  and 
in  no  instance  coming  under  his  observation  did 
carcinoma  appear  as  a  primary  lesion,  but  always 
secondarily  in  the  gland  substance  close  to,  but  with 
a  distinct  bridge  of  apparently  healthy  tissue  sepa- 
rating it  from,  the  original  skin  affection.  Thus  the 
first  conception  of  the  pathology  was  that  the  primary 
skin  affection  represented  the  same  precancerous 
state  of  the  epidermis  that  is  seen  in  the  "paraffin" 
and  the  "chimney  sweep"  types  of  cancer,  or  similar 
to  keratosis  of  old  age,  and  which,  at  first  localized 
on  the  nipple  and  areola,  finally  extended  to  the 
ducts  and  acini  of  the  gland  and  progressed  as  a  mild 
form  of  cancer.  A  more  accurate  definition  by 
Cumston  is,  that  it  is  a  chronic  pathological  process 
of  the  skin  of  the  areola  and  nipple  associated  with 


Fig.   1129. — Paget's    Disease  of  the  Nipple.      ,Alt-T  Ijrdyce;  Mudd,  .\m.  Practice  of  Surgery.) 


4.    M.\LIGN.^NT     PaPILL.^RY     DERMATITIS      (PaGEt's 

DisE.\SE  OF  THE  Nipple). — This  is  a  rare,  chronic 
affection  of  the  nipple  and  areola,  eventuating  in 
carcinoma  of  the  mammary  gland,  and  known  by 
the  name  of  its  author,  Sir  James  Paget,  who  first 
brought  it  to  the  notice  of  the  profession  in  1874. 

The  pathology  of  this  disease  has  been  one  of  the 
vexed  questions  in  medicine,  but  now  the  majority 
of  pathologists  have  about  definiteh'  assigned  it  to 
the  ranks  of  the  carcinomas.  It  was  described  by 
Paget  as  an  eruption — a  chronic  eczema — beginning 
on  the  nipple  and  areola  which  continued  to  bear  the 
characters  of  such  even  after  the  affected  skin  had 

488 


carcinoma  in  the  breast  gland.  Jacobaeus  asserts 
that  the  cancer  may  exist  either  as  a  superficial 
spongy  mass  in  the  retracted  nipple,  or  it  may  arise 
within  the  gland,  or  again  that  both  of  these  condi- 
tions may  be  present.  In  this  connection  the  case 
reported  by  Kyrle  is  interesting:  This  was  a  married 
woman,  thirty-nine  years  of  age,  affected  with  an 
adenocarcinoma  of  the  breast,  the  nipple  and  areola 
of  which  presented  a  typical  picture  of  Paget's 
disease.  The  disease  had  e.xisted  for  a  year  and  a 
half,  and,  in  addition,  there  was  a  walnut-sized  growth 
in  the  depths  of  the  mammary  gland.  A  careful 
microscopical  study   of  the  tumor  and  the  diseased 
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areola  indicated  that  the  breast  tiinior  was  the  pri- 
mary condition,  which  liad  aiivanced  in  a  retrograde 
direction  tlirough  the  nipple  producing  a  secondary 
carcinomatous  infection  of  that  organ  and  the  sur- 
rounding areola. 

The  disease  is  regarded  by  Khrhardt,  Karg.  Matz- 
enauer,  and  Benjamin,  as  a  primary  skin  carcinoma. 
Tliin  states  that  it  begins  in  the  mouths  of  the  lactif- 
erous ducts  as  a  slowly  progressing  carcinomatous 
process,  which  at  an  early  stage  causes  irritation  in 
the  dermal  tissues  of  the  nipple  and  areola,  and 
finally,  the  cancerous  changes  being  long  established 
in  the  ducts,  extends  backward  into  the  mammary 
substance.  Jacobacus  definitely  decides  from  his 
investigations  that  Paget 's  disea.se  is  from  the  very 
outset  a  carcinoma  arising  from  the  glandular  epithe- 
lium of  the  milk  ducts.  Both  Schainbacherand  Rib- 
bert  hold  to  the  same  opinion,  and  assert  that  the 
morbid  process  must  be  accepted  as  a  carcinoma 
arising  within  the  nipple;  and  progressing  pari  passu 
with  this  infiltration  are  the  inflammatory  or  eczc- 
matoid  changes  in  the  skin  of  the  nipple  and  areola. 
Tschlenoff  maintains  that  it  represents  an  independ- 
ent form  of  cancer  of  the  skin,  and  that  its  patholog- 
ical anatomy  presents  every  appearance  of  cancer, 
the  chief  feature  being  found  in  the  presence  of 
Paget's  cells  which  are  not  usual  in  other  cutaneous 
diseases.  These  cells  were  formerly  supposed  to  be 
psorospermia,  but  are  now  known  to  be  peculiarly 
transformed  epithelial  cells.  Thus  it  seems  to  be 
fairly  well  conceded  that  the  so-called  Paget's  disease 
is  not  an  eczema  incidentally  associated  with  car- 
cinoma, but  a  degenerative  process — a  true  carcinoma 
— from  the  beginning.  It  occurs  in  both  men  and 
women,  and  in  addition,  dermatological  literature 
would  indicate  that  the  disease  is  not  confined  to  the 
nipple  and  areola,  but  that  a  similar  condition  may 
exist  in  various  portions  of  the  body.  After  the 
breast,  it  appears  that  the  male  genital  organs  are 
next  most  susceptible,  but  it  has  been  found  on  the 
vulva,  umbilicus,  perineo-anal  and  gluteal  regions, 
the  axilla,  lips,  and  nose. 

Paget,  Porter,  and  more  recently  Thin,  have  studied 
the  histological  changes.  The  first  stage  appears  as 
a  keratosis  of  the  superficial  dermal  layers,  the  epi- 
dermic cells  together  with  the  cells  of  the  rete,  more 
particularly  tho.se  interposed  between  the  papillae,  are 
largely  increased  in  numbers.  By  this  means  the 
epidermis  is  thickened  and  elevated  in  crusts,  and  the 
interpapillary  epithelium  projects  more  deeply  into 
the  cutis  vera.  There  is  an  increased  vascularity 
of  the  aff'ected  area  and  the  true  skin  is  greatly  infil- 
trated with  small  round  ceDs.  Early  in  the  car- 
cinomatous stage  an  epithelial  growth  is  seen  involving 
the  corium  and  its  glandular  structures,  the  sebaceous 
and  sudoriparous  glands,  and  the  ducts  of  the  mamma. 
The  ducts  are  crowded  with  pavement  epithelium 
cells,  and  as  these  cells  grow,  the  walls  of  the  smaller 
ducts  yield  to  the  pressure  and  the  growth  goes  on 
to  invade  the  stroma  of  the  gland.  The  growth 
preserves  the  type  of  epithelial  or  epidermoid  car- 
cinoma, and  involvement  of  the  lymph  nodes  occurs 
at  a  late  period  of  the  malady  (Warren). 

Symptoms. — The  disease  is  found  in  both  sexes;  but 
it  more  often  occurs  in  women  beyond  middle  life, 
from  forty  to  sixty  years,  after  the  lactation  period, 
and  is  rarely  found  in  those  who  have  not  lactated, 
or  in  young  unmarried  women.  It  is  said  to  affect 
the  right  breast  three  times  as  often  as  it  does  the 
left  breast.  It  is  essentially  chronic  in  its  cour.se, 
varying  from  two  or  three  years  to  as  long  as  ten  or 
fifteen  years.  The  patient  commonly  first  experi- 
ences a  smarting  and  itching  in  the  nipple  area,  w-hich 
is  soon  followed  by  an  inflammatory  or  eczematoid 
condition,  commencing  on  the  nipple  and  spreading 
in  a  circle  over  the  areola  and  adjacent  skin.  The 
axillary  region  becomes  affected.  The  appearance 
is  that  of  a  raw  surface,  finely  granular,  and  of  an 


intensch'  red,  florid  hue,  as  if  the  entire  thickness  of 
the  epidermal  layer  was  removed,  attended  by  a  clear 
yellowish,  viscid  discharge.  In  other  instances  it  is 
covered  over  by  a  yellowish  crust,  and  in  yet  other 
cases  islets  of  new  epithelium  are  present.  The 
indurated,  parchment-like  skin  is  a  valuable  diagnos- 
tic symptom;  the  nipple  retracts  at  an  earlj-  .stage;  the 
axillary  region  becomes  involved;  the  general  health 
remains  unaffected.  The  skin  condition  may  continue 
for  years,  ordinarily  two  or  three  years,  before  involve- 
ment of  the  gland  is  recognized;  although,  as  Jacobaeus 
has  shown,  the  microscope  will  disclose  the  existence 
of  cancer  long  before  a  tumor  becomes  palpable. 

Treatment. — The  treatment  should  be  instituted 
early  and  should  consist  in  total  removal  of  the  breast 
as  soon  as  the  diagnosis  is  made.  When  distinct 
involvement  of  the  gland  exists,  the  radical  operation 
for  carcinoma  of  tlie  breast  should  be  performed, 
including  removal  of  the  pectoral  muscles  and  dis- 
section of  the  axillary  space. 

5.  Cancer  Cysts. — There  is  occasionally  mentioned 
in  the  extensive  literature  of  mammary  carcinoma 
a  peculiar  cystic  formation  which  has  been  described 
as  cancer  cysts.  These  cysts  are  not  only  the  rarest 
but  the  most  malignant  of  all  forms  of  breast  cancer. 
The}-  ordinarily  occur  before  the  age  of  forty  j-ears, 
and  like  simple  or  involution  cysts  of  the  breast  they 
are  of  rapid  development  and  may  be  located  in  any 
segment  of  the  gland.  But,  on  the  other  hand,  they 
are  unlike  them  in  being  single,  in  having  somewhat 
thicker  walls,  in  their  continued  rapid  growth,  and 
in  that  they  alw-ays  contain  blood,  which  latter  is  a 
symptom  of  much  importance.  Moreover,  they 
exhibit  an  intimate  relationship  with  lactation  and 
mastitis,  as  shown  by  Halsted  and  Bloodgood  to 
exist  in  the  cases  occurring  at  the  Johns  Hopkins 
Hospital,  thereby  again  differing  from  both  the  simple 
cysts  and  the  cysts  associated  with  papillomatous 
ingrowths. 

Prompt  and  complete  removal  of  the  breast,  mus- 
cles, and  axniary  glands  is  the  necessary  surgical 
procedure. 

Cancer  of  the  Axillary  Border. — Warren 
describes  a  form  of  cancer  under  this  title,  which 
starts  as  a  lenticular  nodule  in  the  cutaneous  fold 
outUning  the  anterior  margin  of  the  axilla.  It  ap- 
pears at  first  as  an  infiltration  of  the  true  skin  about 
the  size  of  a  silver  quarter  of  a  dollar,  having  a 
depressed  center  and  well-defined  rim  or  border, 
eventualh-  affecting  the  mammary  gland,  and  then 
involving  the  axiUary  glands.  Warren  had  seen  three 
cases  at  the  date  of  his  writing.  Death  from  metas- 
tases occurred  in  one  case,  and  the  other  two  were 
hving  and  well  three  years  after  operation. 

Multiple  C.\rcixom.\s  of  the  Breast. — Multiple 
primary  cancers  of  the  breast  are  rare.  The  occur- 
rence of  carcinoma  in  both  mammary  glands  at  the 
same  time  has  been  estimated  at  from  three-fourth  s 
of  one  per  cent,  to  five  per  cent.,  and  is  oftener  met 
with  tnan  the  simultaneous  appearance  of  several 
separate  cancerous  points  or  foci  in  the  same  breast. 
Under  these  circumstances  it  seems  reasonable  to 
conclude  that  such  deposits  generally  arise  from 
mahgnant  degeneration  of  benign  conditions  already 
existent  in  the  breast,  as  in,  especiaUj',  senile  paren- 
chymatous hypertrophy  (chronic  cystic  mastitis),  or 
in  benign  growths.  LeDentu  and  Morestin  report  an 
interesting  case  of  the  former  condition  undergoing 
multiple  carcinomatous  transformation.  The  occur- 
ence of  cancer  in  one  mamma  with  the  existence  of 
benign  or  carcinomatous  growths  in  the  companion 
gland  are  more  frequent,  as  Coley  has  shown.  The 
appearance  of  primary  mammary  cancer  simultane- 
ously with  primary  carcinoma  elsewhere  in  the  organ- 
ism, more  particularly  in  the  ovary  or  the  uterus, 
must  be  regarded  as  rare.     The  instances  of  this  last 
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condition  are  rather  more  suggestiv'e  of  possible  con- 
fusion with  metastasis  from  these  localities  to  the 
breast. 

SECONDAnY  Carcinoma. — Secondary  carcinoma  of 
the  mammary  gland  is  but  seldom  met  with.  ^Yhcn 
such  occurs,  it  arises  either  from  extension  by  con- 
tinuity of  tissue  from  primary  disease  in  adjacent 
structures,  or  by  transference  from  another  locality 
more  or  less  distant.  Metastasis  from  other  organs  is 
very  rare,  and  the  most  frequent  source  is  from  car- 
cinoma in  the  other  breast. 

Symptoms  and  Course  of  Mammary  Carcinoma. — 
In  order  to  obtain  a  just  estimate  of  the  clinical  course 
of  carcinoma  of  the  breast  it  is  necessary  to  separate 
the  disease  into  the  two  accepted  clinical  classes,  that 
is,  the  acute  and  the  chronic  forms. 

AcuTK  CABCiNOMA  MAMM.E  (aigu  du  sein,  Char- 
bonnier)  was  first  described  by  Volkmann  in  1875 
under  the  title  of  ?nastitis  carcinosa,  and  since  then 
various  authors  have  written  on  the  subject  and  re- 
ported cases  under  the  several  designations  of  acute 
cancer,  acute  brawny  cancer,  inflamed  cancer,  and 
cancer  mastitoides.  Roger  Wilhams  also  graphically 
pictures  the  affection,  and  in  the  past  few  years 
Rodman,  Schumann,  Gibbons,  Nassau,  W.  J.  Taylor, 
and  others,  have  reported  cases. 

The  disease  must  be  considered  as  very  rare, 
although  less  so  than  was  formerly  believed,  and 
closely  resembles  acute  mastitis.  It  represents  a 
virulent  or foiidroyant  type  of  carcinoma  of  the  breast, 
producing  intense  irritation  of  the  tissues  accom- 
panied by  a  rapid  infiltration  of  round  cells  and 
inflammatory  symptoms.  Both  the  scirrhus  and 
meduUary  types  have  been  observed.  The  invasion 
is  sudden  and  the  progress  is  extremely  rapid,  with 
all  the  symptoms  of  acute  inflammation.  Tnere  may 
exist  in  the  beginning  a  small  nodule  or  indurated 
mass,  but  ordinarily  it  commences  as  an  acute  in- 
flammatory and  diffuse  process,  without  any  definite 
palpable  tumor,  and  the  entire  gland  is  enlarged, 
firm,  and  painful.  Sometimes  there  may  be  a  feeling 
of  fluctuation.  The  subcutaneous  veins  are  enlarged 
and  the  skin  is  edematous,  brawny,  reddened,  and 
adherent,  presenting  a  striking  resemblance  to  acute 
mastitis,  and  for  which  it  has  been  mistaken.  The 
infiltrated  and  brawny  skin  may  early  show  small 
abscesses  and  necrotic  areas,  and  the  inflammatory 
process  may  extend  to  the  surrounding  integument 
of  the  thorax;  but  a  general  breaking  down  of  the 
whole  breast  has  not  been  observed.  A  condition  of 
"orange  skin"  or  "pig  skin"  has  been  noted;  and  the 
nipple  is  usually,  but  not  always,  retracted.  There 
may  be  both  local  and  general  elevation  of  tempera- 
ture. The  disease  rapidly  advances,  involvement  of 
the  axillary  and  supraclavicular  glands  and  general 
metastasis  or  carcinomatosis  occurs  at  an  early  stage, 
the  toxemia  is  profound,  and  death  results  sometimes 
in  a  few  weeks  but  seldom  later  than  a  twelve  month. 
It  is  commonly  associated  with  pregnancy  and  lac- 
tation, and,  in  consequence,  is  encountered  in  young 
women  and  before  late  middle  life,  that  is,  during  the 
period  of  the  physiological  aetivitj'  of  the  gland. 

A  section  of  the  tumor  shows  a  rather  firm  and 
fibrous  tissue,  of  a  dark  red  or  purplish  color,  and 
sometimes  with  both  small  abscesses  and  hemor- 
rhagic areas  scattered  over  the  surface.  There  may 
be  also  necrotic  spots,  and  in  some  places  the  abscesses 
may  be  of  rather  large  size.  The  skin  shows  edema 
and  induration  which  may  extend  some  distance 
beyond  the  limits  of  the  breast. 

The  only  diagnostic  difficulty  is  in  confusing  the 
disease  with  acute  suppurative  mastitis,  from  which 
the  differentiation  is  by  no  means  easy.  In  fact  the 
distinction  may  not  be  made  until  after  operation  or 
a  section  of  the  growth  is  submitted  to  the  microscope. 
However,  any  supposed  case  of  mastitis  that  does 
not  yield  to  treatment  within  a  comparatively  few 
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daj's  or  in  which  abscess  is  not  promptly  determined, 
especially  if  occurring  during  pregnancy,  should  be 
viewed  with  suspicion.  In  acute  cancer  it  is  probable 
that  the  temperature  is  not  so  high  as  in  suppurative 
mastitis,  and,  again,  in  acute  cancer  the  inflammatory 
process  is  probably  more  diffuse,  the  skin  is  more 
extensively  imphcated,  more  brawny  and  generally 
adherent  to  underlying  tissues.  Early  implication  of 
the  Ij-raph  nodes  may  be  present  in  both  affections. 

The  course  is  progressively  downward  and  uniformly 
fatal,  and  unless  the  diagnosis  is  quicklj'  made,  treat- 
ment is  without  avail.  Therefore,  early  diagnosis 
and  prompt  radical  removal  of  the  breast,  muscles, 
and  infected  axillary  and  supraclavicular  glands 
offers  the  only  hope  in  these  cases. 

The  onset  of  the  chroxic  form  of  carcixo.ma  is 
ordinarily  slow  and  unnoticed.  The  growth  may 
remain  unrecognized  for  months  and  its  discovery  be 
a  matter  of  mere  accident.  The  discomfort  produced 
by  pressure  of  the  clothing  or  some  slight  traumatism 
may  first  lead  to  its  notice,  or,  less  frequently,  the 
individual  may  experience  pain,  either  sharp  and 
cutting  or  dull  in  character,  which  attracts  attention 
to  the  breast  and  the  presence  of  the  tumor.  A  small 
nodule  or  mass  of  extreme  hardness,  ill-defined  in 
outline,  and  movable  with  the  gland  is  now  disclosed 
on  palpation,  and  which  is  practically  without  pain, 
insensitive,  and  evincing  but  little  tendency  to  en- 
large. The  health  of  the  patient  is  also  unimpaired  at 
this  stage.  This  seemingly  quiescent  condition  may 
undergo  scarcely  appreciable  change  for  a  period  of 
weeks  or  even  montns.  The  rapidity  of  growth,  how- 
ever, is  influenced  by  the  character  of  the  cellular  ele- 
ments and  the  degree  of  malignancy  of  the  growth. 
After  an  indefinite  time  the  tumor  indicates  activity, 
and  progressive  increase  in  size  now  becomes  quite 
apparent.  The  pregnant  state,  lactation,  or  injury 
may  greatly  accelerate  the  rapidity  of  its  growth  and 
general  progress.  The  effect  of  the  stimulus  of  preg- 
nancy upon  mammary  cancer  is  well  understood, 
and  under  .such  influence  it  has  been  known  to  assume 
a  virulent  or  fulminant  type  of  malignancy  with  a 
violently  rapid  course.  Checsman  has  recently 
related  two  eases  exemplifying  this  condition  in  a 
most  typical  manner. 

The  "cour.se  of  the  disease  varies.  The  patient  may 
succumb  in  the  brief  period  of  a  few  months  after  its 
discoverj',  or  may  continue  in  a  fair  state  of  health 
for  a  number  of  years.  It  is  of  comparatively  rapid 
growth  in  young  subjects,  but  in  those  of  advanced 
years  it  grows  slowly  and  lymphatic  involvement 
may  be  deferred  for  years.  The  atrophic  form  of 
scirrhus  has  been  known  to  exist  as  long  as  ten, 
fifteen,  and  twenty-four  years,  and  the  affected 
individual  may  finally  die  from  some  other  malady. 
The  length  of  hfe  in  non-operated  cases  was  given  by 
Cooper  at  from  two  and  one-half  to  four  years;  and 
according  to  Gross  the  average  duration  of  life  is 
28.06  months;  and  other  writers  give  it  from  ten  to 
twelve  months.  Probably  the  last  represent  the 
most  accurate  figures,  but,  as  already  shown,  these 
are  susceptible  of  marked  variations. 

Carcinoma  is  of  much  slower  growth  in  the  male 
than  in  the  female.  The  average  duration  from  the 
time  when  first  noted  until  coming  under  the  observa- 
tion of  the  surgeon  is  stated  by  Williams  as  29.5 
months,  and  by  Finsterer  as  eighteen  to  twenty-five 
months.  But  "it  may  run  an  exceedingly  rapid  and 
virulent  course  as  demonstrated  by  Moore's  case  of 
only  two  weeks'  duration,  the  case  of  Finsterer  of 
two  months,  and  that  of  Speese  of  three  months. 

As  the  disease  progresses  the  integument  over  the 
mass  becomes  slightly  depressed  or  pitted  at  midtiple 
points,  the  so-called  "orange  skin"  (peau  d'orange) 
or  "pig  skin,"  which  is  caused  by  the  implication  of 
the  ligaments  of  Cooper  in  the  morbid  process.  These 
fibrous  bands  or  proces.ses  afford  support  to  the  gland 
structure  together  with  lymphatic  radicles,  and  when 
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they  Ix^romc  infiltrated  with  cancer  cells  and  tlierehv 
destroyed,  the  resulting  cicatricial  tissue  contracts 
and  depresses  the  skin  in  the  fashion  described. 
This  dimpling  is  the  first  step  toward  cutaneous 
infiltration,  softening,  and  ulceration,  and  which,  if 
-urpery  does  not  intervene,  occurs  at  one  time  or 
mother  in  the  history  of  the  tumor.  Adhesions  of 
rlie  tumor  to  the  skin,  mu.scles,  and  thoracic  wall, 
as  sliown  by  its  fixed  condition,  indicate  invasion 
of  these  structures,  and  are  stated  by  Ro.senstern  to 


Fig.  113U. — Ketraction  oi  the  Nipple  with  Marked  "Peau 
d'Orange,"  in  a  Case  of  Carcincma  of  the  Breast.  (Mr.  Sampson 
Handley  in  a  System  of  Surgery,  edited  by  Choyce  and  Beattie.) 

occur  in  eighty-four  per  cent,  of  the  cases.  The 
ulceration  maj'  be  superficial,  but  it  is  usually  deep 
and  crateriform,  with  irregular  and  indurated  edges, 
necrotic  granulations  covering  the  base,  and  the 
exudation  of  a  watery  blood-tinged  and  foul-smelling 
discharge.  Pain  may  be  either  insignificant  or 
intense,  and  repeated  hemorrhages  may  occur  from 
the  ulcer  surface. 

It  has  been  shown  that  ulceration  occurs  in  the 
male  mamma  in  about  thirty  per  cent,  of  the  cases. 

Retraction  of  the  nipple  follows  when  the  neopla.sm 
is  situated  in  the  retro-areolar  space  or  in  the  near 
neighborhood  of  the  nipple,  and  has  been  estimated 
to  take  place  in  about  twenty  per  cent,  of  the  cases. 
Nipple  retraction  is  more  frequent  in  the  male  breast, 
in  which  it  is  said  to  occur  in  fully  one-third  of  the 
cases. 

Lymphatic  involvement  may  be  early  or  it  may  be 
late.  The  glandular  group  ordinarily  first  invaded 
is  that  situated  just  beneath  the  axillary  edge  of  the 
pectoralis  major  muscle,  the  infection  then  passing  on 
to  the  deeper  nodes  of  the  axilla.  Often  the.se  glands 
are  bound  together  and  can  be  felt  as  conglomerate 
masses,  and  when  single  they  are  usually  longer  and 
more  distinct  than  where  simple  inflammation  causes 
the  h\-pertrophy. 

When  the  lymph  nodes  surrounding  the  large  ves- 
sels are  extensively  infected  pres.sure  interferes  with 
the  venous  blood  return,  and  swelling  of  the  arm  and 
hand,  often  to  an  extreme  degree,  is  the  consequence. 
Infection  of  the  supraclavicular  glands  is  a  much 
later  manifestation;  and  extension  to  the  bronchial 
glands  takes  place  about  the  second  year.     Axillary 


involvement  is  stated  by  Finney  to  occur  in  eighty- 
four  per  cent.,  and  was  demonstrated  in  from  ten  to 
thirteen  months,  and  the  supraclavicular  nodes  in 
ten  per  cent,  at  from  eighteen  to  twenty-one  months 
after  the  discovery  of  the  tumor,  and  eight  months 
after  the  axillarj-  infection.  In  the  male  breast 
axillan,'  glandular  involvement  is  stated  to  be  pre.sent 
in  from  sixty  to  seventy  per  cent,  of  the  cases. 

As  has  been  already  mentioned  carcinoma  shows  a 
positive  predilection  for  the  upper  hemisphere  of  the 
gland  and  the  upper  and  outer  quadrant  in  particular, 
and  which  applies  equally  to  both  the  female  and  the 
male  breast.  Therefore  the  route  of  infection  more 
commonly  leads  in  the  direction  of  the  axilla.  But 
when  the  primary  lesion  is  located  in  the  inner  hemis- 
phere of  the  gland  the  cxten.sion  is  toward  the  ster- 
num; nodiJes  form  at  the  sternal  border  and  these 
communicate  with  the  mediastinal  glands  and 
finally  the  infection  may  spread  to  the  pleural  surface 
of  the  intercostal  region. 

In  certain  extremely  malignant  forms  of  breast 
cancer  a  retrograde  lymphatic  dissemination  in  the 
skin  and  tis.sues  of  the  chest  takes  place,  to  which 
Velpeau  applied  the  name  of  carcinoma  en  cuirasse, 
and  which,  fortunately,  is  now  rarely  seen.  The 
cutaneous  metastasis  is  often  very  extensive,  the 
infiltration  involving  the  larger  portion  of  the  chest 
surface.  The  integument  becomes  hard,  wooden- 
like,  and  nodular,  forming  adhesions  with  the  deeper 
tissues  of  the  thorax,  and  encasing  the  chest  like  a 
cuirass.  This  causes  great  distress  to  the  sufferer, 
and  may  so  impede  respiration  as  to  produce  death 
from  suffocation. 

Cancer  deposits  through  the  superficial  lymphatics 
may  be  still  more  widety  disseminated,  as  seen  in 
the  form  know-n  as  "lenticular  cancer,"  where  the 
skin  of  the  chest,  abdomen,  and  back  is  covered  with 


Fig.  1131. — Cancer  en  Cuirasse.  Including  Both  Breasts. 
(From  the  collection  of  Dr.  Franz  Torek,  Mudd,  Am.  Practice  of 
Surger>-.) 

numerous  nodules  varying  in  size  from  a  lentil  seed 
to  a  hazel  nut  or  larger. 

Charcot  has  described  a  most  painful  morbid  state 
due  to  metastatic  deposits  in  tne  spine,  producing 
pressure  on  the  cord  and  spinal  nerves,  which  he  calls 
"paraplegia  doloro.sa."  WiUiam  Osier  has  also  made 
a  valuable  contribution  to  this  subject.  Appreciating 
that  secondary  transference  of  cancer  cells  maj'  occur 
at  an  earl\-  age  of  mammary  carcinoma.  Osier  urges 
a  careful  examination  of  the  breasts  for  unrecognized 
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growths   in    aU    obscure    spinal,    visceral,    and    bone 
lesions. 

Internal  matastasis  may  occur  when  the  breast 
tumor  is  quite  small  and  apparently  unimportant, 
but  usually  it  is  a  later  manifestation  and  takes  place 
at  about  the  expiration  of  two  years.  From  twenty- 
three  to  thirtj'-eight  months  has  been  mentioned  as 
the  usual  limitation.  The  liver  and  pulmonary 
area  are  the  most  frequent  seats  of  secondary'  deposits, 
and  then  follow  the  stomach,  the  companion  mamma, 
the  spine,  the  sternum,  the  long  bones  {femur  and 
humerus),  the  cranium,  and  the  central  nervous  sys- 
tem, as  respectively  mentioned. 

Secondary  internal  deposits  occur  in  about  the  same 
order  in  the  male.  In  a  collection  of  eighty-eight 
cases,  Williams  noted  bone  metastasis  in  five  of  them, 
embracing  the  clavicles,  tibis,  vertebrae,  and  skull. 

A  condition  of  cancerous  cachexia  or  toxemia 
often  exists,  and  is  caused  by  the  absorption  of  the 
poisonous  products  formed  by  tissue  destruction 
during  the  course  of  the  disease.  This  more  often 
accompanies  advanced  cases  with  metasta.sis,  but 
may  be  encountered  while  the  tumor  is  seemingly 
localized.  The  anemia  maj-  be  intense  and  is  asso- 
ciated with  emaciation. 

Diagnosis. — In  advanced  cases  with  well-defined 
symptoms  the  nature  of  the  disease  is  unmistakable, 
but  in  the  early  stages,  when  a  decision  for  or  against 
malignancj-  is  of  the  utmost  importance,  the  diagnosis 
may  be  beset  by  great  difficulties  and  not  infre- 
quently is  a  matter  of  impossibility.  In  many 
instances  the  previous  history  sheds  little  or  no  Light 
on  the  subject,  and  generally  the  existence  of  a  small 
indurated  area  or  growth  is  the  one  material  fact  in 
the  case.  Here  everj-  possible  phase  of  the  case  must 
be  considered,  and  a  careful  physical  search  made  of 
both  breasts,  the  axilke,  and  the  cervical  regions. 
The  breast,  nipple,  and  areola  should  be  closely  in- 
spected, comparing  them  with  the  sound  side, 
inspecting  the  breast  in  different  positions  as  maj'be 
required,  and  the  slightest  variance  from  a  normal 
appearance  dul}'  noted.  The  contour,  mobility, 
consistency  of  the  gland  substance,  and  the  sensitive- 
ness to  pressure,  need  to  be  attentivel}'  observed. 
The  existence  of  adhesions,  superficial  and  deep, 
is  sometimes  disclosed  by  gentlj-  dragging  the  breast 
in  different  directions,  and  also  bj'  drawing  the  skin 
away  from  the  gland,  or  lifting  up  the  breast  from  the 
chest  wall  by  grasping  it  at  the  circumference.  Stand- 
ing behind  the  sitting  patient  and  with  the  pendant 
breasts  resting  in  the  palms  of  the  hands,  the  weight 
and  size  of  the  two  organs  can  be  estimated  and  com- 
pared. In  the  same  position  the  entire  breast  is 
palpated  by  the  fingers  and  the  open  palm.  If  a 
distinctly  palpable  growth  be  present,  the  outUne 
and  shape,  whether  firm  and  hard  or  fluctuant, 
whether  movable  within  the  mammary  tissues  or 
only  to  be  moved  with  the  gland,  are  important 
facts  to  be  learned  for  the  correct  differentiation  of 
the  case. 

When  the  disease  is  somewhat  further  advanced 
the  classical  symptoms  are  present,  namely,  a  tumor 
in  the  upper  hemisphere,  and  oftener  in  the  outer 
quadrant,  which  is  fixed  to  a  greater  or  lesser  extent, 
retracted  nipple  and  multiple  skin  dimplings,  gland- 
ular enlargement,  varj-ing  degrees  of  pain  but  more 
frequentlj'  of  a  lacinating  tj^pe,  and  in  the  later  stages 
metastases  and  cancerousanemia.  Enlargement  of  the 
lymph  nodes  is  not  pathognomonic  of  cancer,  for  they 
may  accompanj'  benign  growths  and  inflammatory 
conditions,  and  besides  the  glands  may  be  infected 
with  carcinoma  and  yet  not  palpably  enlarged,  or 
even  may  not  be  felt.  Nipple  retraction  is  an  early 
symptom  only  when  the  growth  is  situated  near  the 
nipple,  and  if  it  occupies  the  peripheral  areas  of  the 
breast  retraction  of  the  nipple  is  either  absent  or  of 
late  appearance.  It  should  be  borne  in  mind,  how- 
ever, tnat  the  position  of  the  nipple  may  be  changed  by 

492 


injurj'  or  ulceration,  and  also  in  certain  inflammatory 
lesions  of  the  breast.  Of  much  more  positive  diag- 
nostic value  are  the  punctate  depressions  of  the  skin, 
which  are  readily  demonstrated  by  drawing  the  breast 
to  one  side  and  thus  putting  the  tissues  between  the 
breast  and  the  skin  on  the  stretch.  This  s3rmptom  is 
one  upon  which  Halsted  places  great  reliance. 

When  a  positive  diagnosis  cannot  be  determined, 
direct  examination  of  the  tumor  should  be  made 
through  an  exploratory  incision,  and  the  radical 
operation  immediately  proceeded  with  if  it  prove  to 
be  malignant. 

Hemolytic  reaction  in  the  early  differentiation  of 
cancer  is  a  diagnostic  measure  that  seems  to  promise 
definite  aid  in  these  cases.  The  researches  of  Kellnig, 
Rosenbaum,  and  the  later  work  by  CrUe,  on  the  de- 
structive effect  upon  the  red  blood  cells  taken  from 
a  healthy  individual  by  the  blood  serum  from  cancer 
cases,  is  so  important  that  the  method  should  not 
be  neglected  in  clearing  up  the  nature  of  obscure 
breast  tumors. 

Progtiosis  and  Mortality. — The  prognosis  of  mam- 
mary cancer  is  influenced  bj'  many  conditions.  The 
cases  not  operated  on,  although  having  but  a  brief 
span  of  life  allotted  to  them,  naturally  differ  in  the 
time  of  the  fatal  day — varying  from  a  few  months 
to  two  decades  or  more,  with  an  average  of  about  two 
and  a  half  j-ears.  The  cases  subjected  to  the  knife, 
notwithstanding  the  radical  methods  employed,  can- 
not be  considered  as  altogether  exempt  from  local 
recurrence.  The  three  year  safety  limit  of  Volkmann 
is  no  longer  tenable,  for  even  the  lapse  of  five,  ten, 
twenty,  or  more  years  after  operation  has  been  fol- 
lowed by  local  reappearance  and  a  cancer  death.  The 
assertion  that  a  patient  is  cured  signifies  that  the 
cancer  element  has  been  wholly  eradicated  from  the 
system,  and  in  the  present  status  of  the  cancer  ques- 
tion this  is  a  matter  of  serious  doubt. 

The  prognosis  largely  depends  upon  the  pathological 
type  or  degree  of  malignancy  of  the  tumor.  Thus,  as 
would  be  expected,  medullary  carcinoma  gives  the 
worst  average  results  and  is  the  most  rapidly  fatal 
form,  although  this  differs  from  the  experience  in 
at  least  one  cUnic  (Johns  Hopkins  Hospital).  Next  in 
the  order  of  malignancy  are  scirrhus  carcinoma  (3.5.5 
per  cent,  of  curesi,  malignant  papillary  dermatitis, 
adenocarcinoma  (75  per  cent,  of  cures),  and  coUoid 
cancer,  the  two  last  mentioned  being  generally  recog- 
nized as  the  less  malignant  of  the  carcinomas.  It  has 
also  been  shown  that  age  markedly  affects  the  malig- 
nancj'  of  mammay  carcinoma,  it  having  been  ob- 
served that  the  older  the  individual  at  the  time  of  the 
appearance  of  the  neoplasm  the  less  virulent  was  its 
course.  Again,  it  is  claimed  that  there  is  a  greater 
tendencj-  to  recurrence  in  stout  and  obese  women  than 
in  those  who  are  thin  and  of  slender  build. 

The  shorter  the  duration  of  the  disease,  that  is, 
the  earlier  operative  intervention  is  resorted  to,  the 
greater  is  the  prospect  of  permanent  relief.  This 
fact  has  been  demonstrated  in  a  positive  manner  by 
Warren,  who  showed  that  of  those  cases  operated  on 
before  adhesions  occurred  seventeen  per  cent,  were 
cured,  but  after  adhesions  had  formed  the  recoveries 
fell  to  five  per  cent.  It  is  weU  said,  that  incomplete 
operations  in  recent  cases  yield  better  results  than 
complete  operations  in  late  cases.  Where  the  tumor 
is  adherent  to  the  thoracic  wall,  and  in  those  cases 
where  extensive  cutaneous  lymphatic  dissemination 
exists  the  prognosis  is  invariably  bad. 

Implication  of  the  axiUarj-  and  other  lymphatic 
glands  decidedly  affects  the  prognosis.  In  the  cases 
where  the  axilla  was  not  infected  Warren  estimates 
his  cures  at  sixtj'-four  per  cent.;  and  Bloodgood  states 
that  in  Habted's  clinic  only  seven  per  cent,  of  the 
patients  who  had  infected  cervical  nodes  were  appar- 
ently in  good  health  at  the  expiration  of  three  years. 

The  length  of  life  in  cancer  of  the  breast  has  been 
materiallj-     increased     with     the     developments     of 
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modern  .surgery  and  tho  more  radieal  teehtuque  in  tlie 
operations  devisoil  for  its  removal;  and  the  outlook  is 
steadily  becoming  more  hopeful.  The  immediate 
operative  mortality  has  been  greatly  reduced.  In 
Billroth's  early  ca.ses  tho  fatality  following  amputa- 
tion of  the  breast  for  cancer  was  twenty-three  per 
cent.,  whereas  today  it  has  fallen  to  between  one  and 
two  per  cent.,  and  in  the  hands  of  many  individual 
operators  it  stands  at  nil. 

In  tho.se  cases  where  the  di.soa.se  returns  in  less  than 
three  years  the  average  lengtii  of  life  has  been  in- 
creased by  ten  or  twelve  months  over  non-operated 
cases,  that  is  to  say,  they  live  on  an  average  from 
two  and  one-half  years  to  three  and  one-half  years; 
and  the  general  average  of  life  after  operation  has 
been  stated  to  be  from  fourteen  months  to  twenty-fivo 
months.  Even  with  the  three-year  limit  after  opera- 
tion as  a  standard,  Cheyne  gives  fifty-.seven  per  cent. 
of  euros;  and  the  general  average,  in  the  hands  of 
competent  surgeons,  is  placed  at  forty  per  cent. 
But,  on  the  otTier  hand.  Barker  has  shown  that  of 
those  persons  who  were  seemingly  well  three  years 
after  operation  thirty  per  cent,  succumbed  to  cancer; 
and  Smith  found  the  percentage  of  cures  to  be  forty- 
three  per  cent,  with  the  three-year  limit,  but  only 
seventeen  per  cent,  of  these  remained  well  after  this 
period.  Halsted  gives  forty-one  per  cent,  apparent 
cures  and  fifty-two  per  cent,  local  cures  under  the 
same  limitations.  Finstorer  in  an  analy.sis  of  606 
cases  of  mammary  carcinoma  from  Hochenegg's 
clinic,  states  that  the  permanent  cures  had  risen  from 
12.5  per  cent,  before  1903  to  24.64  per  cent,  in  1907. 
This  increase  was  ascribed  to  the  more  extensive  sur- 
gical procedures,  especiaUy  in  the  removal  of  wide 
areas  of  skin  and  the  clearing  out  of  the  .supraclav- 
icular fossa.  He  refers  to  cures  in  some  cases  where 
the  cervical  glands  were  already  infected.  Quite 
recently  Lewis  S.  Pilcher  has  reported  twenty-six 
cases  of  patients,  operated  upon  by  himself,  who  have 
remained  free  from  recurrence  since  operation  to  the 
time  of  writing  (1912)  or  as  long  as  they  lived,  during 
periods  of  five  to  twenty-five  years.  Several  of  these 
patients  had  infected  cervical  glands. 

Local  recurrences  vary  witn  the  completeness  of 
the  operation,  which  is  practically  equivalent  to  the 
extensiveness  of  the  tissues  removed.  In  the  older 
operations  the  local  recurrences  were  estimated  at 
eighty-five  per  cent.  In  those  oases  where  the  modern 
operation  was  performed  but  did  not  include  e.xcision 
of  the  muscles,  local  recurrence  is  stated  to  be  between 
forty-five  and  fifty-five  per  cent.;  whereas  w'ith  the 
more  radical  or  complete  operation,  local  return  of 
the  disease  is  given  as  six  to  nineteen  per  cent. 

As  a  fact  of  peculiar  interest,  and  in  contradiction 
of  the  opinion  that  no  po.sitive  benefit  is  possible 
without  extensive  procedures,  it  should  be  noted  that 
Sir  H.  C.  Cameron  mentions  two  patients  who  survived 
for  twenty-two  and  thirty-three  years  respectively 
after  a  simple  amputation  of  the  breast,  without  any 
interference  with  the  axilla.  Not  a  few  similar  cases 
have  been  reported. 

Recurrence  in  loco  may  take  place  any  time  after 
operation,  but  it  is  more  frequent  within  the  first  six 
months  (forty  to  sLxty  per  cent,  and  fully  fifty  per 
cent,  of  these  in  the  first  three  months),  after  which 
period  the  rate  rapidly  and  steadily  declines,  and  re- 
gional recurrences  are  comparatively  rare  after  the 
expiration  of  one  year.  The  statement  is  made  that 
two  per  cent,  of  local  recurrences  take  place  after  three 
years,   but  this  is  considered  a  very  low  estimate. 

Metastases  are  said  to  take  place  in  seventeen  per 
cent,  of  all  cases  and  to  occur  early  and  without 
local  reappearance  in  fully  one-third  of  these. 

The  prognosis  after  multiple  operations,  although 
much  less  favorable  than  after  the  primary  operation, 
should  not  be  regarded  as  entirely  hopeless;  and  the 
second  or  third  operation  may  be  undertaken  with  the 
possible  e.xpectation  of  securing  temporary    benefit 


at  least.  This  statement  applies  particularly  to  those 
ca.ses  in  which  there  is  a  long  interim  between  the  re- 
currences. Walbarst  mentions  a  case  where  recur- 
rence took  place  nine  months  after  the  first  operation 
and  again  twenty-two  years  after  the  second  operation. 
In  a  case  rc|)ortcd  by  Hutchinson  four  operations 
wore  performed,  which  included  removal  of  the 
.second  mamma,  and  twelve  years  later  there  was  no 
evidence  of  reappearance.  Frank  \V.  Murray  refers 
to  the  case  of  a  woman  under  his  ob.sorvation  wlio  was 
well  twenty-two  years  and  six  months  after  the  first 
operation  and  thirteen  years  after  the  last  oi)cration, 
three  operations  being  performed.  Johnson  reports  a 
patient  who  was  well  twenty-six  years  after  operation 
and  then  had  recurrence;  and  W.  S.  Schley  men- 
tions a  case  operated  on  for  recurrence  thirteen  years 
after  the  primary  operation.  L.  S.  Pilcher  has  re- 
cently published  cases  of  recovery  after  secondary 
operations  for  recurrences,  including  several  interest- 
ing ones  of  bilateral  removal  of  the  breast,  the  second 
breast  becoming  affected  as  a  late  recurrence. 

Operation  employed  as  a  palliative  measure  in 
apparently  hopeless  cases  is  occasionally  attended  by 
surprising  and  gratifying  results,  and  in  some  instances 
has  been  followed  by  years  of  health.  In  thirteen 
cases  of  this  character  Warren  operated  by  the  radical 
method  with  the  result  that  one  lived  eight  years, 
three  lived  three  years,  and  one  survived  one  year. 

The  late  recurrences,  several  years  after  operation, 
which  are  observed  with  a  fair  degree  of  frequency  in 
the  female  breast,  are  unusual  in  the  male.  In  the 
greater  number  of  male  cases  recurrence  takes  place 
at  a  much  earlier  date — only  a  few  men  have  been  re- 
ported as  living  and  woU  from  four  to  eight  years 
after  operation.  Manger's  statistics  of  male  cases 
show  that  a  fatal  result  took  place  in  seventy  per  cent, 
of  the  cases  from  general  recurrence  or  metastasis, 
and  that  local  return  occurred  in  nineteen  of  seventy- 
two  oases  within  periods  ranging  from  a  few  months  to 
five  years.  Finsterer  succeeded  in  finding  only  six 
reported  cases  where  it  could  be  definitely  asserted 
that  recurrence  had  not  taken  place,  and  of  these,  two 
were  living  after  eleven  and  twenty-one  years  re- 
spectively; Blodgett's  patient  lived  five  years;  and 
the  patient  of  Speese  was  alive  three  years  after 
operation. 

It  is  interesting  to  mention  that  Bryant  and  Nunn 
report  a  ca.se  in  which  spontaneous  disappearance  of 
individual  cancerous  nodules  took  place,  which  had 
recurred  in  the  cicatrix  following  operation. 

Treatment  of  Mammary  Carcinoma. — The  ideal 
treatment  of  cancer  of  the  breast  would  be  its  pre- 
vention, and  while  such  an  achievement  is  but  a 
dream  of  what  the  future  may  bring  forth,  still  much 
can  be  done  toward  lessening  the  frequency  of  its 
occurrence  and  limiting  its  progress.  To  this  end 
the  timely  removal  or  correction  of  those  aflfections  of 
the  organ  which  are  known  to  hold  an  etiological  rela- 
tionship to  the  disease  should  be  attempted.  This 
in  turn  requires  the  cooperation  of  the  general  practi- 
tioner, who  should  request  surgical  counsel  at  the 
earliest  moment  in  all  breast  tumors  coming  under  his 
notice;  and  what  is  equal  if  not  paramount  in  im- 
portance to  every  other  effort,  the  instruction  of  the 
public  as  to  the  probable  danger  attached  to  so-called 
"lumps"  in  the  breast,  and  the  necessity  for  promptly 
seeking  medical  advice  for  their  treatment. 

The  involution  changes  of  the  senQe  breast,  occur- 
ring as  they  do  at  the  time  of  life  when  cancer  most 
often  begins,  should  always  be  regarded  as  a  men- 
acing condition  and  viewed  with  suspicion.  It  would 
be  a  definite  step  in  advance  if  the  breasts  of  every 
woman  who  has  reached  the  climacteric  stage  of  life 
could  be  subjected  to  careful  e.xamination  at  stated 
intervals.  Advantage  could  be  then  taken  of  the 
first  indication  of  pathological  change,  and  the  entire 
breast  or  the  morbid  formation,  as  the  case  might  be 
removed  without  delay. 
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Inflammatory  lesions  of  the  breast,  that  is  the 
several  forms  of  mastitis,  have  been  sufficiently  often 
followed  by  cancerous  transformation  to  demand  close 
watching  as  to  their  course  and  chronicity.  Prompt 
excision  of  any  indurated  mass  that  has  resisted  the 
usual  therapeutic  methods  and  does  not  undergo 
resolution  within  a  reasonable  period  should  be  the 
rule.  It  has  been  clearly  demonstrated  that  cleanli- 
ness and  proper  attention  to  the  breasts  during  preg- 
nancy and  after  parturition  will  in  a  large  measure 
prevent  nipple  infection  and  lactation  mastitis,  and 
such  attention  should  always  be  the  solicitous  care 
of  the  obstetrician. 

It  has  been  shown  that  a  large  percentage  of  benign 
mammary  tumors  manifest,  according  to  their  cellu- 
lar composition,  a  tendency  to  assume  malignant 
degeneration;  and,  consequently,  every  neoplasm  of 
the  breast  should  be  looked  upon  as  suspicious,  and 
kept  under  intelligent  observation  ready  for  prompt 
surgical  intervention  upon  the  slightest  evidence  of 
active  change.  In  other  words,  as  Finney  has  aptly 
expressed  it,  "No  tumor  can  be  adjudged  so  benign 
that  it  will  never  become  malignant,  and  no  tumor  will 
ever  be  more  benign  than  when  first  recognized. 
There  is  only  one  sure  cure  for  any  benign  tumor, 
solid  or  cystic,  and  that  is  complete  removal." 

Unnecessary  removal  of  the  mamma  is  to  be  con- 
demned, and,  therefore,  when  an  obscure  growth  is 
discovered  in  the  breast  everj'  legitimate  method 
should  be  employed  for  its  elucidation.  Direct  ex- 
ploration through  an  incision  made  down  upon  the 
mass  will  often  reveal  its  true  nature;  or,  if  necessary, 
a  section  of  the  growth  can  be  excised  for  immediate 
histological  examination,  and  then  the  operation 
completed  in  the  manner  made  necessary  bj'  the 
microscopic  findings.  Often  quite  a  small  incision 
will  suffice  for  this  information.  These  measures 
naturallj'  are  onlj'  available  in  a  hospital  with  modern 
laboratory  equipment.  The  removal  of  suspected 
tissue  by  the  harpoon  or  punch  for  examination,  and 
the  practice  of  excising  a  specimen  of  the  tumor  and 
then  closing  the  incision  pending  the  microscopic 
study  and  a  later  secondary  complete  operation,  are 
only  mentioned  to  be  discountenanced.  The  first  is 
risky  and  does  not  afford  the  requisite  information, 
and  the  second,  in  the  presence  of  malignant  disease, 
becomes  a  real  danger  bj'  causing  cancer  autoimplan- 
tation  and  dissemination  in  the  susceptible  surround- 
ing tissue. 

Excision  of  the  entire  breast  and  Its  immediate 
microscopic  examination  is  often  a  reliable  method 
of  diagnosis,  and  the  operation  can  then  be  finished 
according  to  the  disclosures  thus  revealed  to  the  eye. 
This  procedure  can  be  adopted  with  satisfaction  in 
many  cases,  its  principal  drawback  being  the  possi- 
bility of  needlessly  removing  an  organ  the  seat  of  an 
innocent  growth. 

Operative  Treatment:  Curative. — Complete  removal 
of  the  breast  with  all  carcinomatous  tissue,  including 
the  areas  of  possible  infection,  is  the  only  treatment 
that  offers  the  smaUest  prospect  of  a  lasting  cure. 
The  paths  along  which  infection  travels  from  the 
original  breast  focus  to  the  adjacent  tissues  together 
witli  those  structures  in  which  recurrence  shows  the 
greatest  tendency  to  take  place  should  be  kept  in 
mind,  and  the  incision  and  otlier  steps  of  the  operation 
so  planned  as  to  embrace  these  structures — to  pass 
well  beyond  the  infected  zone  and  only  through 
healthy  tissues.  The  skin  of  the  breast,  the  adjacent 
muscles  and  fasciie,  and  the  axillary  lymph  glands  are 
the  structures  in  which  the  disease  most  commonly 
returns.  The  modern  operation,  therefore,  has  for 
its  purpose  not  only  the  excision  of  the  mammary 
gland  but  a  wide  dissection  of  aU  of  these  tissues. 
Halsted  was  one  of  the  principal  pioneer  workers  in 
this  field,  and  to  his  painstaking  investigations  and 
surgical  skill  we  are  largely  indebted  for  the  radical 
operation  for  mammary  cancer  as  now  practised;  but 


it  should  not  be  forgotten  that  Moore  advised  the 
routine  removal  of  the  entire  breast  for  carcinoma  as 
early  as  1867. 

Whatever  incision  is  adopted  it  should  be  so  planned 
as  to  widely  circumscribe  the  skin  over  the  growth,  but, 
at  the  same  time  with  ample  provision  for  covering  in 
the  axilla,  and  to  avoid  restricting  the  functions  of  the 
arm  as  much  as  is  consistent  witli  the  efficiency  of  the 
operative  procedure.  It  is  well  established  that  local 
recurrences  more  frequentl3'  appear  in  the  cicatrLx  or 
in  the  integument  over  the  chest,  and  unless  a  wide 
sacrifice  of  skin  is  made  reappearance  of  the  disease 
is  to  be  anticipated.  S.  W.  Gross  fully  realized  this 
danger  and  employed  a  broad  circular  incision, 
leaving  the  wound  to  heal  by  granulations.  Rotter 
advised  tliat  the  excision  of  skin  cover  the  distance 
of  three  fingers  breadth  beyond  the  limit  of  the  breast 
in  the  neighborhood  of  the  growth.  But  the  surgeon 
must  be  governed  in  this  matter  by  the  individual 
ease  and  the  extent  of  integument  involved.  Where 
adhesions  to  the  tumor  exist,  or  when  the  growth  is 
peripherally  located,  the  removal  of  a  broader  surface 
of  the  skin  will  be  indicated.  Lenticular  skin  metas- 
tases may  preclude  the  possibility  of  removing  all  the 
infected  skin,  and  the  ultimate  result  in  such  cases  is 
inevitably  fatal. 

The  dissection  should  also  include  extensive  re- 
moval of  the  fat  surrounding  the  gland  and  extending 
up  into  the  axiUa.  This  is  equally  important,  if  not 
more  so,  than  the  skin  ablation,  and  the  fat  should 
be  thoroughly  dissected  awaj-. 

The  investigations  of  Mr.  Handley  have  shown  that 
extension  or  permeation  of  cancer  takes  place  more 
rapidly  and  directly  along  the  fascial  planes,  and  in 
confirmation  of  this  we  find  that  the  pectoral  fascia 
is  invaded  at  an  early  date,  before  cutaneous  involve- 
ment and  even  before  there  is  evidence  of  adhesions 
with  the  growth.  Its  complete  and  wide  extirpation, 
therefore,  is  one  of  the  chief  features  of  the  modern 
operation.  Volkmann  first  began  to  excise  the 
pectoral  fascia  as  a  regular  hiethod  in  1SS2,  and  Rotter 
recommended  extending  the  practice  to  the  fascia  of 
the  serratus  magnus  muscle  and  the  upper  portion  of 
the  external  abdominal  oblicjue  and  rectus  muscles. 
In  1905  Mr.  Handley  advised  that  the  usual  incision  be 
prolonged  downward  over  the  linea  alba,  the  flaps  un- 
dermined and  the  abdominal  fascia  excised  as  far  down 
as  a  line  running  horizontally  two  inches  below  the 
ensiform  cartilage,  or  lower  if  the  growth  occupied  the 
inferior  hemisphere  of  the  breast.  He  states  that  while 
modern  statistics  indicate  a  decided  diminution  in  the 
general  recurrences,  abdominal  metastases  seem  to  be 
increasing  in  proportion  to  the  les.sened  thoracic  re- 
currences, and  refers  to  a  series  of  100  cases  reported 
by  Watson  Cheyne  in  which  there  were  fifteen  visceral 
metastases.  He  further  states  that  transepigastric  ab- 
dominal infection  often  precedes  invasion  of  the  chest, 
and  that  in  twelve  per  cent,  it  occurs  alone  without 
thoracic  implication.  In  explanation  of  this  he  shows 
that  the  inner  edge  of  the  gland  is  only  about  one  inch 
from  the  angle  between  the  ensiform  cartilage  and 
the  seventh  costal  cartilage,  in  which  space  and  around 
the  top  of  the  ensiform  cartilage  the  cancer-laden 
lymphatics  of  the  deep  fascia  are  separated  from  the 
subperitoneal  fat  by  a  single  layer  of  fibrous  tissue 
and  may  thus  find  ready  communication  with  the 
peritoneum  and  its  visceral  contents. 

It  is  probable  that  excision  of  the  fascia  without 
removal  of  the  muscle  or  a  part  of  the  muscle  is  often 
a  questionable  procedure. 

Removal  of  the  pectoralis  muscle  was  first  performed 
and  adopted  as  a  regular  part  of  the  operation  by 
Halsted  in  ISSS,  although  in  1867  Banks  had  advised 
the  practice  in  those  instances  where  the  muscle  w'as 
already  involved.  The  method  gained  universal  ac- 
ceptance after  the  publication  of  the  observations 
of  Ileidenhain  in  1889  together  with  the  report  of 
Halsted's  series  of  cases  in  1894.     Heidenhain  clearly 
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demonstrated  the  early  presence  of  cancer  cells  in  the 
pectoral  fascia  and  muscle,  and  hence  advised  that 
the  fascia  with  a  layer  of  muscle  be  excised  in  every 
case,  and  when  adhesions  with  the  growth  had  taken 
place  that  the  entire  muscle  be  removed.  The  wis- 
dom of  this  practice  was  later  shown  by  a  number  of 
investigators  who  found  solitary  cancer  deposits 
in  the  muscle  even  in  early  cases  and  before  adhesions 
had  formed.  Excision  of  the  major  pectoral  muscle 
admits  of  removal  of  the  retropectoral  glands  and  the 
fat  in  which  they  lie,  which  is  important  since  they 
become  infected  at  an  early  period.  The  same  rea- 
sons apply  to  the  excision  of  the  pectoralis  minor 
muscle,  in  oppo.sition  to  this  routine  practice,  J. 
B.  Murphy  declares  that  it  is  seldom  necessary  to  sac- 
rifice the  pectoral  muscle,  and  maintains  that  when 
the  disease  is  seen  at  an  early  stage  it  has  not  passed 
beyond  the  fascial  limits.  However,  the  office  of  the 
lost  pectoral  muscles  is  soon  largely  supplemented  by 
other  muscles,  and  the  natural  movements  of  the  arm 
arc  not  greatly  restricted.  If  the  muscular  sheath  is 
stripped  off  without  removing  the  muscles,  the  re- 
sulting inflammatory  exudation  may  leave  a  stiffened 
condition  which  maj'  be  persistent  and  thereby  mate- 
rially interfere  with  the  arm  function. 

The  dis.sections  of  the  muscles  can  be  commenced 
either  from  below  upward  and  continued  out  to  the 
axilla,  or  by  first  dividing  their  tendinous  insertions 
to  the  humerus  and  coracoid  process  and  working 
downward  and  inward.  Preference  should  be  given 
to  the  latter  method  becau.se  it  posses.ses  the  several 
advantages  of  cutting  the  blood-vessels  and  principal 
lymphatic  channels  during  the  very  first  steps  of  the 
operation,  and  thus  le.ssening  both  the  hemorrhage 
and  the  danger  of  forcing  cancer  elements  further  on 
into  the  Ij-mph  stream  through  manipulations  of  the 
tumor,  and  also  on  account  of  the  greatei-  facility  it 
affords  for  the  dissection  of  the  axiUa. 

Clearing  out  the  axillarj'  pit  of  the  glandular  and 
fatty  contents  is  another  important  step  in  the  opera- 
tion. It  has  been  proven  that  the  axillary  glands  are 
infected,  in  the  large  majority  of  the  cases  iciglity  to 
ninety  per  cent.),  even  at  a  very  early  stage  and  before 
they  are  palpable,  and  they  .should  be  thoroughly 
removed  at  each  operation.  The  higher  up  in  the 
axilla  the  nodes  are  implicated  the  less  hopeful  is  the 
ultimate  result,  and  when  the  vein  is  encased  in  a  mass 
of  carcinomatous  glands  a  cure  cannot  be  expected. 
The  axillary  dissection  should  be  carried  out  with  care 
and  thoroughness,  and  this  is  greatly  facOitated  by 
the  exposure  of  the  vessels  as  a  primary  step  in  the 
operation.  Volkmann  was  the  first  to  suggest  remov- 
ing the  palpable  axillary  glands;  but  Kiister  was  the 
first  (in  1SS3)  to  advocate  the  routine  evacuation  of 
the  axilla. 

The  lymph  nodes  just  outside  of  the  axilla,  placed 
between  the  two  pectoral  muscles  at  the  sternal  edge, 
were  found  diseased  eleven  times  in  a  series  of  thirty- 
three  cases  (Rotter),  and  may  be  infected  at  an  early 
date.  But  authorities  do  not  speak  of  them  as  of 
special  importance. 

The  evacuation  of  the  supraclavicular  triangle  and 
removal  of  the  cervical  nodes,  either  with  or  without 
division  of  the  clavicle,  in  the  early  days  of  the  opera- 
tion was  urged  as  a  regular  procedure  by  a  number  of 
surgeons.  IBut  at  the  pre.sent  time  it  is  employed  only 
when  these  glands  are  distinctly  diseased,  although 
it  has  been  stated  that  one-half  of  the  palpable  glands 
(ten  per  cent.)  in  this  region  are  carcinomatous. 

Drainage  is  generally  advisable  for  the  first  forty- 
eight  hours,  to  provide  for  the  escape  of  the  free  wound 
secretions  from  the  large  raw  surface.  This  is  best  ef- 
fected by  tubular  drain  and  gauze  wick  through  a  stab 
wound  in  the  dependent  margin  of  the  axilla,  which 
admits  of  the  suturing  of  the  incision  throughout. 

The  final  step  in  the  operation  is  the  closure  of  the 
wound,  but  this  is  usually  so  extensive  that  the  edges 
cannot  be  approximated  in  the  regular  way.     In  the 


early  days  this  was  left  to  heal  by  granulation,  but 
now  the  majority  of  surgeons  prefer  to  close  it  by 
.some  immediate  method  in  order  to  .secure  the  always 
desired  primary  union.  This  can  be  obtained  by 
covering  in  the  wound  either  by  flaps  designed  as  a 
part  of  the  primary  incision;  by  .sliding  skin  flaps  fash- 
ioned as  a  last  step,  after  the  breast  is  removed;  or 
by  skin  grafting — immediate  or  .secondary — after  the 
method  of  Thiersch.  The  first  of  these  procedures  is 
the  preferable,  and  can  be  ordinarily  accomplished  in 
a  satisfactory  manner  by  one  or  another  of  the  several 
ingenious  incisions  suggested  by  different  operators. 

The  treatment  in  the  male  differs  in  no  respect  from 
that  in  the  female.  Wagstaffe  reports  the  removal 
of  both  breasts  in  a  man  for  scirrhus. 

Other  Methods  of  Treatment:  Palliative  Measures. — 
The  specific  drug  treatment  of  carcinoma  of  the  breast 
is  entirely  obsolete.  The  many  and  much  vaunted 
cancer  remedies  have  proven  not  only  u.sele.ss  but 
injurious,  and  the  only  justifiable  medication  is  that 
which  embraces  tonic  and  supportive  measures.  Arse- 
nic still  retains  the  confidence  of  some  members  of  the 
profession,  but  its  remedial  virtues  reside  probably  in 
its  tonic  effects. 

The  injections  of  trypsin  advocated  by  Beard  have 
not  confirmed  the  claims  that  were  made  for  it. 
More  recently  the  thymus  gland  treatment  has  been 
suggested,  and  favorable  results  from  its  administra- 
tion have  appeared  from  several  sources.  Gwyer 
believes  that  the  chief  beneficial  effects  are  to  be 
derived  in  those  cases  where  an  incomplete  operation 
has  been  performed,  and  he  states  that  in  advanced 
and  inoperable  cases  life  may  be  prolonged  and  made 
endurable,  and  in  stOl  others  the  general  and  local 
conditions  so  much  improved  as  to  admit  of  operative 
intervention  which  otherwise  was  not  feasible. 


Fig.  1132. — Warren's  Incision  in  Removal  of  the  Breast  for 
Cancer. 

The  Roentgen  rays  are  practically  without  value 
in  mammary  carcinoma,  although  they  are  credited 
with  possessing  healing  qualities  in  a  limited  number 
of  early  recurrences.  It  has  also  been  claimed  that 
this  form  of  ray-energy  was  efficacious  as  a  supple- 
mental measure  after  operation  in  preventing  recur- 
rences, but  the  general  results  have  been  far  from 
encouraging.  Radium  and  the  violet  rays  have  like- 
wise been  tried  and  found  wanting.  .AH  of  these 
agents,  however,  may  be  emploj-ed  for  the  relief  of 
pain  in  advanced  and  inoperable  cases,  under  which 
circumstances  they  have  been  used  with  marked  and 
gratifying    effects. 

The  fact  that  double  oophorectomj'  results  in  bring- 
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ing  about  the  menopause  and  associated  involution 
of  the  mammary  gland,  long  ago  suggested  this 
operation  in  cases  of  inoperable  cancer  of  the  breast, 
but  the  subject  was  first  prominently  presented  to  the 
profession  by  Beatson  of  Glasgow  in  1896.  Beatson 
recommended  the  operation  on  the  ground  that  the 
ovaries  were  the  organs  responsible  for  the  prolifera- 
tion of  epithelial  cells  in  carcinoma  mammae,  and  the 
operation  sprang  into  popularity  and  was  widely 
practised.  The  early  results  seemed  to  be  promising, 
many  cases  were  reported  as  benefited,  and  even  cures 
were  claimed  in  not  a  few  instances.  Fifty-one  cases 
were  recorded  by  Roubaud  with  improvement  in 
twenty-three,  but  in  only  three  of  these  was  it  per- 
manent, and  it  was  without  effect  in  the  remaining 
twenty-eight  cases.  Lett's  collection  of  ninety-nine 
cases  gave  material  improvement  in  thirty-six  per 
cent.,  and  very  decided  benefit  in  twenty-three  per 
cent.,  as  indicated  by  relief  from  pain,  diminution 
and  even  disappearance  of  the  tumor,  healing  of 
existing  ulcerations,  betterment  in  general  health,  and 
prolongation  of  life.  By  excluding  those  patients 
past  fifty  years  of  age  the  improved  cases  rose  to 
forty-one  per  cent.  He  claims  that  the  most  favor- 
able age  is  between  forty-five  and  fifty  years,  but 
that  after  fifty  years  the  procedure  is  rarely  beneficial. 
Stanley  Boyd  collected  forty  cases  showing  compara- 
tive success  in  thirty-five  per  cent. ;  and  Abbe  oper- 
ated on  seven  cases  with  two  encouraging  results.  At 
the  French  Congress  in  1907  (Paris)  Reynes  of 
Marseilles  reported  several  failures,  all  the  patients 
subsequently  dying  from  malignant  cachexia;  and  at 
the  same  meeting  M.  Psaltoff  of  Smyrna  related  the 
history  of  two  panhysterectomies  which  he  had 
performed  for  the  malady,  both  succumbing  to  exten- 
sion of  the  disease.  With  this  evidence  it  is  clear 
that  the  results  are  not  uniform,  that  it  is  justified  in 
only  certain  cases  and  in  individuals  under  fifty  years 
of  age,  and  that  the  operation  cannot  be  classed  as  an 
established  procedure. 

In  those  instances  where  the  cancerous  infiltration 
is  so  extensive  that  it  is  impossible  to  eradicate  all 
the  diseased  tissue  by  operation,  and  yet  where  this  is 
the  only  available  palliative  treatment  in  the  case, 
there  should  be  no  hesitancy  in  resorting  to  a  radical 
operation  for  mental  as  well  as  physical  alleviation. 
Such  patients  are  always  placed  in  a  happier  mental 
state;  and  occasionally  the  ph3'sical  results  are  sur- 
prising, as  exemplified  by  the  cases  of  Warren  already 
mentioned. 

There  are  other  more  advanced  cases  with  fetid 
ulcerations,  agonizing  pain,  arm  edema,  and  the 
patient  demanding  relief  at  any  cost,  where  a  radical 
operation  is  justifiable  even  though  the  benefits  are 
small  and  of  very  brief  duration;  and  in  such  instances, 
where  the  brachial  plexus  is  involved  in  the  malig- 
nant process,  an  interscapulothoracic  amputation  may 
be  resorted  to. 

In  still  other  cases  where  matastases  of  the  viscera 
or  other  deep-seated  metastases  are  present,  the  pa- 
tient should  be  given  all  the  relief  and  comfort  that 
morphine  and  other  analgesics  wDl  secure.  Where 
nerve  involvement  exists,  section  of  the  posteriorroots 
of  the  spinal  nerves  may  afford  relief  of  the  pain;  or 
in  those  desperate,  but  fortunately  rare,  cases  where 
the  spinal  cord  is  invaded — the  cases  of  paraplegia 
dolorosa — the  suggestion  made  by  Gushing  of 
dividing  the  cord  above  the  lesion  may  be  humanely 
practised. 

As  before  remarked,  numerous  operations  for  the 
radical  cure  of  cancer  of  the  breast  have  been  devised 
and  performed,  but  all  of  them  partake  of  the  essen- 
tials of  the  Halsted  method.  Many  of  these  are 
characterized  by  ingenious  flap-forming  incisions. 
Warren's  operation  is  among  the  most  prominent  of 
these,  but  it  differs  only  slightly  from  that  of  Halsted, 
except  that  the  dissection  begins  at  the  axilla  and  is 
carried  on  toward  the  sternum  instead  of  in  the  re- 


verse direction.  In  addition,  Warren  makes  a  plastic 
incision  from  the  middle  of  the  lateral  margin  of  the 
wound  and  at  right  angles  to  it,  and  turns  up  a  flap 
or  flaps  from  the  side  of  the  thorax  to  cover  in  the 
denuded  surface.  Kocher's  incision  resembles  a 
reversed  figure  of  six,  and  is  u.seful  in  many  cases; 
Willy  Meyer  also  employs  a  method  that  is  quite 
popular;  and  Jabez  N.  Jackson  has  worked  out  an  inci- 
sion that  is  peculiarly  applicable  in  fulfilling  the  re- 
quirements of  the  modern  radical  methods,  together 
with  supplying  the  necessary  plastic  flaps  for  recon- 
struction of  the  axilla  and  covering  in  the  wound. 
J.  B.  Murphy  has  adopted  a  rather  modified  technique, 
the  salient  feature  of  which  is  the  employment  of 
muscle  plastic  procedures  for  the  prevention  of  those 
disagreeable  results  that  sometimes  follow  the  exten- 
sive dissection,  namely,  fixation  of  the  arm  to  the 
chest,  with  limitations  of  motion,  venous  stasis  of  the 
arm  with  edema  (sometimes  massive),  persistent 
pain  in  the  arm,  and  sensitive  retracting  cicatrices. 
To  prevent  these  undesirable  conditions  he  covers 
over  and  protects  the  axillary  vessels  with  long  and 
broad  muscle  fiaps  taken  from  the  major  pectoral 
and  latissimus  dorsi  muscles.  He  does  not  remove 
the  pectoralis  major  muscle,  believing  with  Bryant  of 
London,  that  in  early  cases  the  cancer  cells  do  not 
penetrate  beyond  the  fascia,  and,  consequently,  does 
not  hesitate  to  utilize  this  muscle  for  plastic  purposes. 
Of  course  the  latissimus  muscle  is  usually  free  from  the 
probability  of  infection.  The  arm  is  dressed  in  plaster 
at  right  angles  to  the  chest.  It  seems  probable  that 
the  functional  disabilities  as  stated  by  Murphy  are 
rather  more  pronounced  than  are  generally  encoun- 
tered by  the  painstaking  surgeon  who  gives  careful 
attention  to  the  axilla  and  its  contained  vessels. 
Mixter  forms  a  large  flap  from  the  opposite  side  of 
the  sternum,  and  slides  over  the  sound  breast  to  the 
midline  or  beyond  it,  by  which  means  the  wound 
surface  is  closed.  Tansini  describes  an  interesting 
procedure,  which  consists  of  two  pear-shaped  incisions, 
one  on  the  front  and  the  other  on  the  back  of  the  chest. 
The  small  end  of  the  anterior  ovoid  cut  tapers  to  a  point 
in  the  center  of  the  axilla,  and  the  posterior  ovoid 
incision  slants  outward  from  the  a.xilla,  being  so  curved 
as  to  form  a  broad  base  to  the  flap  on  a  level  with  and 
reaching  well  back  to  the  axilla.  After  the  mamma 
has  been  cut  away,  the  rear  flap  is  pulled  around  to  fill 
in  the  defect,  and  the  long  narrow  triangle  of  skin 
which  remains  between  the  two  ovoid  incisions  is 
drawn  back  and  stitched  in  the  denuded  space  behind. 
No  contraction  follows,  and  only  an  N-shaped  scar 
remains. 

In  recent  years  Halsted  has  materially  modified  his 
original  operation  by  removing  a  very  much  more  ex- 
tensive area  of  skin  and  gradually  changing  the  shape 
of  the  incision  to  a  large  circular  one  surrounding  the 
tumor,  supplemented  by  a  short  vertical  cut  both 
above  and  below  to  facilitate  dissection  of  the  axilla. 
The  margin  of  the  axillary  portion  of  the  outer  flap  is 
stitched  to  the  fascia  immediately  below  the  first  rib 
so  as  to  completely  shut  in  the  large  vessels,  and  the 
remainder  of  the  free  edge  of  the  skin,  along  the  entire 
wound  circumference,  is  sutured  to  the  tissues  of  the 
chest  wall.  The  widely  denuded  area  is  then  covered 
over  with  large  Thiersch  grafts.  In  plastic  operations 
the  danger  of  necrosis  of  the  flap  is  greater  than  it  is 
with  the  grafts;  and,  furthermore,  Halsted  has  noticed 
the  important  fact  that  the  grafts  offer  a  definite 
obstacle  to  the  dissemination  of  carcinomatous 
metastases.  He  has  observed  cutaneous  recurrences 
near  the  edges  of  the  grafted  area  spreading  rapidly 
and  widely  in  the  skin,  but  without  involving  the 
grafted  portion  except  by  encroachmentat  the  margins. 
This  observation  has  convinced  him  that  the  cases  of 
extensive  cutaneous  dissemination,  as  seen  incarcinoma 
en  cuirasse,  are  probably  not  so  hopeless  as  they  were 
formerly  considered,  and  that  a  much  better  chance 
for  some  of  these  unfortunates  may  be  given  them  by 
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an  enormous  sacrifice  of  cutaneous  tissue  and  supply- 
ing the  defect  witli  large  skin  grafts.  He  also  sug- 
gests that  in  those  instances  of  breast  cancer  showing 
a  tendency  to  regionary  cutaneous  metastasis  that 
the  grafted  space  be  encircled  with  a  "moat"  or 
gutter,  by  excising  a  narrow  skin  strip  including  its 
attached  "fat  and  loose  fascia,  and  this  to  be  filled  in 
with  grafts,  with  the  reasonable  expectation  that  bj' 
this  means  the  cutaneous  carcinomatous  spreading 
may  be  confined  within  the  limits  of  the  space  inter- 
vening between  the  grafted  areas. 

Of  the  many  operative  devices  emploj-ed,  the 
operations  of  Halsted,  Warren,  and  Jabcz  Jackson, 
with  minor  modifications  by  different  operators  to 
suit  individual  conditions,  are  probably  the  more  fre- 
quently used.  Jackson's  operation  appears  to  offer 
certain  advantages,  especially  the  plastic  feature, 
which  enables  the  operator  to  carry  out  in  a  most 
thorough  manner  all  the  requirements  of  the  modern 
procedure.  The  following  description  of  this  method, 
therefore,  will  serve  as  a  fair  tj-pe  of  the  several  steps 
of  the  complete  modern  operation. 

Technique  of  Jackson's  Operation. — The  knife  is 
entered  in  the  depression  or  sulcus  marking  the  inter- 
val between  the  deltoid  and  pectoralis  major  muscles, 
about  one  and  a  half  inches  below  the  middle  of  the 
clavicle,  and  is  continued  on  in  a  straight  line,  par- 
allel to  the  inner  border  of  the  deltoid,  until  it  reaches 
the  lower  margin  of  the  pectoral  fold  as  it  terminates 
in  the  arm.  (Fig.  1133.)  This  linear  incision  is  the 
only  cut  made  at  this  time,  the  complete  incision  being 
omitted  until  the  later  stages  of  the  operation,  but  if 
greater  space  is  needed,  a  portion  of  the  later  incision 
that  splits  the  pectoral  fold  may  also  be  made.  The 
inckion  thus  made  is  deepened  through  the  superficial 
fascia,  exposing  the  fibers  of  the  pectoralis  major 
muscle  as  they  converge  to  its  tendinous  insertion  into 
the  humerus.  At  the  lower  end  of  this  cut,  where  it 
passes  along  the  under  margin  of  the  major  pectoral 
muscle,  the  index-finger  of  either  hand  is  forced  up  be- 
neath the  muscle  to  emerge  at  its  upper  border,  there- 
by hooking  up  the  muscle  on  the  finger,  and  by  blunt 
dissection  with  the  finger  the  muscle  is  separated  out  to 
the  point  of  its  in.'^ertion.  (Fig.  1134.)  If  it  is  desired 
to  leave  the  clavicular  portion  of  the  muscle  (as  advised 
bj'  Charles  Maj-o),  the  finger  is  passed  up  through  the 
well-marked  sulcus  between  the  clavicular  and 
sternal  bellies,  and  the  clavicular  belly  excluded  and 
left  in  situ.  The  tendon  of  the  pectoralis,  while 
lifted  up  on  the  finger,  is  next  divided  close  to  the 
humerus,  and  as  the  muscle  is  cut  loose  it  retracts  in 
an  inward  direction,  leaving  the  les.ser  pectoral  muscle 
exposed  beneath  and  covered  with  its  fascia.  The 
finger  is  again  employed  as  a  blunt  dissector,  and  is 
pushed  on  beneath  this  second  muscle,  freeing  it  as 
was  done  with  the  major  pectoral,  and  then  dividing 
the  tendon  at  the  point  of  insertion  into  the  coracoid 
process.  The  muscle  now  retracts,  and  this  retraction 
together  with  the  separation  of  the  wound  bj'  retrac- 
tors fully  exposes  the  axUlar/  space  from  the  front,  al- 
lowing an  easy  dissection  of  this  cavity.  (Fig.  1135.) 
Thus  far  the  bleeding  has  been  insignificant,  the  vessels 
are  in  plain  view,  and  all  this  has  been  accomplished 
without  distuJbing  the  breast  in  the  least.  The  fascia 
surrounding  the  vessels  is  next  opened  on  the  outer 
side  of,  and  parallel  with,  the  vein  by  a  cut  with  the 
scissors,  and  the  fascia  stripped  from  the  vessels  by 
gauze  dissection  and  a  few  touches  with  the  scissors  or 
scalpel.  The  dissection  is  continued  on  from  without 
inward  toward  the  chest,  clearing  out  fascia,  fat,  and 
glands,  until  the  axillary  vessels  are  completely 
isolated,  and  the  vessels  passing  to  the  axilla  and 
chest  are  plainly  exposed.  All  the  vessels  requiring 
it  are  at  once  ligatured,  which  greatly  Umits  the  sub- 
sequent hemorrhage.  After  the  axilla  is  cleared  the 
original  skin  incision  is  completed  as  follows:  "From 
the  lower  border  of  the  first  incision  the  knife  is  now 
carried  along  the  under  margin  of  the  pectoral  fold 
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to  the  chest,  at  a  point  which  corresponds,  as  a  rule, 
with  the  lower  border  of  the  mamma  itself.  The  re- 
maining portion  of  the  incision  is  made  in  the  form  of 
an  ellipse  about  the  nipple,  with  its  long  axis  nearly 
vertical,  or,  rather,  obliquely  from  above  downward 
and  outward  to  the  outer  (juadrant  of  the  breast. 
This  ellipse  is  so  planned  as  practically  to  make  its 
outer  curve  parallel  with  the  line  of  the  first  incision 
made,  and  thus  to  present,  when  completed,  a 
quadrilateral  flap  with  its  base  upward  and  entirely 
free  below.  This  incision,  of  cour.se,  is  carried  through 
the  skin  and  fascia  down  to  the  underlying  muscular 
structures"  (Jack.son).  Raising  and  turning  upward 
toward  the  clavicle  the  elliptical  flap  gives  a  deeper 
exposure  of  the  attachments  of  the  pectoralis  muscle 
above  and  in  front.  Each  angle  of  tiiis  flap  is  caught 
with  a  tenaculum  forceps,  which  facilitates  its  being 
fitted  into  place  later  on.  The  gauze  dissection  is  now 
continued,  loosening  up  the  tissues  beneath  the  pectoral 
muscles  and  the  breast,  toward  the  chest,  and  the 
pectoralis  minor  is  then  divided  along  its  under  surface 
close  to  the  ribs  and  the  costal  muscles.  The  pector- 
alis major  is  then  separated  up  to  its  clavicular  and 
sternal  attachments  (at  the  same  time  dragging  up  the 
breast)  which  are  cut  from  beneath.  (Fig.  1130.) 
The  perforating  branches  of  the  internal  mammary 
arterj'  are  clamped  when  divided,  as  they  emerge 
through  the  thoracic  waU.  The  skin  incision  is  next 
completed  and  the  mass  of  muscles,  fat,  lymphatic 
glands,  and  breast,  are  removed  in  one  unbroken  whole. 
The  quadrilateral  flap  of  skin  and  superficial  fa.scia 
which  formed  the  anterior  covering  of  the  axilla  are 
now  stretched  out  by  the  tenaculum  forceps  holding  the 
angles,  and  transplanted  inward  to  fUl  in  the  defect  of 
the  chest  wall  left  by  the  removal  of  the  skin  of  the 
breast  about  the  nipple,  which  is  one  of  the  special 
features  of  the  Jackson  operation.  (Fig.  1137.) 
The  margin  of  the  lower  portion  of  the  pectoral 
cutaneous  fold,  which  represents  the  area  of  skin  that 
formed  the  original  floor  of  the  axilla,  is  grasped 
with  forceps  and  pulled  up  to  the  point  of  beginning 
of  the  first  incision  beneath  the  clavicle,  which 
snugly  covers  in  the  axillary  vessels  and  obliterates, 
anatomically,  the  axillary  cavity.  The  flaps  are 
sutured  with  sUkworzn-gut  threads,  continuous  or 
interrupted,  and  drainage  is  provided  for  by  a  stab 
wound  behind  in  the  most  dependent  position.  (Fig. 
113S.)  A  voluminous  antiseptic  gauze  dressing  com- 
pletes the  technique. 

Jackson  claims  for  his  method  these  advantages: 
The  plastic  flap  entirely  covers  in  the  wound  .space 
without  tension-  the  drawing  of  the  skin  up  to  the  arm 
obUterates  the  axilla  at  once  which  prevents  the  usual 
scar  tissue  and  subsequent  pressure  on  the  axillary 
vessels  and  nerves;  the  ligation  of  all  vessels  near 
their  origin  lessens  the  hemorrhage,  together  with  the 
number  of  attached  hemostatic  forceps  which  are 
obstacles  to  quick  work;  and,  finally,  tne  most  diffi- 
cult and  important  steps  of  the  procedure  are  com- 
pleted before  the  breast  is  removed,  therebj'  diminish- 
ing shock  incident  to  prolonged  exposure  of  the  large 
chest  wound. 

The  After-treatment. — The  dressing  of  the  arm  and 
the  treatment  of  the  patient  after  opera  t  ion  are  of  much 
importance.  Stiffness  and  atrophj'  of  the  parts,  thus 
interfering  with  the  function  of  the  arm,  is  one  of  the 
disabiUties  to  be  especially  feared,  and  hence  arm  and 
shoulder  massage  together  with  passive  movements 
should  be  commenced  within  the  first  ten  or  twelve 
days  and  continued  for  several  weeks.  By  these 
measures  a  useful  member  is  obtained,  and  with  sur- 
prisingly httle  curtailment  in  the  shoulder  movements. 
Fixing  the  arm  at  right  angles  to  the  chest  by  plaster, 
bj'  various  models  of  splints,  and  other  devices  have 
been  employed  for  the  same  purpose  by  different  sur- 
geons. Ewald  uses  a  simple  method,  which  is  carried 
out  bj'  drawing  up  and  fixing  the  hand  and  arm  above 
the  patient's  head,  by  means  of  a  wooden  peg  and 
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Fig.    1133. 


Fig.   1136. 


Fig.   1134. 


Fig.    1137. 


Fig.   1135 


Fig.   113S. 


Figs.   1133  to  1138.— Illustrating  the  Several  Steps  in  Jacl;son's  Operation  (or  Complete  Amputation  of  the  Breast. 
(After  J.  N.  Jacl;son,  Jour.  Am.   Med.  Ass'n.,  JanuarylS,   1910.) 
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bandages  fastened,  on  the  principle  of  a  sling,  to  a 
horizontal  support  extending  at  a  right  angle  from  an 
upright  rod  attached  to  the  head  of  the  bed.  A  sling 
around  the  elbow  gives  additional  support  to  the  arm. 
The  patient  should  be  gotten  out  of  bed  as  early  as 
is  consistent  with  .safety,  that  is  in  about  seven  to 
eight  days  on  an  average.  Earlier  than  this  may  cause 
dislodginent  of  a  thrombus,  and  a  fatal  termination 
may  follow.  Warren  reports  such  an  accident  with 
death  in  one  of  his  cases.  The  patient  should,  if 
pos.sible,  be  kept  under  observation  at  intervals  for 
several  years,  in  order  that  early  recognition  and 
prompt  excision  of  any  local  recurrence  can  be 
performed. 

Sarcom.*.. — Sarcoma  is  one  of  the  verj-  rare  diseases 
of  the  breast,  being  proportionately  much  less  common 
than  in  other  organs  and  localities  of  the  body,  which 
is  a  matter  of  some  surprise  when  the  histology  and 
structural  changes  of  the  gland  are  considered. 
The  frequency  of  sarcoma  is  variously  estimated. 
Roger  AVilliams  found  ninety-four  cases  in  2, .397 
breast  neoplasms,  or  3.9  per  cent.;  at  a  later  date 
Rodman  in  an  analysis  of  5,000  ca.ses,  principally  taken 
from  German  clinics,  estimated  the  proportion  at  2.7 
per  cent.;  and  Bloodgood  encountered  fourteen  in- 
stances in  694  cases,  a  percentage  of  only  1.5,  in  the 
Johns  Hopkins  Hospital.  These  figures,  especially 
those  derived  from  the  last  two,  and  probably  the  more 
reliable,  series,  indicate  the  rarity  of  the  affection. 

Sarcoma  belongs  comparativeh'  to  the  young  breast. 
It  may  occur  in  early  childhood  but  is  rare  before 
puberty,  and  seems  to  invade  the  gland  preferably 
between  the  third  and  fourth  decades,  that  is,  during 
the  period  of  physiological  activity  of  the  gland.  It 
is  infrequent  after  the  cessation  of  menstrual  life. 
thereby  differing  from  carcinoma.  In  sixty  cases 
collected  by  S.  Vv.  Gross  only  thirteen  were  in  indi- 
viduals over  forty  years  of  age.  No  direct  association 
between  the  disease  and  either  the  sterOe  or  the  child- 
bearing  state  is  traceable.  Traumatism  is  claimed  to 
be  a  causative  factor,  and  in  certain  instances  seems 
to  bear  such  a  relationship;  but  antecedent  inflam- 
matory processes  have  not  been  shown  to  have  any 
etiological  connection  with  the  disease. 

A  few  instances  of  sarcoma  have  been  met  with  in 
the  male  breast.  These  cases  were  of  the  primary 
form,  and  a  number  of  them  originated  in  moles  on  the 
skin  of  the  mamma.  No  case  of  secondary  origin  has 
been  observed.  All  the  histological  types  were  found, 
but  the  spindle-ceUed  variety  largely  predominated. 
Williams  found  three  cases  in  a  series  of  twenty-five 
tumors;  Finsterer,  in  1906,  collected  twelve  cases  from 
the  literature;  and  in  1907  Connell  reported  a  personal 
case  and,  at  the  same  time,  presented  a  group  of 
thirty-four  cases  he  had  succeeded  in  collecting. 
Heredity  and  traumatism  seem  to  assume  a  role  of  less 
importance  than  in  carcinoma.  Sarcoma  also  appears 
at  an  earlier  average  age  than  does  carcinoma. 

Mammary  sarcoma  may  be  primary  or  secondary. 
The  priraarj'  forms  are  derived  from  the  connective- 
tissue  elements  of  the  gland — resembling  those  in  the 
embryonal  or  transitional  stages — and  arise  either  from 
the  intralobular  hyaline  connective  tissue  or  from  the 
more  dense  interstitial  fibrous  stroma  which  surrounds 
the  glandular  lobules.  The  secondary  form  is  ex- 
tremely rare  and  develops  from  a  preexisting  or  pri- 
mary focus  elsewhere  in  the  body — sarcoma  of  the 
ovary  and  tonsil,  for  example,  being  responsible  for 
such  metastases.  All  the  several  cellular  types  maj' 
exist  in  the  breast,  but  the  spindle-cell  variety  is 
oftener  seen,  the  round  cell  comes  next,  and  the  giant 
cell  and  the  melanotic  tj"pes  are  extremely  rare. 

The  variety  arising  from  the  hyaline  connective 
tissue  surrounding  the  smaller  ducts  and  acini, 
spoken  of  as  the  cystic  form,  is  much  the  more  common, 
and  is  said  to  represent  eighty  per  cent,  of  the  sar- 
comatous and  two  to  three  per  cent,  of  all  malignant 


diseases  of  the  mamma  (Finney).  It  has  a  common 
origin  with  the  fibroma,  and  is  apparentlj'  a  late  stage 
of  intracanalicular  myxoma.  Indeed,  Bloodgood 
states  that  he  has  ob.served  only  two  cases  of  sarcoma 
of  tho  breast  that  did  not  originate  in  large  intra- 
canalicular myxomatous  tumors,  although  he  has 
never  seen  it  in  small  growths  of  this  character. 
In  the  second  form,  the  so-called  solid  sarcoma,  the 
neoplasm  develops  from  the  interstitial  connective 
tissue  of  the  gland,  and  pushes  aside  and  compresses 
the  glandular  elements. 

Pathology. — The  tumor  is  apparently  distinctly 
encapsulated,  the  capsule  being  composed  of  connect- 
ive tissue  displaced  by  the  increasing  growth.  The 
surface  of  a  fresh  section  is  flesh  color  and  has  much 
of  the  appearance  of  the  fibroma,  although  the  clefts 
are  larger  and  the  connective  tissue  more  prolific,  and 
the  polj'poid  growths  crowd  into  the  clefts  and  slits 
and  rise  up  over  the  cut  surface.  There  is  some  epi- 
thelial growth,  as  shown  by  the  cells  piled  up  in  sev- 
eral rows  and  even  filling  the  cysts,  but  for  the  most 
part  the  epithelium  has  disappeared  from  the  surface 
of  the  clefts,  having  exfoliated  and  become  mixed  with 
the  mucus  filling  the  cyst  cavities.  Occasionally 
blood  may  fill  the  spaces,  but  usually  they  are  empty. 
The  structure  may  be  composed  of  spindle  cells  or 
round  cells,  and  this  may  vary  in  different  portions 
of  the  same  growth.  Thus,  in  some  parts  the  struc- 
ture is  fibrous,  in  some  parts  sarcomatous  tissue 
exists,  and  in  other  parts  myxomatous  structure  is  to 
be  seen.  Calcareous  degeneration,  cartilaginous  de- 
posits, or  even  osseous  material  is  sometimes  found 
in  ancient  growths. 

Symptoms  and  Clinical  Course. — Commonly  the 
tumor  is  located  centrally  and  beneath  the  nipple,  but 
when  it  is  seated  in  the  periphery  of  the  gland  it  evinces 
a  predilection  for  the  inner  and  upper  quadrant. 
The  growth  is  ordinarily  single  and  unQateral,  but 
both  breasts  may  be  affected,  and  the  tumors  may  be 
multiple.  At  first  it  is  encapsulated,  easily  moved 
about,  and  the  adjacent  structures  seem  to  be  un- 
affected; but  the  capsule  does  not  always  shut  it  off 
from  the  surrounding  structures  so  as  to  prevent  ex- 
tension, as  shown  in  the  occasional  occurrence  of  early 
metastasis.  Pain  and  tenderness  are  not  prominent, 
but  may  appear  at  the  menses;  the  nipple  is  not  re- 
tracted and  the  skin  is  unimplicated.  The  small 
growths  are  firm,  of  a  somewhat  irregular  outline, 
and  nodulated.  In  cases  of  long  standing  the  process 
involves  the  whole  gland  together  with  the  nipple, 
and  may  even  involve  the  pectoral  fascia  and  muscle. 
As  the  tumor  grows  it  assumes  an  irregular  shape,  with 
bosses  or  protuberances;  the  occurrence  of  cysts  is 
common,  and  hemorrhage  into  these  cysts  may  pro- 
duce a  marked  and  sudden  increase  in  size,  and  a 
change  in  the  contour  of  the  tumor.  The  skin  become 
red,  adheres  to  the  mass,  and  later  may  ulcerate,  to  be 
followed  by  the  out-cropping  of  a  foul  smelling  fungous 
mass.  The  edges  of  the  ulcerated  skin  are  not  adher- 
ent or  thickened,  but  sharply  margined.  Large 
veins  course  over  the  surface,  and  a  discharge  from  the 
nipple  may  or  may  not  exist.  The  axillary  lymph 
nodes  may  now  enlarge  but  this  is  not  usual,  and  when 
present  is  due  to  inflammatory  hyperplasia  and  rarely 
to  metastasis.  Metastatic  deposits  are  more  common 
in  the  viscera  and  skin,  and  evince  decided  preference 
for  the  lungs.  Metastasis  or  generalization  (sarcoma- 
tosis)  occurs  by  way  of  the  blood-vessels  and  not 
ordinarily  by  the  lymphatic  route,  which  accounts 
for  the  usual  immunity  to  infection  of  the  axillary 
lymph  nodes.  This  also  explains  the  frequent  occur- 
rence of  secondary  growths  in  the  pulmonary  areas, 
since  the  lungs  present  the  sj-stem  of  capUlaries  in 
nearest  proximity  to  the  breast,  and  in  which  locality 
embolic  sarcoma  cells,  swept  on  by  the  blood  stream, 
are  more  ant  to  be  lodged.  Metastases  may  occur 
early  and  when  the  tumor  is  small,  therefore,  the  lungs 
should  be  carefully  examined  to  determine  the  possible 
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presence  of  a  secondary  growth,  before  operation  is 
decided  upon.  Intercurrent  inflammations  are  apt 
to  give  impetus  to  the  progress  of  the  disease;  and 
when  the  tumor  develops  during  pregnancy  or  lacta- 
tion its  growth  increases  with  extreme  rapidity,  and  the 
disease  nas  a  promptly  fatal  termination.  Elevated 
temperature,  both  local  and  general,  has  been  noted 
in  rapidly  growing  tumors. 

Diagnosis. — These  tumors  are  always  benign  in  the 
beginning.  Therefore  in  the  early  stages  the  diagno- 
sis is  a  matter  of  extreme  uncertainty,  and,  more  fre- 
quently than  otherwise,  cannot  be  made  until  after 
excision  and  microscopic  examination.  The  chief 
clinical  features  of  sarcoma  are  its  irregular  and  com- 
paratively slow  growth,  the  large  proportion  it  reaches, 
its  distinct  capsule,  in  the  early  stages  its  resemblance 
to  fibroma,  and  the  absence  of  lymphatic  infection. 
Having  a  common  origin,  as  it  were,  with  the  fibroma, 
it  is  difficult  to  differentiate  it  from  that  neoplasm, 
and  especially  from  the  intracanalicular  mj'xomatous 
type.  It  may  be  mistaken  for  a  cyst,  and  it  has  many 
symptoms  in  common  with  medullar^'  carcinoma. 
The  appearance  of  the  tumor,  its  location,  whether 
single  or  multiple,  the  existence  of  softened  or  fluctu- 
ating spots,  and  the  absence  of  glandular  infection, 
taken  together  should  offer  a  group  of  symptoms  sug- 
gestive of  sarcoma.  In  the  late  stages  the  diagnosis  is 
much  less  difficult,  excluding  the  probable  confusion 
with  the  medullary  form  of  carcinoma. 

Prognosis. — Both  metastasis  and  local  recurrence 
are  frequent  in  .sarcoma  of  the  breast.  In  large  tumors 
and  at  a  late  stage  of  the  disease  recurrence  is  very 
common,  and  S.  W.  Gross,  whose  figures  are  evidently 
based  upon  these  advanced  types,  states  that  such 
occurs  in  more  than  fifty  per  cent,  of  the  cystic  forms. 
But  in  the  early  stages  the  tendency  to  recurrence 
after  operation  is  decidedly  less.  The  more  recent 
statistics  of  Poulson  show  that  in  seventj^-five  per  cent, 
of  breast  sarcomata  there  was  no  recurrence  at  the 
expiration  of  five  3-ears,  and  he  regards  the  end  results 
as  more  favorable  than  in  carcinoma.  It  has  been 
noted  that  the  softer  and  rapidly  growing  tumors  are 
more  prone  to  recurrence,  as  contrasted  with  the 
harder  and  less  active  growths.  Sarcomata  of  the 
breast  display  a  greater  degree  of  malignancy  in  young 
than  in  more  elderly  individuals.  Again  when  occur- 
ring in  the  dechning  stage  of  the  mammarj'  gland  it 
evinces  less  tendency  to  local  recurrence  but  a  greater 
disposition  to  metastasis  or  generalization;  whereas  in 
the  gland  that  is  in  a  state  of  functional  activity  the 
reverse  obtains,  greater  recurrences  and  fewer  meta- 
stases. In  the  round  celled  variety  the  prognosis  is 
less  favorable  than  in  the  tumor  composed  of  spindle 
cells,  although  in  the  latter  a  remarkable  disposition 
to  local  recurrence  has  been  noted.  The  melanotic 
tj-pe  is  extremel}^  maUgnant. 

It  has  been  demonstrated  that  prompt  and  re- 
peated operation  for  recurrences  may  result  in  per- 
manent recovery,  as  illustrated  by  the  well-known 
case  of  S.  D.  Gross  to  be  referred  to  later:  and  War- 
ren states  that  the  patient  may  be  regarded  as  safe 
if  there  is  no  recurrence  for  four  years  after  the  last 
operation. 

Treatment. — Sarcoma  does  not  admit  of  concession 
or  temporization  in  its  treatment,  but  in  the  large 
majority  of  instances  calls  for  prompt  and  complete 
removal  of  the  breast  including  the  pectoral  muscles. 
This  is  the  only  safe  procedure  in  every  case,  and  is 
imperative  in  large  and  rapidly  growing  tumors.  It 
is  often  stated  that  at  an  early  stage  and  in  small 
growths,  removal  of  the  tumor  along  with  a  wide  area 
of  healthy  gland  structure — outside  of  all  infiltration 
— is  sufficient;  but  complete  excision  of  the  breast 
in  all  cases  seems  to  be  the  wiser  course.  After 
invasion  of  the  axillary  lymph  nodes,  a  cure  is  not 
probable.  But  even  then  permanent  relief  is  occa- 
sionally secured;  besides,  radical  procedure  may  hold 
the  disease  in  abeyance  for  a  time,  and  therefore,  when 
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practicable,  the  patient  should  be  given  the  benefit 
of  operation.  When  generalization  of  the  disease 
has  taken  place,  surgery  is  useless. 

Where  the  case  is  inoperable  and  recurrent,  injec- 
tion of  Coley's  toxins  into  the  tumor  deserves  con- 
sistent trial,  and  in  some  instance  has  been  followed 
by  decided  shrinkage  of  the  growth  and  a  seeming 
cure.  In  the  same  class  of  cases  the  Roentgen  ray 
rnay  be  tried,  although  it  offers  but  scant  prospect 
of  success. 

Local  recurrences  should  be  promptlj'  dealt  with, 
and  even  after  repeated  operations  a  final  cure  may 
result.  S.  D.  Gross  reports  the  remarkable  case  of 
a  single  woman  upon  whom  twenty-two  operations 
were  done,  removing  fifty-one  recurrent  growths  in 
four  years — sacrificing  a  large  portion  of  the  pectoral 
and  other  costal  muscles — and  who  was  in  perfect 
health  nearly  eleven  years  after  the  last  operation. 
William  McDowell  Mastix. 
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Breath. — The  respired  air,  from  A.  S.  braed,  breath, 
odor.  Skeats  suggests  that  it  may  be  allied  to  Latin 
fragrare,  to  emit  a  scent:  fragum,  a  strawberry;  but 
this  is  uncertain.  Thus  in  the  very  origin  of  the  word 
there  is  inherent  the  idea  of  odor.  The  breath  con- 
sists of  nitrogen  and  oxygen,  the  proportion  of  the 
latter  being  less  than  that  present  in  the  atmosphere: 
a  httle  more  than  four  per  cent,  of  carbonic  acid, 
aqueous  vapor,  ammonia,  and  organic  impurities. 
In  recent  years  much  work  has  been  done  in  investi- 
gating the  nature  of  the  organic  matter  of  expired 
air.  Ben  obtained  100  c.o.  of  water  from  3,000 
liters  of  expired  air.  The  odor  of  this  water  was 
))ecuhar  but  not  disagreeable.  Its  organic  contents 
weighed  five  milligrams.  There  were  no  alkaloids  in 
it,  but  it  gave  a  reaction  for  ammonia.  There  is  no 
certain  knowledge  as  to  whether  microorganisms 
may  be  ehminated  by  the  breath,  although  the 
laity  believe  in  this  possibihty.  Welch  states 
that  the  consensus  of  authority  is  against  the  prob- 
ability of  such  an  occurrence.  E.xperiments  have 
shown  the  difficulty  with  which  microorganisms 
are  detaclied  from  moist  surfaces  by  air  currents, 
so  that  it  is  likely  that  they  are  never  conveyed 
to  the  outside  air  by  ordinary  quiet  breathing.  The 
proportion  of  carbonic  acid  is  increased  in  the  early 
stages  of  smallpox,  measles,  and  scarlatina,  and  during 
the  existence  of  any  extensive  skin  disease.  It  is  di- 
minished in  typhus  fever.  The  temperature  varies 
somewhat,  being  influenced  sUghtly  by  that  of  the 
external  air,  but  .seldom  falls  below  90°  F.  When  the 
temperature  of  the  inspired  air  is  very  high,  as  in  the 
hot  room  of  a  Turkish  bath,  the  breath  may  appear, 
l)y  comparison,  to  be  cool.  In  fevers  its  heat  is  in- 
creased, but  in  the  algid  stage  of  cholera  it  is  almost 
cold. 

In  health  the  breath  is  nearly  odorless,  but  there 
is  a  sweet  odor  from  certain  glands  at  the  muco- 
cutaneous junction  of  the  nostrils.  Nature  has 
designed  this  as  a  sexual  e.xcitor,  and  together 
with  other  attractions  between  the  sexes  it  helps 
to  insure  reproduction  of  the  species.  This  is  not 
characteristic  alone  of  the  female,  but  the  male 
also,  if  hving  a  comparatively  normal  life,  pos- 
sesses the  same  attraction.  The  pleasure  of  kissing  is 
due  chiefly  to  this  source.  Consequently,  in  blunted 
olfactories,  osculation  loses  its  greatest  charm.  Each 
person  is  characterized  by  his  own  pecuUar  nasal  odor, 
and  the  more  refined  he  is,  and  the  higher  in  the  scale 
of  civihzation,  the  more  dehcate  the  odor.  On  the 
contrary,  the  coarser  the  individual,  the  more  heavy 
the    odor,    e.g.   negroes  emit  a  musky   odor.     Indi- 
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vifliials  wlio  are  nut  in  good  condition  for  reproduc- 
tion, or  \vlio  are  lacking  in  passion,  possess  slight  nasal 
odors.  It  has  been  stated  to  be  absent  or  disagree- 
able in  pregnant  women. 

Among  the  curiosities  of  literature,  there  are  re- 
ported cases  of  luminous  or  bright  red  breath;  and 
others  of  inflammable  breath — in  which  there  was  a 
flash  of  flame  from  holding  a  lighted  match  near  the 
mouth.  This  last  phenomenon  is  probably  due  to  the 
formation  of  combustible  carbureted  hj-drogen  from 
the  chemical  decomposition  of  breath.  James  Graj',  in 
the  Lancet,  speaks  of  the  "peculiar  odor  of  the  breath 
previous  to  death,"  and  cites  two  cases  in  which  was 
e.Khaled  the  same  phosphoric  odor  just  before  death. 

The  odor  of  the  breath  is  modified  temporarilj'  by 
many  cau.ses.  Mental  emotion  often  exerts  a  power- 
ful influence  over  it.  If  the  many  well-known 
pathological  effects  of  excessive  emotion  be  reviewed, 
this  fact  will  not  seem  strange.  For  mental  dis- 
turbance may  so  change  the  secretions  of  the  ali- 
mentary tract  and  the  glandular  system  that  the 
normal  elimination  of  waste  products  is  prevented, 
and  an  extra  burden  is  thrown  on  the  lungs,  with 
resulting  foul  breath.  Or  the  sudden  excitement 
may  cause  a  greater  destruction  of  tissue  than  normal, 
so  that  before  the  intestinal  glands  can  accommodate 
themselves  to  this  increase  the  burden  of  vicarious 
elimination  is  thrown  upon  the  lungs.  The  subjects 
are  not  always  conscious  of  its  presence.  There  is 
generally  a  pasty  taste  in  the  mouth,  and  this  to- 
gether with  the  disagreeable  breath  may  be  almost 
instantaneous  with  tlie  occurrence  of  the  emotion. 
Such  patients  are  commonly  neurotic  and  high-strung 
and  possess  a  mercurial  temperament.  Many  vola- 
tile substances  taken  into  the  system  through  the 
ordinary  channels  are  excreted  in  part  through  the 
lungs,  and  impart  their  odor  to  the  breath.  Thus 
turpentine,  alcohol,  onions,  cheese,  spices,  and  many 
other  aUmentary  and  medicinal  substances  taken  into 
the  stomach  are  quickly  detected  by  their  pecuhar 
smell  in  the  expired  air.  In  women  the  expired  air 
frequently  acquires  a  disagreeable  character  during 
the  menstrual  period,  said  to  be  due  to  the  nasal  and 
retronasal  secretion  of  the  mucous  membrane,  which 
at  that  time  is  congested.  In  feverish  conditions  the 
breath  acquires  a  sweetish,  or  sometimes  sickening, 
character.  This  is  particularly  noticeable  in  children, 
and  in  them  is  often  suggestive  of  the  odor  of  chloro- 
form. In  diabetes  meUitus  there  is  often  a  peculiar 
sweetish  odor,  which  is  cUtficult  to  describe,  and  which 
has  been  likened  to  that  of  honey,  sweet  apples,  or 
hay.  In  uremia  the  breath  is  said  often  to  acquire  a 
strongly  ammoniacal  odor  due  to  the  non-elimination 
of  the  urea,  which  persists  in  the  blood  and  combines 
with  the  water  to  form  carbonate  of  ammonium.  The 
skin  also  exhales  the  same  odor.  In  pyemia  also  the 
breath  is  peculiar  and  characteristic.  Dr.  Tavignot, 
a  French  writer,  described,  some  years  ago,  a  peculi- 
arity of  the  breath  in  glaucoma,  to  which  he  gave  the 
name  of  haleine  safranee:  and  he  maintained  that 
this  was  constantly  present  in  persons  suffering  from 
that  affection.  There  are  cases  recorded  of  exten- 
sive burns  in  which  the  breath,  formerly  sweet,  has 
assumed  the  disgusting  odor  of  bisulphide  of  carbon. 
Migraine  may  be  accompanied  by  a  bad  breath. 
Tuberculosis  can  often  be  detected  by  a  characteristic 
breath.  Pernicious  anemia,  pseudoleucemia,  and  in- 
terstitial nephritis  also  frequently  have  this  symptom. 

Various  mineral  substances,  which  are  themselves 
nearly  or  quite  without  smell,  cause,  when  introduced 
into  the  system  in  sufficient  quantities  and  during  a 
certain  period  of  time,  a  very  disagreeable  odor  of 
the  breath.  This  occurs  from  stomatitis  in  some 
cases,  and  in  others  from  the  disturbance  of  digestion, 
induced  by  the  chronic  poisoning.  The  substances 
which  most  frequently  are  concerned  in  the  produc- 
tion of  toxic  halitosis  are:  antimony,  arsenic,  lead, 
mercury,    phosphorus,    and    sulphur.     Sulphur    im- 
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parts  a  lUstinct  odor  after  two  hours,  not  only  to 
the  breath,  but  also  to  the  perspiration. 

In  chronic  alcoholism  the  odor  of  the  expired  air 
is  very  foul,  not  necessarily  alcoholic  tmless  liquor 
has  been  recently  taken,  but  possessing  a  peculiarity 
all  its  own,  and  unlike  anj'thing  else.  The  excessive 
use  of  tobacco  not  infrecjuently  imparts  a  foul  odor 
to  the  breath. 

A  permanent  foulness  of  the  breath  is  due  either  to 
interference  with  the  elimination  of  the  products  of 
decomposition  by  the  intestines  and  kidneys  or  to  local 
causes  existing  in  some  part  of  the  respiratory  tract. 

Perhaps  the  most  frequent  cause  of  a  bad  breath 
is  dyspepsia,  either  gastric  or  intestinal.  The  hurry, 
excitement,  and  worry  characteristic  of  our  present 
century  are  greatly  to  blame  for  these  iUs.  Over- 
work, excessive  application  to  business,  sedentary 
habits,  and  the  habit  of  "bolting"  food,  all  bring  in 
their  train  disastrous  results.  In  this  case  the  elimi- 
nation of  the  products  of  decomposition  and  of  the 
effete  matters  of  the  tissues  by  the  normal  chan- 
nels is  interfered  with  to  a  greater  or  lesser  extent, 
and  the  task  of  their  excretion  from  the  economy 
is  in  part  thrown  upon  the  lungs.  The  expired  air 
contains  a  large  amount  of  organic  matter,  which  is 
oft«n  very  iU-smelhng  and  offensive.  In  cancer  of 
the  stomach  or  liver,  disordered  digestion  is  often 
heralded  by  a  foul  breath.  In  chronic  constipation, 
especially,  the  odor  of  decomposing  organic  matter  is 
most  marked.  A  very  common  symptom  of  intestinal 
worms,  especially  ascarides  in  children,  is  foul  breath. 

Among  local  causes  there  are  various  affections 
of  the  mouth,  nose,  pharj'nx,  larynx,  and  lungs. 

Many  cases  of  foul  breath  are  due  to  laj'ers  of 
thickened  and  decomposing  epithelium  commonly 
covering  the  upper  surface  of  the  tongue,  especially 
at  the  base  of  this  organ.  These  masses  may  be 
scraped  from  the  surface  by  means  of  a  tongue 
depressor  or  spatula. 

Dental  caries  is  a  well-known  cause  of  foul  breath. 
This  arises  not  only  in  consequence  of  the  decay  of 
the  teeth,  but  also,  and  chiefly,  from  decomposition 
of  food  lodged  in  the  cavities  and  between  the  teeth. 
These  causes  may  give  occasion  to  a  fetid  breath  in 
persons  who  are  careless  in  cleansing  the  mouth, 
even  when  the  teeth  are  perfectly  sound.  Gin- 
givitis, from  arsenical  or  mercurial  poisoning,  or 
from  scurvy,  may  give  rise  to  a  bad  breath,  as  may 
also  syphilitic  ulcerations  of  the  buccal  cavity  or 
fauces.  Pyorrhea  alveolaris  is  also  another  cause. 
"Spontaneous  stomatitis"  occurs  without  any  appar- 
ent cause.  The  entire  interior  of  the  mouth  is 
affected,  and  the  fetid  saliva  taints  the  breath.  In 
many  points  this  affection  resembles  mercurial  sto- 
matitis. Follicular  stomatitis  occurs  at  any  age. 
This  inflammation  takes  its  origin  in  the  folhcles 
of  the  mucosa,  on  the  inside  of  tne  lips,  and  on  the 
.sides  of  the  tongue.  In  certain  cases  a  vesicular 
eruption  (herpes)  is  the  first  manifestation  of  the 
disease.  There  is  a  condition  known  as  catarrh  of 
the  tongue,  which  is  usually  associated  with  dyspep- 
sia, but  may  occur  independently  of  it.  Here  again 
decomposition  of  mucus,  epithelial  scales,  and  food 
particles  as  well  as  bacteria  are  the  offending  cause. 
In  necrosis  of  the  jaw  which  may  result  from  mineral 
poisons,  decayed  teeth,  or  syphilis,  the  odor  is  fre- 
quently sickening.  The  breatli  of  patients  suffering 
with  carcinoma  of  the  tongue  and  neighboring  parts 
is  very  penetrating,  but  that  from  cancrum  oris 
is  almost  unbearable,  and  once  experienced  can  never 
be  forgotten. 

In  nasal  polypi,  after  the  secretion  from  the  nose 
becomes  mucopurulent,  the  breath  is  apt  to  be  dis- 
agreeable. Ozena,  from  whatever  cause  produced,  is 
frequenth'  responsible  for  a  most  foul  and  repulsive 
odor.  This  is  due,  according  to  Browne,  to  the  fact 
that  "the  crusts  and  discharges  usually  contain 
decompo.sing   fatty    globules    and    microorganisms." 
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Mmitli-lircathers  with  nasal  stenosis  are  often  afllicted 
with  bad  breath. 

Like  tlie  odor  of  necrosis  of  the  jaw,  tliat  of  fol- 
licul;ir  tonsilhtis  and  pharyngitis  is  siclsenins;.  In  the 
hvtter  case  the  oilor  is  due  to  decomposition  of  the 
secretion  and  food  particli's  tilhiiR  U|)  the  foUicIes, 
anil  is  often  suggestive  of  fecal  matters.  This  inspis- 
sated secretion  becomes  chee.sy  in  consistence. 
Chronic  enlargement  of  the  tonsils  is  ant  to  occur  in 
young  people  with  the  so-called  scrofulous  diathesis. 
The  breath  in  the.se  cases  is  often  foul.  In  diphtheria 
there  may  be  a  disagreeable  fetor  of  the  e.vpired  air 
suggestive  of  putrefaction.  Putrid  sore  throat  shares 
with  diphtheria  this  symptom  of  halitosis.  Syphi- 
litic ami  tuberculous  ulcerations  in  the  larynx  often 
impart  an  unpleasant  odor  to  the  breatli,  and  the 
fetor  of  some  forms  of  bronchitis,  of  bronchiectasis, 
and  of  abscess  and  gangrene  of  the  lungs  is  too  well 
known  to  require  any  description. 

Finally,  some  individuals  suffer  from  a  more  or  less 
fetid  breath,  the  cause  of  which  it  is  impossible  to 
discover.  It  is  often  congenital;  it  is  constant,  and 
not  dependent  upon  any  apparent  deviation  from 
health,  b\it  may  be  associated  with  a  strong  and 
unpleasant  odor  of  the  sweat  and  other  secretions. 

In  the  following  table  the  various  conditions  lead- 
ing to  the  production  of  a  bad  breath  are  arranged 
under  their  several  classes  for  convenience  of  reference. 


Transient. . 


Systemic . 


Toxic. 


Digestive. 


Buccal. 


Na^al. 


Faucial. 


Laryngeal.  , 
Pulmonary  . 
Idiopathic. 


Causes  of  Halitosis. 

Mental  disturbance. 

Various  ingesta,  medicinal  and  alimentary. 

The  menstrual  period. 

Fevers. 

Diabetes  mellitus. 

Uremia. 

Pyemia. 

Glaucoma  (?). 

Burns. 

-Migraine. 

Tuberculosis. 

Pernicious  anemia. 

Pseudoleucemia. 

Interstitial  nephritis. 

Antimony. 

Arsenic. 

Lead. 

Mercury. 

Phosphorus. 

Sulphur. 

Alcohol. 

Tobacco. 

Gastritis. 

Dyspepsia. 

Cancer  of  stomach  or  liver. 

Constipation. 

Hepatic  disorders. 

Enteritis. 

Intestinal  worms,  particularly  ascarides  in  children. 

Dental  caries. 

Gingi\itis. 

Stomatitis. 

Pyorrhea  alveolaris. 

Lingual  catarrh. 

Necrosis  of  jaw. 

Carcinoma  of  tongue  and  other  parts. 

Cancrum  oris. 

Lack  of  cleanliness. 
f  Polypi. 
1  Ozena. 

iFolUcular  tonsillitis. 
Follicular  pharyngitis. 
Syphilitic  ulceration. 
Diphtheria. 
Putrid  sore  throat. 
f  Carcinoma. 
I  Ulceration, 
f  Bronchiectasis. 
Putrid  bronchitis. 
Tuberculous  ulceration  (cavities). 
Gangrene. 
I  Abscess. 
[  Carcinoma. 


The  treatment  of  a  foul  breath  consists  essentially 
in  discovering,  and,  if  possible,  removing  the  cause. 
In  by  far  the  largest  number  of  cases  the  origin  of 
the  trouble  resides  in  digestive  disturbances,  usually 
associated  with  constipation,  or  in  carious  or  dirty 
teeth.  The  first  care  of  the  physician  should  be, 
therefore,  to  regulate  the  digestive  functions,  and  to 
see  that  the  hygiene  of  the  mouth  is  properly  attended 
to.  If  the  gums  are  spongy  or  receding,  a  tooth 
wash  containing  myrrh  should  be  used.  .\11  cavities 
should  be  plugged  with  gold  or  some  other  suitable 
filling,  as  the  dentist  may  advise,  and  the  tartar, 
which  accumulates  between  and  behind  the  teeth, 
should  be  removed  from  time  to  time.  The  teeth 
should  be  picked  after  each  meal  to  remove  the 
jjarticles  of  food,  or,  better  still,  they  should  be 
cleaned  by  means  of  dental  floss,  and  should  then 
be  brushed  with  plain  water,  .soap  and  water,  or  a 
reliable  dentifrice.  If  the  stomach  is  at  fault,  in 
addition  to  the  remedies  suitable  to  the  condition,  a 
piece  of  charcoal  cake  or  charcoal  powders  may  be 
taken  shortly  after  meals.  An  odor  which  cannot  be 
removed  may  be  more  or  less  effectually  disgui.sod 
by  oil  of  nutmeg,  cinnamon,  cardamom  seed,  cloves, 
pimenta,  lavender  water,  sweet-flag,  leaves  of  the 
common  partridge  berry,  allspice,  coffee,  or  other 
aromatics.  \  solution  of  carbolic  acid  (1  to  200)  may 
be  used  as  a  mouth  wash  or  gargle  when  the  fetor  is 
due  to  organic  destruction  of  tissue.  The  following 
is  an  agreeable  mouth  wash  which  will  often  disguise 
unpleasant  odors:  Thymol,  0.50  gram  (7^  grains); 
alcohol,  sixty-two  grams  (two  ounces);  borax,  one 
gram  (fifteen  grains);  distilled  water,  500  grams 
(one  pint).  The  mouth  is  to  be  rinsed  frequently 
with  this  solution. 

For  persistent  foul  breath,  Howe  advises  the  fol- 
lowing combination.  In  the  first  place,  the  teeth 
should  be  thoroughly  cleansed  and  the  gums  sponged 
with  a  solution  of  myrrh  and  water;  then  one  of  the 
following  lozenges  may  be  allowed  to  dissolve  in  the 
mouth:  Powdered  cinnamon,  pimenta,  and  cardamom, 
of  each  two  grams  (thirty  grains);  white  sugar,  four 
grams  (one  drachm);  mucilage  of  gum  acacia,  q.s.  to 
make  fifty  troches. 

In  conjunction  with  these,  the  following  may  be 
employed:  Powdered  caraway  seed,  coriander  seed, 
and  cinnamon,  of  each  two  grams  (thirty  grains); 
white  sugar  four  grams  (one  drachm),  mucilage  of  gum 
acacia,  q.  s.;  make  fifty  troches.  Dissolve  one  in  the 
mouth  when  necessary. 

All  these  deodorizers  are,  however,  of  necessity 
merely  palliative  in  their  effects,  and  the  cause  should 
always,  if  possible,  be  searched  for  and  removed. 

Emm.*.  E.   Walker. 


Brehmer,  Hermann. — Born  in  Kurtsch,  Germany, 
on  August  14,  1S26.  He  received  the  degree  of  Doctor 
of  Medicine  from  the  University  of  BerUn  in  1853.  In 
1854  he  established  at  Goerbersdorf  an  institution 
which  had  for  its  object  the  cure  (largeh'  by  an  out- 
door Ufe)  of  pulmonary  consumption;  and  from  that 
time  to  the  end  of  his  life  he  devoted  all  his  energies  to 
the  efficient  management  of  this  institution.  As  soon 
as  its  success  became  known  it  served  as  the  model 
for  many  similar  estabhshments  in  various  parts  of  the 
world;  it  was  also  the  forerunner  of  those  high-alti- 
tude resorts  the  importance  of  which  in  the  treat- 
ment of  pulmonary  tuberculosis  is  to-day  being  more 
and  more  thoroughly  recognized.  Brehmer  died  on 
December  23,  1889.     (Pagel.) 

Schuchardt  of  Gotha  has  written  a  very  full 
account  of  Brehmer's  life  and  of  the  manner  in 
which  he  conducted  his  institution  at  Goerbersdorf. 
This  article  will  be  found  in  the  "Jahrbuch  der 
Konigl.  Akad.  gemeinniitziger  Wissenschaften  zu 
Erfurt,"  Neue  Folge,  Heft  xxiv.,  1898;  its  title  is: 
"Zur   Geschichte   der  Anwendung  des   HohenkUmas 
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(Gebirgsklimas')  behufs  Heilung  der  Lunge nschwind- 
sucht  (Lungentuberculose)."  A.  H.   B. 


Bretonneau,  Pierre. — Born  at  Saint-Georges-sur- 
Cher.  France,  April  3,  177S.  About  179S  he  came  to 
Paris  and  began  the  study  of  medicine.  Failing,  how- 
ever, at  the  proper  time  to  pass  the  examinations  nec- 
essary for  obtaining  the  degree  of  Doctor  of  Medicine, 
he  returned  to  Tours  and  began  the  practice  of  his 
profession  under  the  simple  title  of  "  Officier  de  Santd" 
Thanks  to  an  epidemic  of  typhoid  fever  which  pre- 
vailed in  the  Touraine  from  1816  to  1819,  he  nad 
the  opportunity  to  learn  a  good  deal  about  the  patho- 
logical anatomy  of  this  disease.  It  was  he  who  first 
noted  the  existence  of  an  eruption  on  the  intestinal 


Fig.  1139. — Pierre  Bretonneau. 

mucous  membrane,' and  he  then  gave  to  the  disease 
the  name  of  "dothienent^rite."  A  few  years  later 
his  pupil,  Armand  Trousseau,  described  the  lesions 
more  minutely.  From  1818  to  1821  the  Touraine 
was  visited  by  a  second  epidemic  of  disease  of  a 
serious  nature.  From  the  external  appearance  pre- 
sented by  its  characteristic  lesion  Bretonneau  gave 
to  this  disease  the  name  of  "  diphtherite " — a  name 
which  has  since  become  firmly  fixed  in  medical  no- 
menclature. The  latter  discovery  wiO  be  found  de- 
scribed in  an  article  published  by  him  in  1826  under 
the  title:  "Des  inflammations  speciales  du  tissu  mu- 
queux,  et  en  particuUer  de  la  diphtherite,  ou  inflam- 
mation pelliculaire,  connue  sous  le  nom  de  croup, 
d'angine  mahgne,  d'angine  gangr^neuse,''  etc.  He 
died  at  Passy,  a  suburb  of  Paris,  on  February  18, 
1862.     (Pagel.) 

It  is  not  entirely  due  to  the  two  discoveries  men- 
tioned above  that  Bretonneau  has  found  a  place  in  the 
history  of  medicine,  for  he  was  one  of  the  most  original 
characters  imaginable,  even  in  his  ordinary  everj'- 
day  Ufe.  A.  H.   B. 


Brides-Les=Bains  is  a  spa  in  Savoy,  France,  often 
called,  because  of  the  composition  of  its  waters,  the 
French  Carlsbad.  Until  recently  the  place  was  practi- 
cally inaccessible,  the  nearest  railway  station  being 
twenty  miles  away.  Now,  however,  the  railroad  has 
been  extended  and  there  is  a  station  at  Mou  tiers, 
distant  only  three  miles.  The  village  is  most  pictur- 
esquelj'  situated,  at  an  altitude  of  1,800  feet  above  sea 
level,  in  a  valley  running  from  southeast  to  northwest, 
enclosed  on  either  side  by  almost  precipitous  mountain 
slopes. 

Access. — The  station  of  Moutiers  is  on  the  Paris, 
Lyons,  Mediterranean  Railway.  672  miles,  or  thirteen 
hours,  from  Paris;  fare,  75  fr.  35  c.  first  class,  and  50 
fr.  90  c.  second  class. 

Analysis. — The  following  is  the  composition  of  the 
water,  according  to  an  analysis  made  by  Willm  in  1890: 
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Grams. 

Grains, 

perUter. 

per  pint. 

0.3133 

2.7752 

Carbonate  of  magnesium.  - 

.0112 

.0992 

Carbonate  of  iron 

.0078 

.0692 

Silica 

.0464 

.4108 

Chloride  of  sodium. 

1.S31S 

16.2244 

Sulphate  of  sodium 

1.1604 

10.2836 

Sulphate  of  potassiuni 

.0946 

.8380 

Sulphate  of  lithium. . 

.0095 

.0840 

Sulphate  of  calcium. 

1.7143 

15.1940 

Sulphate  of  magnesium 

.5288 

4.6836 

Arsenate  of  sodium 

.0008 

.0071 

Phosphates,  bromides,  iodides 

Traces. 

Traces. 

Carbonic  acid  forming  bicarbonates. . .  . 

.2934 

2.6012 

.1017 

.9008 

Indications. — The  waters  of  Brides  are  in  moderate 
doses  laxative,  in  larger  quantities  (six  to  eight  glasses 
daily)  purgative.  It  is  claimed  that  they  can  be  taken 
for  many  da\'s  in  succession  without  increasing  the 
dose,  and  they  do  not  irritate  to  the  same  degree  as  do 
many  of  the  stronger  purgative  waters.  They  are  used 
in  various  disorders  of  the  abdominal  \iscera,  such  as 
congestion  of  the  Hver  following  dietetic  imprudences 
or  alcoholic  excesses  or  a  prolonged  residence  in  the 
tropics,  gallstones,  constipation,  functional  disturb- 
ances of  the  digestive  tract,  obesity,  the  so-called 
uric-acid  diathesis,  gravel,  diabetes,  anemia  and 
chlorosis,  and  chronic  congestion  of  the  uterus  and 
adnexa.  In  many  cases  treatment  with  Brides  water 
internally  is  combined  with  baths  at  SaUns-Moutiers, 
distant  two  miles  from  Brides. 

Accommodations. — There  are  four  hotels  at  Brides, 
in  addition  to  numerous  boarding  houses,  which 
aflford  good  and  ample  accommodations  at  from  six 
to  eight  francs  and  upward  a  day.  A  casino,  music  in 
the  park,  and  the  usual  attractions  of  the  continental 
spa  are  to  be  found  here.  There  are  two  churches,  a 
Catholic  and  a  Protestant,  the  latter  being  served  by 
an  English  clergyman  during  the  season.  The  cUmate 
is  mild,  but  not  enervating.  The  season  extends  from 
the  middle  of  Maj-  to  the  middle  of  September. 

S.\LiN-MouTiERS. — This  is  a  small  thermal  station 
in  Savo}-,  France,  distant  672  miles  from  Paris,  on  the 
Paris,  Lj-ons,  Mediterranean  Railway.  It  is  situated 
in  a  narrow  valley  in  a  grandly  picturesque  country, 
at  an  elevation  of  about  1,500  feet  above  the  level  of 
the  sea.  It  is  two  miles  from  Brides-les-Bains,  with 
which  it  is  connected  b\-  an  electric  railway. 

Analysis. — The  following  is  the  composition  of  the 
water,  according  to  an  analysis  made  by  M.  Willm,  Pro- 
fessor of  Chemistry  at  Lille,  in  1890: 


Grams. 

Grains. 

per  liter. 

per  pint. 

0.6488 

5.8392 

Carbonate  of  magnesium . 

.0089 

.0801 

Carbonate  of  iron 

.0136 

.1224 

Silica 

.0332 

.2988 

Chloride  of  sodium 

12.4886 

112.3974 

Chloride  of  potassium.  .  .  . 

.1695 

1.5255 

Sulphate  of  lithium. .    . 

.0046 

.0414 

Sulphate  of  calcium. . . 

2.0638 

18.5742 

Sulphate  of  magnesium 

.8460 

7.6140 

.0007 
Traces. 

.0063 

Phosphates,  bromides,  iodides 

Traces. 

.0192 

.1728 

Carbonic  acid  forming  bicarbonates 

.5906 

5.3154 

.3854 

3.3486 

Indications. — The  waters  of  Salins-MoOtiers  are  em- 
ployed chiefly  for  bathing,  usually  in  connection  with 
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the  internal  use  of  the  water  of  Urides-les-Bains,  but 
they  arc  also  taken  internally  in  special  cases.  Accord- 
ingly to  D.  W.  Saniways,  "for  young  people  with  en- 
larged glands,  anemia,  chlorosis,  oV  general  lack  of 
vigor,  these  baths  are  excellent,  especially  in  conjunc- 
tion with  the  climatic  advantages  of  the  locality.  For 
the  overworked  or  neurasthenic,  for  those  also  in  whom 
convalescence  is  tardy,  they  are  similarly  very  reviving. 
For  such  cardiac  aflfections  as  can  be  relieved  or  con- 
trolled by  baths  and  e.xcrci.ses  similar  to  those  in  vogue 
at  Naulicirn,  and  for  certain  congestions  and  (ii-s- 
orders  of  the  uterus  and  its  appendages  they  are  also 
very  beneficial." 

Accomnindations. — There  is  a  hotel  at  Salins- 
MoOtiers,  and  there  arc  also  many  boarding  houses  in 
the  village  where  guests  may  find  suitable  accommoda- 
tions. Most  of  those  who  take  the  baths,  however,  do 
so  in  conjunction  with  the  internal  use  of  the  waters  of 
Brides-le.s-Bain.s,  and  live  at  the  latter  place.  The 
climate  is  mild  but  invigorating.  The  season  lasts 
from  the  middle  of  May  to  the  middle  of  September. 

Edward  O.  Otis. 


Briggs,  William. —  Born  at  Norwich,  England,  in 
1041.  He  obtained  his  academic  training  at  the 
University  of  Cambridge,  and  then  went  to  Mont- 
pellier,  France,  where  he  pursued  his  medical  studies 
under  Vieussens.  In  1670,  after  he  had  returned  to 
England,  he  published  his  treatise  on  the  anatomy 
and  diseases  of  the  ev-e.  In  1677  Cambridge  Univer- 
sity conferred  on  him  the  degree  of  Doctor  of  Medi- 
cine, and  soon  afterward  he  was  made  a  member  of 
the  Royal  Society  of  London.  In  16S3  he  was 
appointed  an  attending  physician  at  St.  Thomas' 
Hospital,  and  a  few  j'ears  later  was  chosen  bv' 
King  WiUiam  to  be  his  Physician-in-Ordinary.  He 
died  September  4,  1704,  at  West  Mailing  in  the 
County  of  Kent. 

Briggs  was  chiefly  distinguished  for  the  researches 
which  he  made  into  the  anatomy  of  the  eye  and  for 
the  extensive  knowledge  which  he  acquired  of  the 
diseases  of  this  organ.  The  great  Newton  held  him 
in  high  esteem.  The  book  to  which  reference  has 
already  been  made  bears  the  following  title:  "Oph- 
thalmographia,  sive  oculi  ejusque  partium  descriptio 
anatomica,"  Cambridge,  1676.  In  the  edition  which 
was  publisheil  at  London  in  168.5,  the  author  fur- 
nishes a  new  theory  of  vision.  Briggs  is  said  to  have 
been  the  first  anatomist  to  show  clearly  the  relations 
between  the  optic  nerve  and  the  retina. 

A.   H.   B. 


Briggs,  William  Thompson. — Born,  December  4, 
1828,  at  Bowling  Green,  Kentucky.  He  received  the 
degree  of  Doctor  of  Medicine  from  the  Transylvania 
University  in  1849.  In  1851  he  established  himself 
in  Nashville,  Tenn.  For  several  j-ears  he  held  the 
position  of  Professor  of  Surgery  in  the  Vanderbilt 
Universitv  of  Tennessee.  His  death  occurred  on 
June  13,  1894. 

.\mong  the  more  important  pubhcations  which  attest 
his  wide  experience  and  his  skill  as  a  surgeon,  the 
following  deserve  special  mention:  "History  of 
Surgery  in  Middle  Tennessee";  "Traumatic  Aneu- 
rysm of  the  Internal  Carotid,  the  Result  of  a  Punc- 
ture, Ligation  of  the  Common  Carotid  and  then  of 
the  Internal  Carotid  at  the  Seat  of  Injury  ":  "Trephin- 
ing in  Epilepsy."  A.  H.   B. 


Bright,  Richard. — Born  in  Bristol,  England,  Septem- 
ber 28,  1789.  He  began  the  study  of  medicine  in  1809 
at  the  University  of  Edinburgh.  In  1810  he  accom- 
panied Sir  George  Mackenzie  and  Sir  Henry  Holland 
on  a  voyage  to  Iceland.  In  the  book  which  the 
former  afterward  wrote  about  this  trip  ("Travels  in 


Iceland")  Bright  contributed  the  part  relating  to 
the  natural  history  of  the  region.  In  1811  and  1812 
he  frequented  Guy's  Hospital,  London,  and  in  1813 
he  received  the  degree  of  Doctor  of  Medicine  from  the 
University  of  Edinburgh.  In  1814  he  made  a  pro- 
longed trip  through  Germany  and  Austria  for  scientific 
purposes,  and  pubUshed  the  results  in  a  book  entitled: 
Travels  from  \ienna  through  Lower  Hangar}-,"  etc. 
(Edinburgh,  1818).  From  1817  to  1820  he  was  assist- 
ant physician  in  the  Fever  Hospital,  London;  and, 
after  acting  for  four  years  as  assistant  physician,  he 


Fig.  1140.— Richard  Bright. 

was  made  (in  1824)  full  physician  of  Guy's  Hospital. 
His  connection  with  the  latter  institution  continued 
up  to  the  time  of  his  death,  which  occurred  on  Decem- 
ber 16,  1858. 

Bright,  in  his  lectures,  paid  a  great  deal  of  atten- 
tion to  pathological  anatomy.  The  more  important 
details  regarding  the  discgveries  which  he  made  in 
the  pathology  of  the  kidneys  will  be  found  in  the 
"  Reports  of  Medical  Cases  selected  with  a  View  to 
Illustrate  the  Symptoms  and  Cure  of  Diseases  by  a 
Reference  to  Morbid  Anatomy"  (2  vols.,  London, 
1827  and  1831).  The  pubhcation  of  the  first  of  these 
volumes  marks  an  epoch  in  the  history  of  medicine; 
and,  as  a  result  of  his  discoveries.  Bright's  name  has 
been  permanently  attached  to  diseases  of  the  kidney. 
Then,  besides,  he  was  one  of  the  first  to  describe  the 
conditions  known  as  "yellow  atrophy  of  the  liver" 
and  as  "pigmentation  of  the  brain"  in  miasmatic 
melanemia,  etc.  In  1837,  when  Queen  Victoria 
mounted  the  throne.  Bright  was  appointed  her 
physician  extraordinary.  A.  H.   B. 

Bright's  Disease. — See  Kidneys,  Diseases  of. 

Brill's  Disease. — The  significance  of  this  newly 
described  syndrome  depends  chiefly  on  the  question 
of  its  identity  or  non-identity  with  exanthematous 
typhus.  Should  it  prove  to  be  only  an  aberrant  type 
of  the  latter,  its  consideration  would  belong  purely 
under  that  head.  If  the  balance  of  evidence  is  in 
favor  of  its  autonomy,  it  naturally  merits  a  full 
independent  discussion,  just  as  does  the  so-called 
"fourth  disease"  of  Dukes,  when  contrasted  with 
measles,  rotheln,  and  scarlet  fever.  Indeed,  Brill's 
disease  might  well  be  termed  the  "third  disea.se" 
in  a  group  orginally  made  up  of  typhus  and  typhoid 
(paratyphoid). 

Brill's  outline  of  his  symptom-complex  is  as  fol- 
lows: It  represents  an  acute  infectious  disease  of 
unknown  origin  and  pathology,  characterized  bj"  a 
short  incubation  period  (four  to  five  days),  a  period  of 
continuous  fever  accompanied  by  intense  headache, 
apathy,  and  prostration,  and  a  profu.se  and  extensive 
maculopapular    eruption.     The    duration    is    about 
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two  vreeks,  and  the  fever  then  ceases  by  lysis  or  crisis, 
after  which  aU  symptoms  disappear.  For  j-ears  there 
was  no  e\"idence  of  mortality  or  contagion.  A  few 
examples  of  apparent  contagion  of  Brill's  disease 
are  given  in  Friedman's  monograph  (1911)  while 
Brill  himself  in  the  same  year  gives  very  full  particu- 
lars of  his  one  fatal  case  in  which  deatfi  occurred  on 
the  tenth  day.  In  this  instance  the  disease  could  not 
be  communicated  to  animals. 

In  considering  the  possible  identity  of  Brill's  disease 
with  typhus,  we  may  note  that  the  so-caUed  "sporadic 
typhus'  seen  at  times  in  locahties  in  which  epidemic 
typhus  occurs,  and  which  has  always  been  mentioned 
by  authors,  does  not  apparently  differ  essentially 
from  Brill's  disease,  and  this  is  also  partially  true  of 
the  milder  cases  which  occur  in  the  midst  of  an 
epidemic,  although  such  cases  may  well  be  as  con- 
tagious as  any  others.  Even  entire  epidemics  of 
genuine  typhus  have  sometimes,  especially  of  late 
years,  shown  a  low  virulence  and  mild  course.  In 
order  to  appreciate  the  significance  of  a  gradual 
decrease  in  the  severity  of  these  epidemics  we  must 
bear  in  mind  that  modern  sanitation  does  not  tolerate 
the  overcrowding  which  once  was  a  leading  factor 
in    the    prevalence    and    deadliness    of  the   disease. 

The  history  of  typhus  in  the  United  States  is  con- 
fined to  a  few  epidemics,  severe  or  mild,  brought 
evidently  from  countries  in  which  the  disease  is 
epidemic.  The  last  of  these  was  in  1S92  and  it 
was  conceded  that  there  had  never  been  the  least 
endemic  persistence  of  any  of  these  epidemics. 
In  lS9o  Hubbard  saw  at  the  Riverside  Hospital  in 
New  York  cases  of  a  "pseudo-typhus,"  but  nothing 
was  subsequently  heard  of  them.  In  1S96  Brill 
first  began  to  note  the  affection  which  goes  by  his 
name  in  his  hospital  (Mt.  Sinai)  practice,  and  chiefly 
in  Russian  immigrants  who  of  course  came  from 
regions  not  spared  in  past  years  by  typhus,  severe 
and  mild.  He  kept  track  of  such  cases  for  fourteen 
years  before  making  public  the  results  of  his  ol> 
servations:  and  by  this  time  had  controlled  a  material 
of  221.  Had  there  been  any  specific  bacteriimi  or 
biological  reaction  known  for  typhus,  as  for  typhoid, 
there  would  of  course  have  been  no  problem  of 
identity.  As  it  was,  but  two  resources  were  available 
— first  inoculation  experiments  with  animals,  and 
second  further  clinical  investigation  of  the  two  sup- 
posedly distinct  maladies.  "The  former  have  given 
conflicting  results,  although  the  positive  finds  of 
Anderson  and  Goldberger  can  hardly  be  explained 
away.  In  regard  to  the  latter,  we  have  cumulative 
evidence  of  tne  existence  of  the  Brill  syndrome  in 
other  countries  and  under  other  circumstances;  and 
proofs  also  that  it  may  exceptionally  be  both  con- 
tagious and  fatal.  Edw.\rd  Preble. 


Brinton.  Daniel  Garrison. — Born  in  Chester  County, 
Pa.,  May  13.  1837.  He  received  the  degree  of  Doctor 
of  Medicine  from  Jefferson  Medical  College,  Philadel- 
phia, in  1860.  He  entered  the  United  States  Army 
in  1862  as  Acting  Assistant  Surgeon,  and  in  August, 
1865,  he  was  discharged  with  the  rank  of  Brevet 
Lieutenant  Colonel.  In  1867  he  became  assistant 
editor  of  the  Philadelphia  Medical  and  Surgical 
Reporter,  and  subsequently  its  editor;  also  editor 
of  the  Half-yearly  Compendium  of  Medical  Science. 
Dr.  Brinton  was  greatly  interested  in  historical,  anti- 
quarian, and  philosophical  questions,  and  was  in 
his  time  among  the  foremost  ethnologists  of  America. 
He  wrote  many  monographs  and  treatises  on  topics 
of  tliis  nature.  A  few  of  the  more  important  of  these 
may  here  be  mentioned:  "The  Floridian  Peninsula 
— its  Literary  History,  Indian  Tribes,  and  Antiq- 
uities," 1861:  "The  Shawnees  and  their  iUgrations, " 
1866;  "The  National  Legend  of  the  Chatha-Muskokee 
Tribes";  "The  Myths  of  the  New  Worid,"  1S6S;  "The 
Phonetic    Alphabet    of   Yucatan,"    1870;   and   "The 


ReUgious  Sentiment — a  Contribution  to  the  Science 
and  Philosophy  of  Religion."  1876;  "Aboriginal  Ameri- 
can Authors  and  their  Productions,"  1883;  "The 
Iroquois  Book  of  Rites,"  1883;  "  Races  and  Peoples," 
1890;  ■'  Reliffion  of  Primitive  Peoples,"  1897.  He  died 
at  Atlantic  City,  N.  J.,  July  31,  1899.        A.  H.   B. 


British  Medical  Association. — The  British  Med- 
ical Association  was  founded  in  1832  at  Worcester, 
Eng.,  by  Dr.,  later  Sir  Charles  Hastings,  and  has 
continued  an  uninterruptedly  active  course  during  the 
past  eighty-one  years.  It  was  formed  for  the  purpose 
of  associating,  for  mutual  benefit,  the  practitioners 
outside  of  London.  The  name  adopted  was  the 
"Pro^^ncial  Medical  and  Surgical  Association."  In 
1856  it  enlarged  its  scope  and  became  the  British 
Medical  Association.  It  was  incorporated  in  1874 
and  reincorporated  in  1909,  with  greatly  increased 
powers  and  more  freedom  of  action. 

From  its  earliest  inception,  in  addition  to  its  pro- 
fessional and  scientific  work,  it  has  kept  in  view  the 
moral  and  hygienic  welfare  of  the  public.  The  history 
of  the  Association  reflects  the  advance  from  the  ignor- 
ance and  crudeness  of  the  early  nineteenth  century  to 
the  enlightenment  of  the  present  day.  It  has  inaugu- 
rated and  carried  to  a  successful  issue  many  of  the 
reforms  that  have  taken  place,  and  its  advice  has  been 
asked  and  its  influence  sought  in  nearly  every  under- 
taking of  such  a  character.  Public  health  laws, 
housing  of  the  poor,  reform  of  the  poor-house  and 
infirmary,  baby-farming,  care  of  the  feeble-minded  and 
insane,  naval  and  armj-  hygiene,  and  innumerable 
kindred  reforms  are  in  a  great  measure  due  to  its 
efforts.  On  purely  professional  matters  it  has  been 
equally  active,  and  although  it  is  frequently  criticised ' 
by  its  members,  it  works  constantly  and  earnestly  for 
the  betterment  of  medicine.  It  is  the  recognized  rep- 
resentative body  of  the  medical  profession  in  Great 
Britain,  and  with  a  membership  of  over  23,000  and 
an  annual  income  of  over  two  hundred  and  fifty 
thousand  dollars,  it  is  enabled  to  exercise  an  important 
and  powerful  influence. 

Org.\xizatiox. — The  Dirision  is  the  unit  of  the  Asso- 
ciation. In  its  formation  it  is  guided  by  geographical 
and  numerical  conditions.  The  object  is  to  establish 
a  membership  of  500  who  are  within  easy  ac- 
cess of  common  centers  for  meeting.  It  manages 
its  business  as  it  thinks  proper  and  meets  as  often 
as  it  considers  desirable.  Each  Di\"ision  elects  dele- 
gates to  the  Representative  Body,  one  for  the  first  200 
members,  another  for  the  second  200,  and  an  ad- 
ditional one  for  each  succeeding  600.  To  facili- 
tate work  a  number  of  di%-isions  may  unite  to  form 
a  Branch. 

The  control  of  the  Association  is  in  the  hands  of  the 
Representative  Body,  which  meets  prior  to  the  annual 
meeting  and  at  such  other  times  as  is  necessary. 
L'pon  all  important  questions  the  views  of  the  Divi- 
sions are  obtained  and  the  representative  casts  his 
vote  accordingly.  In  addition  to  the  elected  members, 
the  Navy  and  Army,  and  the  Colonial  Branches  are 
represented. 

The  Representative  Body  appoints  an  Executive 
CouncU  which  is  the  business  directorate  and  during 
the  year  carries  out  the  details  and  oversees  the  work 
of  the  Association.  At  the  annual  Representative 
meeting  certain  standing  committees  are  appointed 
which  have  control  of  matters  relating  to  their 
particular  subject  and  report  annuallj-.  These  are 
Ethical,  ^ledicopolitical.  Parliamentary  Bills,  Organi- 
zation, Colonial,  Hospitals.  Naval  and  Military, 
Public  Health,  and  Scientific  Grants.  In  addition 
special  committees  are  appointed  from  time  to  time 
such  as  those  on  Chloroform,  Vaccination,  Uterine 
Cancer,  Modern  Treatment  of  Fractures.  As  an 
instance  of  these  special  committees,  on  the  request  of 
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the  "Fish  Mongers  Company"  one  was  appointed  to 
report  upon  tlie  bacteria  in  shell-fish  and  what  meas- 
ures should  be  adopted  to  render  shell  fish  suitable 
for  consumption.  All  the  reports  arc  particularly 
valuable  as  they  rejiresent  the  latest  word  ujoon  the 
subject,  presented  by  practical  and  experienced 
workers.  The  chairman  of  the  Representative  meet- 
ing anil  the  chairman  of  the  Council  liold  the  most 
important  offices  and  upon  their  shoulders  rest  great 
responsibilities.  The  actual  work  of  the  Association 
is  performed  by  the  Financial  or  Cieneral  Secretary, 
the  Medical  Secretary,  the  Editor,  the  Treasurer, 
and  their  staff  of  officials. 

Membeuship. — .All  regular  practitioners  througliout 
the  British  Empire  who  are  legally  cjualified  to 
practise,  are  eligible  for  membership.  They  are 
elected  by  the  Council  after  approval  by  the  Division 
through  which  this  application  is  made.  The  annual 
fee  is  twenty-five  shillings,  of  which  four  are  returned 
to  the  Division.  This  amount  entitles  the  member 
to  the  Journal  and  all  the  privileges  of  the  Association. 

Meetings. — The  meetings  of  the  Association  are 
held  annually  in  the  large  cities.  On  two  occasions 
they  have  taken  place  in  Canada — at  Montreal  in 
1S97,  and  in  1906  at  Toronto.  The  President  is 
selected  from  the  city  in  which  the  meeting  is  to  take 
place,  and  he  is  usually  informally  nominated  by  the 
local  Division.  In  1847  the  meeting  for  the  first  time 
divided  into  Sections,  forming  those  on  Medicine, 
Surgery,  Midwifery  and  Physiology.  These  now  vary, 
the  usual  number  being  about  twenty  or  twentj'-two — 
on  Anesthesia,  Anatomy,  Bacteriology,  Dermatology, 
Children's  Diseases,  Electrotherapeutics,  Gynecology 
and  Obstetrics,  Laryngology  and  Rhinology,  Medicine, 
Navy  and  Army,  Neurology  and  Psychology,  Ophthal- 
mology, Otology,  Pathology,  Therapeutics,  Physi- 
ology, State  Medicine,  Surgery,  Tropical  Medicine. 

Building. — The  offices  of  the  Association  are  in  its 
own  building,  situated  at  429,  Strand,  London,  W.  C. 
This  is  an  imposing  structure,  erected  in  1909  ami 
valued  at  some  three-quarters  of  a  million  dollars. 
In  it  are  also  a  valuable  library,  reading-room,  writing 
room,  and  all  the  convenience  of  a  club  for  those 
visiting  London. 

JouBN.^L. — The  Journal  was  established  in  1840  as 
Uie  Provincial  Medical  and  Surgical  Journal.  In  1844 
it  was  taken  over  by  the  Association  and  in  1856  it 
changed  its  name  with  the  Association  and  became 
the  British  Medical  Journal.  It  is  printed  by  the 
Association  in  its  own  printing  offices. 

Scientific  Grants. — To  encourage  scientific  re- 
search, annual  grants  have  been  made  since  1874 
These  are  now  the  Ernest  Hart  Memorial  Scholar- 
ship, for  research  in  State  Medicine,  of  the  value  of 
one  thousand  dollars,  tenable  for  one  year,  and  re- 
newable for  three  years;  two  Research  Scholarships 
of  the  value  of  seven  hundred  and  fifty  dollars,  for 
work  in  any  branch  of  medical  science.  Also  there 
are  numerous  grants  of  smaller  amounts  to  the  ex- 
tent of  two  thousand  dollars  to  research  workers  in 
various  laboratories.  The  reports  in  1912  were  upon 
thefoUowing  subjects:  "Anemia  of  ankylostomiasis," 
"Flies  and  other  insects  as  carriers  of  'infection" 
"Opsonic  index  in  plague  vaccination,"  "Destruc- 
tion of  alkaloids  by  emulsions  of  body  tissues," 
"Study  of  experimental  purpura,"  " Operative  treat- 
ment of  fractures,"  "Acute  and  subacute  lesions 
of  the  spinal  cord  through  infection  of  its  lymph 
system,"  and  "Cytology  of  the  blood  in  passive  im- 
munitv."  "  Beaumont  Small. 


Broca,  Paul. — Born  in  Sainte-Foy-la-Grande,  France, 
June  28,  1824.  At  the  earnest  wish  of  his  parents  he 
chose  medicine  as  his  profession  and  began  the  study 


of  this  branch  of  knowledge  at  the  University  of  Paris 
in  1841.  He  received  tlie  degree  of  Doctor  of  Medi- 
cine in  1849,  and  during  the  following  ten  years — by 
the  character  of  the  work  whicli  he  did  in  the  domain 
of  pathological  anatomy  and  in  that  of  surgery,  by  his 
attractiveness  as  a  Ic^cturer,  and  by  the  conspicuous 
merit  of  his  published  writings — he  attained  a  great 
and  well-merited  reputation  in  the  medical  world.  In 
ISuO,  however,  untler  the  stimulus  imparted  by  tlie 
works  of  Geoff roy-Saint-Hilaire,  Serres,  and  Quatre- 
fages,  he  began  to  devote  him.sclf  with  enthusiasm  to 
anthropology.  His  mimerous  writings  on  topics  be- 
longing to  this  department  of  science  will  be  found 
in  the  Journal  de  phiisiologie,  and  in  the  Bulletins 
and  M6moires  of  the  Soci^t^  d'Anthropologie. 
.Vmong  the  most  valuable  of  these,  his  essays  on  the 
functions  of  the  brain,  on  brain-localization,  and  on 
ajihasia  (or  apheniia)  certainly  deserve  to  be  mentioned 
first.  The  third  left  frontal  convolution  of  the 
cerebrum,  in  which  he  located  the  speech  centers,  is 
known  still  as  Broca's  convolution. 


Fig.   1141.— Paul  Broca. 

Broca,  however,  did  not  confine  his  work  within  the 
more  strictly  scientific  limits  of  the  domains  of  neurol- 
ogy and  anthropology;  in  the  later  period  of  his  life  he 
interested  himself  in  the  broad  subject  of  public  health, 
in  the  education  of  the  people,  in  infant  mortality,  in 
the  organization  of  a  sanitary  service  in  the  French 
Army,  etc.  In  recognition  of  the  valuable  services 
which  he  was  thus  rendering  to  the  nation  the  Senate 
of  France  elected  him  a  senator  for  life.  His  death 
occurred  on  July  8,  1880.     (Pagel.)  A.   H.   B. 


Brodhurst,  Bernard  Edward. — Born  in  Newark, 
England,  February  4,  1822.  He  studied  medicine  at 
the  London  Hospital  and  became  an  M.  R.  C.  S.  in 
1844.  In  1846  he  went  to  the  Continent  to  study 
and  was  in  Rome  in  1848  when  the  French  troops 
under  Cien.  Oudinat  advanced  upon  the  city,  then 
occupied  by  the  Garibaldians.  The  unexpected 
resistance  of  the  latter  resulted  in  severe  loss  to  the 
French.  Three  hundred  of  their  wounded  were 
taken  to  S.  Spirito  and  other  hospitals  in  Rome,  but 
owing  to  the  intense  feeling  against  them  they  feared 
the  Italian  surgeons  and  begged  to  be  placed  under  the 
care  of  foreigners.  The  Triumvirs  therefore  requested 
Brodhurst  to  minister  to  them  which  he  did  ^nth  such 
devotion  that  the  French  Government  rewarded  him 
with  the  Cross  of  the  Legion  of  Honor.  Returning 
to  London,  Brodhurst  was  appointed  to  the  stafl 
of  the  Royal  Orthopicdic  Hospital  where  he  served  as 
surgeon  to  the  time  of  his  death.  He  was  also 
surgeon  to  the  Royal  Hospital  for  Incurables  and 
consulting  surgeon  to  the  Roval  Hospital  for  C'hildren. 
He  was  elected  F.  R.  C.  S.  "in  1859.  In  1863  he  was 
appointed  assistant  surgeon  and  in  1869  orthopedic 
surgeon  to  St.  George's  Hospital,  where  he  was  also 
lecturer  on  orthopedic  surgery.  He  died,  January  30, 
1900. 
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Brodhurst  made  many  contributions  to  the  litera- 
ture of  orthopedic  surger}',  of  ■which  the  following  are 
the  most  important :  "On  the  Nature  and  Treatment 
of  Club-foot  and  Analogous  Distortions  Involving  the 
Tibiotarsal  Articulation,"  London,  1S56;  "Practical 
Observations  on  the  Diseases  of  the  Joints,  Involving 
Anchylosis,  and  on  the  Treatment  for  the  Restoration 
of  Motion,"  3d  edition,  London,  1861;  "The  De- 
formities of  the  Human  Body — A  Sj'stem  of  Ortho- 
pedic Surgery,"  London,  1871;  "On  Anchylosis  and 
the  Treatment  for  the  Removal  of  Deformity  and  the 
Restoration  of  JNIobility  in  Various  Joints,"  London, 
1881;  "On  Curvature  and  Diseases  of  the  Spine," 
London,  1883,  and  a  second  edition,  ISSS;  "On  the 
Nature  and  Treatment  of  Talipes  Equliiovarus,  or 
Club-foot,"  London,  1893.  T.  L.  S. 


Brodie,  Benjamin. — Born  at  Winterslow,  Wiltshire. 
England,  June  8,  1783.  Having  chosen  medicine  as 
his  profession  he  went  to  London  in  1801  and  at- 
tended the  lecturesof  John  Aberneth}'.  In  ISOS  he  was 
appointed  Assistant  Surgeon  to  St.  George's  Hospital. 
In  1810  he  was  elected  a  fellow  of  the  Royal  Society. 
About  this  time  he  made  numerous  contributions, 
chiefly  on  physiological  subjects,  to  periodical  medical 
literature,  and  also  pubUshed  "Pathological  and  Sur- 
gical Observations  on  the  Diseases  of  Joints,"  a  work 
of  considerable  merit.  In  1822  he  received  the  ap- 
pointment of  Surgeon  to  St.  George's  Hospital.  In 
1828  he  was  made  surgeon  of  the  Kng,  and  in  1834  he 
was  knight-ed.  During  this  period  of  his  career(1825- 
1845)  Sir  Benjamin  Brodie  ranked  as  the  leading  sur- 
geon of  London.  Among  his  later  publications  the 
following  deserve  to  be  mentioned:  "Lectures  on 
Diseases  of  the  Urinary  Organs";  "Lectures  Illustra- 
tive of  Certain  Nervous  .\ffections";  "Clinical  Lectures 
on  Sargery";  and  "Lectures  Illustrative  of  Various 
Subjects  in  Pathologj-  and  Surgery."  He  died  October 
21,  1S62.  A.  H.   B. 


Bromal  Hydrate.— CBrj.COH  +H,0.  Like  chloral, 
bromal  is  an  oily  fluid  which,  uniting  with  water,  forms 
a  crystalline  hydrate.  Bromal  hydrate  occurs  in 
white  crystalline  masses  of  a  sharp,  burning  odor  and 
taste,  fusible  at  53.,i°  C.  (128.3°  F.),  and  soluble  in 
water.  Physiologically  the  drug  is  severely  irritant, 
and,  absorbed  into  the  circulation,  has  been  found  by 
experiment  (Steinauer)  to  cause  restlessness  followed 
by  .sleep,  and,  if  the  dosage  be  pushed,  dyspnea,  con- 
vulsions, and  death.  It  may  relieve  pain,  and  has 
been  thought  to  be  of  avail  in  averting  threatened 
epileptic  fits,  but  it  is  not  official  in  the  United  States 
Pharmacopoeia  and  is  little  used  in  medicine.  It  has 
been  given  in  three-grain  doses  (Steinauer),  but  it  is 
so  disturbing  to  the  digestive  functions  that  the  dose 
must  be  given  in  great  dilution. 

R.  J.  E.  Scott. 


Bromalin.— Hexamethylene  -  tetramine  -  bromethy- 
late,  bromethylformine  (CH,)„NHC,H5Br,  made  In- 
acting  upon  hexamethylene  tetramine  with  ethyl 
bromide.  It  is  in  colorless  scales  or  a  white  crystal- 
line powder,  almost  tasteless  and  freely  soluble  in 
water.  It  is  decomposed  by  heat.  BromaUn  was 
introduced  to  take  the  place  of  the  alkaline  bromides 
in  epilepsy,  and  may  be  used  in  other  conditions  in 
which  bromides  are  indicated.  The  dose  is  gr.  xv.-lx. 
(1.0-4.0),  and  even  large  quantities  are  said  not  to 
cause  bromism.  \V.  A.  B.\stedo. 


Bromamide. — Tribromaniline-h3'drobromide,  CjH,- 
Br3.NH2HBr,  is  produced  by  reducing  nitrotribenzol 
by  nascent  hydrogen  and  then  acting  upon  this  with 
hydrobromic    acid.     It    occurs   in   colorless  acicular 
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crystals  without  odor  or  taste  and  is  readily  volatil- 
ized by  heat.  It  is  insoluble  in  cold  alcohol,  soluble 
in  sixteen  parts  of  boiling  alcohol,  and  in  chloroform, 
ether,  and  fixed  oils.  As  an  analgesic,  sedative,  and 
antipj-retic  it  has  been  known  to  act  promptly  and 
effectively  in  acute  and  chronic  rheumatism  and 
neuralgia.  Dose:  gr.  v.-xv.  (0.3-1.0)  in  powder  or 
capsule  several  times  a  day.  W.  A.   B.\stedo. 


Bromeliacea. — A  family  of  some  forty  genera  and 
probably  five  hundi'ed  species,  almost  entirely  tropical, 
in  both  hemispheres,  a  few  subtropical.  The  family, 
by  virtue  of  its  structure,  epiphj'tic  habits  and  rela- 
tions, is  one  of  the  most  interesting  known  to  botan- 
ists, and  very  many  of  its  members  are  highly  orna- 
mental. Its  economic  importance  is  considerable. 
The  pineapple  is  its  most  important  product.  The 
leaves  of  many  species  are  important  fiber-yielders, 
and  the  well-known  "Florida  moss"  or  "black  moss" 
(Tillandsia  usneoides  L.)  has  many  uses.  The 
digesting  power  of  pineapple  juice  upon  albumin  has 
been  utilized  in  diphtheria  to  a  shght  extent.  Its 
value  as  an  aid  to  stomach  digestion  is  probably  of 
far  greater  importance,  and  the  same  property  appears 
to  exist  in  some  of  the  leaf  juices. 

Henry  H.   Rusbt. 


Bromides. — General   Medicinal  Properties  op 

THE  Bromides. — Compounds  of  bromine,  whose  basy- 
lous  radicle  is  innocuous  enough  to  permit  of  their 
medicinal  administration  in  decided  quantity,  all 
show  a  certain  influence  over  the  animal  system,"  com- 
monly, and  undoubtedly  rightly,  referred  to  the  action 
of  the  bromine  of  their  composition.  Of  the  effects, 
the  most  striking  feature  is  derangement  of  nerve 
function,  which,  in  moderate  dosage,  takes  the  form  of 
a  deadening  of  reflex  irritability,  cerebral  and  spinal, 
and  in  poisonous  administration  shows  itself  as  failure 
of  power,  voluntary  as  well  as  reflex,  in  the  cerebro- 
spinal centers,  ClinieaUy,  the  prominent  effects  are 
that  the  nervous,  agitated,  and  wakeful  subject  be- 
comes calm,  tranquil,  and  predisposed  to  sleep;  that 
convulsive  seizures,  the  expressions  of  unnatural 
reflex  irritabOity,  such  as  the  convulsions  of  epilepsy 
and  of  tetanus,  tend  to  abate  in  frequency  and  vio- 
lence; that  a  qualmish  stomach  becomes  quieted,  that 
tickling  of  the  fauces  fails  to  provoke  gagging,  and 
that  sexual  eagerness  and  even  power  wane.  In  pro- 
founder  bromism  what  was  at  first  intellectual  laziness 
and  indifference  becomes  positive  stupidity,  with  fail- 
ure of  memory  and  with  or  without  a  certain  grade  of 
aphasia;  what  was  a  dulness  of  reflex  activity  passes  to 
motor  and  sensory  weakness — paresis  of  sight,  hearing, 
and  tactile  sense  and  profound  muscular  debility, 
until  at  last,  after  apparently  total  abolition  of  aU 
conscious  existence,  the  poisoned  subject  dies,  either 
from  respiratory  or  from  cardiac  failure.  Minor 
effects,  in  cases  of  continuous  bromide  medication, 
are  a  peculiar  fetor  to  the  breath,  a  tendency  to  an 
acneiform  eruption,  most  pronounced  on  the  face, 
arms,  back,  and  buttocks,  and  a  tendency  to  con- 
gestion and  even  edema  of  the  fauces  and  uvula,  and, 
later,  of  the  conjunctiva  also.  All  of  these  various 
.symptoms,  formidable  though  many  of  them  are, 
rapidly  abate  upon  discontinuance  of  the  medicine, 
and,  as  a  rule,  have  no  permanent  morbid  results. 
Other  effects,  notably  derangement  of  the  circulation 
and  lowering  of  body  temperature,  are  abserved  in  the 
operation  of  the  most  commonly  used  bromide, 
namely,  the  potassium  salt,  and  also  in  that  of  the 
clo.sely  allied  lithium  bromide;  but  inasmuch  as  these 
are  effects  which  are  more  or  less  common  to  all  salts 
of  potassium  and  lithium,  it  is  an  open  question 
whether  their  occurrence  in  the  present  connection 
is  not  due  rather  to  the  basylous  element  of  the 
bromide  than  to  the  bromine.     Bromides  are  quick  of 
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absorption,  and,  gonorally  speaking,  fairlj'  quick  of 
elimination,  and  in  such  elimination  are  to  be  found 
in  all  the  secretions — urine,  feces,  sweat,  saliva,  and 
even  in  the  pus  of  the  acne  pustules. 

The  most  interesting  effect  of  bromides,  namely,  the 
derangement  of  function  of  the  cerebrospinal  nervous 
system,  has  been  made  the  theme  of  much  experi- 
mentation for  the  purpose  of  finding  just  whore  the 
bromide  influence  strikes.  As  usual,  the  experiments 
are  not  wholly  in  accord,  but  their  general  drift 
clearly  indicates,  as  H.  C.  Wood  points  out,  that  the 
deadening  of  functional  activity  occurs  first  and  most 
severely  in  the  peripheral  ends  of  the  afferent  nerves 
and  those  portions  of  the  axis  that  have  to  do  with 
the  reception  of  sensor}'  impressions  and  their  trans- 
mission as  an  impetus  for  motor  reflex  response. 
Later,  and  to  a  proportionately  les.ser  degree,  are 
affected  the  motor  tract  of  the  cord  and  the  motor 
nerves.  By  this  hypothesis  is  rendered  intelligible 
the  oft-observed  occurrence  that  a  bromized  frog, 
while  profoundly  indifferent  to  pricks  or  searings, 
from  evident  cutaneous  anesthesia,  may  still  retain 
enough  command  of  motor  power  to  hop,  and  vigor- 
ously, too,  at  will. 

The  therapeutics  of  the  bromides  consist  of  the  direct 
application,  for  clinical  ends,  of  the  bromine  influence 
to  blunt  nervous  impressibility.  Such  displays  of 
nervous  excitement  as  are  the  expression  of  a  state  of 
direct  morbid  irritation  of  the  nervous  system,  in 
whole  or  in  part,  are  conditions  proper  for  the  action 
of  a  bromide;  but,  on  the  other  hand,  the  derangements 
of  nerve  function  caused  by  exhaustion,  general  or 
local  are  distinctly  not  to  be  treated  by  bromine  medi- 
cation. For  in  such  latter  case,  because  of  the  gener- 
ally depressing  character  of  the  bromine  influence,  the 
exhaustion  will  be  deepened,  and  the  nervous  symp- 
toms, therefore,  inten.sified.  Prominent  illustrations 
of  the  conditions  in  which  bromides  may  be  of  benefit 
arc  undue  restlessness  and  wakefulness,  or  mental 
irritability  or  morbidness  from  any  emotional  cau.se, 
or  from  severe  intellectual  labor  under  pressure;  undue 
excitability  of  a  lusty  sexual  apparatus  from  too  free 
indulgence;  and,  more  notable  still,  expressions  of 
reflex  action,  such  as  the  convulsions  of  epilepsy,  of 
tetanus,  or  of  strychnine  poisoning;  the  convulsions  of 
children,  seasickness,  or  the  vomiting  of  pregnancy  or 
of  neurotic  poisoning.  Conditions  in  which,  on  the 
other  hand,  bromides  are  useless  or  harmful  are  rest- 
lessness, wakefulness,  or  mental  derangement  from 
want  of  sleep,  from  starvation,  from  loss  of  blood,  or 
devitalization  from  a  prostrating  disease,  such  as 
typhoid  fever,  or,  locally,  irritability  of  the  sexual 
organs  when  associated  with  beginning  of  failure  of 
power  through  exhaustion  from  excessive  abuse.  In 
cases  for  which  bromides  are  fitting  it  is  hardly  neces- 
sary to  say  that  the  remedy  will  promise  more  if 
resorted  to  at  the  outset,  and  that  large  doses  may 
conquer  where  small  ones  will  utterly  fail.  In  chronic 
and  intractable  disease,  such  as  epilepsy,  two  points, 
besides  sufficiency  of  dosage,  must  be  observed,  as 
follows:  First,  the  blood  must  be  kept  evenlj'  and 
continuously  charged  with  the  bromide  salt.  And,  by 
reason  of  the  rapid  elimination  of  the  salt,  this  result 
can  be  .secured  onlj'  by  giving  the  daily  allowance  in 
at  least  three  doses,  whereof  the  evening  one,  having 
longer  to  last,  should  be  larger  than  the  others. 
Secondly,  the  medication  must  not  be  too  speedily 
discontinued  after  apparent  cure  of  the  malady,  but, 
on  the  contrary,  must  be  kept  up  for  months,  and  even 
years,  thereafter.  In  epilepsy,  it  is  singular  that  the 
form  of  the  disease  called  petit  7nal  .should  be,  as  it  is, 
distinctly  less  amenable  to  bromide  medication  than 
the  classical  form  in  which  the  fits  are  outspoken.  In 
epilepsy,  when  the  disease  is  recent  and  of  the  latter 
variety,  the  curative  power  of  the  bromides  surpasses 
that  of  any  other  drug;  but,  as  a  rule,  the  remedy  will 
have  to  be  pushed  to  the  development  of  a  certain 
grade  of  bromism  before  benefit  appears. 


Thk  Bromide.s  U.sed  in  Mkdici.ve. — The  bromides 
official  in  the  United  States  Pharmacopa-ia  are, 
among  bases  of  the  heavy  metals,  zinc  bromide,  and 
among  these  of  the  alkali  metals  and  metals  of  the 
earth,  potassium,  sodium,  lithium,  ammonium,  stron- 
tium, and  calcium  bromides.  Diluted  hydrobromic  acid 
and  monobromated  camphor  also  may  be  mentioned  as 
being,  logically,  bromides,  and  furthermore  as  show- 
ing in  their  action  upon  the  animal  .system  the  pecu- 
liar bromine  influence  in  addition  to  their  other 
effects.  Lastly,  an  ethereal  bromide,  namely,  mono- 
bromethane  ("bromide  of  ethyl,"  "hydrobromic 
ether"),  although  not  official,  has  been  used  in  medi- 
cine as  an  anesthetic.  In  the  present  article  will  be 
discussed  only  the  bromides  of  the  metals  of  the  alka- 
lies and  earths,  in  which  alone  the  bromine  influence 
is  the  dominant  medicinal  virtue.  For  zinc  bromide, 
.see  Zinc;  for  diluted  hj-drobromic  acid,  .see  Hydro- 
bromic Acid;  for  monobromated  camphor,  see  Cam- 
phor; and  for  monobromethane,  see  Ethyl  Bromide. 

Potassium  Bromide. — Potassium  bromide,  KBr,  is 
official  in  the  L^nited  States  Pharmacopoeia  as  Potassii 
Bromidum,  Potassium  Bromide.  It  occurs  in  "color- 
less or  white,  cubical  crystals  or  a  granular  powder; 
odorless,  and  having  a  strongly  saline  taste.  Perma- 
nent in  the  air.  Soluble  in  about  1.5  parts  of  water, 
and  in  about  ISO  parts  of  alcohol  at  2.5°  C.  (77°  F.);  in 
less  than  1  part  of  boiling  water,  and  in  IG  parts  of 
boiling  alcohol;  also  soluble  in  glycerin.  On  heating 
the  salt  upon  platinum  foil,  it  decrepitates;  near  700° 
C.  (1290°  F.)  it  fuses  without  decomposing,  and  at  a 
bright-red  heat  it  volatilizes,  communicating  a  violet 
color  to  the  flame.  Itsaqueous  solution  one  in  twenty 
is  neutral,  or  has  only  a  scarcely  perceptible  alkaline 
reaction  upon  litmus  paper"  (U.  S.  P.).  In  some 
commercial  samples  the  alkalinity  is  said  to  be  de- 
cided, sufficiently  so  to  enable  the  .salt  to  precipitate 
alkaloids  from  solutions  of  their  salts.  Potassium 
bromide  should  be  kept  in  well-stoppered  bottles. 

Potassium  bromide  is  the  most  generally  active,  the 
best  known,  and  the  most  commonly  prescribed 
bromide.  It  is  capable  of  producing  to  the  highest 
degree  the  peculiar  bromine  effects  already  detailed, 
and  also  has  a  marked  influence  over  the  circulatory 
organs,  and,  if  pushed  to  poisoning,  a  power  to  lower 
body  temperature.  The  circulatory  derangement 
consists  first  in  a  slowing  and  weakening  of  the  heart's 
contractions,  passing  even  to  stoppage  of  the  organ  in 
diastole;  and,  secondly,  a  probable — but  probable 
onlj' — narrowing  of  the  lumen  of  the  smaller  blood- 
vessels, through  vasomotor  spasm.  Partly  because 
of  the  effect  upon  the  heart,  and  partly  also  because  of 
the  presumed  effect  upon  the  blood-vessels,  potassium 
bromide  is  commonly  held  to  induce  partial  capillary 
anemia,  e.specially  of  the  nerve  centers — spinal  cord 
and  brain.  And  because  of  this  anemia,  in  turn,  it 
has  been  imagined  by  some,  and  become  quite  a  text- 
book tradition  with  many,  that  the  action  upon  the 
vascular  organs  is  the  only  direct  one  that  potassium 
bromide  exerts,  all  the  nervous  phenomena  being 
sweepingly  accounted  for  as  mere  secondary  conse- 
quences of  a  diminished  blood  supply  to  the  cerebro- 
spinal axis.  To  refute  this  notion  it  .seems  only  neces- 
sary to  cite  on  the  one  hand  the  fact  that  other 
bromides  than  the  potassic  which  have  but  little  of 
the  depressing  effect  of  the  latter  salt  upon  circulation 
yet  show  the  bromine  influence  over  nerve  function, 
and,  on  the  other  hand,  to  note  that  cerebrospinal 
anemia,  occurring  as  it  can  easily  be  made  to  do 
experimentally  by  other  methods  and  to  any  degree, 
is,  when  so  determined,  never  followed  by  the  peculiar 
phenomena  of  bromism. 

As  the  drug  is  medicinally  given,  the  clinical  effects 
of  potassium  bromide  are  a  salty  taste  in  the  mouth, 
with  a  little  increase  in  the  flow  of  the  saliva,  and 
perhaps  also  some  diuresis,  an  abatement  of  all 
forms  of  nervousness,  fidgets,  or  even  spasms,  with  a 
tendency  to  mental  calm  and   indifference,  intellec- 
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tual  and  physical  sloth,  and,  if  circumstances  favor, 
drowsiness.  Along  with  these  suggestive  symptoms 
the  pulse  falls  somewhat  in  force  and  frequency.  If 
the  dose  has  been  single  and  not  overlarge.  little 
other  than  the  foregoing  effects  will  be  declared:  bv:t, 
if  the  taking  be  continuous  and  the  doses  range  high, 
the  derangement  may  be  profound,  the  subject  pre- 
senting the  picture  of  one  mentally  dull  even  to 
idiocy,  with  perhaps  some  aphasia;  dull  of  hearing, 
sight,  and  feeling;  physically  weak  even  to  paresis, 
sexually  impotent,  and  with  the  peculiar  symptoms  of 
a  fetid  breath,  a  whispering  voice,  a  face  broken  out 
in  acne,  a  congested  or  even  edematous  faucial  arch,  a 
slow  and  failing  pulse  and  respiration,  and  a  depressed 
body  temperature.  In  overwhelming  dosage,  paraly- 
sis of  sense  and  motion  becomes  absolute,  and  death 
ensues  quietly  by  failure  of  respiration  or  of  cardiac 
action — the  former  if  the  poisoning  has  been  pro- 
gressive by  accumulating  small  doses,  the  latter  if  by 
a  .single  overpowering  charge.  But,  as  usual  with  the 
bromides,  so  long  as  the  condition  is  one  short  of 
death,  the  .symptoms  c|uite  certainly  will  ameliorate — 
and  that,  too,  without  lasting  result.s — upon  stopping 
the  medication.  In  case  of  serious  poisoning,  the  treat- 
ment must  be  in  accordance  with  general  principles, 
consisting  in  evacuation  of  the  stomach,  if  a  large 
single  dose  has  been  taken,  and,  for  the  rest,  the 
employment  of  measures  addressed  to  maintaining 
the  action  of  the  heart  and  lungs. 

Potas,sium  bromide  is  used,  medicinally,  exclusively 
for  the  pecidiar  purposes  of  the  bromides  generally,  as 
set  forth  in  the  first  section  of  this  article.  When  the 
need  is  transient  only,  as  to  quiet  a  squeamish 
stomach,  or  to  calm  a  restless  subject  and  invite  sleep, 
the  do.se  will  range  from  gr.  x.x.  to  xlv.  (1.3  to  3.0), 
according  to  the  intensity  of  the  disturbance  and  the 
susceptibility  of  the  individual.  (The  Pharmaco- 
pceia  gives  fifteen  grains  (one  gram)  as  the  average 
dose.)  When,  on  the  other  hand,  a  continuous  and 
powerful  impression  is  necessary,  as  in  treating 
epilepsy  or  tetanus,  the  doses  may  have  to  be  both 
large  and  frecjuent.  In  deaUng  with  epilepsy,  the 
daily  quantity  will  rarely  be  less  than  90  grains 
(6.0)  and  may  need  to  reach  half  an  ounce  (15.0), 
given  broken  up  into  three  or  four  doses  evenly 
distributed  over  the  waking  hours,  excepting  as  to 
the  evening  portion,  which  should  be  somewhat 
larger  than  the  others.  The  actual  dosage  in  a  given 
case  must  be  determined  by  the  effects  produced. 
Even  with  the  smallest  daily  quantity  above  named 
a  certain  degree  of  "bromism"  will  follow  the  con- 
tinuous giving,  and  such  result  must  be  expected  In 
tetanus  or  strychnine  poisoning  the  do.sage  of  bromide 
reaches  its  maximum.  Here  the  extraordinarily 
he  ghtened  reflex  irritaljility  which  is  the  es.sence  of 
the  morbid  condition  in  the  two  affections  makes  the 
subject  comparatively  insusceptible  to  the  benumb- 
ing influence  of  bromine.  Even  so  large  a  dose  as 
half  an  ounce  (15.0)  has  been  given  at  a  single 
draught,  and  the  daily  total  shoidd  certainly 
reach  this  figure.  Yet  in  strychnine  poLsoning  it 
must  be  remembered  that  the  tetanus,  if  it  does  not 
kill  within  a  couple  of  hour.s,  then  rapidly  abates, 
and  simultaneously,  of  course,  disappears  the  insus- 
ceptibility to  bromide  influence.  Care  must  be 
taken,  therefore,  to  diminish  the  bromide  dosing,  as 
the  morbid  irritability  fades,  el.se,  as  has  actually 
happened,  the  subject  may  be  saved  from  death 
by  strychnine  convulsions  only  to  be  brought  to  the 
verge  of  the  grave  by  bromide  palsy.  Potassium 
broniide  is  administered  in  solution  either  in  simple 
iced  water  or  what  is  ploa.santer  and  in  case  of  large 
doses  makes  the  draught  less  obnoxious  to  the 
stomach,  in  water  slightly  alkalinized  by  the  addition 
of  a  little  .sodium  bic;arl)()nate,  or,  best  of  all,  in  water 
both  alkaline  and  effervescent,  such  as  Vichy  or 
Apollinaris. 

Sodium  Bromide. — The  salt,  NaBr,  is  official  in  the 


United  States  Pharmacopoeia  as  Sodii  Bromidum 
Sodium  Bromide.  It  occurs  in  "colorless  or  white 
cubical  crystals,  or  a  white,  granular  powder,  odorless 
and  having  a  .saline,  slightly  bitter  taste.  The  salt 
absorbs  moisture  from  the  air  without  deliquescing. 
Soluble  in  about  1.7  parts  of  water  and  in  12.5  parts 
of  alcohol  at  25°  C.  (77°  F.);  in  O.S  part  of  boihng 
water  and  in  11  parts  of  boiling  alcohol.  When 
heated  to  a  bright  red  heat  the  salt  melts,  and,  at  a 
soimewhat  higher  temperature,  slowly  volatilizes 
without  decomposition.  To  a  non-luminous  flame 
it  imparts  an  intense,  yellow  color.  An  aqueous 
solution  (one  in  twenty)  is  neutral,  or  shows  a  faintly 
alkaline  reaction  with  red  litmus  paper"  (U.  S.  P  ). 
Sodium  bromide  is  hygroscopic,  and  should  be  kept 
in  well-stoppered  bottles. 

Sodium  bromide  is  less  unpleasant  to  taste  than  the 
potas.sium  salt,  and  is  in  every  way  less  deranging  of 
function.  But  yet,  despite  the  fact  that  its  innocu- 
ousne.ss  permits  of  its  prescription  in  larger  doses  and 
for  more  continuous  administration  than  may  be 
pos.sible  with  potassium  bromide,  the  bulk  of  testi- 
mony goes  to  show  that  the  sodium  salt  is  of  dis- 
tinctly inferior  curative  power.  Its  use  is,  therefore, 
properly  confined  either  to  cases  in  which  but  a  mild 
effect  is  called  for,  or  to  those  in  which,  for  any 
reason,  the  potassium  salt  cannot  be  given,  or  having 
been  given  must  be  abandoned.  The  fact  that, 
weight  for  weight,  the  sodium  bronude  contains  more 
bromine  than  the  potassium  (in  the  proportion  of 
77.62  to  67.13)  simply  shows  the  more  forcibly  the 
intrinsic  physiological  feebleness  of  the  compound. 
Sodium  bromide  should  be  given  in  the  same  manner 
as  the  potassium  salt,  and  in  the  same  dose,  carefuUy 
to  be  augmented  according  to  the  effects  produced. 

Lithium  Bromide. — The  salt,  LiBr,  is  official  in  the 
United  States  Pharmacopceia  as  Lithii  Bromidum, 
Lithium  Bromide.  It  occurs  as  a  "white,  granular 
salt,  odorless,  and  having  a  sharp,  slightly  bitter 
taste;  very  deliquescent.  Soluble  in  0.6  part  of 
water  at  25°  C.  (77°  F.),  and  in  0.3  part  of  boiling 
water;  very  .soluble  in  alcohol;  also  soluble  in  ether. 
At  a  low  red  heat  the  salt  fu.ses,  and  at  a  higher  heat 
it  is  slowly  volatilized.  It  imparts  a  crim.son  color 
to  a  non-luminous  flame.  The  aqueous  solution  is 
neutral  to  litmus  paper"  (LT.  S.  P.).  Being  exceed- 
ingly deliquescent,  this  salt  should  be  kept  in  well- 
stoppered  bottles. 

So  far  as  ob.served,  lithium  bromide  very  closely 
resembles  the  potassium  .salt  in  its  effects,  as  the 
nature  of  its  ba.se  would  render  likely;  but  it  is  more 
speedily  and  more  powerfully  hypnotic  than  the 
potassium  salt.  It  has  the  demerit  of  comparative 
costliness.  It  contains  proportionally  more  bromine 
than  does  any  other  of  the  alkaline  bromides  (con- 
taining ninety-two  per  cent.),  and  has  been  recom- 
mended in  one-half  the  dose  of  the  potassium  salt 
(Weir  Mitchell);  though  the  Pharmacopoeia  gives 
the  average  dose  the  same  for  both  .salts. 

Ammonium  Bromide. — The  salt,  NH^Br,  is  official 
in  the  United  States  Pharmacopceia  as  Ammonii 
Bromidum,  Ammonium  Bromide.  It  occurs  as 
"colorless,  transparent,  prismatic  crystals,  or  a 
white,  crystalline  powder,  odorless,  of  a  pungent, 
saline  taste,  and  permanent  in  dry  air.  Soluble  in 
1.2  parts  of  water  and  in  12.5  parts  of  alcohol  at  25°  C. 
(77°  F.),  in  0.7  part  of  boiling  water  and  in  nine  parts 
of  boiling  alcohol.  \Ahen  heated,  ammonium  bro- 
mide volatilizes  completel}'  without  fusing.  An  aque- 
ous solution  of  the  salt  slightly  reddens  blue  litmus 
paper"  (U.  S.  P.). 

From  the  point  of  view  of  the  clinician,  ammonium 
bromide  may  be  regarded  as  substantially  a  duplicate 
of  potassium  bromide  in  medicinal  virtues,  while  at 
the  .same  lime  more  acrid  in  taste  and  in  local  action. 
It  has  been  u.sed  for  the  same  purposes  as  the  potas.s- 
ium salt,  and  in  the  same  dose,  and  has  been  strongly 
recommended    by     Brown-Sequard    and    others    in 
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epilepsy.     It     is    less     depressing     than     potassium 
bromide. 

Strontium  Bromide. — The  salt,  SrBr,,  GH^O,  is 
official  in  the  United  States  Pharmacopreia  as 
Slrontii  Bromidum,  Strontium  Bromide.  It  is  in 
"colorless,  transparent,  hexagonal  crystals;  odorless, 
and  having  a  bitter,  saline  taste.  Very  deliquescent. 
Soluble  in  about  one  part  of  water  at  25°  C.  (77°  V.) 
and  in  0.4  part  of  boOing  water.  It  is  readily  soluble 
in  alcohol,  and  is  precipitated  from  this  .solution  u))on 
the  addition  of  an  equal  volume  of  ether,  in  wliich 
it  is  insoluble.  When  heated  the  crystals  at  first  melt 
and  then  lose  all  their  water  (.30.4  per  cent.).  The 
anhydrous  salt  fu.ses  at  030°  C.  (1166°  F.).  To  a 
non-luminous  flame  the  salt  communicates  an 
intense,  red  color.  Its  aqueous  solution  is  neutral 
to  litmus  paper"  (U.  S.  P.).  Owing  to  the  extreme 
deliquescence  of  this  salt  it  should  be  kept  in  gla.ss- 
stoppered  bottles. 

As  in  the  case  of  the  strontium  salts  generally, 
this  one  closely  resembles  the  potassium  salt  in  its 
effects  on  the  animal  system.  Compared  with 
potassium  bromide,  however,  strontium  bromide  is 
the  better  borne,  having  less  tendency  to  derange 
digestion  or  to  bring  on  the  special  symptoms  of 
bromism.  It  may  be  prescribed  in  the  same  doses 
and  for  the  same  purposes  as  the  bromides  generally. 

Calcium  Bromide. — The  salt,  CaBr,,  is  official  in  the 
United  States  Pharmacopoeia  as  Calcii  Bromidum, 
Calcium  Bromide.  It  is  a  "white,  granular  salt, 
odorless,  of  a  sharp,  saline  taste,  and  very  delique.?- 
cent.  Soluble  in  0.5  part  of  water  and  in  one  part  of 
alcohol  at  25°  C.  (77°  F.);  more  soluble  at  boiling 
temperatures.  An  aqueous  solution  of  the  salt  is 
neutral  to  litmus  paper"  (U.  S.  P.).  The  salt  must 
be  kept  in  well-stoppered  bottles. 

Calcium  bromide  does  not  seem  to  differ  materially 
in  properties  from  potassium  bromide,  and  stands  in 
medicine  as  an  additional  and  not  over-necessar\- 
substitute  for  the  same,  in  the  same  range  of  appli- 
cation and  in  the  same  dosage.       Edw.\rd  Curtis. 

R.  J.  E.  ScoTT. 


Bromidrosis.  —  Bromidrosis,  or  osmidrosis,  as  a 
disease  per  se,  is  a  pathological  variation  in  the  odor- 
producing  constituents  of  the  sweat  as  secreted,  is 
associated  as  a  rule  with  the  functional  disorder  of  the 
sweat  apparatus,  hyperidrosis,  and.  like  it,  may  be 
either  local  or  generaJ.  This  condition  as  such,  if  it 
occurs  at  all,  is  rare. 

The  condition  ordinarily  denominated  bromidrosis 
is  due,  as  was  taught  b3-  Hebra  to  be  the  ease  in  the 
majority  of  instances,  to  a  rapid  decomposition  of 
the  sweat  after  its  secretion,  with  the  resultant  odor, 
warranting  the  term  stinking  applied  to  it. 

When  local,  as  is  more  commonl5'  the  case,  the 
regions  affected  are  those  in  which  sweating  oftenest 
occurs  in  excess  and  in  which  its  quick  evaporation 
is  more  or  less  retarded  or  prevented  by  the  nature  of 
the  parts  or  their  covering,  as  the  axilte,  groins,  ano- 
genital  region,  and  the  feet — the  last  being  by  far  the 
most  frequent  situation  of  the  affection.  Here  the 
odor  is  marked  and  most  characteristic,  differing 
from  the  odor  of  other  parts  affected  by  its  unmis- 
takable, nauseating  heaviness  when  once  recognized 
— and  one  whiff  is  all-.sufficient — the  foul  emanation 
rendering  the  near  neighborhood  of  the  unfortunate 
victim  anything  but  pleasant,  and  sometimes  im- 
possible. 

The  change  that  takes  place  in  the  sweat  is  claimed 
to  be  due  to  the  presence  of  a  special  microorgan- 
ism— Bacterium  fcetidum,  a  micrococcus  which  Thin 
of  Prague  recognized  in  sweat  obtained  from  the 
feet.  It  has  been  shown  by  Parkes  that  soldiers 
with  uncovered  feet  do  not  suffer  from  this  affection, 
and  he  claims  that  the  only  cause  of  the  disease,  if 
such  it  can  be  called,  is  the  covering  of  the  feet,  the 


absence  of  all  coverings  giving  no  opportunity  for 
the  development  in  the  secretions  of  the  special 
bacterium. 

Treatment  in  general  is  linked  with  that  of  hyperi- 
drosis. A  level  teaspoonful  of  the  precipitated 
sulphur  in  milk  twice  daih'  has  been  highly  recom- 
mended. It  is  an  empirical  remedy,  the  action  of 
it  not  being  explained  by  Crocker,  who  claims  to 
have  succeeded  more  often  by  this  than  by  any  other 
procedure,  local  treatment  not  being  necessary  with 
it.  However,  dusting  finely  powdered  boric  acid 
well  in  between  the  toes  and  rubbing  it  into  the 
stockings  and  shoes  daily  will  be  found  as  efficient, 
cleanly,  and  convenient  a  local  method  as  anv'  yet 
devised,  and  some  local  treatment  will  generally 
have  to  be  resorted  to.  Hot  water  applied  as  hot  as 
can  \ie  borne  for  a  few  minutes  before  using  the  boric 
acid  is  a  great  aid. 

If  the  sulphur  treatment  purges  too  freely,  its  ac- 
tion may  be  controUed  by  astringents.  In  five  to  ten 
grain  doses  .salicylate  of  sodium  may  be  found  u.seful. 
This  may  be  tried  when  patients  object  to  the  sulphur. 
It  has  cured  some  cases.  Among  other  local  remedies 
may  be  mentioned  chromic  acid;  painted  on  the  feet 
in  five-  to  ten-per-cent.  solution,  according  to  the 
obstinacj'  of  the  case,  every  three  to  six  weeks,  it 
has  been  used  successfully.  Mutton  suet  with  two- 
per-cent.  salicyhc  acid  is  in  general  use  in  the  German 
army  for  rubbing  on  the  feet,  and  further  has  the 
advantage  of  a  lubricant  when  much  walking  is  to 
be  done.  Formalin  in  one-  to  ten-per-cent.  strengths 
in  alcohol  is  of  value.  It  should  be  followed  bj'  the  use 
of  dusting  powders.  A  one-per-cent.  solution  of  per- 
manganate of  potassium  has  been  well  recommended. 
Various  other  remedies  are  extolled,  but  the  boric 
acid  will  be  found  the  best  of  all  if  preceded  by  the 
hot-water  applications. 

Charles  Towxshexd  D.\de. 


Bromine. — Bromine  is  official  in  the  United  States 
Pharmacopoeia  as  Bromum.  Bromine.  It  is  described 
as  "a  heavj'  dark,  brownish-red,  mobile  liquid,  evolv- 
ing, even  at  ordinarj'  temperatures,  reddish  fumes, 
highly  irritating  to  the  eyes  and  lungs,  and  having  a 
peculiar  suffocating  odor,  resembling  that  of  chlorine. 
Specific  gravity.  2.990  at  15°  C.  (59°  F).  Boiling- 
point  63°  C.  (145.4°  F.).  Soluble  in  twenty-eight 
parts  of  water  at  25°  C.  (77°  F.),  and  readily  soluble 
in  alcohol  or  ether  (with  gradual  decomposition  of 
these  hciuids);  also  in  carbon  disulphide,  and  in 
chloroform,  with  a  deep  reddish-j-ellow  color.  On 
exposure  to  air  or  to  heat  it  is  completely  volatilized 
without  leaving  any  residue"  (U.  S.  P.).  Bromine  has 
the  same  intense  affinity  for  hydrogen  that  has 
chlorine,  and  so,  in  similar  manner  to  chlorine, 
determines  the  oxidation  of  organic  matter  in  the 
presence  of  moisture  by  appropriating  the  hydrogen 
of  the  water  and  Uberating  the  oxj-gen.  The  fumes 
of  bromine  are  thus  deodorant,  like  chlorine.  Mixed 
directlj-  with  foul-smelling  or  infectious  matter,  bro- 
mine is  powerfuUj-  deodorant  and  disinfectant.  Yet 
practically  it  is  of  little  u.se  in  such  capacity,  by 
jeason  of  its  costliness,  its  bad  smell,  its  caustic  and 
bleaching  tendency,  and  the  exceedingly  irritant 
action  of  its  vapor  upon  the  human  air  passages. 
Squibb  estimates  that  an  ounce  of  bromine,  acciden- 
tally spilled  in  an  ordinarj'  chamber,  would  render 
the  air  thereof  dangerous  to  life. 

Locally  applied  to  living  animal  tissues,  pure 
bromine  is  a  verj'  searching  and  painful  caustic,  and 
non-caustic  dilutions  act  as  detergent  and  stimulant 
lotions  to  foul  or  sloughing  ulcers.  Here  again, 
however,  the  cost  of  the  remedy  and  its  offensiveness 
render  it  less  praciticable  than  its  efficiency  would 
suggest.  For  caustic  purposes,  bromine  is  appUed 
clear,  the  patient  being  etherized,  if  the  area  to  be 
cauterized  is  at  aU  extensive,  and  the  operator  taking 
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care  that  his  eyes  and  nose  do  not  come  too  near  the 
fumes  of  the  very  volatile  and  pungent  liquid.  For 
a  strong  lotion,  a  ten-per-cent.  solution  in  water  may 
be  employed,  wherein  the  bromine  is  made  to  dissolve 
by  the  addition  of  one-third  of  its  weight  of  potassium 
bromide.  For  weaker  lotions — any  percentage  less 
than  three — bromine  is  directly  soluble  in  water  with- 
out anv  saUne  addition.  Taken  internally,  bromine 
is  4oubtless  absorbed  as  a  bromide.  It  was  formerly 
used  as  an  internal  medicine  in  the  class  of  diseases  for 
which  iodine  or  the  alkaline  iodides  are  now  so  ex- 
tensively employed.  For  the  specific  purposes  of  the 
alkaline  bromides  (see  Bromides),  bromine  is  practi- 
cally unavailable,  because  of  its  irritant  action  and 
offensive  taste.  Bromine  has  been  given  internally 
in  the  dose  of  from  three  to  six  drops  of  a  two-and-a- 
half-per-cent.  aqueous  solution. 

Toxicology. — Bromine  is  an  intensely  irritant, 
corrosive  poison.  The  fumes,  inhaled,  produce  ex- 
treme irritation  of  the  eyes,  the  air  passages,  and  even 
the  stomach.  Severe  bronchitis,  pulmonary  hemor- 
rhage and  inflammation,  and  death  may  result. 
Swallowed  in  overdose,  bromine  produces  the  usual 
symptoms  of  the  corrosive  poisons,  viz.,  inten.so 
gastric  irritation,  collapse,  and  death.  An  ounce  of 
undiluted  bromine,  swallowed,  produced  death  in 
seven  and  a  half  hours.  In  case  of  poisoning  by 
inhalation,  the  local  irritation  should  be  treated  by 
the  breathing  of  the  atomized  spray  of  an  alkaUne 
solution,  such  as  Dobell's  solution.  In  poisoning  by 
swallowing,  the  stomach  must  be  washed  out  and 
ammonia  given,  largely  diluted  and  mixed  with  olive 
oil  Edward  Curtis. 

R.  J.  E.  Scott. 


Bromine=Arsenic    Springs. 

Carolina. 


-Ashe  County,     North 


Post-office. — Crumpler.     Hotel. 

Access. — Via  Norfolk  and  Western  Railroad  to 
Marion,  Virginia,  for  Trout  Dale,  Virginia,  twenty 
miles  from  the  Springs;  or  via  the  Soutliern  Railway 
to  Wilkesboro,  North  Carolina,  forty  miles  from  the 
Springs.  Good  mountain  hacks  are  to  be  had  for 
the  trip. 

This  spring  was  discovered  in  ISSo.  Since  that 
time  it  has  come  into  extensive  use,  and  its  waters 
are  widely  sold.  The  location  of  the  spring  is  in  a 
mountainous  district,  midway  between  the  Alle- 
ghany and  the  Bhie  Ridge  Mountains,  3,000  feet 
above  the  sea  level.  The  spring  flows  about  sixty 
gallons  hourlj'.  The  following  analysis  was  made  by 
Prof.  Henry  Froehling: 


One  Unhted  St.\tes  Gallox  Con-tains: 


Solids. 
Sodium  carbonate. . . . 
Calcium  carbonate. . . . 
Magnesium  carbonate. 
Lithium  carbonate. . . . 

Copper  carbonate 

Zinc  carbonate 

Calcium  fluoride 

Potassium  sulphate.  . 
Potassium  chloride. . . . 

Sodium  chloride 

Sodium  arsenate 

Sodium  iodide 

Sodium  bromide 

Sodium  borate 

Aluminum  phosphate. 

Iron  sulphate.  . 

Silica 

Organic  matter.- 


Total. 


Grains. 

1.04 

.93 

.62 

.0.3 

Trace. 

Trace. 

Trace. 
.62 
.21 
.65 

Trace. 

Trace. 
.04 

Trace. 

.12 

.OS 

1 .  OS 

.0:i 

5.43 


The    water    is    unique    in    possessing    recognizable 
quantities  of  copper  and  zinc.     It  also  contains  the 
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somewhat  rare  ingredients  of  arsenate  of  sodium  and 
the  iodide  and  bromide  of  sodium.  We  also  find  an 
appreciable  aniovmt  of  carbonate  of  lithium  and  sul- 
phate of  iron.  The  water  is  not  highly  mineralized, 
but  it  possesses  valuable  qualities  as  a  mild  antacid, 
tonic,  and  alterative.  It  is  useful  in  many  of  the 
affections  benefited  by  this  class  of  waters. 

Emm.a.  E.  Walker. 


Bromine  Chloride. — By  direct  union  of  the  two 
elements,  bromine  and  chlorine,  a  compound  is 
formed  appearing  as  a  reddish-yellow,  volatile, 
mobile  fluid,  soluble  in  water.  This  compound  is 
powerfully  caustic,  but  has  never  been  used  in  regular 
medicine  "except  as  an  ingredient  of  a  caustic  paste 
used  by  Landolfi,  of  Naples,  for  the  treatment  of 
cancer.  R.  J.  E.  Scott. 


Bromipin. — This  is  an  addition  product  of  oil  of 
sesame,  containing  ten  per  cent,  of  bromine.  It  is  a 
vellow  fluid  having  the  appearance  of  a  fixed  oil,  and  it 
has  a  bland,  oleaginous  taste.  In  spite  of  the  large 
amount  of  bromine  which  it  contains,  the  oil  is  non- 
irritating  and  may  be  given  pure  by  mouth.  It  is 
readily  absorbed  and  its  action  is  of  the  same  charac- 
ter as  that  of  the  alkahne  bromides.  Losio  claims 
that  it  surpasses  potassium  bromide  in  chorea,  epi- 
lepsy, and  trigeminal  neuralgia.  Dornbliith  found 
that  one  dram  given  at  the  evening  meal  would 
ward  off  a  night  attack  of  cardiac  palpitation  or 
angina  pectoris.  The  oily  taste  of  bromipin  is  not 
pleasant,  but  very  soon  the  taste  is  acquired,  and  the 
patients  continue  to  take  it  for  a  long  time  without 
gastric  or  intestinal  disturbance.  The  dose  is  oss.-li. 
(2.0-8.0)  daily  tor  restlessness  and  nervous  irritability; 
for  chorea  or"  epilepsy,  up  to  oss.  (16.0)  a  day.  It 
may  be  administered  pure  and  unmixed,  or  with  beer, 
or  inixed  with  cacao,  sugar,  white  of  egg,  and  oil  of 
cinnamon.  A  not  unpleasant  emulsion  is  made  bv 
taking  two  ounces  of  bromipin  and  emulsifying  it  witn 
half  an  ounce  of  powdered  acacia,  half  an  ounce  of 
syrup,  and  cinnamon  or  peppermint  water  to  make 
four  otinces,  to  be  given  in  doses  of  from  one  to  four 
drams  (4.0-16.0).  W.  A.  Bastedo. 


Bromoform. — Bromoform,  CHBr,,  is  analogous  in 
its  constitution  to  chloroform  and  iodoform. 


H 
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Chloroform 
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Bromoform 
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Iodoform 


It  is  official  in  the  United  States  Pharmacopceia 
under  the  heading  B romofoT mum ,  bromoform.  It  is 
a  Hquid  consisting  of  ninety-nine  per  cent,  of  bromo- 
form and  one  per  cent,  of  absolute  alcohol.  It  is  "a 
heavy,  transparent,  colorless,  mobile  h(|uid,  with  an 
ethereal  odor,  and  a  penetrating  sweet  taste  resem- 
bling that  of  chloroform.  Specific  gravity:  2.808  at 
25=  C.  (77°  F.).  Very  slightly  soluble  in  water,  but 
soluble  in  all  proportions  in  alcohol,  ether,  benzene, 
petroleum,  benzin,  and  in  the  fixed  and  volatile  oils." 
(U.  S.  P.) 

It  is  formed  by  the  action  of  acetone  on  sodium 
hypobromite.  Bromoform  has  anesthetic  properties, 
but  not  so  marked  as  chloroform.  It  is  a  sedative, 
and  has  been  used  mainly  in  the  treatment  of  whoop- 
ing cough.  There  can  be  no  doubt  of  its  value  in 
this  disease;  but  attention  should  be  directed  to  its 
toxic  properties,  several  cases  of  poisoning  having 
been  reported,  some  of  them  proving  fatal.  The 
toxic  effects  are  due  to  two  causes:  (1)  The  compara- 
tive difficulty  of  dispensing  bromoform  in  a  mixture, 
with  the  result  that  the  last  doses  in  the  bottle  con- 
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tain  more  broinoforni  tlian  the  oarlior  do.sps.  (2)  The 
decomposition  of  tlio  bromoforiii,  with  lil)(>ration  of 
bromiiic.  The  pliariiiaeopcrial  dose  is  three  iniiiiins 
(0.2).  Tlie  drug  may  be  dispensed  in  an  emulsion,  or 
dissolved  in  almond  oil  and  given  in  capsules. 

R.  J.  E.  Scott. 


Bromol. — Tribromphenol,  CjHjBrj.OH.,  is  obtained 
by  the  action  of  l)ronutie  on  a  solution  of  i)henol.  It 
is  a  crystalline  substance,  almost  insoluble  in  water; 
soluble"  in  alc<ihol,  other,  glycerin,  chloroform,  and 
oils.  Bromol  is  \ised  as  an  antiseptic  dressing  for 
wounds,  etc.,  in  powder  or  ointment  of  four  to  ten 
per  cent,  strength,  and  is  also  administered  as  an  intes- 
tinal antiseptic. 

Its  action  is  slow,  and  its  use  has  been  mainly  limited 
to  typhoid  fever  and  cholera  infantum.  It  is  not  dis- 
solved by  the  gastric  juice.  The  dose  is  gr.  ss.-ij  (0.03- 
0.13),  and  it  is  best  given  in  a  pill. 

R.  J.  E.  Scott. 

Bromum. — See  Bromine. 

Bronchi,  Anatomy  of  the. — As  a  preface  to  the  his- 
tology of  the  bronchi,  a  short  r^sumiS  of  the  gross 
anatomy  seems  here  desirable.  The  term  bronchi  is 
the  Latin  equivalent  of  the  Greek  jSpdyx'-'^,  the  main 
bronchial  tubes,  derived  from  ^pdyxo^,  trachea. 

The  bronchia,  beginning  at  the  tracheal  bifurcation 
opposite  the  third  dorsal  vertebra  (fourth  in  the 
female),  terminate  in  the  pulmonary  lobules.  The 
primary  tracheal  branches,  from  their  distribution,  are 
named  the  right  and  left  bronchus.  The  former  is 
shorter,  larger,  and  more  horizontal  than  the  latter, 
and  the  septum  bronchiale  separating  them  is  placed 
to  the  left  of  the  longitudinal  (in  the  recumbent  posture 
of  the  body)  axis  of  the  treachea.  Hence  bodies  falling 
into  the  trachea  lodge  more  frequently  in  the  right 
bronchus.  HyrtI  teaches  that  postmortem  examina- 
tions of  the  new-born,  dying  after  a  few  respirations, 
show  that  the  right  lung  respires  before  the  left,  and  he 
explains  the  fact  by  the  difference  in  size  and  location 
of  the  beginning  of  the  right  bronchus.  The  general 
rule  of  dichotomous  subdivision  obtains,  but  is  not 
without  exception;  e.g.  the  right  bronchus  subdivides 
into  three  branches,  one  for  each  lobe.  Occasional 
small  branches  are  given  off  by  the  main  trunk. 
Having  reached  the  diameter  of  0.21  mUlimeter  (yl-j 
inch),  they  enter  the  apices  of  the  pulmonary  lobules. 
Here  again  branching  at  acute  angles  they  dilate 
slightly,  becoming  funnel-shaped,  wlience  the  name 
"infundibula."     (See  article  Lungx,  .-inalomy  of  the.) 

Structure. — The  bronchia  are  hollow,  cylindrical 
tubes,  which  retain  in  structure,  throughout  a  large 
portion  of  their  extent,  the  characteristics  of  the 
trachea.  Like  the  latter,  they  con.sist  of  four  distinct 
layers:  an  external  fibrous,  a  muscular,  an  internal 
elastic,  and  a  mucous  layer.  Some  authorities  make 
five  layers,  dividing  the  external  fibrous  into  two,  viz., 
the  adventitia,  or  loo.se  connective  tissue,  and  a  fibro- 
cartilaginous layer  within,  which  constitutes  the  actual 
skeleton  of  the  bronchi.  For  convenience  these  two 
layers  may  be  regarded  as  one. 

The  External  Fibrous  Layer  consists  of  a  dense  me.sh- 
work  of  connective  tissue,  in  which  are  to  be  found 
rings  or  laminaj  of  hyaline  cartilage.  In  the  primary 
bronchia  these  are  dispo.sed  as  in  the  trachea,  i.e.  in 
broken  rings  like  the  letter  C,  held  together  by  fibrous 
bands.  The  ring  is  made  complete  by  small  trans- 
verse bundles  of  unstriped  muscular  fibers  attached 
by  microscopic  tendons  to  the  ends  of  the  rings.  By 
their  contraction  they  increase  the  curvature  of  the 
cartilage  and  so  diminish  the  caliber  of  the  tube. 
The  right  bronchus  contains  six  to  eight  of  these  carti- 
lages; the  left  ten  to  twelve.  Further  removed  from 
the  trachea  the  cartilages  gradually  lose  their  ring-like 
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shape,  and  are  disposed  in  irregular  polygonal  laminae. 
Becoming  smaller  and  less  frequent,  they  finally  dis- 
appear in  tubes  of  less  diameter  than  0.23  millimeter 
(,if,  inch),  the  fibrous  layer  still  continuing  to  form 
the  external  coat. 

The  Muscular  Loj/er  lies  within  the  fibrous  layer  just 
described.  It  consists  of  .separate  bundles  of  un- 
striped muscular  fibers,  disposed  for  the  most  part 
transversely  to  the  tube;  they  are  known  to  some  as 
the  muscles  of  Roisseissen.  it  is  better  developed  in 
the  intervals  between  the  cartilages  than  just  beneath 
them.  As  the  cartilages  di.sajjpear  this  muscular 
layer  becomes  better  and  better  developed,  until  at 
last  it  completely  surrounds  the  bronchioles,  which,  on 


Fig.  1142. — Represents  a  Transverse  Section  of  the  Bronchial 
Wall  at  the  Fifth  Bifurcation  in  the  Human  Adult,  a.  Epithelial 
layer  of  the  mucous  membrane;  6,  hyaline  basement  membrane, 
formed  from  c,  internal  elastic  layer,  showing  its  varying  thiciiness; 
d,  d,  muscular  layer;  e,  muciparous  crypts;  /,  cartilaginous  lamina; 
g,  external  layer;  h,  branch  of  bronchial  artery.  (X  about  30 
diameters.)      (Drawn  with  camera  by  Dr.  F.  Cary.) 


section,  but  for  the  epithelial  lining,  might  be  mistaken 
for  arterioles.  The  muscular  layer  can  be  traced  to 
the  final  branching  of  the  bronchiole  to  form  the 
alveolar  passages,  w-here,  according  to  Rindfleisch,  it 
becomes  again  better  developed  into  a  sort  of 
"sphincter"  at  the  point  of  entrance  to  the  alveolar 
pas.sages.  The  function  of  the  muscular  laj'er  is  to 
narrow  the  caliber  of  the  tubes.  This  is  manifested 
to  any  appreciable  extent  only  in  the  bronchioles. 
The  cartilages  prevent  any  decided  narrowing  where 
they  exist.  In  the  experiments  of  Dr.  C.  J.  B.  Williams 
with  electrical  .stimulation  on  bronchioles  of  less  than 
a  line  in  diameter,  they  were  seen  to  contract  until 
they  nearly  obliterated  their  lumen.  Dr.  Gairdner 
suggested  that  the  contractility  of  the  minute 
bronchioles  may  serve  to  expel  collections  of  mucus 
which  have  accumulated  in  them,  and  which  neither 
ciliary  action  nor  the  ordinary  expiratory  efforts 
would  dislodge. 

The  Internal  Elastic  Layer. — Within  the  muscular 
layer,  and  beneath  the  mucous  membrane,  lie  longi- 
tudinal bundles  of  elastic  ti.ssue  quite  regularly  dis- 
posed. They  project,  as  it  were,  partly  into  the 
lumen  of  the  tube,  and  so  give,  on  transver.se  section, 
a  wavy,  corrugated  appearance  to  the  lining  mem- 
brane; on  longitiidinal  section,  a  grooved  or  furrowed 
one.  Piercing  this  as  well  as  tlie  muscular  layer, 
chiefly  in  the  bronchial  tubes  containing  cartilages, 
are  to  be  seen  the  muciparous  ducts,  lined  with 
epithelium,  leading  inward  to  open  on  the  free  sur- 
face of  the  mucous  membrane.     The  mucous  crypts 
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Lie  in  the  external  fibrous  layer,  chiefly  in  the  intervals 
between  the  cartilages. 

The  Mucous  Membrane  of  the  bronchia  and  bron- 
chioles, forming  the  internal  layer,  possesses,  through- 
out the  greater  portion  of  its  extent,  the  character- 
istics of  tnat  of  the  tracheal  mucous  membrane.  Like 
the  latter,  it  consists  of  epithelial  cells  of  the  ciliated 
columnar  variety,  superimposed  upon  a  basement 
membrane,  which  latter  is  made  by  a  condensation  of 
the  inner  part  of  the  internal  elastic  laj'er.  When  the 
tube  has  reached  the  diameter  of  0.2  millimeter  {J^ 
inch),  these  cells  lose  their  cilia,  become  shorter, 
smaller,  and  rounded,  in  the  ultimate  tubules  be- 
coming the  simple  pavement  cells.  Here  the  mem- 
brane  lo.ses  its  character  as  a   mucous   membrane. 


Fig.  1143. — a,  A  minute  bronchiole  splitting  into  the  ultimate 
branches,  which  terminate  in  the  alveolar  passages;  the  epithelium 
has  become  of  the  simple  pavement  variety:  on  the  left  branch  can 
be  seen  one  of  the  so-called  "saccular  dilatations";  b,  artery;  c, 
medium-sized  bronchiole  ha\'ing  no  cartilaginous  lamina.  The  re- 
mainder of  the  field  is  normal  lung  tissue.  ( X  about  30  diameters.) 
(Drawn  by  Dr.  F.  Cary,  from  a  microscopical  section,  with  camera.) 

and  resembles  that  which  lines  the  alveoli  (see  article 
Lungs,  Anatomy  of  the.)  Here  and  there  in  the  larger 
tubes  are  to  be  found  the  cup-shaped  cells  (Becher- 
zellen)  of  Schulze.  The  mucous  crj'pts  are  not  only 
extremely  numerous  but  relatively  large.  They  are 
much  more  in  evidence  in  the  intercartUaginous  in- 
tervals. As  a  rule  they  are  small,  racemose  glands, 
often  having  a  veritable  excretory  duct  with  ramifica- 
tions. It  is  asserted  that  under  normal  conditions 
these  glands  are  closed  and  furnish  no  secretions,  but 
are  very  susceptible  to  the  action  of  irritants  of  va- 
rious kinds. 

Vascular  Supply. — From  the  thoracic  aorta  are 
given  off  the  bronchial  arteries,  which,  receiving 
occasionally  branches  from  the  first  intercostal  and 
internal  mammary  arteries,  accompany  closely  the 
subdivisions  of  the  bronchia,  supplying  their  walls, 
the  walls  of  the  large  pulmonary  vessels,  the  lymphatic 
glands,  and  the  connective  tissue  of  the  lungs,  to 
terminate  finally  in  capillaries  which  inosculate  freely 
with  the  respiratory  plexus.  Injections  thrown  into 
these  vessels  will  fill  also  the  capillary  plexus  of  tlie 
arteria  pulmonalis.  The  corresponding  bronchial 
veins  empty  in  part  into  the  vena  azygos,  in  part  into 
the  vena  pulmonalis;  the  venous  radicles  from  the 
ultimate  bronchioles  emptying  into  the  latter,  those 
corresponding  to  the  arterial  branches  to  the  bronchia 
and  lymphatics,  into  the  former. 

Lymphatic  Supply. — The  lymphatics  arise  in  the 
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alveolar  septa.  Stomata  open  on  the  alveolar  walls 
between  the  epithelial  cells,  communicating  thus 
directly  with  the  alveolar  cavity.  They  form  a  plexus 
in  the  submucous  tissues,  accompany  the  branches  of 
the  bronchia,  as  well  as  the  pulmonary  veins  and  ar- 
teries, emptying  finaUj'  into  the  bronchial  glands  at  the 
roots  of  the  lungs.  Within  the  lungs  they  often 
possess  a  gra}-  or  black  speckled  appearance,  from 
the  absorption  of  pigment  or  foreign  bodies. 

Nerve  Supply. — The  nerve  supply  to  the  lungs  is  de- 
rived from  the  pulmonary  plexuses  formed  from 
branches  of  the  vagus  and  sympatheticus.  The 
filaments  from  these  plexuses — situated  at  the  lung 
hilum — foUow  the  ramifications  of  the  bronchia,  be- 
coming lost  finally  on  them,  and  in  the  parenchyma  of 
the  lungs.  When  carefully  stained  they  are  seen  to 
possess,  in  parts  of  their  course,  the  microscopic  gan- 
glia to  which  Remak  and  Schiff  first  called  attention. 

The  sensibilit}-  of  the  bronchia  must  be  very  slight; 
at  least  this  seems  to  be  true  of  their  smaller  branches, 
because  of  the  slight  complaint  made  b}'  consumptives 
in  whom  large  portions  of  bronchial  and  lung  structure 
are  being  destroyed.  Lewis  L.  McArthtjr. 


Bronchial  QIands,  Diseases  of  the. — The  bronchial 
glands  are  subject  to  the  following  pathic  processes: 

1.  Inflammations:  (a)  acute;  (6)  chronic. 

2.  Morbid  deposits  and  growths:  (a)  pigmentation; 
(b)  cancer;  (c)  tubercle;  (d)  tertiary  syphilitic 
growths;  (e)  albuminoid  disease. 

Anatomy. — Since  the  greater  number  of  the  symp- 
toms arising  from  disease  in  the  bronchial  glands  are 
due  to  implication  of  adjacent  parts,  either  through 
inflammation  or  from  pressure,  exact  knowledge  of 
the  anatomical  relations  is  of  the  utmost  value  in  de- 
termining the  significance  of  any  given  symptom. 

The  largest  group  of  glands  lies  just  below  the 
bifurcation  of  the  trachea,  between  the  right  and  the 
left  bronchus.  They  are  in  relation,  laterally,  with 
the  bronchi;  anteriorly,  with  the  pericardium,  arch 
of  the  aorta,  and  pulmonary  artery;  and  posteriorly 
with  the  aorta,  vena  azygos,  esophagus,  and  pul- 
monary plexus  of  nerves.  Smaller  gangUa  are  situ- 
ated upon  the  anterior,  posterior,  and  superior  sur- 
faces of  the  right  and  left  bronchi.  Those  upon  the 
right  are  the  larger,  and  are  in  relation  with  tne  arch 
of  the  aorta,  the  brachiocephalic  and  subclavian  ar- 
teries, the  brachiocephaUc  and  azygos  veins,  and  the 
pneumogastric  and  recurrent  laryngeal  nerves.  On 
the  left  they  are  in  relation  with  the  extremity  of  the 
arch  of  the  aorta,  the  origin  of  the  left  subclavian  and 
common  carotid  arteries,  the  subclavian  vein,  and 
the  pneumogastric  nerve  with  its  recurrent  branch. 

Afferent  vessels  reach  the  glands  from  the  lungs, 
pleurae,  neck,  etc.  The  blood  supply  is  through  the 
bronchial  arteries. 

Pathology  and  Morbid  Anatomy. — The  pathic 
processes  which  occur  in  the  bronchial  glands  are  in 
no  respect  different  from  those  which  take  place  in 
other  lympathic  glands.  The  resulting  anatomical 
changes  assume  special  importance  through  their 
mechanical  effects. 

1.  Acute  inflammation  is  attended  by  cellular 
infiltration,  -nith  increase  of  lymphoid  elements  and 
retention  of  lymph,  resulting  in  enlargement  of  the 
glands  and  softening  of  their  parenchyma.  When  this 
process  is  rapid,  or  if  due  to  specific  poisons,  suppura- 
tive and  necrotic  changes  may  follow.  More  com- 
monly resolution  takes  place,  and  the  glands  return 
to  their  normal  size. 

2.  Chronic  inflammation  is  characterized  by  similar 
but  more  gradual  cellular  and  lymphoid  changes.  In 
connection  with  these,  fibrous  growth  is  more  marked; 
the  glands  become  greatly  enlarged,  in  some  cases 
permanently,  and  their  capsules  are  tliickened  and 
form  adhesions  with  surrounding  tissues.     Resolution 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Bronchial  Glands,  Diseases  of 


is  seldom  complete,  and  if  it  is  long  delayed  the  glands 
become  contracted  and  indurated. 

When  suppuration  results,  the  pus  may  find  its  way 
by  an  ulcerative  process  to  the  free  surface  of  a  bron- 
chus, into  the  esophagus  or  pericardium,  or  into  the 
substance  of  the  lung  or  lumen  of  a  blood-vessel;  or 
the  contents  of  the  abscess  may  undergo  caseous, 
calcareous,  or  cystic  degeneration.  Even  in  the 
acute  form  suppuration  rarely  takes  place  with  sufii- 
cient  rapidity  to  allow  rupture  directly  into  the  con- 
nective tissue,  and  in  the  chronic  forms  protective 
inHammation  with  adhesion  is  always  present. 

3.  The  specific  inflammatory  changes  present  no 
peculiarities  in  pathological  processes. 

4.  Pigmentation. — Carbonaceous  and  other  deposits 
in  the  bronchial  glands  seldom  cause  more  than  the 
lightest  grades  of  inflammatory  changes.  The  glands 
liccome  more  or  less  enlarged  and  variously  pig- 
mented. In  extreme  cases  they  are  entirely  black, 
firm,  hard,  and  gritty  on  section,  resembling  a  lump 
elf  coal.  The  glandular  tissue  is  partially  atrophied 
and  absorbed.  When  suppurative  changes  supervene, 
the  discharge  from  the  resulting  abscess  is  at  first 
black,  and,  though  gradually  becoming  hghter.  is 
not  entirely  free  from  pigment  until  the  entire  gland 
has  been  removed. 

5.  Cancer. — Cancerous  developments  in  the  bron- 
chial glands  follow  similar  disease  of  the  lungs, 
pleura,  or  mediastinum,  and  are  of  like  character. 
Primary  cancer  is  infrequent. 

6.  Tubercle. — Secondary  tuberculosis  occurs,  to  a 
greater  or  less  degree,  in  all  cases  of  pulmonary 
phthisis.  In  cliildren,  the  glandular  changes  are 
often  the  more  e.xtensive  and  important,  or  may 
in-en  represent  a  primary  infection.  The  process  is 
commonly  one  of  general  infiltration,  evenly  distrib- 
uted throughout  tlie  gland.  It  is  seldom  that  the 
deposit  presents  the  form  of  gray  miliary  tubercle. 
In  connection  with  these  changes  the  glands  enlarge, 
and  at  first  are  softer  than  normal,  but,  as  the  process 
advances  and  imphcates  the  entire  gland,  they 
become  firm  and  resistant,  resembhng  tuberculous 
pulmonary  consolidation.  In  the  second  stage  the 
\isual  softening  takes  place,  and  tuberculous  glandu- 
lar abscesses  are  formed  which  follow  the  course  of 
other  abscesses  described  above. 

7.  Syphilis. — Syphilitic  deposits  are  usually  ter- 
tiary. Gummy  deposits  may  lead  to  extensive 
enlargement,  with  subsequent  caseous  or  suppura- 
tive degeneration. 

8.  Albuminoid  degeneration  is  exceedingly  rare. 
When  present,  the  glands  are  usually  enlarged,  firm, 
and  tense;  occasionally  they  are  atrophied.  On 
."ection  they  present  the  usual  waxy,  glistening, 
homogeneoiis  appearance,  and  give  the  character- 
istic reaction  with  iodine. 

Etiology. — The  lymphatic  diathesis  and  general 
malnutrition  are  here,  as  elsewhere  in  the  body, 
predisposing  causes  of  glandular  disease.  Some 
statistics  have  seemed  to  show  a  slightly  greater 
predisposition  among  females,  and  an  increasing 
liabihty  to  such  disease  after  puberty. 

West  and  others  consider  the  disease  to  be  very 
frequent  among  infants  and  young  children. 

Of  the  exciting  causes,  acute  inflammation  of  the 
pulmonary  tissue  or  pleura  is  the  most  frequent. 
Thus,  a  simple  bronchitis,  a  pneumonia,  a  pleurisy, 
ur  an  empyema,  etc.,  may  each  be  followed  by  an 
acute  or  chronic  inflammation  of  the  bronchial 
glands,  resulting  in  resolution,  abscess,  or  caseous 
degeneration. 

So  frequently  have  these  glands  been  found 
enlarged  in  cases  of  whooping-cough  that  Noel 
Gu^neau  de  Mussy  was  led  to  regard  the  spasmodic 
element  in  the  cough  as  due  to  pressure  upon  the 
pneumogastrics  by  the  enlarged  glands.  Others, 
iiowever,  have   reported   cases   in   which    the   pneu- 


mogastrics were  not  only  pre.s.sed  upon,  but  even 
involved  in  the  indarninatory  proces.ses  surrounding 
the  gland,  without  the  presence  of  any  cough. 

Hoth  acute  and  chronic  inflammatory  changes 
have  been  observed  in  the  bronchial  glands  in  con- 
nection with  most  of  the  infectious  di.soa.ses,  more 
especially  in  typhoid  fever,  measles,  scarlet  fever,  and 
pyemia.  In  these  conditions  the  changes  are  part  of 
a  general  lymphatic  inflammation,  and  are  .seldom  of 
sufficient  extent  to  attract  attention  during  the  life 
of  the  patient. 

Absorption  of  various  forms  of  dust  to  which 
certain  classes  of  workmen  are  expo.sed,  with  the 
consequent  filhng  and  clogging  of  the  glandular  pas- 
.sages,  may  lead  to  either  acute  or  chronic  inflamma- 
tion, ending  in  atrophy  or  suppuration  antl  abscess. 
Such  a  result  is  exceedingly  rare,  however,  if  we  con- 
sider the  number  of  cases  of  pneumonoconiosis  in 
which  the  glands  become  partially  or  completely 
filled  with  extraneous  matter. 

As  already  indicated  in  the  sections  on  classification 
and  pathology,  the  specific  causes  of  cancer,  tubercle, 
syphilis,  and  amyloid  degeneration  are  exciting  causes 
of  disease  in  these  glands. 

Finally,  many  cases  of  enlargement,  induration,  or 
suppuration  with  secondary  changes  will  be  found  in 
which  no  e.xciting  cause  is  apparent  beyond  the  lym- 
phatic diathesis.  Simple  inflammation  seldom  causes 
suppuration,  such  a  result  following  more  certainly 
from  septic  irritation  or  tubercle. 

Symptoms. — In  the  earlier  stages,  and,  indeed, 
throughout  the  entire  course  of  tlie  disease,  unless 
the  glands  form  decided  tumors,  the  symptoms  will 
be  almost  entirely  rational.  Since  they  are  due  solely 
to  pressure,  and  as  the  glands  involved  in  differ- 
ent cases  will  not  be  the  same,  nor  always  enlarge 
in  the  same  direction,  it  is  evident  that  the  symptoms 
wiU  vary  greatly  in  their  order  of  development  and 
relative  importance  in  different  cases. 

In  many  instances,  even  when  the  glandular 
disease  is  slight,  the  anatomical  disturbances  may 
cause  such  marked  symptoms  as  to  obscure,  or  divert 
attention  from,  the  more  serious  precedent  conditions. 

1.  Cough  is  the  most  frequent  as  well  as  the 
earhest  symptom.  This  may  be  due  to  pressure 
upon  either  a  bronchial  tube  or  the  recurrent  laryn- 
geal nerve.  In  the  former  case  it  will  resemble  the 
cough  of  simple  bronchitis.  When  due  to  pressure  on 
the  nerve  it  will  be  more  harsh  and  laryngeal  in 
character,  and  in  some  cases  will  have  a  distinct 
spasmodic  element.  When  the  irritation  is  severe  it 
may  be  a  persistent  dry  hacking,  with  or  without 
paroxysmal  exacerbations.  More  rarely  it  is  deep, 
hollow,  and  metalUc,  or  resembles  the  cough  of  an 
animal. 

2.  Expectoration  attending  the  bronchial  form  of 
cough  is  quite  constant.  At  first  white  and  frothy, 
it  gradually  becomes  mucopurulent  when  the  glandu- 
lar processes  are  acute  and  rapidly  extending,  or 
changes  to  a  tenacious,  mucous  sputum  with  the 
more  chronic  processes.  Should  a  glandular  abscess 
open  into  the  bronchial  tubes,  it  will  be  evidenced  by 
a  more  or  less  free  purulent  expectoration,  mingled, 
it  may  be,  with  cheesy  or  even  calcareous  matter. 
After  such  an  opening  has  occurred,  an  intermittent 
purulent  discharge  will  continue  indefinitely,  or  until 
the  abscess  has  healed.  When  cough  is  due  to  nerve 
compression,  expectoration  is  slight  or  entirely 
absent.  No  appreciable  modification  in  the  ex- 
pectoration will  be  observed  when  the  glandular 
disease    is    secondary    to    other    pulmonary    lesions. 

3.  Hemoptysis  is  present  in  a  small  proportion  of 
cases.  When  due  to  intense  pulmonary  congestion, 
resulting  from  prolonged  paroxysms  of  coughing  or 
obstruction  to  the  pulmonary  veins,  it  is  usually 
capillary  in  character,  and  appears  at  first  either  as 
streaks  in  the  sputa  or  in  moderate  amount  as  clear, 
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bright-red  blood,  followed  later  by  darker  masses  and 
small  clots.  When  due  to  bronchial  ulceration  or 
erosion  of  a  vessel  in  the  wall  of  a  glandular  abscess, 
it  is  more  profuse  in  character,  appears  suddenly,  and 
may  continue  for  several  days,  or  even  result  in  death. 

4.  Pain  is  one  of  the  most  frequent  sj'mptoms. 
In  character  it  does  not  differ  from  that  occurring 
with  other  forms  of  intrathoracic  tumors.  It  has 
been  described  as  duU  and  heavv,  as  a  tightness  or 
compression,  and  in  a  few  cases  has  been  spasmodic. 

It  is  usually  associated  with  some  decided  tender- 
ness in  pressure,  and  when  once  present  is  quite 
persistent,  even  when  varj-ing  greatly  in  intensity. 

It  is  most  frequently  located  posteriorly  between 
the  spine  and  border  of  the  scapula,  opposite  the 
bodies  of  the  fourth,  fifth,  and,  in  a  few  cases,  the 
sixth  dorsal  vertebrae.  Less  commonly  it  is  felt  in 
front,  near  the  edge  of  the  sternum,  or  under  the 
clavicle,  with  occasionaUj-  a  point  of  pain  and  tender- 
ness in  the  axillary  region,  causing  it  to  simu.,ate  in- 
tercostal neuralgia. 

5.  Dyspnea  is  often  a  prominent  symptom.  One 
fatal  case  is  reported  in  wnich  it  was  the  only  symp- 
tom. Its  intensity  depends  less  upon  the  absolute 
size  of  the  tumor  than  upon  the  direction  and  nature 
of  the  enlargement.  A  comparatively  small  tumor 
or  rapid  inflammatory  exudation  maj-  compress  a 
primary  bronchus  sufficiently  to  cause  most  intense 
dyspnea. 

When  due  to  compression  of  a  bronchial  tube,  or 
of  the  lung  substance,  the  dyspnea  is  persistent  and 
unvarying.  In  a  small  proportion  of  cases  it  appears 
to  depend  upon  implication  of  the  laryngeal  nerve  and 
unilateral  paralysis  of  the  larj-nx.  It  may  be  parox- 
ysmal, or  even  assume  the  characteristics  of  spasmodic 
asthma  with  decided  nocturnal  paroxysms,  and  it  is 
occasionally  so  severe  as  to  force  the  patient  to  assume 
the  erect  position.  Quain  gives  the  proportion  in 
which  this  spasmodic  element  is  well  marked  as  one 
in  fifteen. 

6.  Dysphagia  is  a  quite  common  symptom,  and  is 
due  simply  to  compression.  It  is  present  in  about 
fifteen  per  ceut.  of  cases.  It  comes  on  slowly,  is 
persistent,  and  varies  only  with  the  changes  in  the 
size  of  the  glandular  tumor.  It  is  first  noticed  and 
most  marked  as  regards  sohd  food,  but  in  one  or  two 
cases  it  was  almost  confined  to  liquids. 

7.  Change  of  voice  is  present  only  when  the  recurrent 
nerves  are  impUcated.  There  may  be  loss  in  volume 
and  force  in  connection  with  the  dyspnea  of  bronchial 
obstruction,  but  distinct  changes  in  character  are 
probabh-  always  of  nervous  origin. 

Hoarseness  is  the  earUer  and  may  be  the  only 
change.  It  occasionally  passes  into  complete  aphonia. 
In  these  cases  paralysis  of  one  or  both  vocal  cords  can 
be  recognized. 

8.  Xausea  and  vomiting  are  rare  symptoms,  due 
to  imphcation  of  the  pneumogastrics.  M.  de  Mussy 
considers  them  more  frequent  when  the  left  nerve  is 
affected. 

9.  Venous  Compression. — Compression  of  the  as- 
cending veins  seldom  causes  any  marked  symptoms. 
Anorexia  and  the  general  disturbances  of  digestion 
have  only  an  indirect  relation  to  venous  obstruction. 

Compression  of  the  veins  coming  from  the  head  is 
more  frequent,  causing  cyanosis,  congestion,  and 
edema  of  the  face  and  neck,  and  rarely  of  the  upper 
extremities.     Epistaxis  results  from  the  same  cause. 

Phtsical  Sigss. — Inspection  is  usually  negative. 
It  maj'  show:  1.  The  edema,  puffiness,  etc.,  just 
mentioned  of  the  face.  2.  Slight  prominence  of  the 
upper  sternal  and  infracla\'icular  regions.  This  is 
exceedingly  infrequent;  it  was  noticed  in  none  of 
sixty  cases  reported  by  Quain.  3.  SUght  flattening 
of  the  affected  side.  It  is  the  more  frequent  change, 
and  is  probably  induced  bj^  bronchial  occlusion  and 
partial  pulmonary  collapse.     4.  Diminished  motion 
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of  the  affected  side.  It  may  be  present  alone  or  in 
connection  with  either  enlargement  or  contraction. 
5.  Xo  change  in  either  size  or  motion.  Most  cases  will 
be  of  this  nature. 

Palpation  will  show  decreased  vocal  fremitus  when 
broneliial  compression  has  resulted  in  occlusion  of  the 
tubes. 

Percussion. — Dulness  is  the  most  constant  physical 
sign,  and  will  indicate,  by  the  area  over  which  it  is 
present,  and  by  its  character,  both  the  size  of  the 
glandular  enlargement  and  its  nearness  to  the  sur- 
face. It  is  usually  best  marked  behind,  between  the 
scapula  and  spine,  extending  in  extreme  cases  from 
the  fourth  to  tne  sixth,  or  even  seventh,  dorsal  verte- 
bra. Less  frequently  it  may  be  obtained  in  front, 
over  the  manubrium  sterni,  and  below  the  sternal  end 
of  the  clavicle. 

Rarely  pulmonary  collapse  causes  partial  dulness 
over  a  greater  or  lesser  area.  Abscess  ca\-ities  com- 
municating with  the  bronchial  tubes  are  seldom,  if 
ever,  of  sufficient  size  to  affect  the  percussion  note. 

A  compensatory-  emphysema  may  possibh-  give  a 
vesiculo-tj'mpanitic  tone  over  the  healthy  lung. 

Auscidtation. — The  respiratory-  sounds  will  be  vari- 
oush-  modified  by  the  size  of  the  tumor  and  its  re- 
lations to  the  pulmonarj-  tissue  and  bronchial  tubes. 

Weakness  or  entire  absence  of  vesicular  murmur 
is  the  more  frequent  change.  It  is  due  principally  to 
bronchial  obstruction,  but  in  some  cases  is  caused  by 
direct  compression  of  the  pulmonary  tissue.  In  the 
former  case  the  change  may  be  observed  over  a  con- 
siderable area,  or  even  an  entire  lung,  but  in  the  latter 
it  will  be  more  localized. 

In  an  almost  equal  number  of  cases  the  respiratory 
sounds  are  loud  and  harsh,  or  even  distinctly  tubular. 
These  changes  are  found  only  over  the  seat  of  the 
disease,  and  depend  upon  compression  and  closure  of 
the  alveoh  and  smaller  tubes. 

A  venous  hum,  heard  best  at  the  root  of  the  neck, 
and  more  common  in  children,  is  usually  present 
when  there  is  decided  compression  of  the  descending 
venous  trunks. 

Bilateral  examination  of  the  chest  with  the  i-ray 
will  often  reveal  a  thoracic  tumor  and  locate  it  on  or 
about  the  bronchial  tubes. 

Diagnosis. — It  is  evident  from  the  foregoing  de- 
scription that,  in  the  earlier  stages  at  least,  a  positive 
diagnosis  is  impossible.  In  no  two  cases  will  the 
symptoms  or  their  order  of  development  be  alike. 

They  indicate  only  some  form  of  intrathoracic 
growth,  and  may  all  be  present  with  mediastinal 
tumors  or  thoracic  aneurysm. 

Mediastinal  tumors  are  more  frequently  primarj', 
those  of  the  bronchial  glands  secondary-. 

Mahgnant  growths  are  more  common  in  the  medias- 
tinum, while  inflammatory  processes  and  tuberculous 
deposits  more  frequently  affect  the  bronchial  glands. 

With  mediastinal  growths,  especially  of  the  anterior 
mediastinum,  disturbances  of  circulation  usually  pre- 
cede those  of  respiration,  the  contrary  being  the  rule 
in  disease  of  the  bronchial  glands. 

Although  both  show  a  tendency  to  extend  inward, 
mediastinal  tumors  are  much  more  frequently  at- 
tended by-  enlargement  and  bulging  of  the  chest  wall. 
■  Distinct  physical  signs  can  usually  be  obtained 
earlier  in  mediastinal  than  in  glandular  disease. 

In  thoracic  aneurysm,  also,  the  early  sy-mptoms  an 
those  connected  with  the  circulation,  while  respiratory 
disturbances,  both  subjective  and  physical,  are  devel- 
oped late.  The  arterial  murmur,  aneurysmal  bruit, 
with  a  thrill  and  heaving  impulse  on  palpation,  is  a 
valuable  point  of  differentiation.  In  aneurysm  the 
area  of  dulness  increases  along  the  course  of  the  artery 
or  rises  into  the  neck,  wliile  in  bronchial-gland  en- 
largement it  is  more  fixed,  increases  less  laterally,  and 
is  more  common  behind  than  anteriorly.  Diminu- 
tion and  delay  of  the  radial  pulse  upon  one  side  and 
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•ardiiii'    hyi)i'i'ti'ii|'''y    •^''''    ix'i'asional    symptoms    iif 
lioracic  lUUMirysm. 

EnisioM  of  "the  steniuiii,  so  fnM|ucMt  with  aortic 
iiiciin'siii,  does  not  result  from  tliscusc  of  tiic  hrcjii- 
■liial  glands. 

Prognosis. — 'I'lic  most  imporlcac  lidmciit  in 
irognosis  will  always  be  the  natm'o  of  the  pathic 
)roc('ss. 

Mali/jnant  di.sca.sc  here,  as  clsewlicrc,  terminate, 
atallv,  and  tuberculosis  will  have  a  similar  emlinys 
■iyphilitic  growths,  simple  enlargements  of  scrofulous 
ii'igin,  and  subacute  inflamnuitory  proce.s.ses  nuiy  often 
ie  arn'sted  and  a  practical  cure  effected  when  the  na- 
ture of  the  disease  can  be  recognized  early.  In  such 
^ases  the  size  of  the  growth,  the  rapidity  with  which 
t  is  extending,  and  its  relations  to  and  elTeets  upon 
idjaoeiit  tissue  must  form  the  basis  of  any  prognosis. 
The  more  .serious  complications  arc  tho.se  arising  from 
inplication  of  the  laryngeal  nerves  and  obstruction 
)f  the  ves.sels.  Glandular  abscesses  which  open  into 
:)ronchial  tubes  may  be  followed  by  recovery,  hut  are 
'iiore  frequently  fatal,  either  immediately  or  from 
orolonged  suppuration  and  exhaustion. 

TRE.A.TMENT. — -The  cascs  in  which  treatment  has 
proved  distinctly  effective  have  been  the  chronic 
•nlargements.  The  iodides,  with  iron  and  cod-liver 
)il  internally,  and  eounterirritation  between  the 
<capul;p,  have  been  the  most  successful  measures 
■mployed.  The  iron  and  iodine  may  be  given  sepa- 
rately or  in  combination.  For  syphilitic  ca.ses,  in 
ivhich  largo  doses  of  iodide  are  recjuired,  the  former 
method  is  to  be  preferred,  but  in  non-specific  cases 
the  syrup  of  the  iodide  of  iron  may  be  given  with 
Hjuallj'  good  results. 

In  cases  of  the  lymphatic  diathesis  or  definite 
tuberculosis,  treatment  should  be  based  on  the  dem- 
imstrated  relation  of  lime  assimilation  to  these 
I'onditions. 

The  persistent  use  of  small  (grain  ^g  to  j\)  doses 
of  the  bichloride  of  mercury  has  occa,':ionallyd  benefite 
■some  oases  even  when  no  syphihtic  element  was  pres- 
luit,  and  this  plan  may  be  tried  when  the  iodides  are 
unavailing. 

Counterirritation  over  the  seat  of  the  disease  is 
always  of  decided  value.  It  may  be  obtained  by  the 
use  of  any  of  the  more  persistent  counterirritants, 
fts  the  tincture  of  iodine,  iodine  liniment,  blisters,  or 
the  actual  cautery. 

The  special  symptoms  require  palliative  treatment. 

The  cough  is  seldom  relieved  by  expectorants,  and 
is  best  controlled  by  sedatives  and  antispasmodics. 
Codeine,  heroine,  morphine,  and  chloroform  inhala- 
tions, in  the  spasmodic  form,  are  the  most  certain  in 
their  effects,  but  the  bromides,  belladonna,  Hoffman's 
anodyne,  and  chlorodyne  are  of  value,  and  may  suffice 
in  some  instances. 

Pain  is  best  relieved  by  anodyne  lotions,  and  when 
severe  by  hypodermics  of  morphine.  For  local  appli- 
cations, laudanum,  belladonna,  chloroform,  or  cam- 
phorated liniments  may  be  emi)loyed. 

Dyspnea  is  more  safely  relieved  by  chloroform 
inhalations  and  the  ethereal  preparations  than  by 
opium  or  other  narcotics. 

The  enforcement  of  general  hygienic  and  tonic 
measures  will  greatly  increase  the  efficacy  of  any  form 
of  treatment.  Ch.^rles  E.  Quimby. 


Bronchiectasis. — Dilatations  of  the  bronchi,  either 
(liffu.se  or  circumscribed,  are  known  as  bronchiec- 
ta.ses.  They  are  of  common  occurrence  and  arise 
from  a  great  variety  of  causes.  In  all  cases,  however, 
the  cs.sential  cause  of  bronchial  dilatation  is  to  be 
found  in  a  weakness  of  the  bronchial  wall  or  an  in- 
crease of  pressure  within  the  bronchus,  or  in  a  com- 
bination    of    both      these     factors.      Bronchiectases 


ajjpear  both  clinically  and  pathologically  in  such  a 
variety  of  f(u-ms  that  their  classilicat  i(JM  i-;  dillicult. 
According  to  their  etiology  they  may  be  divided  into 
the  following  forms:  1.  Congenital,  2.  Atelectatic, 
:i.    \'icarious,   4.   Emphy.sematous,    .').   Inflammatory. 

(licNiou.M,  MoiiniD  Anatomy. — The  condition  of 
bronchial  dilatation  may  be  single  or  multiple,  one  or 
more  of  t  he  bronchi  being  affected.  In  some  cases  the 
entire  bronchial  tree  is  dilated  (ynirersal  hronchiec- 
laxix).  When  but  one  bronchus  is  dilated  the  condi- 
tion is  usually  foimd  in  the  upper  lobes;  when  many 
are  dilated  the  lower  lol>es  are  affected.  Usually  the 
bronchial  branches  of  the  third  or  fourth  order  are  the 
ones  involved;  they  not  infrequently  become  wider 
than  the  main  bronchi,  and  mav  often  be  followed  out 


Fig.  114-1. — .Saccular  and  Cylindrical  Forms  of  Brondiiectasis. 
(After  Orth.)     a  .Saccular  form;  b,  cylindrical  form. 

to  the  pleura,  where  they  end  generally  in  a  sac-like 
terminal  dilatation  of  somewhat  greater  width,  as  is 
seen  in  Fig.  5130,  b).  Inothercases  the  terminations 
may  be  of  normal  width,  or  they  may  become  nar- 
rowed. The  smaller  bronchi  may  at  "times  alone  be 
dilated,  the  lung  on  section  resembling  a  very  porous 
cheese  ("cheese-lung,"  "turtle-lung"). 

The  dilatation  may  be  more  or  le.ss  uniform  (cylin- 
drical, fusiform,  or  spindle-xliaped  bronchiectasis),  or  it 
may  be  localized,  the  dilatation  being  much  greater  at 
one  point  than  elsewhere,  or  involving  but  a  small  por- 
tion of  the  bronchus  (saccular  brondiiectasis).  In 
other  ca.ses  a  succession  of  dilated  portions  may  be 
separated  from  each  other  by  portions  of  the  bronchus 
which  are  of  normal  width  or  are  constricted  (varicose, 
moniliform,  or  rosary  bronchiectasis).  The  difTerent 
forms  may  be  found  in  the  same  lung.  The  cylin- 
drical variety  is  usually  diffuse,  the  saccular  circum- 
scribed. Pathological  changes  in  the  broncdiial  wall 
are  always  present  in  the  latter  form.  Closure  of  the 
central  end  of  the  dilated  portion  and  the  accumula- 
tion of  secretions  may  give  the  dilatation  the  charac- 
ter of  a  cyst  (brorichicctatic  cyst,  cystic  bronchiectasis). 
Suppuration  of  the  wall  of  the  dilated  bronchus  gives 
ri.se  to  the  conditions  known  as  ulcerative  bronchiec- 
tasis and  bronchiectatic  abscess.  Enlargement  of  the 
bronchiectasis  at  the  expense  of  the  surrounding  lung 
tissue  leads  to  the  formation  of  bronchiectatic  cavities 
(cavernous  bronchiectasis).  Infection  of  the  dilated 
bronchus  with  putrefactive  organisms  causes  a  gangren- 
ous bronchiectasis.  In  this  case  also  the  destruction  of 
the  wall  of  the  dilatation  and  the  encroachment  upon 
the  surrounding  tissue  give  rise  to  the  formation  of 
cavities.  In  some  ca.ses  the  larger  bronchi  may  be 
chiefly  affected,  in  which  event  the  distended  portions 
project  from  the  main  bronchus  like  the  dilated  fingers 
of  a  glove.  The  size  and  luunber  of  the  dilatations 
vary  greatly.  They  may  be  microscopic  or  as  large 
as  an  orange,  but  as  a  rule  are  one  to  two  centimeters 
in  diameter.  When  large,  the  number  is  usually 
small. 

The  walls  of  the  dilated  portion  may  appear  to  be 
normal,    or    they    may    show    marked    pathological 
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changes.  The  inner  lining  may  be  smooth  and  shin- 
ing, or  roughened,  and  is  usually  more  or  less  reddened. 
The  smooth-waUed  dilatations  often  contain  no  fluid. 
As  a  rule  the  bronchial  mucosa  presents  the  appear- 
ances of  a  chronic  purulent  catarrh.  The  cjdindrical 
epithelium  is  usually  replaced  by  one  of  a  cubical  or 
squamous  type.  In  the  large  saccular  bronchiectases 
and  in  .some  of  the  cylindrical  forms  due  to  retained 
secretions  the  lining  membrane  may  be  ulcerated. 
Polypoid  outgrowths  are  not  infrequently  seen.  The 
contents  of  the  cavity  may  be  thin  and  waterj',  or 
thick  or  even  caseous.  When  the  outlet  is  obstructed 
the  contents  may  be  inspissated  and  chalky,  or  con- 
verted into  firmer  masses  (broncholiths).  In  some  of 
the  larger  bronchiectases,  and  particularly  in  the  case 
of  secondary  gangrene,  the  contents  are  horribly  fetid. 
Microscopically  the  fluid  consists  of  mucus,  pus  cor- 
puscles, desquamated  epithelial  cells,  fatty  acid  crys- 
tals, and  occasionally  blood  and  hematoidin  crystals. 
In  the  case  of  ulcerative  or  gangrenous  conditions  of 
the  walls  elastic  fibers  may  also  be  present.  The 
outer  portions  of  the  wall  of  the  dilated  portion  may 
be  markedly  atrophic;  even  the  cartQage  plates  may 
entirely  disappear.  The  elastic  tissue  is  stretched  and 
separated;  and  the  muscle,  if  it  has  not  entirely  disap- 
peared, is  much  stretched  and  atrophied.  In  the 
middle  portion  of  the  dilatation  the  muscle  fibers  are 
usually  wholly  lost.  The  mucous  glands  may  also 
entirely  disappear,  or  may  show  extreme  mucous  de- 
generation. In  other  cases  a  secondary  thickening  of 
the  wall,  due  to  a  new  formation  of  connective  tis.sue 
and  elastic  fibers,  may  occur.  This  is  true  particu- 
larlj'  of  the  inflammatory  cases.  SmaU-ceUed  infiltra- 
tion of  the  wall  is  usually  present.  According  to  the 
condition  of  the  bronchial  wall  bronchiectases  may  be 
divided  into  the  atrophic  and  the  hypertrophic  forms. 
Such  a  classification  has,  however,  but  little  practical 
importance,  inasmuch  as  both  forms  may  be  found  in 
the  same  lung.  In  general,  the 
condition  of  the  wall  is  dependent 
essentially  upon  the  cause  of  the 
dilatation. 

The  atrophic  form  occurs  in 
association  with  emphysema, 
and  as  a  sequela  of  old  chronic 
inflammatory  processes  which 
lessen  the  elasticity  and  resisting 
power  of  the  bronchial  wall,  so 
that  it  gives  way  to  the  air  pres- 
sure. Prolonged  and  difficult 
expiration  favors  its  occurrence. 
Such  dilatations  are  usually 
cylindrical  and  occur  chiefly  in 
the  bronchi  of  the  lower  lobes. 
Very  often  the  stretching  of  the 
bronchial  wall  is  not  uniform, 
and  the  inner  surface  shows  cir- 
cular or  oblique  ribbed  eleva- 
tions corresponding  to  circular 
bands  of  muscle  fibers  and  elastic 
tissue  which  are  still  preserved, 
the  connective  tissue  between 
them  being  pushed  outward.  All  the  elements  of  the 
wall  are  more  or  less  atrophic,  even  the  cartilage, 
which  may  be  replaced  by  connective  tissue  contain- 
ing newly  formed  blood-vessels.  The  openings  of 
the  mucous  glands  are  dilated  and  funnel-shaped. 
The  epithelium  may  be  well  preserved,  or  it  may  be 
changed  to  a  cubical  or  flattened  variety,  or  may  be 
desquamated.  In  dilatations  of  long  standing  it  has 
usually  disappeared. 

The  hypertrophic  form  occurs  as  a  frequent  sequela  of 
indurations  and  contractions  of  the  lung  parenchyma. 
In  these  cases  the  greater  part  of  the  lung  is  usually 
impermeable  to  air,  and  the  cau.se  of  the  dOatation  is 
less  a  result  of  the  weakening  of  the  bronchial  wall, 
but  is  essentially  dependent  upon  an  increase  of  in- 
trabronchial  pressure,  which  is  due  to  the  fact  that  the 
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Fig.  114^. — Atrophic 
Cyclindrical  Bronchiec- 
tasis with  Ribbed  Trans- 
verse Markings,  (.\fter 
Ziegler.) 


air  entering  the  bronchi  no  longer  passes  normally 
into  the  ramifications  of  the  air  passages.  In  the  ease 
of  retraction  of  the  lung  tissue  with  pleural  adhesions 
the  outward  pull  upon  the  bronchial  walls  is  also  an 
important  factor  in  causing  a  dilatation  of  the  bron- 
chial lumen.  In  both  cases  the  dOatation  is  favored 
by  any  inflammatory  process  which  weakens  the  wall. 
The  mucous  membrane  of  the  dilated  bronchus  in  the 
hypertrophic  mass  may  resemble  that  found  in  the 
atrophic  forms,  or  papillary  or  polypoid  proliferations 
may  be  present.     A  lattice-like  marking  of  the  lining 


Fig.  1146. — H>'pertrophic  Bronchiectasis  and  Bronchiectatic 
Caverns  in  Fibroid  Induration  of  Lung.  (After  Ziegler.)  o,  In- 
durated lung-tissue;  b,  thickened  pleura;  c,  dilated  bronchua; 
d,  caWty  commtinicating  ■nith  a  dilated  bronchus. 

membrane  is  often  seen.  These  markings  correspond 
to  small  thickenings  or  elevations  of  the  mucosa  cor- 
responding to  the  formation  of  a  very  cellular  granu- 
lation tissue  about  the  longitudinal  and  transverse 
bundles  of  elastic  tissue.  The  connective  tissue  of  the 
wall  and  of  the  peribronchial  region  is  more  or  less 
thickened,  and  connective  tissue  may  take  the  place  of 
the  mucous  glands  and  cartilages.  The  capillaries  of 
the  wall  are  greatly  dilated  (sacculated  aneurysms) 
and  present  thickened  walls.  The  hyperemia  of  the 
wall  may  be  so  marked  that  the  appearance  of  the 
mucosa  suggests  a  hemorrhagic  condition  and  hemor- 
rhage from  these  dilated  capillaries  is  not  uncom- 
mon. Tuberculous  and  gangrenous  processes  may 
cause  various  modifications  of  these  appearances. 

The  saccular  bronchiectases  usually  develop  at  the 
cost  of  the  lung  parenchyma.  The  bronchus  may 
show  at  some  point  in  its  course  a  dilatation  varying 
in  size  from  that  of  a  mustard  seed  to  that  of  a  hen's 
egg,  or  the  bronchus  may  terminate  in  a  sac.  The 
central  end  of  the  dilatation  may  become  obhterated 
and  the  dilatation  thus  come  to  resemble  a  cyst. 
Through  the  accumulation  of  secretions  the  cyst  may 
attain  great  dimensions.  All  of  the  bronchi  of  one  lung 
may  be  similarly   affected,  the  lung  tissue  between 
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becoming  atrophic  and  compressed,  so  that  the  organ 
finally  comes  to  resemble  a  multilocular  cyst.  In 
other  cases  the  saccular  dilatation  may  involve  only  a 
portion  of  the  circuniference  of  the  wall,  so  that  it 
appears  as  a  diverticulum  which  is  connected  with  the 
lumen  of  the  bronchus  by  a  narrow  opening  only  {dila- 
tation (impullaire  laterale  of  Cruvoilhier).  In  the  ma- 
jority of  cases  the  saccular  dilatations  involve  the 
smaller  bronchi;  more  rarelj'  are  the  main  branches 
affected.  They  are  usually  associated  with  bronchial 
stenoses,  and  are  most  often  found  near  the  periphery 
of  the  lung.  According  to  Gairdner  all  of  the  saccular 
dilatations  are  the  result  of  ulcerative  excavations  of 
the  lung  tissue.  This  is  true,  however,  of  only  a  part 
of  the  cases. 

Biermer  divides  bronchiectases,  according  to  the 
character  of  their  walls,  into  the  following  forms: 
(1)  Dilatations  with  catarrhal  swelling  and  relaxation 
of  the  bronchial  wall.  These  are  acute  and  occur 
chiefly  in  the  lungs  of  children  affected  with  chronic 
bronchitis.  After  the  bronchitis  has  been  cured  the 
bronchial  wall  regains  its  old  tone  and  elasticity,  and 
the  dilatation  disappears.  (2)  Dilatations  with  hy- 
pertrophic walls.  These  affect  the  larger  bronchi  and 
are  usuallj'  spindle-shaped.  (3)  Dilatations  with  thin 
walls.  These  are  usually  saccular.  (4)  Dilatations 
with  trabecular  degeneration.  The  walls  are  uneven, 
thickened,  and  there  is  a  peribronchial  increase  of 
connective  tissue. 

Ulcerative  processes  are  of  common  occurrence  in  the 
muco.sa  of  the  saccular  bronchiectases.  Complete  de- 
struction of  the  elements  of  the  wall  may  take  place, 
giving  rise  to  a  bronchial  abscess.  Infection  with 
putrefactive  bacteria  leads  to  a  secondary  gangrene. 
Such  changes  are  due  to  the  lessened  resistance  of  the 
bronchial  walls,  the  changes  in  the  secretions,  and  the 
entrance  of  bacteria.  In  these  cases  elastic  tissue 
may  be  found  in  the  sputum.  Deposits  of  lime  salts 
may  occur  in  the  bronchial  walls,  and  as  the  result  of 
the  formation  of  granulating  surfaces  adhesions  of  the 
walls  or  the  development  of  connective-tissue  bridges 
may  take  place.  In  some  cases  a  complete  oblitera- 
tion of  the  lumen  results,  and  the  bronchus  is  converted 
at  the  point  of  dilatation  nto  a  fibrous  cord 

Changes  in  Lungs  and  Pleura. — Chronic  inflamma- 
tion is  always  present  in  the  bronchiectatic  lung, 
corresponding  usually  in  degree  to  the  duration  and 
extent  of  the  bronchial  affection.  Either  lobar  or 
lobular  pneumonia  may  precede  the  dilatation. 
Fibrosis  is  present  in  a  large  number  of  cases.  Pleu- 
risy with  effusion,  and  especially  empyema  are  often 
associated  with  bronchiectasis.  The  changes  in  the 
lung  tissue  in  the  neighborhood  of  the  bronchiectasis 
are  usually  primary,  with  the  exception  of  ulcerative 
and  gangrenous  processes,  which  are  secondary  to 
the  dilatation.  The  bronchi  which  are  not  dilated  show 
catarrah  and  a  putrid  decomposition  of  the  secretions. 
They  are  often  wholly  obliterated.  In  bronchiec- 
tases due  to  syphilitic  affections  of  the  air  passages 
the  dilatation  of  the  smaller  bronchi  is  usually  sec- 
ondary to  a  stenosis  of  the  trachea  or  large  bronchus. 
The  portions  of  the  lungs  not  affected  by  the  condition 
causing  the  bronchiectasis  may  present  a  compensa- 
tory emphysema,  and  in  the  later  stages  foci  of 
bronchopneumonia,  due  to  the  aspiration  of  secre- 
tions from  the  dilated  bronchi,  may  be  found.  The 
right  ventricle  may  become  hypertrophied  and 
dilated  as  the  result  of  the  stasis  in  the  pulmonary 
circulation.  The  bronchial  glands  are  usually  swol- 
len, and  may  suppurate. 

Metastasis  may  take  place  from  bronchiectases. 
Biermer  observed  metastatic  brain  abscesses  in  four 
cases  of  bronchiectasis;  and  Gerhardt  and  Barden- 
heuer  noted  the  occurrence  of  rheumatic  joint 
affections  in  patients  with  bronchiectases.  Chiari 
has  reported  a  case  of  suppurative  myelitis  following 
bronchiectasis.  In  the  pus  and  vessels  of  the  cord  a 
branching    filamentous    fungus    was    found     which 


showed  threads  breaking  up  into  coccoid  bodies  and 
staining  with  Gram's  mixture.  Of  eight  cases  of 
hematogenous  mj'elitis  collected  from  tne  literature 
three  were  .secondary  to  bronchiectasis.  In  one  case 
of  actinomycotic  abscesses  occurring  in  the  brain 
of  a  man  with  numerous  bronchiectatic  cavities, 
many  clusters  of  the  fungus  were  found  in  the  walls 
and  contents  of  the  latter. 

Location. — Statistics  as  to  the  location  of  bron- 
chiectases are  of  doubtful  value.  This  is  particularly 
true  with  regard  to  the  relative  frequency  of  involve- 
ment of  the  right  and  left  sides  and  the  upper  and 
lower  lobes.  The  statements  generally  made  in 
regard  to  these  points  are  to  the  effect  that  bron- 
chiectases usually  occur  in  one  lung,  and  more 
frequently  on  the  left  than  on  the  right  side,  and 
more  often  in  the  upper  lobe  than  in  the  lower,  and 
that  in  double-sided  bronchiectasis  both  upper 
lobes  are  more  often  affected  than  the  lower  ones. 
But  little  '"mportance  can  at  present  be  attached  to 
such  statements,  the  number  of  observations  upon 
which  they  are  based  being  too  small.  The  dilata- 
tions occurring  with  tuberculosis  and  chronic  in- 
flammatory processes  are  more  often  seen  in  the 
upper  lobes;  in  the  case  of  pleuritic  exudations  in 
the  compressed  lower  lobes;  those  occurring  as 
sequelae  of  croupous  and  catarrhal  pneumonia, 
hypostatic  and  atelectatic  conditions  are  found  in 
thelowerand  posterior  portions.  In  the  ease  of  pleural 
adhesions  the  dilatations  are  sometimes  found  in 
the  bronchi  of  the  upper  lobe,  sometimes  in  those  of 
the  lower  lobe. 

Etiology. — This  is  varied,  and  the  cause  and 
pathogenesis  of  manj'  cases  are  obscure.  It  is 
generaO}'  agreed  that  dilatation  cannot  take  place  in 
a  healthy  bronchus,  but  that  some  pathological  con- 
dition must  first  weaken  its  walls:  acute,  subacute  or 
chronic  bronchopneumonia,  unresolved  lobar  and 
lobular  pneumonias,  foreign-body  in  a  bronchus, 
chronic  influenza,  whooping-cough,  bronchial  stenosis, 
atelectasis,  fibrosis  of  lung,  chronic  pleuritis,  trauma, 
tuberculosis,  syphilis,  neoplasm,  and  aneurj'sm  are  the 
most  frequent  causes.  Much  interest  attaches  to  the 
recent  reports  of  bronchiectasis  due  to  deep  infection 
of  the  bronchial  walls  with  influenza  bacilli.  Some 
cases  are  congenital,  due  to  disturbed  development. 
No  age  is  exempt,  although  bronchiectasis  is  rare  in 
infants.  It  is  frequent  in  children  after  the  age  of 
three,  and  in  adolescents.  Men  are  more  frequently 
affected  than  women. 

Congenital  Bronchiectasis. — Under  this  head  there 
is  included  a  number  of  conditions  in  the  lungs  of  the 
new-born  which  have  been  regarded  as  due  to  con- 
genital syphilis.  One  lung  (most  often  the  left)  is 
usuallj'  affected;  it  may  contain  numerous  cysts 
filled  with  a  serous  fluid.  The  lung  tissue  between 
the  cysts  may  be  indurated  or  atelectatic.  Heller, 
Herzheimer,  Grawitz,  and  others  have  described 
cases  which,  according  to  Grawitz,  are  to  be  ascribed 
to  an  hydropic  dilatation  of  the  bronchi.  Heller 
regards  them  as  representing  the  bronchi  of  undevel- 
oped portions  of  the  lung,  the  dilatation  occurring 
in  later  life  partly  as  the  resiilt  of  the  growth  of  the 
thorax  and  the  consequent  pull  upon  the  bronchus, 
and  partly  as  the  result  of  the  growth  of  the  bronchus 
itself  and  the  pressure  of  retained  secretions.  Acces- 
sory lobes  ("accessory  lungs")  are  occasionally  found. 
They  may  not  communicate  with  the  main  bronchial 
tree,  but  may  contain  bronchiectases  in  the  form  of 
cysts.  They  are  most  frequently  found  between 
the  esophagus,  spinal  column,  and  diaphragm.  The 
cases  of  unilateral  atrophy  of  the  lung  (left)  described 
by  Neisser  are  probably  the  result  of  congenital 
bronchiectasis.  In  aU  the  cases  there  were  inter- 
mittent attacks  of  cough,  dyspnea,  fever,  and 
putrid  or  bloody  sputum  from  childhood.  Atrophy 
of  left  lung,  compensatory  hypertrophy  of  the  right, 
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displacement  of  the  heart  to  the  left,  and  high  dia- 
phragm without  retraction  of  left  thorax  character- 
ized the  cases.  Ogie  has  reported  a  case  of  bron- 
chiectasis associated  with  a  dermoid  cyst. 

Atelectatic  Bronchiectasis. — The  congenital  bronchi- 
ectasis of  Heller  is  to  be  placed  in  this  class.  In  a 
number  of  cases  observed  bronchial  dilatations  have 
been  found  in  adults,  the  lung  tissue  being  free  from 
pigment  and  showing  no  evidences  of  inflammatory 
changes.  The  condition  is  therefore  very  probably 
the  result  of  a  congenital  atelectasis.  An  acquired 
bronchiectasis,  due  to  atelectasis,  may  take  place 
in  later  life  as  the  result  of  deformities  of  the  thorax, 
tumors,  aneurysm,  etc. 

V^icarious  Bronchiectasis. — If  the  entrance  of  air 
into  any  portion  of  the  lung  be  hindered  and  the 
volume  of  that  part  reduced,  the  inspiratory  pull 
upon  the  sound  portions  of  the  lung  is  increased.  As 
the  result  of  this  increased  pull  both  the  alveoli  and 
the  bronchi  become  dilated,  and  there  ari.se  a  vicari- 
ous emphysema  and  a  vicarious  bronchiectasis.  Pneu- 
monic foci,  infarcts,  local  atelectasis,  local  tubercu- 
lous nodules  and  infiltrations,  contracting  scar  tissue, 
etc.,  are  the  causal  factors  of  such  bronchial  dilatations. 
Tlie  bronchial  wall  and  mucosa  become  stretched  and 
thinned  like  a  serous  membrane.  The  essential  charac- 
teristic of  the  change  is  that  no  inflammatory  processes 
take  part  in  the  direct  production  of  the  dilatation. 
It  is  to  be  regarded  as  a  vicarious  emphysema  of  the 
bronchi.  The  clinical  significance  of  the  condition  is 
not  great.  The  dilatations  are  relatively  small  and 
circumscribed.  Inflammatory  changes  may  follow, 
and  an  ulcerative  or  inflammatory  bronchiectasis 
develop. 

Emphysematous  Bronchiectasis. — An  emphysema  of 
the  bronchi  occurs  also  in  simple  atrophic  emphysema 
of  the  lungs  not  due  to  a  compensation  for  portions 
of  the  lung  the  function  of  which  is  lost  or  diminished. 
It  is  to  be  regarded  as  idiopathic  rather  than  vicari- 
ous or  compen.sating.  The  dilatation  is  not  great,  but 
the  walls  of  the  bronchi  are  greatly  thinned.  The 
smaller  branches,  particularly  those  of  the  lower  lobes, 
are  chiefly  affected.  The  symptoms  cannot  be  sepa- 
rated from  those  of  alveolar  emphysema. 

Inflammatory  Bronchiectasis. — This  is  by  far  the 
most  common  and  important  form.  All  authorities 
are  agreed  that  for  the  production  of  a  bronchiectasis 
of  cUnical  importance  an  inflammatory  weakening 
of  the  bronchial  wall  is  necessar}-.  In  general  there 
are  no  severe  inflammatory  conditions  of  the  lungs 
or  pleura  in  which  bronchiectases  may  not  develop. 
Capillary  bronchitis,  chronic  bronchitis,  catarrhal 
pneumonia,  croupous  pneumonia,  particularly  when 
running  a  subacute  or  chronic  course,  influenza,  tub- 
erculosis, obliteration  of  the  bronchioles  due  to  indura- 
tions, peribronchitis,  typhoid  hypostasis,  stenosis  of 
the  large  bronchi,  pleuritis,  pleural  adhesions,  etc.,  are 
the  causal  and  predisposing  factors.  General  anemia, 
marasmus,  alcoholism,  excessive  or  forced  respiratory 
movements,  singing,  screaming,  coughing,  etc.,  play  a 
secondary  part.  In  the  case  of  bronchial  stenoses  the 
bronchus  is  usually  dilated  both  above  and  below  the 
point  of  stenosis.  It  is  probable  that  the  dilatation 
which  lies  below  the  stenosis  is  due  to  the  fact  that 
the  air  which  pas.ses  through  the  stenosis  into  the  por- 
tion of  the  bronchus  below  it  is  held  there  by  the  block- 
ing of  the  stenosis  with  mucus  during  expiration,  and 
as  the  result  of  the  expiratory  increase  of  pressure  this 
portion  of  the  bronchus  becomes  stretched.  In  the 
case  of  foreign  bodies  the  bronchial  dilatation  is  found 
not  only  around  the  body,  but  involving  other  bron- 
chial branches  as  well.  The  causes  of  such  dilatations 
are  complicated,  but  the  essential  factor  is  the  produc- 
tion of  a  peribronchitis.  Tuberculosis  and  syphilis 
may  give  rise  to  bronchiectases  which  are  primarily 
dependent  upon  stenoses  caused  by  the  contraction  of 
scar  tissue,  or  are  due  to  infiltrations.  Primary  car- 
cinoma of  the  lung  or  large  bronchi  also  frequently 
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causes  bronchiectasis  as  the  re.sult  of  bronchial 
stenosis.  Chronic  pneumonia,  whether  following  the 
acute  pneumonias,  or  due  to  syphilis,  pleuritis,  foreign 
bodies,  etc.,  or  primary  of  unknown  origin,  is  of 
especial  importance  in  the  etiology  of  bronchiectasis. 

Symptoms. — Cough  is  the  rule.  It  occurs  in  par- 
oxysms, usuaOy  at  long  intervals,  almost  alwaj-s  on 
the  patient's  awakening  in  the  morning,  the  paroxysm 
being  repeated  once  or  several  times  during  the  day. 
The  patient  may  be  awakened  by  the  first  paroxysm, 
or  it  may  come  on  after  arising.  Usually  the  patients 
know  the  time  when  the  attacks  may  be  expected.  A 
paroxysm  may  also  be  precipitated  by  the  patient's 
lying  upon  the  affected  side  and  then  turning  suddenly 
Into  another  position.  The  attacks  are  often  very 
violent  and  conxnilsive,  at  times  completely  depriving 
the  patient  of  breath.  The  frequency  and  severity 
of  the  cough  are  dependent  upon  the  position  and 
the  character  of  the  opening  of  the  dilatation.  As 
long  as  the  secretions  are  retained  within  the  cavity 
there  is  no  coughing,  but  when  these  escape  into  the 
neighboring  bronchi  and  alveoli  paroxysms  are  ex- 
cited. When  the  bronchiectasis  is  located  in  the 
apex  the  secretions  may  pass  continuously  into  a  ver- 
tical bronchus  and  thus  give  rise  to  almost  constant 
coughing. 

Dyspnea. — This  may  be  slight  or  entirely  absent; 
it  usually  increases  in  degree  toward  the  later  stages 
of  the  affection  and  may  become  very  marked. 
Ordinarih"  it  is  noticed  only  at  the  time  of  coughing, 
or  after  vigorous  exercise.  It  is  increased  in  the 
event  of  acute  catarrhs  of  the  respiratory  tract, 
and  in  the  case  of  the  collection  of  mucus  in  the 
smaller  bronchi.  Persistent  dy.spnea  is  due  to 
some  complication  on  the  part  of  the  heart  or  lungs. 

Expectoration. — The  attacks  of  coughing  are  at- 
tended by  expectoration.  This  may  resemble  that 
of  any  ordinary  bronchitis,  but  in  the  majority  of 
cases  the  expectoration  is  very  characteristic  and  of 
diagnostic  importance.  WitH  the  coughing  parox- 
ysm there  is  a  gush  of  sputum  so  great  as  to  fill  the 
patient's  mouth.  Within  a  few  minutes  an  ordinary 
sputum  cup  may  be  entirely  filled.  The  total  amount 
of  sputum  may  be  so  great  as  to  suggest  the  possi- 
bility of  the  perforation  of  an  empyema  into  the 
bronchus  or  lung.  One-half  to  one  liter  (one  to  two 
pints)  may  be  expectorated  within  the  twenty-four 
hours.  With  the  evacuation  of  the  dilatation  the 
coughing  usually  ceases,  to  begin  again  as  soon  as  the 
bronchiectasis  fills  up.  Usuall3-  the  sputum  is  raised 
easily,  without  much  effort  or  coughing,  but  in  the 
case  of  such  complications  as  pleuritis,  emphj-senia, 
tracheal  or  bronchial  stenosis,  etc.,  the  expectoration 
may  be  very  difficult.  Nausea  and  vomiting  are 
rarely  produced.  The  position  of  the  patient  is  of 
great  importance;  when  he  lies  upon  one  side  there 
may  be  neither  cough  nor  expectoration,  but  as  soon 
as  he  turns  upon  the  other  side  the  bronchiectasis 
begins  to  empty  itself  and  the  cough  and  expectora- 
tion are  excited.  Sensations  of  pressure,  fulness, 
and  pain  are  sometimes  felt  before  the  expectora- 
tion takes  place,  particularly  in  the  case  of  children. 
Occasionally  these  symptoms  may  be  very  marked, 
lasting  half  an  hour  or  so  before  the  expectoration 
occurs.  The  large  amounts  of  sputum  and  the  long 
periods  between  the  attacks  of  expectoration  may  be 
explained  as  due  to  a  lessened  irritability  on  the  part 
of  the  bronchial  mucosa,  a  larger  quantity  of  sputum 
being  necessary  to  excite  coughing.  The  amount  of 
sputum  raised  is  always  greater  during  the  morning 
hours.  Toward  the  end  of  the  affection  the  total 
amount  decreases  as  the  patient  becomes  weaker. 

Sputum. — The  sputum  is  usually  purulent  in  char- 
acter, but  may  be  fetid  or  gangrenous.  When  puru- 
lent it  is  j-ellowish  and  contains  more  or  less  mucus. 
If  fetid  in  character  the  odor  may  be  extremely  dis- 
agreeable_  and    penetrating,    so    that    the  patient's 
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broiith  riiay  bo  pcrcoivctl  soiiii'  distance  away.  The 
patii'iit  liiinsclf  sliows  a  rcinarkalilc  tolcranco  of  the 
odui';  nausea  is  rarely  jjniilufed.  In  tlu'  gangrenous 
oases  llie  sputvnu  is  grayisli-yellow  or  greenish  in 
eolor.  Wlien  the  coniplieation  of  gangrene  is  not 
present  the  sputum  may  have  no  putrid  odor,  but 
eomnionly  possesses  a  disagreeable,  nauseating,  acid, 
or  sweetish  smell  ())seudogangrene).  When  collected 
in  a  glass  or  cylinder  the  sputum  separates  into  two 
distinct  layers:  an  ujiper.  thin,  slightly  cloudy,  almost 
serous  layer;  and  a  lower,  thick,  piu'ulent  layer  con- 
taining casi^ous  nuisses.  The  latter  ajjpear  as  dirty 
yellow  plugs  varying  in  size  from  a  mustard  seed  to  a 
bean  (plugs  of  Traube  or  Dittrich).  If  the  sputum 
be  put  into  a  tall  cylinder  which  is  half  filled  with 
water,  four  distinct  layers  may  be  seen.  The  upper- 
most is  foamy;  the  one  beneath  this  consists  of 
muco-purulent  masses,  which  hang  down  in  the  form 
of  shreds  into  the  third  layer,  consisting  of  cloudy 
water.  The  lowest  layer  of  water  has  a  grayish- 
green  appearance. 

Microscopically  the  -sputum  is  made  up  of  pus 
corpuscles  wliich  may  be  well  preserved  or  contain 
fat  droplets.  In  the  case  of  putrid  decomposition 
bacteria,  crystals  of  fatty  acids,  margarin,  tyrosin, 
leucin,  and  triple  phosphates  may  be  present.  Blood- 
pigment  may  also  be  found.  In  the  case  of  gangrene 
elastic  fibers  may  be  present.  The  caseous  plugs 
stain  a  brownish-yellow,  blue,  or  violet  with  dilute 
iodine  solutions.  The  mucin  content  of  the  sputum 
varies  greatly.  Blood-cells  are  not  infrequently 
present,  particularly  in  the  late  stages. 

Hemorrhage. — The  presence  of  blood  in  the  .sputum 
of  bronchiectasis  is  not  rare.  The  amount  is  usually 
small,  but  the  hemorrhage  may  be  so  large  or  so  fre- 
quently repeated  that  severe  symptoms  or  even  death 
may  ensue.  The  sputum  in  such  cases  may  appear 
to  be  chiefly  blood;  it  is  rarely  bright-red,  but  is 
more  or  less  discolored  by  the  mixture  with  the  other 
elements  of  the  sputum.  The  smaller  hemorrhages 
are  chiefly  of  capillary  origin;  the  large  ones  come 
from  the  erosion  of  large  vessels  in  the  wall  of  the 
dilatation.  In  ulcerative  conditions  of  the  wall  the 
hemorrhages  may  be  very  severe,  persist  for  a  long 
time,  and  finally  lead  to  death. 

General  Si/mptoms. — When  secondary  changes  in 
the  heart,  kidneys,  etc.,  are  not  present,  the  general 
condition  of  the  patient  may  be  quite  good  or  fair. 
Fever  and  sweating  are  signs  of  complications.  Oc- 
casionally fever  may  be  caused  by  the  absor|)tion  of 
products  of  decompo-sition  from  the  cavity.  In 
such  cases  the  fever  does  not  present  any  distinct 
type.  Pain,  when  present,  is  not  caused  by  the  bron- 
chiectasis, but  is  pleuritic  in  character.  Some  cases 
of  bronchiectasis  run  without  any  symptoms  whatever. 

Physical  Signs. — The  physical  signs  in  bronchiec- 
tasis are  not  characteristic,  inasmuch  as  all  of  them 
may  occur  in  other  diseases  of  the  lungs. 

Inspection. — The  color  of  the  skin  is  usually  un- 
changed. When  it  is  very  pale  the  underlying  disease 
is  most  likely  to  be  tuberculosis;  when  it  is  cyanotic 
there  is  usually  emphysema  pre.sent.  Many  of  the 
patients  lie  upon  their  backs;  others  sit  bending  for- 
ward, claiming  that  this  prevents  the  swallowing 
of  the  sputum.  When  the  bronchiectasis  is  confined 
to  one  side,  the  patients  usually  lie  upon  the  affected 
side,  coughing  and  profu.se  expectoration  being  cau.sed 
by  turning  upon  the  sound  side.  Deformities  of  the 
thorax  are  rare,  occurring  only  in  the  case  of  retrac- 
tion of  the  lung,  or  when  extensive  pleuritic  adhesions 
are  associated  with  the  bronchiectasis.  Diffuse  or 
localized  retraction  of  the  thoracic  wall  and  curvature 
of  the  spine  may  result  from  the.se  conditions.  When 
emphy.sema  is  pre.sent  tlie  thorax  may  present  the 
characteristic  barrel  form.  Occasionally  diff'erences 
of  movement  may  be  made  out  between  the  two  sides. 
In  the  case  of  extensive  bronchiecta.ses  of  the  lower 


lobe  of  one  siile  there  uuiy  be  .seen  diu'ing  deep  in- 
si)iratii)n  a  wave-like  retraction  of  the  intercostal 
spaces  |)roceeding  from  above  downward.  On  the 
alfected  side  such  a  movement  is  not  visible.  A  com- 
pensatory emphysema  of  the  sound  lung  is  always 
foinid  in  such  cases.  Very  rarely  it  may  be  seen  that 
the  respiratory  movements  on  the  affected  side  les.sen, 
and  at  last  wholly  cease  as  the  bronchiectasis  fills  up, 
but  return  after  the  expectoration  has  emptied  the 
bronchus. 

.\mong  the  most  common  and  important  of  the 
physical  signs  of  bronchiectasis  are  the  changes  which 
lake  place  in  the  distal  phalanges  of  the  hands  and  feet 
(drumstick  fingers).  The  clubbing  of  the  fingers  is 
due  to  an  hypertrophy  of  the  terminal  portions  of  the 
bones  {osteoarthropathie  hypertrophiante  pneumique), 
so  that  the  joints  of  the  plialanges,  the  carpal  joints, 
and  even  the  wrist  joint  may  be  greatly  thickened. 
These  changes  take  place  in  association  with  chronic 
cyanosis  and  appear  to  be  dependent  upon  the  latter. 
They  are  also  found  in  other  conditions  than  bron- 
chiectasis, particularly  in  the  congenital  heart 
lesions;  but  Bamberger  has  attempted  to  show  that 
the  change  in  bronchiectasis  is  characteristic  of  this 
affection,  in  that  it  is  a  painful  hypertrophy  of  the 
epiphyses. 

Palpation. — Vocal  fremitus  is  increased  over  areas 
of  fibrosis. 

Percussion. — The  percussion  phenoinena  of  bron- 
chiectasis vary  greatly,  being  dependent  upon  the 
size  of  the  dilatation,  the  quantity  of  fluid  present 
in  it,  its  distance  from  the  chest  wall,  and  the  character 
of  the  changes  in  the  surrounding  lung  tissue.  Dul- 
ness  or  a  tympanitic  tone  may  be  obtained,  or  both 
alternately,  according  as  the  cavity  contains  fluid  or 
air.  A  tympanitic  tone  with  change  of  pitch  on  open- 
ing and  closing  the  mouth  may  be  noted,  as  well  as 
change  of  tone  on  change  of  position,  the  cracked-pot 
sound,  metallic  tones,  etc.,  according  to  the  conditions 
present.  About  the  areas  showing  such  signs  of 
cavity  the  tone  may  be  resonant;  in  the  ca.se  of 
tuberculous  cavities  it  is  always  dull.  The  disloca- 
tion of  the  neighboring  organs,  pleuritic  thickenings, 
adhesion,  etc.,  may  also  be  shown  by  percussion. 

Auscultation. — The  ve.sicular  murmur  is  weakened 
or  absent,  being  replaced  by  a  bronchial  blowing. 
The  cylindrical  dilatations  give  a  soft  bronchial  sound, 
and  when  containing  fluid  they  yield  also  moist, 
coarse,  bubbling  rales.  The  saccular  dilatations  give 
both  the  percussion  and  auscultation  signsof  a  cavity, 
particularly  large,  moist,  bubbling  rales.  Gurgling 
sounds  are  common.  "Skoda's  veiled  puff"  is  often 
present.  There  may  be  marked  bronchophony  and 
pectoriloquy.  Rales  may  be  produced  by  the  heart 
movements. 

Complications. — The  most  frequent  and  dangerous 
complication  is  the  putrid  or  gangrenous  decomposi- 
tion of  the  contents  of  the  dilatation.  Pleuritis,  peri- 
bronchitis, bronchopneumonia,  chronic  pneumonia, 
chronic  bronchitis,  lobar  pneumonia,  emphy.sema, 
chronic  laryngitis,  renal  and  cardiac  affections,  clrop.sy, 
albuminuria,  cirrhosis  of  the  liver,  etc.,  may  be  a.s.soci- 
ated  with  bronchiectasis  or  appear  as  sequelje.  Metas- 
tatic abscesses  may  occur  in  the  brain,  spinal  cord, 
etc.;  there  may  also  be  rheumatic  joint  affections. 
There  arises  in  these  cases  a  suspicion  of  the  occurrence 
of  a  general  pyemic  infection.  Perforation  of  the 
dilatation  into  the  pleural  cavity  leads  to  the  devel- 
opment of  a  pyopneumothorax.  Perforation  into 
the  trachea  or  esophagus  may  occur,  or  very  rarely 
into  the  pericardial  sac.  Primary  carcinoma  of  the 
bronchus  is  usually  associated  with  bronchiectasis, 
whether  primary  or  secondary  to  the  latter  cannot 
usually  be  decided,  and  views  differas  to  the  etiological 
relationship  of  the  two  conditions.  In  old  chronic 
cases  of  long  duration  amyloid  degeneration  of  liver, 
spleen,  and  kidneys  may  be  found.     Tuberculosis  is  a 
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fairlj'  common  complication.  The  heart  is  usually 
affected,  fajTsertrophy  and  dilatation  of  the  right 
ventricle  occurring  in  the  majoritj'  of  cases.  The 
cardiac  changes  are  due  partly  to  disturbances  in  the 
pulmonary  circulation,  partly  to  the  accompanying 
condition  of  chronic  intoxication,  partly  to  local 
changes  in  the  thorax,  and  partl3'  to  coincident  renal 
changes. 

Duration  and  CorrRSE. — Bronchiectases  may  re- 
main stationary  for  years,  the  only  symptoms  being 
those  of  a  chronic  bronchitis.  As  a  rule  the  dilatation 
gradually  increases  during  this  time  without  an  in- 
crease in  the  symptoms.  With  the  advent  of  fresh 
catarrhs  emphysema  gradually  develops,  the  shortness 
of  breath  becomes  more  marked,  and  the  patient  may 
become  cyanotic.  The  right  heart  becomes  hyper- 
trophic and  finally  dUated.  Putrid  bronchitis  and 
gangrene  may  occur;  from  these  the  patient  may 
recover  for  a  time,  or  death  may  take  place.  As  a 
rule  the  condition  runs  for  a  long  time;  amj'loid  dis- 
ease of  the  kidneys  may  finally  result  and  the  patient 
becomes  dropsical.  After  alternating  periods  of 
improvement  and  exacerbation,  extending  over,  a  long 
period,  the  disease  is  brought  to  an  end  by  some  one  of 
the  complications,  the  most  frequent  being  hemop- 
tysis, pneumonia,  gangrene  of  the  lung,  pj-opneumo- 
thorax,  pyemia,  metastatic  abscess  of  brain,  and 
cardiac  insufEciencj'  following  fibrosis  of  the  lungs. 

Di.AGxosis. — The  differential  diagnosis  of  bronchiec- 
tasis from  other  pathological  conditions  of  the  lung  is 
sometimes  very  difficult.  The  absence  of  the  tuber- 
cle baciUus  will  distinguish  it  from  tuberculosis. 
When  the  latter  process  is  combined  with  bronchiec- 
tasis the  character  of  the  sputum,  the  age  of  the 
patient,  position  of  the  cavity,  habitus,  etc.,  are  points 
to  be  considered  in  the  differential  diagnosis.  The 
history  of  the  case  is  of  greatest  importance.  It  may 
be  taken  as  a  guiding  principle  that  tuberculosis  may 
lead  to  a  bronchiectasis,  but  that  a  bronchiectasis 
rarely  becomes  tuberculous.  Actinomycotic  cavities 
may  be  distinguished  by  the  presence  of  the  fungus 
in  the  sputum.  The  rare  localization  in  the 
lung  of  hydatids  may  also  be  easily  diagnosed 
by  the  findings  in  the  sputum.  From  pulmonary 
gangrene,  abscess,  putrid  bronchitis,  interstitial 
pneumonia,  pyopneumothorax,  etc.,  the  differentia- 
tion is  often  impossible.  The  physical  signs  of  cavity 
are  of  the  greatest  importance  in  so  far  as  the  differen- 
tiation between  processes  with  cavity  formation  and 
those  without  is  concerned.  Much  was  expected 
from  the  u.se  of  i-raj's  in  the  diagnosis  of  bronchiec- 
tasis, but  these  expectations  have  not  been  realized. 
Only  in  the  case  of  extensive  peribronchial  thickenings 
may  aid  be  looked  for  by  the  use  of  i-raj's.  Only  in 
one  case  (Pfeiffer)  has  a  diagnosis  of  bronchiectasis 
been  made  by  means  of  Rontgen  plates  and  confirmed 
by  autopsy.  Very  little  aid  can  be  expected  from 
bronchoscopy. 

Treatment. — In  very  rare  cases  self-healing  of  the 
bronchiectasis  may  take  place.  In  chUdren  this  maj' 
follow  the  cure  of  catarrhal  bronchitis  and  the  restora- 
tion of  normal  conditions  of  pressure.  In  extremely 
rare  cases  the  bronchial  cavitj-  may  be  obliterated 
bj^  adhesion  of  the  walls  of  the  cavity  or  through  the 
formation  of  granulation  tissue.  Since  in  the  great 
majority  of  cases  such  healing  isimpossible,  the  prophy- 
lactic treatment  becomes  of  prime  importance.  The 
conditions  (pleuritis,  pneumonia,  etc.)  which  lead  to 
bronchiectasis  should  be  appropriately  treated  with  a 
view  to  the  prevention  of  such  dilatations.  After 
the  development  of  bronchiectases  the  chief  therapeu- 
tic indication  is  to  keep  the  contents  of  the  dilatation 
— so  far  as  lies  in  our  power — aseptic.  This  can  be 
perfectly  accomplished  only  by  residence  in  an  atmos- 
phere containing  no  bacteria.  Removal  of  the 
patient  to  a  suitable  climate  (California,  Egypt)  is 

522 


the  best  means  of  avoiding  the  various  complications 
of  the  affection.  When  this  cannot  be  done  the  treat- 
ment becomes  chiefly  symptomatic  and  largely  di- 
rected to  antiseptic  procedures.  Inhalations  of  creo- 
sote, turpentine,  menthol,  eucalyptus,  etc.,  and  creo- 
sote vapor  baths  are  recommended  for  this  purpose. 
.\  number  of  writers  speak  favorably  of  the  creosote 
vapor  baths.  These  are,  however,  unpleasant  and 
slow  in  operation,  and  do  not  always  succeed  in  lessen- 
ing the  amount  of  the  sputum.  The  crude  creosote 
appears  to  be  more  effective  than  the  various  substi- 
tutes (vapo-cresoline,  refined  creosote,  soluble  cresol, 
etc.)  which  have  been  advised.  Other  writers  have 
found  success  with  guaiacol  vapor  baths  after  failing 
with  creosote.  The  ordinary  methods  of  giving  sucB 
inhalations  may,  however,  be  a  source  of  infection, 
as  many  of  the  forms  of  inhalation  apparatus  used  are 
dirt  traps. 

Intralaryngeal  or  intratracheal  injections  of  menthol, 
guaiacol,  eucalyptol,  iodoform  emulsion,  etc.,  have 
been  advised  by  Rosenberg,  Stewart,  Campbell,  and 
others,  but  are  condemned  by  various  writers  because 
they  give  rise  to  constitutional  disturbances,  fever, 
and  violent  cough.  Mendel  advises  the  use  of  a  five  to 
ten  per  cent,  eucalyptol  in  olive  oil  given  in  3  c.c.  doses 
three  times  daily  for  a  month,  according  to  the 
following  method.  The  patient's  tongue  is  held  out- 
side his  mouth  while  the  liquid  is  projected  against  the 
pharyngeal  wall.  If  the  patient  refrains  from  swal- 
lowing while  the  tongue  is  protruded  some  of  the  fluid 
will  run  down  into  the  air  passages.  The  treatment 
should  be  interrupted  and  continued  according  to  the 
patient's  condition.  It  is  said  to  be  effective  and 
easily  carried  out. 

Subcutaneous  injections  of  guaiacol  (1  in  5)  and  creo- 
sote (1  in  5)  in  olive  oil  have  also  been  recommended. 
They  may  give  rise  to  inflammation  and  necrosis  at 
the  point  of  injection. 

Intravenous  injections  of  formalin  (25  to  50  c.c.  of  a 
1-2,000  solution  of  formaUn  in  decinormal  salt  solu- 
tion) have  also  been  tried  without  success. 

Injections  of  carbolic  acid  and  menthol  directh'  into 
the  bronchiectatic  cavity  have  also  been  attempted. 

Murphy's  method  of  filling  the  pleural  cavity  with 
air  or  nitrogen  to  such  an  extent  as  to  cause  a  collapse 
of  the  bronchial  cavity  has  been  tried  with  some  suc- 
cess. The  air  should  of  course  be  thoroughly  steril- 
ized. About  170  c.c.  of  air  or  nitrogen  are  injected 
every  second  or  third  day. 

Inhalations  of  oxygen  may  aid  in  reducing  the  odor 
of  the  sputum.  Symptomatic  treatment  with  expec- 
torants (apomorphine,  senega,  ipecacuanha,  etc.)  may 
at  times  give  relief  or  temporary  improvement.  Hem- 
orrhage should  receive  appropriate  treatment. 

Inasmuch  as  the  medical  treatment  is  usually  with- 
out avail,  much  has  been  hoped  from  surgical  inter- 
vention in  the  treatment  of  bronchiectasis.  This  has 
now  been  given  a  very  extensive  trial,  with  complete 
failure  in  tne  majority  of  cases,  and  partial  success  in 
the  others.  These  unsatisfactory  results  are  easily 
understood  when  we  consider  the  facts  that  the  dila- 
tations are  often  multiple  and  bilateral,  and  that  the 
pulmonary  tissue  is  usually  extensiveh'  diseased. 
Dangerous  hemorrhages  may  result,  and"  anesthesia 
is  in  itself  attended  with  danger  in  these  cases.  The 
uncertainty  of  the  phj'sical  signs  also  contributes  to 
the  un.?atisfactory  results.  Operation  is  indicated  in 
the  case  of  circumscribed  saccular  bronchiectasis  when 
the  other  lung  is  sound.  Extensive  extrapleural  resec- 
tion of  the  ribs,  three  to  four  centimeter  pieces  being 
removed  from  the  first  to  eighth  ribs  at  the  costsJ 
angle,  is  practised  to  secure  complete  collapse  of  the 
affected  lung.  The  results  have  not  been  very  satis- 
factory. Tuffier  has  transplanted  omentum  and 
lipomas  between  the  pleura  and  chest  wall  to  bring 
pressure  upon  the  cavities  in  the  lungs.  Numerous 
animal  experiments  have  been  carried  out  with  refer- 
ence to  the  securing  of  a  coUapse  of  the  lung  after 
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ligature  of  the  pulmonarv  artery  or  vein  of  the  affected 
lobe.  Application  of  these  methods  in  the  human 
body  has  not  yet  been  made. 

Ill  opposition  to  these  methods  a  number  of  opera- 
tions made  directly  upon  the  cavity  have  been  tried 
out  with  some  success.  Pneumotomy,  the  slitting  of 
the  dilated  bronchus,  is  the  one  operation  that  has  been 
given  the  most  extensive  trial.  It  demands  the  exist- 
ence of  pleural  adhesions  to  prevent  danger  of  infection 
for  its  successful  carrj'ing  out.  It  is  performed  in  many 
ways.  Sixty-two  per  cent,  of  the  cases  operated  upon 
to  date  died  from  the  operation  or  subsequent  com- 
plications; in  9.4  per  cent,  alone  was  healing  obtained. 

Better  results  have  been  obtained  by  pulmonary  re- 
sectiou,  removing  the  entire  diseased  portion.  Cases 
of  successful  resection  with  healing  have  been  reported 
by  Lenhartz,  Gluck,  Korte,  Krau,se,  Ktimmell,  Sauer- 
bruch  and  others.  Their  success  is  in  marked  con- 
trast to  that  of  the  other  methods  mentioned  above, 
and  promises  well  for  the  future  development  of  this 
method.  StiU  more  radical  is  the  extirpation  of  the 
entire  diseased  lobe  or  even  lung.  After  much  animal 
experimentation  extirpation  of  a  lobe  or  entire  lung  has 
been  performed  in  man  by  Friedrich,  Garr^,  Korte, 
Gluck,  Kiimmell,  MuUer,  Tiegel,  Danielsen  and  others, 
not  only  for  bronchiectasis  but  also  for  tuberculosis 
and  carcinoma.  The  chief  dangers  of  pulmonary 
surgery,  severe  disturbances  of  respiration,  pneumo- 
thorax, sudden  collapse,  etc.,  are  combated  by  various 
forms  of  apparatus  for  the  regulation  of  pressures. 
For  a  rfeura^  of  the  surgical  treatment  of  bronchiec- 
tasis, with  literature,  see  Batzdorflf  (Centralblait.  f.  d. 
Grenzgebiete  d.  Medizin  u.  Chirxirgie,  November,  1912). 

The  postural  treatment  of  bronchiectasis  is  strongly 
recommended  by  Ewart  (Lancet,  1901).  While  not 
regarding  it  as  curative  in  advanced  cases,  he  holds 
that  no  other  treatment  is  so  simple,  so  rational,  and 
so  effective.  In  a  case  so  treated  the  relief  afforded 
the  patient  was  striking;  the  persistent  pyrexia 
stopped,  and  the  gushing  character  of  the  expectora- 
tion ceased.  Ewart  advises  a  continuous  elevation 
of  the  foot  of  the  bed  of  from  twelve  to  fourteen 
inches.  For  brief  periods  a  greater  elevation  may  be 
employed  with  benefit. 

Prognosis. — In  so  far  as  a  cure  is  concerned  the 
prognosis  in  any  well-established  case  of  bronchiec- 
tasis is  bad.  Except  in  rare  cases  no  method  of  treat- 
ment at  present  employed  is  of  avaU  in  effecting  a 
cure.  Some  of  the  more  acute  cases  in  young  persons 
may,  however,  be  cured.  In  the  chronic  cases  our 
present  methods  of  treatment  can  only  relieve  the 
distress  of  the  affection  and  prolong  life;  but  from  the 
development  of  pulmonary  surgery  and  the  improve- 
ment of  technical  methods  we  may  look  forward  with 
hope  to  an  improvement  in  the  prognosis  of  bron- 
chiectasis. Aldred  Scott  Warthin. 


Bronchitis. — Acute  bronchitis,  chronic  bronchitis, 
and  fibrinous  bronchitis  wUl  be  discussed  under 
this  heading. 

Acute  bronxhitis  may  be  an  affection  involving 
only  the  larger  and  medium-sized  tubes  or  the  process 
may  extend  to  the  finest  subdivisions  of  the  bronchi. 
Processes  involving  the  larger  tubes  constitute  the 
mild  form,  those  involving  the  smaller  tubes  the 
severe  form.  Capillary  bronchitis  which  is  always 
accompanied  by  involvement  of  the  lung  is  more 
properly  classed  as  bronchopneumonia  (q.v.). 

Beginning  suddenly  with  a  sense  of  constriction 
beneath  the  sternum  and  a  dry  unproductive  cough, 
or  more  gradually  as  an  extension  from  a  pre- 
existing laryngitis,  the  patient  afflicted  with  bron- 
chitis of  the  larger  tubes  in  a  few  days  develops  a 
productive  cough  as  diminution  of  the  distress 
and  in  a  week  is  well  on  the  wav  to  recoverv.     In 


adults  the  temperature  may  be  slightly  elevated 
for  a  day  or  two.  In  children  the  temperature  is 
higher  and  more  prolonged,  frequently  persisting 
for  a  week.  Acute  bronchitis  of  the  smaller  tubes 
on  the  other  hand  is  a  more  serious  affection.  The 
temperature  range  is  higher,  the  course  is  longer, 
the  cough  more  severe,  anci  the  end  results  more  grave. 

Etiology. — A  convenient  classification  of  the  causes 
of  bronchitis  Ls  one  that  divides  them  into  specific 
and  non-specific.  The  specific  class  includes  those 
cases  developing  at  the  beginning  or  during  the 
course  of  some  special  disease  as  influenza,  typhoid 
fever,  syphilLs,  etc.  The  non-specific  class  includes 
cases  of  bronchitis  from  all  other  causes  as  gaseous, 
thermal,  mechanical,  possibly  bacteriological,  and 
those  originating  within  the  body,  as  in  cardiac 
affections,  gout,  and  nephritis.  The  inhalation  of 
irritating  gases  or  fumes  or  fine  dust  is  a  potent  cause 
of  bronchitis,  and  its  action  is  readily  understood. 
Elimination  of  toxic  substances,  as  iodides,  may 
cause  bronchitis.  Deformities  of  the  nose  and  the 
presence  of  adenoids  and  enlarged  tonsils  are  pre- 
disposing factors.  Sudden  changes  of  body  tempera- 
ture are  frequently  followed  by  bronchitis,  particularly 
if  the  surface  of  the  body  has  been  chilled  after  free 
perspiration.  The  mechanism  of  this  reaction  is 
probably  the  rapid  extraction  of  heat  b)-  the  cold 
air,  especially  moist  cold  air.  The  vessels  of  the 
mucous  membrane  undergo  contraction  followed  by 
dilatation  and  free  secretion  of  mucus.  Under  these 
conditions  the  remaining  factor  (bacteria)  is  furnished 
with  a  suitable  culture  medium.  Bronchitis  is  there- 
fore more  frequently  seen  in  changeable  climates. 
Children  are  very  susceptible  because  of  their  rela- 
tively large  radiating  surface,  as  also  are  aged 
people  because  of  poor  vasomotor  tone,  their  circu- 
lation being  incapable  of  accommodating  itself  to 
the  sudden  changes.  That  cold  alone  is  insufficient 
to  cause  bronchitis  was  illustrated  by  an  antarctic 
expedition  the  members  of  which  were  free  from  colds 
until  after  the  opening  of  a  bale  of  clothing  which 
had  been  packed  in  civilization. 

The  role  played  by  bacteria  is  now  under  investi- 
gation. That  they  are  a  causative  factor  under 
ordinary  conditions  may  be  doubted,  but  that  a 
disturbed  condition  once  established  they  are  capable 
of  perpetuating  or  intensifying  it  seems  reasonable. 
^Yhile  some  investigators  have  found  the  finer 
bronchi  free  from  organisms  many  others  have  demon- 
strated bacteria  in  both  the  bronchi  and  alveoli. 
That  they  are  ordinarily  present  normally  in  the 
larger  bronchi  may  not  be  doubted.  From  here, 
under  proper  conditions,  they  may  readOy  invade 
the  smaller  bronchi.  The  protection  against  such 
invasion  consists  of  the  ciliated  epithelium  and  the 
abundant  bronchial  secretion.  These  protecting 
factors  may  be  inhibited  in  inflammatory  conditions. 
The  cases  of  bronchitis  occurring  in  connection  with 
the  specific  infections  may  be  regarded  as  due  to  the 
causes  that  produce  the  infections.  The  organisms 
isolated  from  the  sputum  in  the  non-specific  forms  of 
bronchitis,  however,  are  those  which  may  be  found 
under  normal  conditions.  So  many  varieties  may  be 
present  that  to  attribute  the  bronchitis  to  any  one  of 
them  seems  hardly  justified.  Pneumococci,  strep- 
tococci, staphylococci,  Friedlander's  diplobacillus, 
Pfeiffer's  bacUlus,  and  numerous  other  bacteria, 
among  them  rarely  the  colon  bacillus,  have  been 
reported  as  causes  of  bronchitis,  but  definite  etio- 
logical proof  is  lacking.  They  may  be  regarded 
properly  as  only  associated.  In  a  series  of  respiratory 
complaints  in  children  carefully  investigated  by 
Holt  pure  cultures  were  never  seen.  At  times  the 
Influenza  bacillus  predominated,  at  other  times  the 
pneumococcus  or  the  staphylococcus  aureus;  strepto- 
cocci were  present  in  fifty  per  cent,  but  rarely  pre- 
dominating, while  the  micrococcus  catarrhalis  was 
present  in  sixty-six  per  cent,  and  was  regarded  as 
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having  no  influence.  Tliere  was  no  apparent  relation 
between  the  symptoms  and  the  bacteria,  it  being 
impossible  to  predict  from  the  clinical  findings  what 
organisms  would  predominate.  From  a  non-respira- 
tory group  of  patients  the  same  organisms  were 
recovered.  In  twenty  cases  of  bronchitis  cultured 
at  autopsy  the  pneumococcus  was  obtained  in  pure 
culture  once,  the  Bacillus  influenzce  twice  and  the 
Staphylococcus  atireus  six  times.  Lord  found  a  single 
organism  in  thirty-three  per  cent,  of  186  adult  cases, 
but  all  subsequent  ciiltures  on  the  same  cases  showed 
mixed  infections,  thus  casting  doubt  on  any  single  or- 
ganism as  a  cause. 

Individual  susceptibility  must  be  taken  into  ac- 
count, as  among  a  group  exposed  to  the  same  condi- 
tions only  the  susceptible  will  develop  bronchitis. 

Palhology. — Gross  changes  on  postmortem  ex- 
amination may  be  very  slight.  The  mucous  mem- 
brane may  show  a  coating  of  mucus  or  mucopus 
beneath  which  the  surface  may  be  congested  and 
show  small  ecchymotic  points.  Other  portions  of 
the  bronchi  ma.y  be  normal  in  appearance.  The 
smaller  bronchi  may  be  plugged  with  exudate.  On 
microscopical  examination  the  epithelial  lining  may 
be  found  to  be  swollen  or  partially  desquamated  and 
the  epithelial  layers  may  show  round  cell  infiltration. 
When  the  bronchitis  has  been  more  severe  and  the 
smaller  tubes  have  been  invaded  these  changes  are 
all  intensified,  capillaries  may  be  ruptured  and  the 
exudate  at  points  hemorrhagic.  The  cellular  in- 
filtration is  more  intense  and  there  may  be  some  peri- 
bronchial reaction.  In  the  severe  bronchitis  of  chil- 
dren areas  of  coUapse  of  alveoli  are  found,  but  areas 
of  emphysema  predominate.  The  bronchial  lymph 
glands  may  be  enlarged. 

Symploms. — The  initial  symptoms  of  acute  bron- 
chitis of  the  larger  and  medium-sized  tubes  and  of 
the  finer  tubes  are  essentially  the  same.  Following  a 
coryza,  pharyngitis,  or  laryngitis,  or  ushered  in 
abruptly  by  chilly  sensations,  the  attacks  usually 
begin  with  slight  fever,  hoarseness,  cough,  and  sore- 
ness and  a  sense  of  rawness  beneath  the  sternum. 
The  eyes  may  be  injected  from  coughing  and  the 
muscles  of  the  chest  sore  for  the  same  reason.  The 
cough  at  first  is  dry,  frequent,  distressing,  and  unpro- 
ductive. Later  it  becomes  less  frequent  and  the  ex- 
pectoration becomes  freer.  The  earl.v  expectoration 
is  scanty  and  viscid,  composed  principally  of  mucus 
containing  epithelial  cells  and  occasionally  streaked 
with  blood.  The  later  products  of  coughing  are  more 
easily  expelled  and  are  mucopurulent  in  character. 
The  temperature  is  low  in  ordinary  cases  and  soon  de- 
clines, rarely  persisting  more  than  a  few  days.  In  cases 
involving  the  smaller  tubes,  however,  the  tempera- 
ture may  persist  for  two  or  three  weeks.  The  cough 
also  is  more  persistent  and  the  soreness  of  the  bronchi 
is  more  marked.  There  is  almost  always  considerable 
mental  depression.  In  children,  because  of  the  small- 
ness  and  rigidity  of  the  bronchi  and  the  difficulty  in 
expelling  the  secretion,  the  process  frequently  extends 
to  the  lobules  and  there  is  an  associated  broncho- 
pneumonia. This  is  an  essential  element  of  so-called 
capillary  bronchitis,  more  properly  considered  under 
the  head  of  bronchopneumonia.  At  the  beginning  of 
the  attack  tlie  bronchitis  may  be  mUd  in  character, 
but  the  development  of  a  temperature  of  103°  to  104° 
associated  with  a  decided  increase  in  rate  of  respira- 
tion, slight  cyanosis,  restlessness,  and  the  presence  of 
areas  of  persistent  fine  rMes  should  warn  one  that  he 
is  probably  dealing  with  a  bronchopneumonia  and  not 
with  a  broncliitis.  In  bronchitis  the  leucocytes  are 
increased,  being,  in  the  mild  cases  from  10,000  to 
15,000  and  in  the  more  severe,  prolonged  cases  from 
15,000  to  20,000.  The  percentage  of  polymorpho- 
nuclear cells  varies  from  seventy-five  to  eighty-five. 

Physical  Signs. — These  are  almost  entirely  ausculta- 
tory. Palpation  may  show  rhonchial  fremitus.  Aus- 
cultation reveals  the  characteristic  large  and  small 
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rhonchi  associated  with  sibilant  and  sonorous  rales 
and,  in  adults,  with  subcrepitant  rales.  All  these  rales 
may  be  made  to  change  their  character  or  to  disappear 
on  coughing.  They  differ  in  this  respect  from  the 
persistent  rales  of  bronchopneumonia.  Breath  sounds 
may  be  harsh  and  expiration  prolonged. 

Diagnosis. — The  diagnosis  in  adults  may  be  easily 
made,  but  it  is  impossible  to  say  at  first  whether  the 
affection  is  a  primary  bronchitis  or  is  the  initial  ex- 
hibition of  a  case  of  pertussis,  influenza,  typhoid  fever, 
tuberculosis,  etc.  If  thelblood  examination  shows  a 
moderate  leucocytosis  with  a  relative  lymphocytosis 
it  would  suggest  pertussis.  A  Widal  reaction  and  a 
leucopenia  with  a  relative  hinphocytosis  and  absence 
of  eosinophile  leucocytes  would  suggest  typhoid  f evei . 
The  demonstration  of  the  bacUlus  of  PfeifTer  in  pure 
culture  or  strongly  predominating  would  favor 
influenza. 

A  sputum  examination  and  tuberculin  reaction  may 
aid  in  differentiating  from  tuberculosis,  but  it  may 
be  impossible  to  make  a  diagnosis  during  the  first  few 
days  of  an  acute  miliary  tuberculosis  with  a  fairly 
high  temperature  and  negative  sputum  and  signs  simi- 
lating  a  sever  bronchitis.  Cases  giving  localized  per- 
sistent signs  must  be  regarded  with  suspicion,  particu- 
larity if  the  signs  are  at  the  apices.  From  pneumonia 
it  may  be  differentiated  by  the  history  of  a  preexisting 
nasopharyngitis  or  laryngitis,  by  the  absence  of  rapid 
respiration,  by  the  moderate  temperature,  by  the 
absence  of  a  distinct  chill,  and  by  the  phj'sical  signs. 
Enlarged  bronchial  glands  may  in  children  give  symp- 
toms which  simulate  bronchitis. 

Prognosis. — In  adults  this  is  good  for  recovery  but 
the  proneness  to  recurrence  must  be  borne  in  mind. 
In  children,  particularly  the  poorly  nourished,  and  in 
institutional  children,  the  prognosis  must  be  guarded 
becnuse  of  the  frequency  of  the  development  of 
bronchopneumonia.  Old  people  also  tend  to  develop 
pneumonia  in  the  course  of  bronchitis. 

Treatment. — This  consists  of  rest  in  bed,  in  a  tempera- 
ture of  about  70°  with  plenty  of  fresh  air.  For  the 
milder  cases  a  laxative  and  hot  drinks  usually  suffice. 
For  the  mcrre  severe  cases,  when  the  cough  is  dry  and 
the  sense  of  constriction  marked,  a  mustard  paste  to 
the  front  of  the  chest  three  or  four  times  a  day  gives 
relief.  To  aid  in  loosening  the  dry  cough  antimony 
is  useful;  one-thirty-second  grain  of  tartar  emetic  and 
two  grains  of  ammonium  chloride  in  a  teaspoonful  of 
syrup  of  wild  cherry  may  be  given  every  hour  for 
four  doses,  then  every  two  hours. 

In  children  a  mustard  paste  in  a  strength  of  one 
part  mustard  to  four  or  six  of  flour  should  be  applied 
for  about  ten  minutes  every  three  or  four  hours. 
Difficulty  in  respiration  may  be  relieved  by  producing 
vomiting  by  a  teaspoonful  of  syrup  of  ipecac.  If  the 
cough  is  troublesome  codeine  may  be  given  to  adiilts 
in  the  form  of  a  tablet  of  one-fourth  or  one-half  grain 
as  necessary.  Children  require  no  sedative  for  this 
stage.  Inhalations  of  steam  with  tincture  of  benzoin 
give  some  relief.  In  the  cases  which  run  a  course  of 
two  or  three  weeks  with  considerable  expectoration 
the  inhalations  are  most  useful.  A  powder  of  codeine, 
gr.  i  or  5  ,  and  veronal  gr.  v.,  or  trional  gr.  x.,  may  be 
given  to  these  patients  to  insure  a  night's  rest. 
Digitalis  in  some  form  is  useful  to  equalize  the  circu- 
lation in  these  prolonged  cases.  After  the  acute  stage 
has  passed  the  remaining  cough  is  frequently  greatly 
benefited  by  the  exhibition  of  cod-liver  oil.  Vaccine 
treatment  has  shown  no  definite  results. 

Chronic  Bronchitis. — The  term  chronic  bronchitis 
must  cover  conditions  arising  from  many  causes  and 
differing  from  each  other  in  many  particulars.  All 
these  conditions  have  in  common  chronic  inflam- 
matory changes  in  the  mucous  m^ibrane  and  under- 
lying structures  of  the  bronchi. 

Etiology. — Chronic  bronchitis  may  be  the  result  of 
repeated  attacks  of  acute  bronchitis;  it  may  be  due 
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to  eoustitiitioiml  conditions,  such  as  gout,  nephritis, 
rickets,  etc.;  freciuently,  because  the  bronchial  circu- 
hition  involves  l)oth  sides  of  tlie  heart,  it  is  associated 
witli  cardiac  conditions  that  produce  a  chronic  con- 
gestion of  the  lunfjs.  Irritating  atmospheric  con- 
ditions and  local  lesions  of  the  nasopharynx  resulting 
in  obstructing  may  be  contributing  causes.  Asthma 
and  emphysema  are  often  associated  and  may  have  a 
causative  influence.  Arteriosclerosis  and  obesity  are 
frequent  precursors  or  concomitants  of  chronic 
bronchitis.  Putrid  bronchitis  is  associated  with 
bronchiectasis,  gangrene,  or  abscess  of  the  lung. 
There  are  always  associated  bacteria  for  some  of 
which  at  times  a  causative  influence  has  been  assumed. 
The  most  common  organisms  are  those  found  also  in 
acute  bronchitis,  but  from  the  sputum  of  cases  of 

Eutrid  bronchitis  have  been  isolated  Oidium  albicans, 
eptothrii  pneumonalis,  Bacillus  coli  communis,  and 
others. 

Symptoms. — The  cardinal  symptom  of  chronic 
bronchitis  is  a  persistent  cough,  usually  with  con- 
siderable purulent  expectoration,  especially  in  the 
morning.  Sometimes,  however,  it  results  only  in 
the  expulsion  of  hard,  pearl-like  pellets  after  severe 
paroxysms.  The  cough  varies  in  frequency  and 
intensity  and  in  the  more  severe  cases  is  accompanied 
by  asthmatic  wheezing,  dyspnea,  and  occasional 
cyanosis.  Exacerbations  occur  which  differ  from  or- 
dinarj'  acute  bronchitis  in  their  tendencj'  to  be 
more  severe,  to  persist  longer,  and  to  be  accompanied 
by  asthmatic  symptoms.  In  many  cases  there  is 
loss  of  flesh  and  strength  and  later,  when  the  heart 
partakes  of  the  general  malnutrition,  cyanosis,  and 
edema  are  added. 

Pathology. — Changes'''are  present  in  the  larger 
bronchi,  rarely  in  the  smaller;  the  mucous  membrane 
is  gray  and  thickened  from  chronic  edema  or  fibrous 
changes.  The  epithelium  is  altered  and  may  consist 
of  a  single  layer  or  of  several  irregular  layers.  In 
purulent  bronchitis  there  is  only  a  single  layer.  The 
walls  of  the  bronchi  are  edematous,  infiltrated  with 
round  cells,  and  show  fibrous  thickening;  later  they 
atrophy  and  are  replaced  by  fibrous  tissue.  The 
cartilages  atrophy  and  calcify  and  there  is  loss  of 
nmscular  and  elastic  tone,  and  consequently  emphy- 
sema develops. 

Treatment. — During  "the  exacerbations  the  treat- 
ment is  that  of  acute  bronchitis.  Persons  subject  to 
chronic  bronchitis  should  avoid  exposure  to  sudden 
changes  of  temperature  and  if  removal  to  a  suitable 
climate  during  the  winter  months  is  impracticable 
should  keep  to  the  house  in  rough  weather.  Fresh 
air,  sunshine,  and  rest  are  very  important.  The  food 
should  be  simple  with  no  excesses.  Tobacco  and 
alcohol  must  be  very  sparingly  used.  Exercise, 
walking,  moderate  golf,  and  driving  or  riding  should 
be  indulged  in  daily  when  weather  permits. 

For  the  cough  inhalations  give  considerable  satis- 
faction. They  may  consist  of  steam  impregnated 
with  compound  tincture  of  benzoin  or  bicarbonate 
of  sodium,  or  of  an  oil  spray  of  menthol,  eucalyptol, 
and  iodine.  For  inhalation  through  a  mask  a  mixture 
of  equal  parts  of  creosote,  alcohol,  and  spirit  of 
chloroform  may  be  used. 

When  tlie  cougli  is  dry,  ipecac,  ammonium  chloride, 
and  alkalies  are  recommended.  A  teaspoonful  of 
bicarbonate  of  sodivuu  in  a  glass  of  hot  mUk  on  retiring 
frequently  gives  relief  from  the  night  cough.  For  the 
morning  cough  postural  treatment  is  at  times  bene- 
ficial. The  patient  is  accustomed  to  it  bj-  the  gradual 
removal  of  the  pillows  and  later  by  the  gradual 
elevation  of  the  foot  of  the  bed.  When  a  relaxed 
circulatory  condition  ma}'  be  at  fault  digitalis  is  very 
helpful.  For  fetid  bronchitis  inhalations  of  carbolic 
acid,  alcohol,  and  glycerin  are  useful  and  myrtol  may 
be  given  internally  in  two  to  five  minuu  doses,  three 
times  a  day.  Syrup  of  hydriodic  acid  and  cod-liver 
oil  may  be  taken  between  attacks.     Much  may  be 


done  in  inhibiting  the  cough  by  i)ersonal  effort  assisted 
at  times  by  a  throat  tablet.  If  a  sedative  is  necessary 
codeine  is  to  be  [)referred  to  morphine. 

In  recommending  a  climate  one  must  be  governed 
by  the  expectoration  and  the  course.  For  the  dry  and 
moderate  forms,  abroad,  Corsica,  Madeira,  Algiers, 
the  Riviera,  and  the  Italian  Lakes,  and  in  this  country, 
southern  California,  the  coast  of  Florida,  the  interior 
of  North  and  South  Carolina,  Georgia,  or  Florida  may 
be  chosen.  For  the  very  moist  varieties,  Egypt,  or  in 
this  country  Montana,  Wyoming,  C'olorado,  New 
Mexico,  and  southern  Arizona  are  suitable.  The 
alkaline  and  sulphur  springs  have  given  satisfaction 
to  some  cases.  Ems,  Wiesbaden,  Selters,  Aix-la- 
Chapelle,  Baden;  Ilarrowgate  in  England;  Richfield, 
Sharon,  and  the  Sulphur  Springs  of  Virginia  in  this 
country. 

Breathing  exercises  which  have  for  their  object 
increased  expiration  with  its  improvement  of  the 
circulation  in  the  right  heart  should  be  strongly 
insisted  on. 

Schilling  (Semaine  Midicale  1906,  No.  38,  p.  451) 
claims  to  have  had  prompt  improvement  after  six  to 
fifteen  minutes  exposure  to  the  i-ray;  the  good  effects 
lasting  for  two  to  three  months. 

The  vaccine  treatment  of  chronic  bronchitis  has 
yielded  some  good  results  in  younger  patients,  but 
much  cannot  be  expected  from  it  when  the  changes 
in  the  bronchi  are  marked.  Mixed  autogenous 
organisms  should  be  employed.  To  determine  the 
specific  organism  complement  fixation  tests  should  be 
undertaken  against  those  isolated.  If  these  cannot  be 
made  the  vaccine  may  be  made  from  the  mixed 
organisms  isolated  from  the  washed  sputum.  Vac- 
cines should  be  tried  where  other  methods  have 
failed  to  give  relief. 

Fibrinous  Bronchitis. — Synonyms:  Plastic  Bron- 
chitis, Bronchial  Croup,  Bronchitis  Crouposa,  Bron- 
chial Polypus.  Although  this  is  sometimes  acute,  it 
may  in  general  be  regarded  as  a  form  of  chronic  bron- 
chitis characterized  by  recurring  attacks  of  coughing 
during  which  casts  of  portions  of  the  bronchial  tree 
are  expectorated.  These  attacks  of  coughing  us- 
ually, but  not  necessarily,  are  accompanied  by  cyanosis 
and  urgent  dyspnea. 

The  disease  has  been  recognized  for  centuries,  the 
casts  having  been  regarded  as  pulmonary  vessels  by 
Galen.  The  true  fibrinous  bronchitis  must  be  dif- 
ferentiated from  diseases  in  which  pseudocasts  may 
be  expectorated,  as  pulmonary  tuberculosis  and 
diphtheria. 

Posselt  has  divided  the  disease  into  two  groups.  In 
one  of  these  the  casts  are  composed  almost  exclusively 
of  fibrin,  are  fairly  firm  in  consistency  with  very  few 
cells,  and  contain  very  little  or  no  mucus.  These 
casts  are  expectorated  with  only  slight  subjective 
disturbance.  There  is  nothing  about  this  group  to 
suggest  asthma.  Of  this  t\-pe  there  are  very  few  re- 
ported cases.  There  is  no  etiology.  The  attacks  are 
seldom  acute,  the  course  being  chronic  or  subacute. 

The  other  group  comprises  the  numerous  cases 
which  complicate  asthmatic  conditions.  The  casts 
are  composed  almost  entirely  of  mucus  with  many 
cells.  Crystals  and  eosinophile  cells  also  occur.  The 
course  of  cases  in  this  group  is  more  severe  and  more 
acute. 

Etiology. — The  cause  is  unknown.  The  distribution 
is  that  of  chronic  bronchitis.  The  individuals  at- 
tacked are  usually  those  whose  resistance  has  been 
lowered  by  illness  or  by  other  causes.  No  definite 
exciting  cause  has  been  determined.  The  incidence 
is  greater  in  males.  It  is  uncommon  under  twelve 
years  and  over  forty  years  of  age,  but  no  age  is 
immune.  The  mucous  form  is  often  associated  with 
asthma.  Bacterial  investigations  have  yielded  no  re- 
sults as  to  the  causative  factor.  Intercurrent  skin 
diseases  have  been  noted. 
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Pathology. — The  caste  as  ordinarUy  seen  are  firm  in 
consistency.  Occasionally  they  may  be  streaked  -nith 
blood.  The  size  varies,  the  large  ones  measuring  10 
cm.  in  length  and  showing  branching  to  seven  or 
eight  degrees.  Section  of  the  larger  portion  shows 
them  to  be  composed  of  an  outer  skin  enclosing  smaller 
whirls  and  cylinders  and  showing  a  flattened  lumen. 
The  smaller  branches  may  be  solid.     Thev  are  com- 


FiG.  1147. — Fibrinous  Casts.  Photographed  by  the  late  Dr. 
French  from  specimens  obtained  from  a  case  coming  under  his 
own  observation.     (Three-fifths  natural  size.) 

posed  usually  in  large  part  of  mucin  with  a  small 
amount  of  fibrin.  The  cell  content  varies;  Posselt 
regarded  the  true  casts  as  composed  mostly  of  fibrin 
with  very  few  cells.  These  composed  of  mucin  are 
accompanied  by  many  cells,  mostly  mononuclear.  At 
autopsy  the  casts  are  usually  found  loose  in  the 
bronchi.  The  associated  lesions  are  those  of  bron- 
chitis. The  organisms  isolated  have  been  the  strep- 
tococci, staphylococci,  and  pneumococci.  The  struc- 
ture of  the  casts  suggests  that  their  formation  begins 


Fig.  114S. — Fibrinous  Cast  from  Case  Represented  in  Fig.  Ill", 
showing  nodular  masses  supposed  to  have  come  from  the  infun- 
dibula.     (Three-fifths  natural  size.) 

in  the  smaller  bronchi  and  as  they  enlarge  they  pro- 
trude into  the  successively  larger  branches. 

Symptoms. — The  characteristic  symptom  is  the  ex- 
pectoration of  casts  of  the  bronchial  tree.  This  is  pre- 
ceded by  a  paroxysmal  cough  accompanied  by  a  well- 
marked  dyspnea  and  sometimes  bj-  cj'anosis.  The 
urgent  symptoms  are  relieved  by  the  expectoration  of 
the  cough  and  the  patient's  respirations  may  be  normal 
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between  attacks.  Sometimes,  however,  there  are 
persistent  slight  dyspnea,  cough,  and  elevation  of  tem- 
perature, aU  of  which  become  exaggerated  during  the 
next  attack.  The  indi\-idual  paroxysms  may  be  of  short 
duration  or  may  last  an  hour  or  more.  The  sputum 
is  usually  abundant,  there  ha\-ing  been  "albuminous 
expectoration"  in  some  cases.  There  mav  be  moder- 
ate hemoptysis,  but  usually  the  casts  are  only  slightly 
blood  streaked.     The  casts  vary  in  number  "and  size. 

The  physical  signs  are  not  characteristic.  Over  an 
obstructed  area  the  breath  sounds  may  be  absent  or 
there  may  be  a  tympanitic  or  dull  percussion  note. 
Areas  of  tubular  breathing  or  moist  rales  may  be 
found.  The  intercostal  spaces  are  sometimes  re- 
tracted.    Emphysema  is  of  frequent  occurrence. 

There  is  loss  of  flesh  and  strength  due  to  the  recur- 
ring paroxysms  and  the  accompanying  bronchitis. 
The  casts  are  the  only  characteristic  symptom  and 
for  a  satisfactory  examination  must  be  carefvilly 
teased  out  in  water. 

Prognosis. — This  depends  largely  on  the  physical 
condition  of  the  patient,  the  severity  of  the  attack,  the 
temperature,  and  the  promptness  with  which  the 
symptoms  subside.  Recovery  is  the  rule,  but  relapses 
are  common.  Cases  have  terminated  fatally  during 
an  attack  but  the  usual  cause  of  death  is  some  inter- 
current disease.  Development  of  some"  degree  of 
elevated  temperature  may  indicate  lung  involvement. 
The  prognosis  must  be  guarded. 

Treatment. — During  the  acute  attack  efforts  may- 
be made  to  help  the  expression  of  the  casts.  Emetics, 
particularly  apomorphine,  gr.  ^V  by  hj-podermic 
injection,  may  be  used  to  this  end.  "inhalations  of 
steam  may  be  useful.  Potassium  iodide  has  been  used 
in  fuU  doses  with  success  between  attacks.  Intra- 
tracheal injections  of  oil  have  been  employed.  Of 
very  great  importance  between  the  attacks  are  atten- 
tion to  the  general  health  and  respiratory  gymnastics 
along  the  lines  laid  down  in  the  sectioici  on  chronic 
bronchitis.  Joseph  C.  Ropek. 

References  for  Fibrixocs  Broxchitis. 

The  literature  to  1S69  is  covered  by  Lebert:  Deutsches  .\rchiv 
f.  klin.  .Med.,  1S69. 

The  later  literature  has  been  reviewed  by  West;  Practitioner, 
vol.  xliii.,  1SS9. 

Bettman:  American  Journal  Med.  Science,  vol.  cxxiii.,  1902, 
p.  304. 

Posselt:  Med.  Klinik,  1909,  vol.  v.,  Xo.  3,  p.  1222. 


Bronchopneumonia. — Synonyms. — Bronchial  pneu- 
monia, catarrhal  pneumonia,  lobular  pneumonia, 
capillary  bronchitis,  etc.  (The  name  bronchopneu- 
monia is  growing  in  favor,  especially  in  this  country, 
and  is  preferable.)  There  is  always  present  bronchi- 
tis with  areas  of  pneumonia.  The  latter  are  as  a 
rule  peribronchial,  being  confined  to  the  immediate 
vicinity  of  the  small  bronchi,  the  bronchioles,  and 
their  atria,  the  cells  adjacent  to  which  are  filled  with 
exudate. 

Etiology. — The  disease  is  most  common  in  the  ex- 
tremes of  Ufe,  that  is,  in  the  aged  and  in  children 
under  five  years  old.  Of  the  cases  occurring  in 
children,  about  one-third  are  primary,  the  others 
being  secondary  most  often  to  the  diseases  of  child- 
hood. Of  these,  measles  is  the  most  frequently 
compUcated  by  bronchopneumonia,  and  after  this 
come  pertus.sis,  diphtheria,  scarlet  fever,  influenza, 
and  chickenpox.  It  will  be  noticed  that  these  are 
diseases  in  wnich  bronchitis  is  regularly  present,  or  in 
which  the  upper  air  passages  are  involved  in  the 
morbid  process.  In  older  children  and  adults  the 
disease  may  occur  as  a  complication  of  any  long- 
continued,  severe  illness,  especially  in  those  cases  in 
which  the  mucous  membrane  of  the  mouth  and 
pharynx  becomes  foul  and  the  lar5'ngeal  reflexes  are 
less  effective  than  normally. 
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The  predisposinp;  causes  in  primary  eases  are  old 
age  or  infancy,  ba<l  hygienic  surroundings,  the  im- 
pure air  of  overcrowded,  poorly  ventilated  rooms, 
bad  feeding,  and  institutional  life.  We  must  also 
include  among  the  predisposing  causes  the  frequent 
presence  of  the  diploeoccus  pneumoniae  and  other 
pathogenic  microorganisms  in  the  healthy  air  pas- 
sages. 

Tlio  exciting  causes  are  sometimes  difficult  to  dis- 
cover. Exposure  to  cold  and  wot  is  one  cause,  and 
this  accounts  for  the  greater  frequency  of  the  disease 
in  the  cold  months.  The  predisposing  causes  of 
secondary  bronchopneumonia  are  the  same  as 
those  of  the  primary  form  of  the  disease,  plus 
dorsal  decubitus  and  the  weakened  condition  due 
to  the  original  disease.  Tlie  exciting  causes  are 
again  hard  to  determine.  Exposure  is  one,  but 
tliere  is  a  something  in  addition  which  favors  the 
growth  and  multiplication  of  the  microorganisms 
usually  present,  even  in  health.  In  cases  of 
deglutition-pneumonia  the  exciting  cause  is 
manifest. 

The  development  of  bronchopneumonia  in  old 
people  is  favored  by  the  diminished  powers  of 
resistance  and  the  less  perfect  expectoration. 

B.vcTERioLOGY. — In  Studying  the  flora  of 
bronchopneumonia  we  have  again  to  distinguish 
between  primary  and  secondary  cases.  The 
microorganisms  most  commonly  found  are  the 
diploeoccus  pneumoniae,  streptococcus,  staphylo- 
coccus aureus  and  albus,  Friedlander's  bacillus, 
and  Loeffler's  bacillus. 

In  nearly  all  of  the  primary  cases  the  diplo- 
eoccus pneumonice  is  present,  and  in  about  iialf 
of  these  it  exists  alone.  When  not  alone,  it  is 
most  often  associated  with  the  streptococcus  and 
nuich  less  frequently  with  the  staphylococcus  and 
the  other  organisms  just  mentioned.  Infre- 
quently the  streptococcus  is  found  alone. 

In  secondary  cases  it  is  the  rule  to  find  a  mixed  in- 
fection. The  diploeoccus  pneumonite  appears  in 
about  seventy-five  per  cent,  of  the  cases,  but  seems 
less  potent  in  giving  character  to  the  disease  than  the 
streptococcus.  The  diploeoccus  pneumoniae,  the 
streptococcus,  the  staphylococcus,  and  Friedlander's 
bacillus  may  each  be  present  alone,  unassociated  with 
other  bacteria,  but  in  the  case  of  Friedlander's 
bacillus,  at  least,  this  happens  only  rarely.  The 
bacillus  of  influenza  may  also  be  present.     Although, 


cus  pneumoniiB  was  also  found;  indeed,  this  organism 
gave  the  character  to  the  disease  in  these  cases,  as 
clinically  they  were  indistinguishable  from  those  of  an 
ordinary  bronchopneumonia,  the  postmortem  ex- 
amination alone  revealing  their  tuberculous  nature. 

Bronchopneumonia  has  in  rare  instances  been 
found  to  be  due  to  forms  of  streptothri.x,  and  French 
investigators  have  reported  the  finding  of  the  colon 
bacillus. 

In  deglutition-pneumonia  the  streptococcus  and 
staphylococcus  are  most  commonly  found,  and  then, 
as  a  rule,  in  virulent  form. 


Fig.  1149. — Bronchopneumonia.  Exudate  in  an  air  cell,  con- 
sisting of  e.xfoliated  epitneliutn,  a  few  pus  cells,  and  a  little  fibrin. 
(From  Delafield  and  Prudden.) 

generaUy  speaking,  the  streptococcus  plays  the  most 
important  part  in  bronchopneumonia  complicating 
measles,  it  is  precisely  in  this  form  that  the  diploeoc- 
cus pneumoniae  is  more  often  found  in  pure  culture 
than  in  other  secondary  cases. 

Holt    reports    six    tuberculous    cases  which  were 
studied  by  WoUstein,  and  in  all  of  which  the  diplococ- 


FlG.  11.50. — Bronchopneumonia  in  a  Child,  Showing  Single  Lobular. 
Pneumonic  Area,  mth  Bronchus  in  its  Center.  The  thickened  wall  of 
the  latter  merges  into  the  surrounding  zone  of  pneumonia.  Near  the 
comers  the  accompanying  emphysema  is  shown.  (From  Delafield  and 
Prudden.) 


Pathologicai,  Anatomy. — In  about  eighty  per 
cent,  of  the  cases  coming  to  autopsy,  lesions  have 
been  found  in  both  lungs.  These  lesions  con.sist 
essentially  of  those  of  bronchitis  and  of  pneumonia. 

When  the  chest  is  opened  the  pleural  cavities  are 
seen  usually  to  contain  little  or  no  excess  of  fluid. 
The  parietal  and  pulmonary  pleural  surfaces  may  be 
normal  or  the  seat  of  a  fibrinous  pleuri.sy.  The 
lesions  of  the  latter  consist  of  patches  of  fibrin  which 
vary  considerably  both  in  extent  and  in  character. 
At  times  they  are  almost  invisible  lusterless  spots, 
and  then  again  they  may  be  quite  large  and  thick 
(as  much  as  half  a  centimeter  thick)  and  more  or  less 
discolored.  Such  patches  correspond  closely  to 
areas  of  superficial  pulmonary  consolidation. 

The  lungs  do  not  collapse  as  completely  as  they 
normally  should,  though  crepitation  is  found  quite 
generally  when  the  lungs  are  handled  in  the  search 
for  nodules  of  consolidation.  The  latter  are  most 
often  found  in  the  lower  lobes  posteriorly.  There 
may  be  found  collapsed  areas,  bluish  or  bluish-brown 
in  color,  set  in  a  lighter  background.  These  are  areas 
of  simple  atelectasis,  and  will  yield  to  gentle  inflation 
through  a  tube  inserted  in  a  bronchus.  The  bronchial 
nodes  are  invariably  congested  and  enlarged.  The 
heart — the  right  side  more  commonly — may  be  dilated. 

On  section,  the  pneumonic  areas  stand  out  a  little, 
are  of  a  dark  mahogany  color,  or  more  or  less  marbled 
with  gray,  smooth  or  finely  granular,  and  moderately 
wet;  only  a  small  amount  of  dark  blood  escapes  from 
the  vessels.  Such  areas  vary  greatly  in  size,  and 
may  be  close  together  or  widely  separated.  Near  the 
center  of  each  a  bronchus  is  seen,  white  or  gray, 
because  of  the  exudate  which  it  contains.  The 
unconsolidated  lung  tissue  may  be  normal,  but  more 
often  it  is  congested  and  edematous,  particularly 
behind.  An  emphysema,  usually  vesicular,  is  often 
present,   being   most   pronounced   anteriorlj'.     Upon 
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section  of  the  areas  of  atelectasis,  dark  fluid  blood 
escapes;  the  cut  surface  is  seen  to  be  smooth,  with 
occasional  lobules  projecting  above  it.  Creamy  pus 
can  be  pressed  from  the  smallest  bronchi;  portions 
carefulh'  removed  are  found  to  contain  no  air  and  they 
sink  in  water. 

With  the  aid  of  the  microscope  we  see  that  the  exu- 
date within  the  bronchi  of  the  consoUdated  areas  is 
composed  of  leucocj-tes,  mucus,  desquamated  epithe- 
lium in  various  stages  of  disintegration,  a  few  red 
blood  cells,  and  the  microorganisms  responsible  for  the 
condition.  The  walls  of  the  bronchioles  and  bronchi 
are  swollen  and  infiltrated  with  new  small  round 
cells  with  more  or  less  indistinct  contours  and  having 
large  nuclei.     (See  Plate  XLIX.) 

Northrup  mentions  a  mechanical  dilatation  of  the 
smaller  bronchi.  These  dilatations,  which  are  for 
the    most    part   fusiform   in   shape,    are   found    with 


Fig.  1151. — Bronchopneumonia  in  an  Adult,  Showing  Several  Areas  of  Consolidation,  with 
the  Central  Bronchus  Filled  with  Exudate.  Marked  emphysema  may  also  be  seen  in  parts 
of  the  section.     (From  Delafield  and  Prudden-^ 


especial  frequency  in  the  lower  lobes.  They  are  asso- 
ciated, according  to  this  authority,  with  three  con- 
ditions: (1)  Weakened  bronchial  walls:  (2)  abundant 
secretion  within  the  bronchi;  and  (3)  impermeable 
tissue  surrounding  them.  The  dilatation  is  due  to 
the  secretion  being  forced  by  each  inspiratorj- 
impulse  from  larger  to  smaller  bronchi.  The  proc- 
ess, which  is  observed  in  children  between  three  and 
five  years  of  age,  occurs  more  often  after  the  fifth  da}' 
of  the  disease.  The  dilatations  disappear  entirelj'  on 
the  recovery-  of  the  patient. 

As  the  walls  of  the  bronchioles  are  swollen  and 
infiltrated  with  new  cells,  so  also  are  those  of  the 
atria  and  of  the  air  sacs,  including  the  partitions 
between  the  air  cells.  The  capillaries  are  engorged 
with  blood  and  small  hemorrhages  may  be  noted 
here  and  there.  The  air  cells,  air  sacs,  and  atria  are 
filled  with  leucocytes,  swollen  desquamated  epithe- 
lium, occasionally  a  few  red  blood  cells,  and  some- 
times also  a  little  fibrin. 

In  deglutition-  or  aspiration-bronchopneumonia 
the  process  is  more  intense,  the  infiltration  with  leuco- 
cytes often  resulting  in  suppuration  and  gangrene. 

In  the  areas  of  atelectasis  the  bronchi  are  seen  to 
be  filled  with  pus  and  swollen  and  detached  epithelia, 
and  the  walls  of  the  bronchioles  are  infiltrated;  the 
air  cells  and  sacs  are  partiaUj'  collapsed,  the  diminished 
lumen   being   filled    with   swollen    and   prohferating 
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epithelia  and  pus  cells.  The  blood-vessels  are  tortu- 
ous and  gorged  with  blood.  Here  and  there  are 
hepatized  lobules.  In  some  cases  the  emphysema  is 
very  marked  (see  Fig.  3828). 

The  bronchial  h-mph  nodes  may  or  may  not  show  a 
cellular  infiltration.     The}'  are  always  congested. 

Symptoms. — The  symptoms  may  be  most  obscure, 
even  misleading,  making  it  almost  impossible,  for  a 
period  of  several  days,  to  reach  a  correct  diagnosis. 
Prodromal  Symptoms. — In  primary  cases,  as  in 
acute  bronchitis,  the  early  signs  are  a  general  malaise 
with  more  or  less  anorexia,  sUght  elevation  of  tempera- 
ture, acceleration  of  pulse  and  respiration,  and  cough, 
dry  or  with  mucous  expectoration  in  patients  old 
enough  to  perform  that  important  act.  The  inva- 
cion  may  resemble  that  of  lobar  pneumonia,  being 
marked  bv  a  chill  or  convulsion  and  bv  rapid  rise  of 
temperature  to  103°  or  104°  F. 
or  over;  or  the  invasion  may 
present  no  characteristic  feat- 
ures, the  symptoms  resembling 
those  of  typhoid  fever  or 
meningitis.  In  the  cerebral 
cases  there  may  be  repeated 
convulsions,  apathy,  photo- 
phobia, retraction  of  the  head 
with  rigidity  of  the  neck,  and 
an  absence  of  physical  signs  of 
consolidation. 

In  secondary  cases,  the  pro- 
dromal symptoms  and  the  in- 
vasion are  masked  by  the 
symptoms  of  the  primary  dis- 
ease. The  invasion  is  gradual, 
seldom  marked  by  a  chiU  or 
convulsion,  the  child  becomes 
restless,  the  temperature  rises, 
and  the  pulse-respiration  ratio 
diminishes.  If  there  was  a 
rough  before,  it  becomes  worse, 
or  one  develops  if  there  was 
none  previously.  If  there  is 
an}'  expectoration  it  is  muco- 
purulent in  character.  An 
early  symptom  may  be  the 
cough — painful,  frequent,  and 
hacking — and  it  often  con- 
tinues after  resolution  has 
taken  place. 
The  temperature  varies  according  to  the  extent  of 
the  lesions,  the  ^i^ulence  of  the  infection,  and  the 
general  condition  of  the  patient;  apparently  also  it  is 
influenced  by  the  variety  of  microorganism  present. 
It  may  rise  slowly  or  very  suddenly,  as  a  rule  to  103° 
or  104°  F.,  and  it  averages  moderately  high,  with 
sharp  elevations,  most  often  in  the  afternoon,  but  at 
times  in  the  early  morning.  The  variations  in  the 
temperature  curve  gradually  become  less  and  less:  in 
favorable  cases  the  general  trend  is  downward, 
restoration  to  the  normal  being  by  lysis.  In  un- 
favorable cases  the  trend  of  the  curve  is  constantly 
upward,  the  temperature  sometimes  going  as  high  as 
107°  F.  The  temperature  may  be  of  a  high,  con- 
tinued type,  this  usually  portending  a  fatal  issue.  On 
the  other  hand,  in  greatly  debihtat«d  subjects  the  tem- 
perature may  rise  Uttleif  at  aU  above  100°  F.  The 
usual  termination  of  such  cases  also  is  death. 

Pain  is  not  a  constant  symptom,  and  as  a  rule  it 
occasions  little  trouble. 

Cyanosis  is  quite  common,  but  there  is  Uttle  or  no 
dyspnea.  When  it  is  caused  by  atelectasis  the 
temperature  remains  unaffected  or  falls  a  little.  The 
skin  is  often  cold  and  clammy.  These  symptoms 
disappear  upon  the  removal  of  the  cause  of  the  ate- 
lectasis, and  the  patient  is  then  about  as  well  as  before 
the  attack.  If  the  cyanosis  persists  for  more  than  a 
day  or  two,  however,  the  result  is  a  fatal  one. 
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In  uc'U-niarkt'tl  cases,  the  respiratory  rhythm  is 
changi'ii.  Instead  of  the  inspiratory  murmur  Ijcing 
nearly  continuous  with  the<'X]jiratory,  tliejiausc  wliicli 
in  healtli  was  aftrr  expiration  and  Ix'fore  ins|)iratic)n, 
is  now  transferred  and  is  after  inspiration  and  before 
expiration.  The  child  quickly  draws  its  breath, 
holds  it,  then  with  an  explosive  grunting  sound 
expires  and  without  pause  inspires.  The  expiration 
is  prolonged  and  loud.  There  may  be  Cheyne- 
Stokes  respiration. 

Gastroenteric  .symptoms,  such  as  loose  green  stools 
without  vomiting,  are  fre(|uent  in  infancy.  The 
urine  may  become  scanty,  high  colored,  and  with  a 
trace  of  albumin,  but  casts  are  rare. 

In  cases  eniling  in  recovery  amelioration  of  all  .symp- 
toms may  occur  at  any  time  from  the  fourth  day  to 
the  third  or  fourtli  week.  In  mild  eases  it  is  looked 
for  from  the  fourth  to  the  eighth  day. 

Resolution  takes  from  seven  to  fourteen  days  in 
avorable  cases.      Relapses  are  common. 

Phiinicnl  Signs. — It  may  be  that  for  days  no  signs 
at  all  can  be  discovered  within  the  chest,  and  it 
frequently  happens  that  no  .signs  of  consolidation  .are 
found  at  any  time  during  the  course  of  the  di.sea,se. 
In  primary  cases  the  first  signs  are  due  to  congestion 
and  bronchitis;  they  are  either  localized  in  one  or 
more  areas,  or  are  generally  distributed.  The  results 
of  percussion  may  be  negative,  or  there  may  be  slight 
dulness.  On  auscultation  we  detect  feeble  breathing, 
which  later  has  a  higher  pitch  over  the  affected  areas, 
and  is  as.sociated  with  tine  sibilant  and  coarse  sonor- 
ous rales  of  the  same  or  of  wider  distribution.  These 
rales  may  disappear  when  the  patient  coughs.  A 
little  later,  very  fine  moist  rales  are  heard,  as  a  rule, 
only  over  one  or  more  areas,  usually  in  the  lower  lobes 
behind.  The  vocal  fremitus  is  unaltered.  In  such 
cases  the  pneumonic  areas  are  deeply  seated,  small, 
and  scattered. 

The  signs  of  consolidation,  when  present,  vary 
according  to  the  degree  of  consolidation,  the  area 
involved,  and  its  proximity  to  the  chest  wall.  In 
well-marked  cases  percussion  reveals  the  e.xistence  of 
dulness  in  varying  degree,  associated  at  times  w'ith  a 
sense  of  resistance.  The  vocal  fremitus  is  increased 
only  over  areas  of  fairly  complete  consolidation. 
Auscultation  reveals  the  presence  of  the  rales  above 
mentioned,  only  they  are  more  marked  and  appar- 
ently closer  to  the  examining  ear;  the  breathing  is 
bronchovesicular  or  diminished;  the  voice  sounds 
approach  the  bronchial  in  character.  In  the  cases 
in  which  there  is  a  considerable  area  of  complete 
consoUdation,  the  signs  more  nearly  approach  those 
of  lobar  pneumonia,  a  disease  which  occurs  in  young 
children  more  often  than  was  formerly  beheved.  The 
dulness  and  vocal  fremitus,  however,  are  less  than  one 
would  expect  to  find  with  voice  and  breathing  of  such 
a  bronchial  character.  The  signs  of  bronchitis  are 
rarely  general,  and  are  most  numerous  in  and  near  the 
edges  of  the  consohdated  areas.  Friction  sounds  are 
infrequently  present,  usuallj'  only  in  cases  of  com- 
|)lete  consolidation  extending  to  the  pleura. 

It  may  be  necessary  to  make  the  patient  cough  in 
order  to  develop  the  sounds  of  bronchitis,  or  crj'ing 
may  bring  out,  in  an  area  of  diminished  voice  and 
breathing,  a  marked  bronchial  quality.  In  extreme 
cases  the  breathing  becomes  shallow  and  very  rapid, 
■ighty  or  more  to  the  minute,  with  retraction  of  the 
xiphoid  and  ribs  and  playing  of  the  ate  nasi.  The 
right  ventricle  of  the  heart  may  be  found  increased  in 
5ize. 

When  resolution  begins  the  signs  of  consolidation, 
which  were  the  last  to  come,  are  the  first  to  go. 
rhey  may  disappear  very  rapidly  or  the}'  may  persist 
or  days  or  weeks.  The  signs  of  bronchitis  subside 
less  rapidl}-,  often  being  found  as  late  as  from  two  to 
our  weeks  after  resolution  has  begun.  The  blood 
;ount,  as  a  rule,  reveals  a  leucocytosis  of  from  12,000 
io  20,000,    of   which   from   sixty-five   to  eighty-five 
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per  cent  are  polymorphonuclears.    The  significance 

of  these  counts  is  not  fully  understood,  but  considered 
with  other  signs  and  .symptoms  they  help  in  determin- 
ing the  severity  of  the  infections,  the  resistance  of 
the  body,  and  the  progno.sis. 

Complications. — We  rarely  fiml  any  pleurisy, 
except  when  there  is  marked  pulmonary  consolidation 
that  reaches  to  the  pleura.  The  .simple  fibrinous 
pleuri.sy  is  the  most  common. 

The  possibility  of  empycMiia  must  always  be  borne 
in  mind,  .\bscess  of  the  lung  complicating  broncho- 
pneumonia is  found  in  about  .seven  per  cent,  of  the 
eases  that  come  to  autopsy;  these  abscesses  are 
usually  minute  and  multiple,  and  not  clinically 
discoverable.  Gangrene  is  less  frequent.  Tubercu- 
losis may  complicate  any  bronchopneumonia,  and  in 
fatal  cases  cannot  be  diagnosed  before  death. 

As  in  lobar  pneumonia,  .so  in  broncho])neumonia, 
a  purulent  meningitis  may  occur,  and  may  mask  the 
.symptoms  of  the  primary  di.scase. 

Pericarditis  is  found  at  times,  almost  always  in 
cases  in  which  there  is  marked  consolidation  in  the 
left  lung.  The  rarity  of  endocarditis  makes  it 
hardly  worth  mentioning. 

It  is  common  to  find  functional  derangement  of  the 
gastrointestinal  tract,  as  shown  by  vomiting  and 
diarrhea,  which  are  serious,  not  in  themselves,  but  in 
that  they  reduce  the  patient's  chances  of  recovery  in 
the  other  fight. 

Nephritis  is  not  a  common  complication,  and  when 
it  does  occur  it  is  usually  of  an  acute  exudative  type 
and  does  not  much  affect  the  course  of  the  original 
di.sease. 

Di.\GNOSis. — The  diagnosis  of  primary  broncho- 
pneumonia from  lobar  pneumonia  is  at  times  very 
difficult.  It  must  be  made  on  the  age,  history,  and 
mode  of  invasion,  on  the  character  of  the  temperature, 
on  the  sputum  (when  there  is  any),  and  on  the 
physical  signs;  the  latter  alone  furnish  positive 
evidence. 

The  diagnosis  from  pleurisy  with  effusion  or  from 
empyema  must  be  settled  by  an  exploratory  puncture, 
.several  dry  taps  with  a  large-cahbcr  needle  being 
necessary  to  establish  the  absence  of  fluid. 

As  an  aid  to  diagnosis  in  uncertain  cases,  in  children 
two  years  of  age  or  under,  Northrup  gives  the  three 
following  points: 

1.  The  pulse-respiration  ratio  tends  to  depart  from 
the  normal,  which  is  as  four  is  to  one,  and  approxi- 
mates or  exceeds  three  to  one.  For  instance,  instead 
of  being  80  to  20,  it  approximates  the  ratio  of  120 
to  40. 

2.  Fever;  persistent  elevated  temperature,  whether 
remittent,  intermittent,  or  uniform. 

3.  Rales;  subcrepitant  and  crepitant  over  a  cir- 
cumscribed area  or  areas,  and  especially  if  these  rales 
are  found  on  one  side  only. 

Malaria  is  excluded  by  the  absence  of  malarial 
organisms,  by  normal  spleen,  and  by  no  history  of 
exposure  in  malarious  regions;  the  presence  of  leuco- 
cystosis  also  argues  against  malaria. 

Treatment. — Much  can  be  done  to  prevent  the 
development  of  the  disease  and  to  help  the  patient 
pass  safely  through  it,  when  once  it  is  established. 

I  would  outline  the  treatment  under  the  following 
heads:  (1)  Prophylaxis.  (2)  General  management 
of  the  disease.  (3)  Diet  and  feeding.  (4)  Special 
treatment:  (a)  by  drugs;  (6)  by  serum  therapj'.  (5) 
Symptomatic  treatment:  (a)  to  relieve  pain;  (fc)  to 
lower  the  temperature  and  moderate  tlie  nervous 
symptoms;  (c)  to  stimulate  the  heart,  in  order  to  pre- 
vent cardiac  failure  or  to  overcome  it  if  present;  (d)  to 
stimulate  respiration. 

Prophylactic  treatment  is  very  important.  Care 
must  be  taken  to  see  that  children  are  sufficiently 
clothed  yet  not  overclothed;  that  they  are  much  out 
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of  doors,  and  that  while  indoors  they  are  in  well- 
ventilated  rooms,  with  a  temperature  not  over  68°  or 
70°  F.  during  the  day  and  ten  or  more  degrees  lower 
at  night.  Children  ill  with  any  diseases,  particularly 
those  that  are  most  hkely  to  be  complicated  by 
bronchopneumonia,  should  be  turned  often  in  becl, 
now  on  one  side,  then  on  the  other,  now  on  the  back 
and  then  on  the  abdomen.  Bronchitis  in  an  infant 
should  be  most  carefullj^  treated,  as  such  cases, 
especiahy  if  neglected,  are  verj-  prone  to  develop 
bronchopneumonia.  In  all  cases  the  mouth  should 
be  carefully  washed  at  least  once  daih*,  preferably 
with  some  alkaline  antiseptic  solution;  and  antiseptic 
nasal  sprays  are  advisable  as  preventive  measures. 

General  Treatment. — Infants  are  better  for  being 
much  held  in  the  nurse's  arms;  older  patients  are  to 
be  put  to  bed  at  once  and  the  bowels  moved  by 
calomel,  in  doses  of  one-fourth  of  a  grain  every  half 
hour  for  six  doses,  or  until  the  desired  effect  is  ob- 
tained. The  sick-room  should  be  large,  Ught,  and  well- 
aired;  there  should  be  a  steady  renewal  of  the  supply 
of  fresh  air.  In  cases  with  much  consolidation  or 
toxemia  or  both,  the  window  or  windows  should,  as 
in  lobar  pneumonia,  be  open  all  of  the  time,  excepting 
a  short  wliile  before  and  during  the  times  when  the 
patient  must  be  uncovered.  The  patient  must  not 
feel  cold.  In  winter  a  warm  hood  is  worn  and  a  hot 
water  bag  may  be  needed  at  the  feet.  When  the 
bronchitis  appears  to  be  the  predominant  lesion,  hot 
moist  air  with  vapor  of  creosote  is  used.  Tliis  may 
be  obtained  by  the  use  of  a  tent  and  croup  kettle  or 
by  running  steam  into  the  room.  In  the  Babies' 
Hospital,  New  York,  the  steam  room  is  used  as 
routine  treatment. 

It  is  well  to  estabUsh  a  more  or  less  strict  isolation, 
and  to  disinfect  the  patient's  rooms  and  their  con- 
tents before  they  are  used  by  another  person.  Espe- 
cially should  this  be  done  in  secondary  cases. 

Diet. — -Great  care  should  be  exercised  in  the  manage- 
ment of  the  diet,  as  the  turning  of  the  tide  one  way  or 
the  other  often  depends  upon  it.  Plenty  of  cool 
water,  not  iced,  should  be  at  hand,  and  the  patient 
should  be  encouraged  to  drink  it. 

Special  Treatment. — Drugs  can  often  be  given  to 
advantage  by  inhalation.  The  child  should  be  placed 
under  a  tent  and  some  kind  of  a  vaporizer  employed. 
A  variety  of  drugs  may  be  added  to  the  water  or  it 
maj'  be  used  by  itself.  The  addition  of  creosote 
gives  particularly  good  results.  Turpentine,  com- 
pound tincture  of  benzoin,  and  terebene  may  also  do 
good  service  when  exhibited  in  this  wa}'.  The  inhala- 
tions should  be  given  for  from  eight  to  fifteen  minutes 
at  a  time,  every  two  to  si.x  hours.  The  cough  is  often 
greatly  relieved  by  such  inhalations.  The  adminis- 
tration of  drugs  which,  it  is  beUeved,  can  make  the 
blood  a  less  favorable  medium  for  bacterial  hfe,  is 
always  to  be  considered.  For  this  hexamathylena- 
mine  with  twice  as  much  benzoatc  of  sodium  is  at 
present  our  best  combination  for  this  purpose.  This 
should  be  given  in  aqueous  solution  every  two  hours. 
The  only  harm  that  may  result  is  painful  urination, 
and  this  fact  may  be  used  as  a  guide  as  to  dosage.  A 
child  of  a  year  may  be  started  on  hexamethylenamine, 
gr.  1  (0.065)  ten  times  a  day. 

Serum  or  Bacterin  Therapy. — We  must  trust  the 
future  to  give  us  some  serum  or  bacterin  which  singly 
or  together  will  raise  the  body  resistance  to  such  a 
point  that  the  toxins  will  be  neutralized  and  the 
growth  of  the  invading  organisms  stopped.  No 
certainly  good  results  from  such  treatment  are  vet 
reported.  My  experience  leads  me  to  believe  tfiat 
the  early  use  of  mixed  bacterins  (pneumococcus, 
staphylococcus,  and  streptococcus)  prevents  the 
involvement  of  new  areas,  but  has  Little  or  no  effect 
on  the  consoUdation  already  present. 

Symplomiitic  Treatment. — The  apphcation  of  hot 
mustard  poultices  (one  to  five)  every  four  to  six 
hours  makes  the  patient  feel  better  and  should  be 
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used.  In  feeble  patients  with  embarrassed  respiration 
heavy  poultices  must  be  avoided.  In  these  cases, 
capsicum  in  vaseline,  "mustard  leaves"  or  cam- 
phorated oil  fortified  with  turpentine  give  a  good 
counterirritation.  Pain  severe  enough  to  demand  the 
administration  of  some  form  of  opium  is  unusual. 
When  such  a  condition  does  exist,  small  doses  of 
Dover's  powder  are  quite  efficient. 
-  Ordinary  temperatures,  say  those  under  104°  F. 
rectal,  do  not  in  themselves  call  for  special  treat- 
ment. However,  it  may  be  advisable,  when  this  de- 
gree of  temperature  is  reached,  in  order  to  control  the 
nervous  symptoms,  such  as  sleeplessness,  restlessness, 
or  delirium,  to  reduce  the  temperature.  There  is  no 
doubt  that  this  is  best  done  by  tepid  rubbing.  The 
patient,  a  cliild,  is  put  in  a  tub  of  water  at  100°  F. 
(38,5°  C),  and  well  rubbed  with  bare  hands.  Usually 
eight  to  twelve  minutes  is  a  suitable  length  for  the 
bath.  This  gives  nervous  equilibrium  as  well  as  lower 
temperature,  and  no  undesirable  after-affects.  Coal- 
tar  products  are  to  be  avoided. 

Both  cardiac  and  respiratory  stimulants  may  be 
needed.  Of  the  first  class  we  will  mention  alcohol 
in  the  form  of  brandy  or  whiske}',  strychnine, 
and  caffeine.  None  of  these  is  to  be  administered 
as  a  routine  treatment.  As  a  matter  of  fact, 
however,  very  many,  indeed  nearly  all,  patients 
with  secondary  bronchopneumonia  need  cardiac 
stimulation,  the  chief  indication  for  such  being  a 
weak,  rapid,  irregular  pulse.  The  physician  should 
determine  how  much  alcohol  it  is  desirable  to  give 
in  the  twenty-four  hours  and  have  it  administered  in 
small  divided  doses,  well  diluted  with  at  least  from 
six  to  eight  times  its  bulk  of  water.  A  child  one  year 
old  may  need  only  half  an  ounce  of  brandy  during 
the  day,  or  he  may  need  as  much  as  two  ounces. 
The  dose,  whatever  it  is,  should  be  reduced  as  soon 
as  possible,  and  the  alcohol  should  not  be  continued 
for  too  long  a  time.  Strj-chnine  is  not  to  be  given  so 
frequently  as  alcohol.  To  a  child  of  the  age  men- 
tioned gr.  ififT  to  gr.  ^jp  of  strychnine  may  be  given 
every  three  or  four  hours.  Caffeine  is  of  great  service 
and  where  needed  may  be  given  hypodermatically 
as  caffeine-sodiobenzoate,  gr.  J  (0.032)  every  three 
hours,  to  a  child  of  six  months.  It  is  often  best  to 
use  two  of  these  drugs,  giving  them  alternately. 

The  seat  of  the  disease  being  in  the  lungs,  it  is  very 
natural  that  respiratory  stimulants  should  be  called 
for.  Strychnine  helps  here  just  as  it  does  in  cases  of 
cardiac  failure,  and  in  addition  to  it  we  can  use  atro- 
pine, caffeine,  and  oxygen,  aU  of  which  may  be  neces- 
sary in  cases  of  respiratory  failure.  We  should  not 
wait  until  the  patient  is  in  extremis  before  giving 
oxygen;  when  administered  it  should  be  considerably 
diluted  with  air.  Infants  in  collapse  are  greatly 
benefited  by  one  or  two  injections  of  gr.  ^h^  (0.00006) 
of  atropine  and  a  mustard  bath. 

In  emergencies,  adrenalin  iij  j  of  xjVs  strength  for 
every  year  of  age  may  be  given  hourly  for  twenty-four 
or  less  doses. 

In  adults  venesection  is  of  great  service  in  orthopnea 
with  Mvidity. 

After  an  attack  of  bronchopneumonia  general 
tonics  are  indicated,  and  it  is  especially  advisable  for 
the  patient  to  have  a  change  of  air,  preferably  to  a 
warm,  dry  chmate,  where  he  should  remain  for  several 
weeks. 

Prognosis. — This  must  alwaj's  be  guarded,  for 
bronchopneumonia  is  a  dangerous  disease.  The  mor- 
tality of  all  cases,  considered  together,  is  between  sixty 
and  seventy  per  cent. 

The  mortality  of  primary  cases  varies  greatly,  viz., 
from  ten  to  fifty  per  cent.,  depending  upon  the  prev- 
ious condition  of  the  patient  upon  the  virulence  of 
the  infection,  and  upon  whether  the  child  is  an  inmate 
of  an  institution  or  not.  In  private  practice  the  maxi- 
mum mortality  is  about  thirty  per  cent. 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


Uronchoscop)' 


In  secondary  institutional  cases  the  mortality  of 
infants  under  one  year  of  age  is  appalling.  In  certain 
iliseasos  it  reaches  and  stays  at  100  per  cent,  for 
Mioiitlis  at  a  time. 

The  prognosis  depends  upon  the  child's  age,  sur- 
roundings, and  previous  condition,  and  upon  the 
nature  of  the  infection.  Rachitic  children  develop- 
ing bronchopneumonia  are  almost  sure  to  succumb. 
Bronchopneumonia  is  most  fatal  when  associated 
with  ])i'rtussis,  next  with  measles,  and  then  witli 
•  liphthcria.  This  order,  however,  is  a  matter  about 
whicli  statistics  differ. 

Holt  .says  the  shortest  cases  are  the  most  fatal;  that 
the  only  termination  under  ninetj'-si.x  hours  is  a  fatal 
one,  ami  he  saj's  further  that,  in  cases  of  over  two 
weeks'  duration,  the  prognosis  grows  worse  with  each 
ilay  of  continued  temperature. 

Patients  having  a  low  temperature,  little  or  not  at 
all  above  100°  F.,  are  usually  in  a  condition  of  low- 
vitality,  and  consequently  about  seventy-five  per  cent, 
(if  tiicin  die.  The  mortality  of  cases  in  wliich  the 
temperature  reaches  106°  F.  or  over  is  about  eighty- 
five  per  cent.  The  most  favorable  prognosis  is  in 
cases  with  a  fairly  even  temperature  curve,  one  that 
does  not  run  to  either  extreme,  and  does  not  vary 
much  one  way  or  the  other  from  103°  or  104°  F., 
during  the  period  of  activity  of  the  infection. 

A  steeple  chart  with  great  rises  and  correspondingly 
great  drops  of  temperature,  simulating  a  pus  tempera- 
ture, usually  indicates  a  mixed  or  a  streptococcus  in- 
fection, and  the  prognosis  is  worse  than  in  the  cases 
with  a  more  even  curve. 

A  convulsion  or  two  at  the  onset  of  bronchopneu- 
monia does  not  affect  the  prognosis  unfavorably,  but 
when  convulsions  come  later  in  the  course  of  the  dis- 
pa.se  they  do  affect  it,  and  that  decidedly  for  the  worse. 

Bronchopneumonia  may  terminate  in  resolution, 
suppuration,  gangrene,  chronic  bronchopneumonia, 
or  death.  Henry  E.  Hale. 


Bronchoscopy   and    Direct    Laryngoscopy.^Dc^rji- 

tion. — Bronchoscopy  is  a  procedure  using  tubes 
which  serve  as  specula  by  drawing  out  of  the  way 
tissues  which  normally  obstruct  the  view,  or  by 
dragging  the  tissues  to  be  examined  into  a  new  posi- 
tion in  the  line  of  direct  vision.  All  bronchial 
specula,  or  bronchoscopes,  as  they  are  called,  are 
straight  and  rigid  instruments.  "They  are  usually 
introduced  through  the  mouth,  which  procedure  is 
called  "upper  bronchoscopy,"  but  they  may  be 
introduced  through  a  tracheotomic  wound  when  the 
procedure  is  called  "lower  bronchoscopy."  These 
terms  are  unfortunate  as  the}'  are  apt  to  be  confused 
with  bronchoscop}'  of  the  upper  and  lower  lobe 
bronchi,  known  as  upper  lobe  bronchoscopy  and 
lower  lobe  bronchoscopy  respectively.  Better  terms 
ire  "  oral  bronchoscopy  "  and  "  tracheotomic  bronchos- 
copy." In  tracheotomic  bronchoscopy  the  bron- 
choscope is  simply  inserted  into  the  trachea  through 
the  wound.  Oral  bronchoscopy,  on  the  other  hand, 
requires  a  very  important  prehminary  procedure 
known  as  direct  laryngoscopy,  which  consists  in 
exposing  the  glottis  to  direct  inspection  by  a  straight 
ind  rigid  instrument  known  as  a  laryngeal  speculum. 
This  procedure  is  called  direct  laryngoscopy  in  con- 
tradistinction to  indirect  laryngoscopy,  the  old  and 
well-known  procedure  by  which  the  interior  of  the 
larynx  is  inspected,  not  directly,  but  indirectly  by 
its  image  reflected  in  a  small  mirror  placed  in  the 
pharynx. 

History. — In  1S94,  A.  Kirstein  of  Berhn  devised 
i  method  of  direct  laryngoscopy  which  he  called 
'autoscopy."  In  1S97  he  described  tracheoscopy 
by  inspection  through  the  glottis  exposed  to  view 
by  his  method  of  autoscopy.  In  1897  Gustav 
Killian  demonstrated  the  feasibility  of  passing 
straight  and  rigid  tubes  through  the  glottis  into  the 


tracheobronchial  tree  by  reason  of  the  great  elas- 
ticity of  this  tree;  and  lie  demonstrated  that  these 
tutx's  could  be  used  for  inspection  when  illuminated 
by  the  headlamp  of  Kirstein.  In  the  same  year 
Killian  removed  a  foreign  body  from  a  bronchus  of 
a  living  child  and  thus  tlemonstrated  the  usefulness 
of  the  i)roceduro.  The  safe  rinnoval  of  foreign 
bodies  from  the  bronchi  by  laryngologists  in  various 
parts  of  the  world  soon  established  bronclioscopy 
as  an  operation  of  low  mortality,  \iscful  for  the  n'moval 
of  foreign  bodies  from  the  trachea  and  bronchi. 
The  search  for  foreign  bodies,  in  cases  where  they 
were  or  were  not  present,  led  to  the  discovery  of 
lesions  undemonstrable  in  the  living  by  any  other 
method.  This  discovery  and  the  con.sequent  direct 
application  of  mc(iieaments  have  now  firndy  estab- 
lished bronchoscopy  as  a  procedure  available  for  the 
diagnosis  and  treatment  of  di.sea.ses  of  the  lower  air- 
passages.  Direct  laryngoscopy  independently  of  its 
usefulness  as  a  stage  in  bronchoscopy  has  come  to 
be  recognized  as  the  method  of  choice  for  operations 
upon  the  larynx.  Many  laryngologists  in  various 
parts  of  the  world  have  contributed  to  the  further 
development  of  the  instruments  and  the  technique 
for  direct  laryngoscopy  and  bronchoscopy.  Broncho- 
scopic  study  has  yielded  important  data  on  the  physi- 
ology and  hving  anatomy  of  the  tracheobronchial  tree. 
Ll'scfulness. — For  general  diagnostic  purpo.ses  in 
the  adult  the  old  mirror  method  of  indirect  laryn- 
goscopy remains  as  useful  to-day  as  ever,  and  in 
defects  of  laryngeal  motihty  it  is  far  superior  to  the 
newer  direct  method  because  the  presence  of  the 
laryngeal  speculum  excites  reflex  spastic  movements. 
But  to  get  a  view  of  the  larynx  by  the  indirect  method 
requires  cooperation  of  the  patient,  hence  in  children 
mirror  examination  is  practicaUy  impossible.  By 
the  direct  method  the  larynx  of  any  child  can  be  ea.sily 
and  promptly  examined  in  a  few  seconds  without  any 
anesthetic,  general  or  local,  provided  the  operator 
has  acquired  the  knack.  The  great  importance  of 
this  procedure  may  be  realized  from  the  statistics  of 
the  author's  cUnic  which  shows  that  out  of  100  cases 
of  laryngeal  diseases  in  children  eighty-seven  per 
cent,  had  been  given  diphtheritic  antitoxin  before 
admis.sion  at  some  stage  of  their  disea.se,  under  a 
mistaken  diagnosis  of  laryngeal  diphtheria  because 
of  inabihty  of  the  profession  in  those  days  to  examine 
the  larynx  in  children.  In  adults,  as  well  as  in 
children,  laryngeal  operations  of  all  kinds,  such  as 
removal  of  benign  laryngeal  growths,  galvanopunc- 
ture  of  tuberculous  infiltrations,  the  removal  of 
foreign  bodies — in  fact  all  manipulations  in  the  inte- 
rior of  the  larynx,  are  carried  on  with  the  greatest 
precision  because  the  work  is  guided  by  direct  instead 
of  indirect  vision  whereby  all  anteroposterior  motions 
are  apparently  reversed  by  the  mirror.  In  cases  of 
mahgnant  grow'ths  a  specimen  can  be  removed  with 
the  utmost  precision  so  as  to  include  a  portion  of  the 
normal  as  well  as  of  the  neoplastic  tissue,  thus  en- 
abling the  pathologist  to  give  a  dependable  report. 
Having  aided  thus  in  making  a  diagnosis  of  malig- 
nancy the  usefulness  of  direct  laryngoscopy  ends; 
for  as  yet,  the  ca,ses  that  justify  any  operation  what- 
ever (early  intrinsic  malignancy  of  verv  limited 
extent)  are  so  successfully  dealt  with  by  tliyrotomy 
with  mucoperichondrial  dissection  that  endolaryn- 
geal  operation  is  rarely,  if  ever,  justifiable.  Direct 
laryngoscopy  is  in  general  use  for  the  introduction 
of  tubes  in  the  Elsberg  and  other  methods  of  intra- 
tracheal insufflation  anesthesia.  The  field  of  bron- 
choscopic  therapeutics  is  steadilj-  enlarging.  Pyo- 
genic infections  have  been  treated  locally  and  also 
by  autogenous  vaccines  obtained  from  material 
removed  bronchoscopically  and  uncontaminated  by 
secretions  of  the  mouth  or  pharynx.  In  certain 
types  of  asthma  relative  cures  have  been  reported 
from  local  treatment  of  endobronchial  conditions. 
Obstinate   cough   has  been   cured   by   endobronchial 
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local  applications  of  argyrol  to  non-specific  local 
ulcerations.  Benign  growths  have  been  removed. 
Luetic  and  tuberciJous  lesions  have  been  diagnos- 
ticated. Bronchoscopy  for  foreign  bodies  has  yielded 
most  brilliant  results,  considering  the  recency  of  its 
discoverj-  and  development.  Out  of  lOS  cases  of 
bronchoscopy  for  foreign  bodies  in  the  author's 
clinic,  the  foreign  bodj'  has  been  removed  in  103. 
Of  the  five  failures,  three  were  before  the  full  develop- 
ment of  the  present  instrumentarium  and  technique. 
Two  relativel3'  recent  cases  were  absolute  failures 
becatise  the  foreign  body  could  not  be  found.  In 
both  of  these  the  foreign  body  had  entered  so  small 
a  bronchus  that  the  invaded  branch  could  not  be 
located.  The  larger  bronchi  are  few  and  easily 
searched,  but  the  small  bronchi  are  exceedingly 
numerous,  and  the  search  of  all  blindly  is  unwise. 

Mortality  and  Dangers. — Even  approximate  accu- 
racy as  to  mortaUty  is  almost  impossible.  Work  in 
the  interior  of  the  air  passages  differs  from  all  others 
in  that  fatal  dyspnea  may  suddenly  appear  at  any 
time  and  unless  the  operator  is  familiar  with  the 
problems  from  long  experience  the  patient  may  die 
from  lack  of  prompt  aid.  Such  deaths  have  occurred 
in  the  class  of  cases  with  which  bronchoscopy  has  to 
deal,  and  such  a  death  may  be  due  not  to  the  bron- 
choscopy but  to  the  lack  of  promptness  in  performing 
it.  Therefore,  the  only  reliable  statistics  are  those 
of  the  large  clinics  and  the  skilled  operators.  These 
statistics  show  that  direct  lar^-ngoscopy  is  practically 
without  any  mortality  when  performed  on  a  healthy 
subject.  The  same  may  be  said  of  bronchoscopy. 
The  dangers  arise  chiefly  from  general  anesthesia, 
cocaine  poisoning,  inexperience,  faulty  technique, 
stenosis  due  to  a  foreign  body,  or  to  disease.  Skilful 
operators  have  had  a  mortality  of  about  three  per 
cent,  from  all  causes,  which  is  exceedingly  low  con- 
sidering the  very  high  mortality  of  these  cases  if 
unaided  by  bronchoscopj".  Occasionallj'  in  infants 
subglottic  edema  will  result  from  the  use  of  too 
large  a  bronchoscope  or  from  trauma  in  introduction. 
This  accident,  an  exceedingly  rare  one  in  skiUed 
hands,  is  promptly  reheved  by  tracheotomy,  which 


Fig.  H52. — Kirstein^eadlamp  for_J)irect  Laryngoscopy. 

under  these  circumstances  is  an  operation  of  very 
low  mortahtj-.  Aneurysm,  very  hard  arteries,  thy- 
mic tracheostenosis,  and  similar  conditions  introduce 
an  element  of  danger  in  bronchoscopy,  and  aneurj"sm 
is  a  contraindication  except  for  the  removal  of  foreign 
bodies. 

Instruments. — AH  bronchoscopes  of  practical  use 
have  been  straight  and  rigid  tubes.  The  chief  dif- 
ferences in  the  various  forms  have  been  in  the  method 
of  illumination.  Ivillian  in  his  earlj'  work  used  the 
Ivirstein  headlamp  (Fig.  1152)  and  he  stiU  uses  it  for 
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direct  larj-ngoscopy  and  direct  laryngeal  operating. 
W.  Brunings'  uses  a  hand  lamp  attached  to  the 
proximal  end  of  the  larj-ngeal  speculum  and  the 
bronchoscopes  shde  through  the  larj-ngeal  tube,  the 
distance  of  extension  being  regulated  by  a  watch 
spring  (Fig.  1153).  Otto  Kaliler^  uses  a  different  form 
of  proximal  lamp.  In  all  forms  of  proximsd  lamps 
the  Ught  is  projected  down  the  tube  from  the  prox- 
imal end.  The  author,  like  Ingals'  and  the  majority 
of  American  larjngologists,  prefers  the  distal  form  of 
illumination  shown  in  Fig.  1154.  B,  in  which  a  very 


Fig.  1153. — Bruoings'  Bronchoscope.  The  iUuminating  appa- 
ratus, -4 ,  is  shown  swimg  to  the  left  to  permit  of  the  insertion  of 
the  inner  tube,  B,  into  the  larj-ngeal  tube,  C. 

small  lamp  is  carried  down  to  the  distal  end  of  the  in- 
strument on  a  hght  carrier.  Inasmuch  as  good  work 
has  been  done  with  all  forms  of  illumination,  it  is 
probable  that  successful  work  depends  more  upon  the 
skill  and  especiaUy  upon  the  amount  of  practice  of 
the  operator  and  the  training  of  his  assistants,  than 
upon  the  form  of  illumination.  Various  accessory 
instruments  are  needed,  a  few  of  which  are  shown. 
For  the  removal  of  particular  foreign  bodies  many 
special  instruments  have  been  devised,  such  as  pin 
cutters,  safety-pin  closers,  mechanical  spoons  for 
friable  bodies,  etc.  Doubtless  manj-  more  will  need 
to  be  devised.  Each  case  is  a  problem  in  itself,  the 
problem  being  not  so  much  the  removal  of  the  foreign 
body,  which  could  be  done  by  main  strength,  but 
to  remove  the  instruder  without  endangering  the 
Ufe  of  the  patient,  wherein  Ues  the  great  value  of 
bronchoscopy  for  foreign  bodies.  The  following 
is  a  list  of  tubes  and  accessories  necessary  for  direct 
larj'ngoscopy  and  bronchoscopy: 

1  child's  slide  speculum. 

1  adult's  slide  speculum. 

1  adult's  bronchoscope  9  mm.  X40  cm. 

1  child's  (7  to  16  years)  bronchoscope  7  mm.  X  40  cm. 

1  child's  (1^  to  7  years)  bronchoscope  5  mm.  X30  cm. 

1  infant's  (up  to  1  year)  bronchoscope  4  mm.X30  cm. 
6  sponge  holders. 

2  forceps,  plain  jaws,  30  cm.,  and  45  cm. 
1  thimble  bite  block. 

1  double  bronchoscopic  battery  and  2  cords. 
12  extra  lamps. 
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Radiographic  Aid  in  Bronchoscopy  for  Foreign 
Bodies. — In  foreign  body  cases  fliioroseonic  examina- 
tion is  very  misleading.  A  radiograpli  should  be 
taken  in  every  case  of  suspected  foreign  body  even 
though  the  suspected  intruder  is  not  dense  to  the 
rav  because  the  foreign  body  is  not  always  what  it  is 
suijposed  to  be,  anil  furthermore  lesions  are  often 
revealed  by  the  rav  indicating  the  location  of  a  foreign 
body  which,  itself,  does  not  show.  A  dark  lung 
indicates  that  the  corresponding  main  bronchus  is 
nccludcd.  The  occlusion  of  the  upper,  lower,  or  middle 
lobe  bronchi  will  cause  the  corresponding  k)be  to 
cast  a  shadow  if  occlusion  is  nearly  complete.  Twice 
in  the  author's  experience  a  radiograph  revealed  a 
lung  abscess  due  to  a  peanut  kernel,  though  the  kernel 
it^eu   did   not   show.     Foreign   bodies   wlien   located 


by  a  bath,  a  laxative,  and  a  liquid  breakfast  at  least 
five  hours  before  the  bronchoscony.  The  mouth 
should  be  thoroughly  dcan.sed  with  a  tooth  brush, 
and  rinsed  with  thirty-per-cent.  alcohol. 

Asepsis. — \\'hen  it  is  considered  tliat  we  encounter 
diphtheria,  pneumonia,  syphilis,  tuberculosis,  pyo- 
genic cocci,  and  various  otlier  infections,  the  presence 
of  which  may  not  be  known  to  us  even  after  we 
are  through  with  the  patient,  it  behooves  the  con- 
scientious surgeon  to  be  as  scrupulous  in  his  a.septic 
technique  as  if  he  were  opening  tne  brain  or  abdomen. 
He  must  not  permit  laxity  on  the  part  of  his  operating 
room  organization,  a  thing  prone  to  happen  because 
the  field  cannot  be  sterihzed.  It  must  be  remembered 
that  the  patient  is  more  or  less  immune  to  the  organ- 
isms  he   him.self  harbors;   yet   infections   introduced 


Fio.  11,54. — .\uthor's  Instruments  for  Direct  Laryngoscopy  and  Bronchoscopy.  A,  Laryngeal  speculum;  B,  bronchoscope;  tube 
or  insufflation  of  anesthetic  shown  at  CC;  C,  laryngeal  biting  forceps;  D,  bronchoscopic  forceps ;  £,  bite  block.  The  tube  is  for 
nsufflation  of  ether  during  esophagoscopy,  gastroscopy,  or  direct  laryngoscopy.     The  tube,  CC,  is  used  instead  in  bronchoscopy. 


n  the  larger  bronchi  are  easy  to  find  with  the  broncho- 
cope;  but  a  relatively  small  intruder  which  falls 
nto  the  lowest  and  smallest  bronchus  it  can  enter, 
dmost  at  the  periphery  of  the  lung,  is  often  very 
lifEcult  to  find  not  only  because  of  the  smallness 
if  the  bronchial  branch,  but  because  of  the  great 
lumber  of  such  branches.  Therefore,  the  most 
accurate  radiographic  localization  becomes  of  the 
;reatest  aid.  For  this  purpose  the  four  greatest 
lids  are:  A  lateral  radiograph,  triangulation  from 
adiographic  exposures  in  different  positions,  the 
3oyce  caUpers  (Fig.  1 155),  and  the  author's  system  of 
uperimposing  a  proper  sized  negative  of  the  tracheo- 
)ronchial  tree  (Fig.  115(3)  over  the  negative  of  the  pa- 
ient  showing  the  foreign  body. 

Preparation   of  the   Patient. — When   time   permits, 
he  patient  should  be  prepared  as  for  any  operation, 


from  other  sources,  even  though  nominally  the  same, 
may  be  extremely  virulent  to  him.  One  thing  is 
absolutely  essential,  namel}',  that  everything  be 
prepared  and  in  readiness,  including  all  pcssible 
needs,  before  work  is  commenced;  for  moments  are 
precious  and  unpreparedness  may  mean  death. 
Particularly  useful  is  an  oxygen  tank  cleansed  and 
prepared  asepticall}'  with  sterile  tubing,  and  wrapped 
with  sterile  towels. 

Anesthesia. — Direct  larj'ngoscopy  and  broncho- 
scopy when  skilfully  done  are  practically  painless. 
The  only  need  then  for  anj-  anesthesia  is  for  the 
lessening  or  abolition  of  refle.xes,  chiefly  those  of 
vomiturition  and  coughing,  and  for  the  prevention 
of  apprehension  wliicli  intensifies  the  reflexes.  A 
general  anesthetic  lessens  somewhat  the  difficulties 
encountered  by  the  unskilled  in  the  introduction  of 
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instruments,  but  its  use  for  this  purpose  is  unjusti- 
fiable. For  direct  laryngoscopy  in  cliildren  no  an- 
esthetic, general  or  local,  is  ever  required.  Cocaine 
is  exceedingly  dangerous  in  children  and  its  use  is 
needless.  In  all  dyspneic  cases  in  either  adults  or 
children  a  general  anesthetic  is  exceedingly  dangerous 
and  should  never  be  given.  In  direct  laryngeal 
operations    for    conditions    such    as    papillomata    in 


the  intruder,  which  is  then  likely  to  drop  into  th( 
deeper  air  passages,  that  it  is  better  in  most  instanci 
to  use  no  anesthetic  whatever.  If  it  is  desired  to  u> 
one,  cocaine  should  be  sprayed  in  during  inhalation 
rather  than  apphed  with  a  swab  as  hereinafter  men- 
tioned. When,  however,  the  direct  laryngoscopy  L' 
only  preUminary  to  the  passage  of  a  bronchoscope 
adults    will    require    thorough    cocainization    of   th( 


Fig.  1155. — Calipers  for  the  Localization  of  a  Broachially  Lodged  Foreign  Body.  The  distance  of  the  foreign  body  from  the  skin 
surface  is  thus  registered  from  the  lateral  radiograph.  The  calipers  are  then  detached.  later  reattached  after  the  bronchoscope  is  intro- 
duced. The  position  of  the  foreign  body  in  the  lateral  plane  is  marked  on  the  skin  from  the  anteroposterior  radiograph  without 
calipers,  by  the  anatomical  landmarks. 


children,  no  anesthetic,  general  or  local,  is  needed; 
because  these  growths  are  quite  insensitive  and  the 
reflexes  of  children  need  not  interfere  with  work. 
In  adults,  however,  the  reflexes  wiU  require  cocaine 
locally,  for  operations  on  the  larynx,  and  also  in  some 
instances  when  only  a  diagnosis  is  to  be  made.  Any 
attempt  at  cocainization  of  the  larj-nx  in  a  case  of 
larj'ngeally  lodged  foreign  body  is  so  apt  to  dislodge 
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mucosa  of  the  larynx  and  especially  of  the  epiglottis 
in  diagnostic  cases.  In  difficult  foreign-body  cases 
general  anesthesia  is  used  by  most  operators  for 
both  children  and  adults.  In  the  author's  cUnic,  no 
anesthetic,  general  or  local,  is  used  for  bronchoscopy 
in  children  except  in  very  comphcated  removals  of 
foreign  bodies,  and  not  even  then  if  the  child  is  in  the 
slightest  degree  dyspneic.     In  cases  of  long  and  sharp 
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foreign  bodies,  such  as  pins  and  nceillos,  it  is  often 
wise  to  get  the  full  relaxation  of  deep  ether  anesthesia 
to.'prevent  coughing  lest  the  point  be  forced  to  per- 
forate. Large  doses  of  bromides  (gni.  4  for  an  adult) 
ifjthere  is  time  for  their  action,  materially  assist  in 
lessening  the  cough  and  other  reflexes.  Atropine 
hypodcrmically  as  advocated  by  Fletcher  Ingals  lessens 
secretion,  which  is  a  great  aid.  The  best  procedure 
in  local  anesthesia  is  to  give  a  preliminary  swabbing 


Fig.  11.56. — Negative  of  the  'irurin'^ibninehuil  Tree  Used  in 
Different  Sizes  for  Localization  of  a  Foreign  Body  Preparatory  to 
Bronchoscopy.  This  negative  is  superimposed  upon  the  radio- 
graphic negative  of  the  patient.  A,  Level  of  the  vocal  cords;  B, 
level  of  pleural  dome;  C,  level  of  dome  of  diaphragm.  These 
visceral  landmarks  are  used  instead  of  the  bones,  whose  position 
relative  to  the  viscera  varies  widely. 

of  the  laryngopharynx  with  a  cotton  swab  held  in 
a  Sajous'  laryngeal  forceps  and  saturated,  but  not 
dripping,  with  an  eight-per-cent.  cocaine  solution. 
The  epiglottis  is  exposed  with  the  speculum  and 
is  painted  with  a  gauze  sponge  held  in  a  straight 
sponge  holder,  and  saturated,  but  not  dripping,  with  a 
twenty-per-cent.  cocaine  solution.  The  posterior 
surface  of  the  epiglottis  especially  must  have  a  careful 
painting.  Then  the  same  solution  is  apphed  in  the 
same  way  to  the  upper  laryngeal  orifice.  Next  the 
subglottic  trachea  is  painted.  After  the  introduction 
of  trie  bronchoscope,  the  trachea  is  painted,  giving 
especial  attention  to  the  region  of  the  bifurcation, 
to  the  posterior  tracheal  wall  and  to  the  particular 
bronchus  which  is  to  be  entered  first.  In  all  these 
applications  it  is  necessary  to  remember  that  co- 
caine is  an  exceedingly  dangerous  drug  recjuiring 
caution  in  its  use.  Of  course  most  of  the  solution 
is  thrown  away  in  the  swabs.  A  prolonged  contact 
of  the  swab  is  much  more  efficient  than  a  mere  paint- 
ing of  the  mucosa.  This  is  important  to  remember 
when  severe  cough  is  excited  every  time  a  foreign 
body  is  touched;  though  a  skilful  operator  will  w-ork 
along  in  spite  of  severe  coughing,  wnich  indeed  often 
ceases  after  a  while.  After  tlie  beginning  of  the 
cocainization  at  the  epiglottis  every  moment  is  pre- 
cious, so  that  work  should  be  as  rapid  as  is  consistent 
with  orderly,  careful  procedure.  When  general  anes- 
thesia is  used  it  should  be  ether  started  in  the  ordi- 
nary way  with  the  mask.  After  the  patient  is  anes- 
thetized and  the  bronchoscope  is  inserted,  the  ether 
is  insulllated  through  the  anesthetizing  attachment 
suggested  by  Dr.  T.  Drysdale  Buchanan,  timing  the 
insufflations  to  coincide  with  the  patient's  inspirations. 
Should  ether  fail  to  gi\-e  as  complete  relaxation  as 
is  deemed  necessary,  chloroform  may  be  insufflated 
with  comparative  safety  after  the  fuU  stimulant 
effects  of  tne  ether  are  evident. 

Technique. — The  most  important  part  of  the  intro- 
duction of  the  bronchoscope  is  the  proper  exposure 


of  the  glottis,  and  the  most  important  part  of  adequate 
glottic  exposure  is  the  position  of  the  head  and  neck 
of  the  patient.  The  patient  may  be  sitting  or  recum- 
Ijent,  l)ut  in  either  case  the  position  of  his  head  and 
neck  is  relatively  the  same.  This  position  consi.sts 
in  an  anterior  placing  of  the  head  and  neck,  with  the 
cervical  spine  straight,  not  curved,  and  with  ex- 
tension of  the  head  at  the  oecipito-atloid  joint.  The 
correct  position  is  shown  in  Fig.  1157.  The  patient 
sits  upon  a  low  stool,  and  the  first  assistant  sits 
l)ehind  the  patient  on  a  stool  of  ordinary  height  and 
holds  the  patient  far  forward  toward  the  operator. 
The  tendency  of  the  patient  is  to  throw  his  head 
and  neck  backward,  thus  curving  his  cervical  spine 
l)ackward  and  rendering  exposure  of  the  larynx 
almost  impossible.  The  operator  sits  on  a  stool  of 
ordinary  height  and  should  not  stand  lest  he  fall 
into  the  error  of  trying  to  pry  open  the  passages  by 
using  the  upper  teeth  as  a  fulcrum,  which  will  also 
render  glottic  exposure  difficult.  The  battery  cord 
being  connected  and  the  light  glowing,  the  operator 
with  the  index  of  his  right  nand  raises  the  upper  lip 
of  the  patient  to  keep  it  out  of  the  way,  while  with 
his  left  hand  he  introduces  the  laryngeal  speculum 
until  the  epiglottis  comes  into  view.  (If  local 
anesthesia  is  to  be  used,  note  the  instructions  under 
that  heading.)  The  spatular  end  of  the  speculum  is 
passed  posteriorly  to  the  epiglottis  and  down  over  it 
for  about  one  centimeter  in  a  child,  two  centimeters 
in  an  adult.  If  the  epiglottis  shp  away,  deeper 
insertion  is  needed;  but  a  very  common  error  is  too 


Fig.  11.57. — Showing  the  Position  of  the  Patient.  Operator, 
and  Assistants  for  Laryngeal  Operation  by  the  Direct  Method  under 
Local  Anesthesia. 

deep  an  insertion,  the  operator  mistaking  one  or 
the  other  aryepiglottic  fold  for; the  epiglottis  and 
consequently  inserting  the  extremity  of  the  speculum 
into  one  or  the  other  of  the  pyriform  sinuses. 
If  this  occur,  withdrawal  to  the  dorsum  of  the 
tongue  and  a  fresh  start  is  advisable.  The  error  is 
best  avoided  by  careful  identification  of  the  epiglottis, 
careful  following  of  the  middle  line  down  over  the 
dorsum  of  the  tongue,  and  careful  work  on  the  part  of 
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the  assistant  to  keep  the  patient's  head  exactly 
plumb  and  square  and  facing  the  operator  without 
any  twist  or  inclination  to  either  side.  Having 
mastered  the  epiglottis  the  motion  imparted  to  the 
speculum  is  a  pulhng  downward  and  toward  the  opera- 
tor, as  if  the  operator  were  trying  to  puU  the  epi- 
glottis and  hyoid  bone  out  through  the  neck  with  the 
tip  of  the  distal  end  of  the  speculum.  This  displaces 
the  bulky  musculature  of  the  base  of  the  tongue  and 
the  tissues  attached  to  the  hyoid  bone  forward  out 
of  the  hne  of  sight  and  exposes  the  glottis;  so  that  the 
observer  may  look  down  into  the  trachea  if  the  glottis 
be  open,  for  the  trachea  is  now  in  line  with  the  axis 
of  the  speculum  and  with  the  visual  axis  of  the 
observer,  as  shown  schematicalh-  in  Fig.  1 15S.  Should 
there  be  any  difficulty  in  exposure  of  the  anterior 
commissure  the  index-finger  of  the  assistant  who  holds 


Fig.  1158. — Schema  Showing  the  Position  of  the   Speculum  in 
Direct  Laryngoscopy. 

the  head,  by  making  counter-pressure  on  the  thyroid 
cartilage  externally  in  the  neck,  will  bring  the  anterior 
commissure  backward  into  view.  The  laryngeal 
operation  may  now  be  proceeded  with,  using  biting, 
cutting,  or  crushing  forceps,  or  the  galvanocauterj-, 
as  the  case  may  require.  In  case  of  foreign  bodj'  in 
the  larynx,  removal  should  never  under  any  circum- 
stances be  attempted  with  the  patient  in  tlie  sitting 
position,  because  if  the  intruder  should  be  dislodged 
and  escape,  as  is  very  apt  to  happen,  it  will  almost 
certainly  fall  into  the  lower  air  passages.  Removal  of 
laryngeally  lodged  foreign  bodies  should  be  attempted 
only  with  the  patient  in  the  Trendelenburg  position  so 
as  to  gain  the  aid  instead  of  the  antagonism  of  gravity. 
If  bronchoscopy  in  the  sitting  position  is  the  object, 
the  bronchoscope  having  its  own  cord  and  hght  is 
inserted  and  the  observer's  ej-e  is  transferred  to  the 
bronchoscope.  The  hp  of  the  bronchoscope  is  turned 
to  correspond  with  the  long  axis  of  the  glottic  cliink, 
that  is,  the  handle  is  placed  horizontaU}'.  At  the 
next  inspiratorj-  opening  of  the  glottis  the  broncho- 
scope is  gently  pushed  through  until  a  few  centi- 
meters of  the  distal  end  lies  witliin  the  trachea.  The 
heavy  speculum  is  now  removed  leaving  the  hght  and 
delicate  bronchoscope  in  position  to  be  gently  guided 
and  moved  about  by  the  hand  of  the  observer.  To 
prevent  the  tube  being  bitten,  the  bite  block  is  kept 
between  the  teeth  by  the  assistant.  No  gag  should  be 
used,  or,  at  least,  wide  gagging  must  be  carefully 
avoided,  because  it  forces  the  tliick  lingual  mass  along 
with  the  inferior  maxilla  down  onto  the  h}'oid  bone 
so  firmly  that  anterior  displacement  of  this  mass  b}' 
the  speculum  becomes  difficult  or  even  impossible. 
Bronchoscopy  is  rarely  done  in  the  sitting  posture 
except  in  adults  and  for  diugnosis  only,  using  local 
anesthesia  or  none  at  all.  Children  require  the  recum- 
bent position  for  better  control  if  no  anesthetic  is 
used;  and  for  safety  if  any  anesthetic  is  used.  In 
all  foreign  body  cases  the  recumbent  position  is 
imperative  in  order  that  gravity  shall  not  assist 
inspiration  in  drawing  the  intruder  deeper,  should 
the   intruder   be   free    to    move.     The   procedure   is 
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relatively  the  same  in  the  recumbent  posture  except 
a  slight  diflference  in  the  hancUing  of  the  instruments. 
It  is  imperative  that  the  patient's  head  shall  not 
hang  over  the  end  of  the  table  in  the  Roser  position, 
which  position  is  erroneously  advised  in  many  text- 
books. It  must  extend  beyond  the  table  so  as  to 
be  free  to  move,  but  it  must  not  hang.  It  must  be 
supported  high  up  with  extension  onlj-  at  the  occipito- 
atloid  joint.  This  is  theBoyce  position  and  is  thus 
described  by  Dr.  John  W  Boyce:* 

"In  all  this  work  safetj'  demands  that  the  mouth, 
pharj-nx,  and  esophagus  (or  trachea  as  the  case  may 
be)  be  brought  into  a  straight  line,  not  by  a  crowbar 
like  action  of  the  tube,  but  by  holding  the  head 
steadily  in  extreme  extension  with  the  mouth  widely 
open.  Not  only  does  lateral  pressure  add  to  the 
operator's  difficult}',  but  it  also  entirety  prevents  any 
sense  of  what  the  point  of  the  tube  is  touching. 
Trial  with  an  unanesthetized  patient  will  show  that 
if  the  head  is  simply  allowed  to  hang  over  the  edge  of 
the  table,  not  only  is  an  unnecessary  strain  thrown 
upon  the  hgaments  of  the  neck,  but  full  extension  is 
not  as  well  secured  as  by  proper  support  of  the  head.  ^ 
For  this  reason  it  is  best  to  detail  a  second  assistant  | 
to  hold  the  head  and  hold  the  bite  block,  impressing  n 
him  with  the  importance  of  the  matter  and  his 
entire  responsibility  therein.  To  carry  him  out  of 
the  operator's  waj'  it  is  necessary  that  he  shall  hold 
the  head  at  arm's  length  and  to  hold  it  in  this  position 
steadily  for  fifteen  or  twenty  minutes  a  support  is 
necessary.  The  weight  of  the  head  is  so  Mttle  that 
the  matter  seems  easy,  but  if  the  assistant's  arms 
are  unsupported,  about  the  time  the  most  critical 
point  of  the  examination  or  operation  is  reached  his 
muscles  will  be  trembfing.  Nor  is  it  possible  to  rest 
him  by  any  shift  of  position  after  the  tube  is  started. 
After  many  unsuccessful  trials,  it  has  been  found 
that  the  best  position  is  as  shown  in  Fig.  1159.  The 
patient  is  drawn  forward  until  the  tops  of  his  shoulders 
clear  the  table  by  from  four  to  six  inches,  and  the 
bite  block  is  inserted  on  the  left  side.  The  assistant 
is  placed  on  the  right  side  of  the  patient's  head  on  a 
stool  of  appropriate  height,  as  though  on  a  side  saddle; 
his  right  leg  beneath  him  in  the  kneeling  position, 
his  left  foot  supported  on  a  stool  twenty-six  inches 
lower  than   the   top  of  the  table;  his  right  forearm  is 

Eassed  beneath  the  patient's  neck,  supporting  it; 
is  right  index  holds  the  bite  block  drawing  it  strongly 
backward.  His  left  hand  rests  on  the  left  knee, 
grasps  the  head  strongly  at  or  in  front  of  the  bregma, 
bending  it  backward  and  exerting  a  certain  degree 
of  upward  pressure.  The  exact  proportion  of  back- 
ward and  upward  pressure  cannot  be  described,  but  is 
readih-  appreciated  on  trial,  especially  if  the  assistant 
has  actually  experienced  the  difference  in  sensation 
when  the  head  hangs  free  and  when  it  is  properly 
supported  in  extreme  extension." 

Tlie  introduction  of  the  bronchoscope  through  the 
mouth  in  the  recumbent  position  is  shown  schematic- 
all}'  in  Fig.  1160.  The  different  relations  of  the  parts 
renders  practice  in  this  position  necessary  as  weU  as 
practice  in  the  sitting  position,  experience  in  the  one 
not  aiding  much  in  tne  other.  As  in  the  upright 
position,  in  order  to  obtain  adequate  glottic  exposure, 
the  upper  teeth  must  not  be  used  as  a  fulcrum  and 
the  head  must  be  raised  by  the  suspension  of  the 
weight  of  the  patient's  head  more  or  less  on  the  tip 
of  the  spatula,  though  support  and  extension  on  the 
occipito-atloid  joint  are  maintained  as  described  by 
Dr.  Boyce.  The  epiglottis  is  identified,  the  spatular 
end  of  the  speculum  is  passed  posteriorly  to  tne  epi- 
glottis and  the  epiglottis  is  raised,  that  is  dragged 
anteriorly,  anatomically  speaking,  and  the  glottis 
exposed.  If  any  difficulty  in  exposure  of  the  anterior 
commissure  is  encountered,  counter-pressure  by  the 
assistant's  index-finger  on  the  thyroid  cartUage 
externally,  as  before  mentioned,  will  obviate  the 
difficulty.     When  only  direct  laryngoscopy  is    con- 
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tempUited,  tho  larynx  may  be  inspoctod  with  very 
miicii  ercatcr  comfort  to  the  patient  l)y  slight  flexion 
of  the  Mead,  that  is,  anteriorly  on  the  chest,  the  head 
resting  on  a  jjillow  as  in  ordinary  recninbency  in 
bed,  the  operator  standing  at  thc^  left  side  of  the 
patient.  This  was  first  demonstrated  by  Dr.  K.  II. 
Johnston.'' 

This  position  is  excellent  for  laryngeal  examinations 
and  etidolaryngeal  operations.  It  is  not  so  well 
adapted  to  l)ronchoscopy,  though  if  preferred  the 
bronchoscope  may  be  introduced  through  the  glottis 
in  this  way,  and  then  tho  head  can  be  brought  into 
the  Boyce  position.  In  this  procedure,  extreme 
care  must  be  u.sed  that  no  trauma  is  done  to  the 
larynx  and  especially  to  the  subglottic  tissues. 
Returning  to  the  consideration  of  bronchoscopy  in 
the  reciunbont  position,  the  bronchoscope  is  in.serted 
through  the  speculum,  the  handle  extending  hori- 
zontally to  the  right  so  as  to  bring  the  lip  of  the  slanted 


Fig.    115'.).— Po.sition     of    the    Patient    and    Assistant    for    Oral 
Bronchoscopy. 

end  of  the  bronchoscope  in  the  proper  position  for 
easiest  insertion  through  the  glottis.  The  patient 
often  at  this  moment  holds  his  breath  and  may  have 
some  laryngeal  spasm.  It  is  better  to  wait  for  an 
inspiration  with  which  the  glottis  will  open,  and  the 
bronchoscope  is  then  quickly  inserted.  If  the  patient 
is  not  anesthetized  and  will  cooperate,  he  may  be 
told  to  take  a  deep  inspiration.  If  profoundly 
anesthetized,  no  halting  of  the  ryhthmic  respiratory 
excursions  is  noticed  and  the  bronchoscope  is  readily 
introduced  into  the  trachea. 

The  inexperienced  will  often  find  that  the  bron- 
choscope has  gone  into  the  esophagus.  In  a  case 
with  great  dyspnea  this  may  be  fatal  not  only  by  de- 
fault in  not  entering  the  trachea,  but  also  directly  by 
the  compression  due  to  the  bulk  of  the  tube  in  the 
esophagus  plus  the  bulk  of  the  foreign  body  in 
the  trachea.  The  error  can  bo  detected  by  failure 
to  receive  the  expiratory  tracheal  blast,  though  there 
is  a  shght  esophageal  respiratory  movement,  and  by 


the  pink  smooth  collapsing  esophageal  walls  instead 
of  the  ringed  open  tracluuxl  tube.  Having  introduced 
the  bronchoscope  into  the  trachea,  the  first  step  is  to 
observe  whether  the  a.xis  of  the  trachea  and  tiiat  of 
the  tub(^  coincide  and  if  they  do  not,  they  should  be 
made  to  coincide  at  once  so  that  no  resistance  is 
felt  and  no  danger  of  trauma  from  the  tube  mouth  is 


Flc.  1160. — Oral  Bronchoscopy.  Schema  illustrating  the  pass- 
ing of  the  bronchoscope  into  the  recumbent  patient.  A,  Laryngeal 
speculum  in  position  exposing  the  glottis:  B,  bronchoscope  passed 
through  the  speculum  into  the  trachea;  C,  shde  of  speculum  re- 
moved: D,  speculum  removed  leaving  bronchoscope  in  the  trachea 
unencumbered  by  the  heavy  speculum. 

incurred.  The  bite  block  being  in  place,  the  shde  spec- 
ulum is  removed  as  shown  at  D,  Fig.  1160.  Passing 
downward  the  first  landmark  is  tho  carina  or  spur 
between  the  right  and  left  bronchus.  If  this  is  not 
noticed  it  is  because  the  right  bronchus  is  practically 
the  continuation  of  the  trachea,  the  left  bronchus 
resembling  a  lateral  branch  to  such  an  extent  that 
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the  carina  is  overlooked  at  the  left  of  the  tube 
mouth  and  is  passed.  Should  this  occur,  the  broncho- 
scope is  rotated  so  that  the  handle  is  horizontal  and 
to  the  left.  This  brings  the  Up  of  the  bronchoscope 
against  the  left  tracheal  wall,  and  if  in  addition  the 
patient's  head  is  moved  to  the  right  the  bronchoscope 
wiU  enter  the  left  bronchial  orifice  and  the  carina 
will  be  seen.  Tliis  use  of  the  lip  of  the  bronchoscope, 
together  with  the  opposite  position  of  the  head,  is 
useful  in  the  entering  of  any  desired  branch  bronchus; 
and  especially  the  upper  lobe  branches  which  are  the 
most  difficult  of  any  of  the  larger  bronchi  to  enter. 
Secretions,  which  are  in  some  instances  troublesome, 
are  best  removed  by  swabs  made  of  small  folded  gauze 
sponges  held  in  tlie  sponge  holder.  These  sponges 
should  be  as  large  as  will  readily  pass  through  the 
tube.  If  there  is  much  secretion  the  sponge  is  pushed 
down  beyond  the  distal  end  of  the  bronchoscope. 
The  resulting  reflex  cough  will  force  the  secretion 
into  the  tube  mouth  ^\-lien  the  secretion  will  be 
withdrawn  by  the  withdrawal  of  the  sponge,  just  as 
a  pump  lifts  out  the  water  that  is  above  the  plunger. 
This  is  more  rapid  and  efficient  for  bronchoscopic 
purposes  than  any  form  of  aspirator.  Further 
procedure  depends  upon  the  purpose  for  which  the 
bronchoscopy  is  done.  The  identification  of  lesions, 
the  removal  of  specimens  of  tissue,  or  of  secretions 
for  investigation  or  autogenous  vaccine  therapy,  or 
the  removal  of  foreign  bodies — all  these  procedures 
are  under  guidance  of  the  eye,  and  education  of  the 
eye  and  the  fingers  is  absolutely  essential  to  safe  and 
successful  work.  The  trained  eye  will  in  every  case 
see  the  forceps  close  with  certainty  upon  the  object 
and  upon  nothing  else.  Chevalier  Jackson. 
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Broom. — See  Scoparius. 

Brouardel,  Paul  Camilla  Hippolyte. —  Born  in 
Saint-Quentin,  France,  February  13,  1837.  He  re- 
ceived the  degree  of  Doctor  of  Medicine  in  186.5.  In 
1879  he  was  chosen  Professor  of  Medical  ,Iuris- 
prudence,  and  in  1881  Dean  of  the  Faculty  of  Medi- 
cine of  Paris.  He  died  in  August  1906.  He  made 
numerous  contributions  to  medical  Uterature,  and  of 
this  number  the  following  deserve  special  mention: 
"Le  secret  medical,"  second  edition,  1893;  "Cours 
de  mddecine  legale  de  la  Faculty  de  M^decine  de 
Paris."  seven  volumes;  "La  pendaison,  la  strangula- 
tion, la  suffocation  et  la  submersion,"  1896; 
"L'Infanticide,"  1897;  and  "Traits  de  m^decine 
et  de  th^rapeutique"  (in  association  with  A. 
Gilbert),  ten  volumes.     (Pagel.)  A.  H.  B. 


Broussais,  Frangois  Joseph  Victor. — Born  December 
17,  1772  at  St.  Malo  in  Brittany.  He  served  for  a 
number  of  years  as  surgeon  in  the  French  Navy  and 
later  was  appointed  surgeon  in  chief  of  the  military 
hospital  at  Val  de  Grace.  In  1831  he  was  appointed 
Professor  of  General  Pathology  at  the  Faculty  de 
M^decine  of  Paris  and  held  this  chair  to  the  time  of 
his  death  on  November  17,  1838.  He  was  the 
founder  of  the  theory  of  disease,  called  Broussaisism, 
which  was  allied  to,  though  in  its  therapeutic  devel- 
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opment  the  opposite  of  the  Brunonian  system.  In 
studying  the  lesion  of  tj'phoid  fever  he  noted  the 
frequent  occurrence  of  hyperemia,  inflammatory 
manifestations,  ulceration,  etc.,  in  the  intestine,  and 
this  led  him  to  look  for,  and  naturally  to  find,  signs  of 

"irritation"  in  other 
diseases.  From  this  he 
formulated  the  theory 
that  all  acute  disease  is 
due  to  irritation  or 
"irradiation"  proceed- 
ing from  inflammation 
of  the  gastroenteric 
tract.  He  believed  that 
all  vital  processes  are 
the  result  of  stimula- 
tion; the  sum  total  of 
the  stimulation  in  the 
body  is,  however,  a 
fixed  quantity,  and 
therefore  an  e.xcess  of 
stimulation  in  one  part 
necessarily  results  in  a 
diminution  elsewhere, 
this  disturbance  of  the 
equiUbrium  of  "irrita- 
tion" being  the  essence  of  disease.  The  treatment  of 
disease  therefore  should  consist  in  efforts  to  reduce  the 
excess  of  irritation  in  the  gastroenteric  tract  by  means 
of  diet,  cataplasms,  and  depressant  remedies. 

Broussais's  principal  works,  wTitten  before  the 
development  of  "broussaisism,"  were:  "Histoire  des 
phlegmasies  ou  inflammations  chroniques,"  1S08: 
"Examen  de  la  doctrine  m^dicale  g^n^ralement 
adoptee,"  1816;  and  "Examen  des  doctrines  m6di- 
cales  et  des  svstSmes  de  nosologic,"  1821. 

T.  L.  S. 


Brown,  John. — Born  in  Buncle,  Scotland,  in  1735. 
In  youth  he  manifested  talents  of  an  exceptional 
character  and  it  was  thought  that  a  great  future  lay 
before  him,  but  his  manners  were  so  offensive  and  his 
habits  so  ill-regulated  that  even  his  best  friends  were 
in  time  unable  to  tolerate 
him.  Having  taken  up 
his  abode  at  Edinburgh, 
in  or  about  1760,  he  pur- 
sued the  study  of  medi- 
cine with  assiduity  for 
several  consecutive 
years.  The  celebrated 
Cullen  befriended  him  at 
first  and  put  him  in  the 
way  of  earning  a  living, 
but  before  long  the 
friendship  between  the 
two  was  broken  up,  and 
eventually  Brown  be- 
came one  of  Cullen's  bit- 
terest enemies.  In  1779 
he  published  a  book 
(under  the  title  of  "Ele- 
mentamedicinee")  which 
gave  him  considerable 
celebrity.  After  having  been  thrown  into  prison  for 
non-payment  of  his  debts,  he  became  more  and  more 
dissipated,  indulged  very  freely  in  the  use  of  laudanum, 
and  finally  died  of  cerebral  apoplexy  in  1788,  at  the 
comparatively  early  age  of  fiftj'-three. 

It  is  difficult  to  understand,  at  the  present  day, 
how  Brown's  "Elements  of  Medicine"  should  have 
created  such  a  stir  in  the  medical  world  as  it  appears 
to  have  done.  Even  German  and  French  physicians 
took  an  active  part  in  discussing  the  pecidiar  theories 
put  forward  in  this  book.     (See  Bruiionianism.) 

A.  H.  B. 
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Browne,  Sir  Thomas. —  Born  at  London,  England, 
in  160.').  llr  studied  medicine  at  the  University  of 
Lcydcn.  Ilciilaiut,  and  received  his  doctor's  degree 
friiin  that  institution.  After  his  return  to  England, 
in  1034,  he  settled  in  Norwich.  In  1665  he  was 
elected  an  honorary  member  of  the  College  of  Phy- 
sicians, London.  Charles  II,  in  passing  through 
Norwich  in  lt)71,  bestowed  on  him  the  honor  of 
knighthood.  He  died  on  October  19,  16S2.  His 
skull  is  preserved  in  the  museum  of  the  Norw'ich 
hospital. 

Sir  Thomas  Browne  owes  his  celebrity  almost 
entirely  to  the  fact  that  he  wrote  and  published  two 
books  which  excited  very  great  interest,  not  only  in 
Great  Britain  and  on  the  Continent  of  Europe,  but 
also,  in  later  years,  throughout  the  British  Colonies. 
These  books  are  entitled,  respectively:  "  Religio 
Medici,"  and  "Pseudodoxia  Epidemical  Enquiries 
into  very  many  commonly  received  Tenets  and 
commonly  presumed  Truths."  The  first  authorized 
edition  of  the  Religio  Medici  was  published  in  1643; 
The  Pseudodoxia  was  issued  in  1646.  The  Encyclo- 
pedia BriUinnica  says  that  the  "Religio  Medici  was 
a  puzzle  to  his  contemporaries,  and  it  is  still  hard  to 
reconcile  its  contradictions It  is  the  con- 
fession of  a  mind  keen  and  sceptical  in  some  aspects, 

and   credulous  in  others The  Pseudodoxia 

Epidemica,  written  in  a  more  direct  and  simple  style 
than  is  usual  with  Browne,  is  a  wonderful  storehouse 
of  out-of-the-way  facts  and  scraps  of  erudition,  ex- 
hibiting a  singular  mixture  of  credulity  and  shrewd- 
ness. Sir  Thomas  evidently  takes  dehght  in  discuss- 
ing the  wildest  fables."  A.  H.  B. 


Brownian  Movement. — The  phenomenon  known 
as  Brunonian  or  Brownian  movement  or  motion,  so 
called  after  Robert  Brown,  a  Scotch  botanist,  who 
first  described  it  in  the  Edinburgh  Philosophical  Jour- 
nal in  1828,  consists  in  extremely  rapid  vibratory 
movements  of  microscopic  particles  suspended  in 
fluids.  It  occurs  in  simple  suspensions  of  solid 
particles  in  water  or  other  fiuid  as  well  as  in  colloidal 
solutions.  Up  to  a  certain  point  the  activity  of  the 
movements  is  increased  by  concentration  of  the  sus- 
pension and  also  by  the  smallness  of  the  suspended 
particles.  It  is  apparently  not  an  electrical  phe- 
nomenon, nor  is  it  influenced  by  light.  It  is  physical, 
not  vital,  in  nature,  and  may  be  due,  as  has  been 
suggested,  to  the  fact  that  the  solid  particles  are  in 
unstable  equilibrium  and  so  are  influenced  by  and 
render  visible  the  molecular  movements  of  the  fluid 
in  which  they  are  suspended.  T.  L.  S. 


Brown=Sequard,  Charles  Edward. — Born  in  Port 
Louis,  on  the  island  of  Mauritius,  Indian  Ocean, 
April  8,  1817.  His  father, 
Edward  Brown,  came  from 
Philadelphia,  Pa.,  while  his 
mother,  S^quard  by  name, 
was  a  native  of  France.  In 
1S3S  he  visited  Paris  for  the 
purpose  of  completing  his 
medical  studies,  and  re- 
ceived from  the  university 
of  that  city,  in  1840,  the 
degree  of  Doctor  of  Medi- 
cine. From  that  time  on- 
ward he  devoted  liimself  to 
experimental  investigations 
in  regard  to  the  composition 
of  the  blood,  animal  heat, 
the  spinal  cord  and  its  dis- 
eases, and  the  muscular, 
nervous,  and  ganghonic  sys- 
tems; and,  as  a  result  of  this  experimental  work,  he 
felt  warranted  in  undertaking  the  treatment  of  diseases 
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Fig. 


1163.— Charles  Edward 
Brown-Sequard. 


of  the  nervous  .system.  From  time  to  time  during  the 
following  score  or  more  of  years  he  made  a  practice  of 
visiting  London  and  some  of  the  larger  cities  in  the 
United  States  for  periods  varying  from  a  few  weeks  or 
months  to  several  years.  On  such  occasions  he  de- 
livered a  certain  number  of  lectures  on  topics  related  to 
liis  specialty  and  al.so  carried  on  a  good  deal  of  consulta- 
tion  practice.  In  1860  he  w-as  appointed  physician  to 
the  Hospital  for  the  Paralyzed  and  Epileptic.  In  1864 
he  was  appointed  professor  of  pathology  at  Harvard 
L'niversity.  In  1869  he  resigned  his  professorship 
and  returned  to  Paris.  In  1873  he  again  came  to  the 
United  States  and  practised  medicine  for  a  few  years 
in  New  York.  In  1878  he  was  elected  to  the  Chair  of 
I^xperimental  Medicine  in  the  College  de  France,  as 
the  successor  to  Claude  Bernard.  He  died  in  Paris, 
April  2,  1S94.     (Pagel.) 

The  majority  of  Brow-n-Sdquard's  pubhshed  writings 
relate  to  nerve-physiology,  and  pathology,  and  in 
this  department  of  medicine  it  may  justly  be  claimed 
that  he  has  made  valuable  additions  to  our  stock  of 
knowledge.  In  18.58  he  founded  the  "Journal  de  la 
physiologie  de  I'homme  et  des  animaux,"  and  con- 
tinued its  regular  pubUcation  up  to  1863  (six  volumes). 
In  1868,  in  association  with  Charcot  and  Vulpian,  he 
established  the  Archives  de  physiologie  normale  el 
palhologique.  A  few  years  before  liis  death  he 
acquired  considerable  notoriety  through  his  advocacy 
of  the  use  of  testicular  juice  for  the  relief  of  senile 
debiUty.  A.  H.   B. 


Brownsville,  Texas,  a  town  of  6,130  inhabitants, 
is  situated  on  the  north  bank  of  the  Rio  Grande 
Hiver,  opposite  Matamoras,  in  the  extreme  south- 
eastern corner  of  the  State.  It  is  a  port  of  entry,  and 
has  a  warm,  moist  chmate.  It  is  not  a  health  resort, 
and  is  mentioned  here  simply  to  indicate  the  chmatic 
conditions  which  exist  in  this  section  of  the  country. 

Climate  of  Brownsville,  Texas,  Latitdde,  25°  53';  Longi- 
tude, 97°  26'.  Period  of  Observation,  Seven  and  One-Half 
Years.  Elevation  of  Place  of  Observation  Above  Sea 
Level,  Twenty-Eight  Feet. 


Data. 


January.        July. 


Year. 


Temperature  (Fahrenheit  scale) — 

Average  mean 

Average  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity — 

Average  relative  (per  cent.) . . . . 
Precipitation — 

Average  in  inches 

Wind — 

Prevailing  direction 

Average     hourly     velocity     in 
^      miles. 
Weather — 

Average  number  clear  days.  .  .  . 

Average  number  fair  days 

Average  number  fair  and  clear 
days. 


59.5° 

17.2° 

66.9° 

49.7° 

83° 

18° 

79.6 


N. 
7 


8.1 

8.1 

16.2 


84.4° 

73.1° 

15.2° 

92° 

76.8° 

98° 

68° 

71.9 

76.3 

2.63 

32.03 

S.E. 

S.E. 

6.9 

6.9 

13.3 

116.3 

14.2 

148.9 

27.5 

265.2 

f""NoTE. — If  the  above  chart  is  not  self-explanatory  to  the  reader, 

he  is  referred  to  the  article  upon  Baltimore,  where  in  a  similar 
table  some  of  the  terms  are  commented  upon. 

Edw.vrd  0.  Otis. 


Brown's  Wells. — Copiah  County,  Mississippi. 

Post-office. — Brown's  Wells.     Hotel  and  cottages. 

Access. — Via  Illinois  Central  Railroad  to  Hazel- 
hurst,  thence  five  miles  by  automobile  to  Springs. 
Brown's  Wells  are  situated  near  the  central  part 
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of  Mississippi,  40  miles  south  of  Jackson  and  150 
miles  northeast  of  New  Orleans.  The  roads  are  excel- 
lent, and  there  is  automobile  service  for  every  train. 
The  location  is  among  the  pine  hiUs  of  Mississippi, 
though  hickory,  oak,  and  other  growths  abound. 
The  climate  here  is  very  salubrious,  and  extremes  of 
either  heat  or  cold  are  seldom  observed.  The  tem- 
perature rarely  falls  lower  than  20°  F.  in  the  winter 
or  rises  above  98°  F.  in  the  summer.  The  elevation 
above  the  sea  level  is  600  feet.  There  are  no  flies  and 
no  mosquitos.  The  resort  is  open  for  the  reception 
of  visitors  all  the  year.  Seven  springs  are  found  in 
the  neighborhood.  The  analyses  of  these  several 
springs  are  given  in  the  following  table. 


Bruecke,  Ernst  Wilhelm. —  Born  in  Berlin,  Prussia, 
on  June  6,  1819.  He  studied  at  Berlin  and  Heidel- 
berg and  received  the  degree  of  Doctor  of  Medicine 
in  1842.  In  1844  he  was  made  a  "Privatdozent" 
in  physiology  in  the  University  of  Berhn.  In  1849 
he  was  elected  to  the  regular  chair  of  physiology 
and  advanced  microscopic  anatomy  in  the  University 
of  Vienna,  ."Vustria.  He  performed  regularly  the 
duties  of  this  chair  up  to  the  year  1890,  when,  in 
accordance  with  the  law  of  the  university,  he  was 
obliged  to  retire,  with  the  title  of  Emeritus  Professor. 
His  death  occurred  from  influenza  on  January  7,  1892. 

As  evidence  of  the  esteem  in  which  Bruecke  was 
held  by  the  university  authorities  and  by  bis  colleagues 


Mineral  constituents. 

WeU  No.  1. 

Well  No.  2. 

WeU  No.  3. 

WeU  No.  4. 

WeU  No.  5. 

WeU  No.  6. 

WeU  No.  7. 

0.018 
Trace. 

0.0387 
Trace. 

0.0462 
Trace. 
1.205 
1.500 

0  0089 

Trace. 

0.0500 
1.6921 

5.4661 
2.9134 
1.9872 
2.3228 

Trace 

0  0834 

Sodium  chloride    .  -                      

Sodium  sulphate  .                            

3.971 
3.417 
1.288 

4.131 

3.8275 

2.0935 

6.2381 
6.7678 
9.0365 
3.8478 
20.5799 
27.5176 
9.4446 

4.3725 

3.4569 

2.1472 

10.5747 

26.6180 

42.9846 

1.0614 

Trace. 

5.3770 

Potassium  sulphate.  .                    

1.982 

1.3335 

33.67 

8.484 

35.10 
9.3975 

4.191 
1.6375 

41  605 

Calcium  sulphate .  . 

Iron  sulphate    .  . 

Calcium  phosphate  .  .    

25.5686 

10.555 

Trace. 

Trace. 

Trace. 

12.9098 
1.8721 

7.2875 

4.8972 

30.91 
0.269 
1.961 

8.945 
0.614 
4.793 

27.405 
0.1469 
3.773 

4. 9813 
0.0987 
4.257 

16.265 
0.1959 
0.4035 
0.0776 

37.400 

0.147 

Manganese  bicarbonate 

Iron  bicarbonate  .  . 

1  921 

0.1798 

5.7129 

4.1161 

23.285 
0.5598 

Silica 

1.3409 
0.6413 

1.2490 
0.4860 
Trace. 

2.3325 

2.898 

0.5000 

98.322 

95.2116 

98.8818 

103.5604 

59.3982 

29.7900 

124  1647 

The  analyses  of  Wells  Nos.  1,  2,  6  and  7  are  given 
upon  the  authority  of  A.  M.  Muckenfuss,  Ph.  D., 
Director  of  the  Chemical  Laboratory,  University  of 
Mississippi.  Analyses  of  Wells  No.  3,  4  and  5  are 
given  upon  the  authority  of  Prof.  A.  L.  Metz, 
Professor  of  Chemistry,  Medical  Department  of  the 
Tulane  University  of  Louisiana. 

The  waters  of  Wells  Nos.  1  and  2  are  alkaline  in  re- 
action. These  waters  are  indicated  in  conditions  of 
gastric  acidity,  nervous  dyspepsia,  neurasthenia,  and 
malaria.  The  water  of  Well  No.  3  has  an  acid 
reaction  and  acts  as  a  tonic  to  the  relaxed  mucous 
membrane  of  the  stomach  and  intestines,  being  of 
service  in  ca.ses  of  chronic  diarrhea  and  dysentery. 
Wells  Nos.  1  and  4  are  the  original  wells  upon  which 
the  reputation  of  the  resort  was  estabUshed.  These 
waters  are  used  in  liver  and  kidney  affections, 
enlarged  prostate,  rheumatism,  and  gouty  affections. 

Wells  Nos.  5  and  0  contain  many  of  the  chemical 
elements  of  the  other  wells  but  in  a  less  concentrated 
form.  Thus  they  are  especially  suited  to  the  use  of 
cliildren  and  others  who  find  the  more  active  waters 
too  strong.  Well  No.  7  contains  more  of  the  purga- 
tive elements  than  do  the  other  wells. 

From  the  above  description  it  can  be  seen  that, 
although  grouped  comparatively  near  together,  a 
singular  variety  seems  to  characterize  the  waters  of 
these  wells,  in  relation  to  both  chemical  constitution 
and  therapeutic  action.  Emma  E.  Walker. 


Brown-tail  Moth. — The  caterpillar  of  this  moth, 
Eiiproctis  chrysorrhea,  is  covered  with  poisonous  hairs 
which  may  enter  the  skin  and  cause  much  irritation  and 
even  in  some  cases  painful  suppurating  ulcers.  See 
Insects,  poisonous.  A.  S.  P. 


in  Vienna  it  may  be  stated  that,  during  his  professor- 
ship he  received  the  following  special  honors:  he  was 
made  a  regular  member  of  the  recently  founded 
Vienna  Academy  of  Sciences;  the  title  of  Ilofrat  was 
conferred  upon  him;  he  was  made  a  life  member  of 
the  Austrian  House  of  Lords  (1879);  he  was  chosen 
Rector  of  the  University,  etc.  In  his  published  writ- 
ings Bruecke  did  not — as  is  the  habit  of  most  of  the 
modern  physiologists — treat  of  one  or  two  questions 
in  which  he  took  a  special  interest,  but  reported  the 
results  of  investigations  which  he  had  made  in  widely 
different  departments  of  physiology.  The  following 
selected  list  of  a  few  of  his  publications  confirms  the 
truth  of  the  statement  just  made:  "Griindzuge  der 
Physiologic  and  Sj'stematik  der  Sprachlaute  fiir 
Linguisten  und  Taubstummenlehrer, "  Vienna,  2d 
edition,  1876;  "Neue  Methode  der  phonetischen 
Transscription, "  Vienna,  1863;  "Physiologic  der 
Farben  fiir  die  Zwecke  der  Kunstgewerbe  bearbeitet," 
Leipzig,  1866;  "  Vorlesungen  uber  Phj'siologie, "  3d 
edition,  1881;  "Ueber  die  Ursache  der  Gerinnung 
des  Blutes";  "Ueber  das  Vorkommen  von  Zucker  im 
Harn  gesunder  Menschen";  "U^eber  den  Verlauf  der 
fcinsten  GaUengange";  "L^gber  einige  Consequenzen 
aus  der  Young- Helmholtz'schen  Thoorie":  etc. 
(Pagel.)  A.  H.   B. 

Bruise. — See  Wou7ids. 

Bruits. — It  can  hardly  be  said  that  there  is  any 
indei)endent  literature  in  French  upon  this  subject, 
nor  is  there  much  harmony  concerning  the  class  of 
sounds  entitled  to  this  appellation.  The  word  bridl 
(French  for  noise)  is  used  arbitrarily  for  any  sound 
made  within  or  upon  the  body,  whether  spontaneous 
or  induced,  whether  heard  by  the  naked  ear  or  stetho- 
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scope,  and  whether  normal  or  as  pathological.  It  also 
includes  subjective  sounds,  such  as  tinnitus  aurium. 
But  sounds  heard  upon  percussion  (French  sons) 
are  not  spoken  of  as  bruits,  although  they  might  be 
classed  under  induced  auscultatory  sounds,  especially 
when  so-called  auscultatory  percussion  is  used.  On 
the  other  hand,  many  heart  or  vascular  sounds  are 
commonly  termed  soujilcs  by  the  French.  A  study 
of  the  sounds  most  famiharly  known  as  bruits,  which 
obtain  moreover  in  languages  other  than  French — 
either  as  literally  borrowed  terms  or  as  translations — 
teaches  us  that  these  are  descriptive  in  character  and 
often  so  through  being  likened  to  familiar  sounds  of 
every-day  life.  Bruits  occur  anywhere  in  the  body 
but  most  of  them  are  known  as  incidents  of  auscui- 
tation  of  the  chest.  Others  are  connected  with  the 
stomach  and  intestine,  uterus  (placenta),  and  cord, 
etc.  The  term  bruit  may  be  applied  to  any  of  the 
riles  and  rhonchi  heard  in  the  lungs,  as  bruit  de 
craquemenl  for  the  crepitant  rale,  bruit  de  frottement 
for  the  ordinary  friction  rale  produced  by  inflamed 
serous  membranes.  In  connection  with  the  heart 
and  large  vessels  some  authors  use  the  term  bruit  in- 
stead of  souffle,  since  bruit  is  applicable  to  any  sound 
whatever,  while  souffle  has  a  more  definite  significance. 
Hence,  also  the  two  may  be  used  as  synonymous,  or 
the  word  souffle  may  be  general  and  bruit  individual. 

Since  any  auscultatory  sound  may  be  rendered  in 
French  by  bruit  it  is  manifestly  not  worth  while  to 
enumerate  them  all,  and  we  select  for  brief  considera- 
tion chiefly  those  which  are  likened  to  familiar  noises. 
Thus  of  respiratorj-  bruits  we  may  enumerate: 

B.  d'airain  (brassy  sound),  obtained  by  auscultation 
over  a  thoracic  cavity.  It  has  been  likened  to  the 
tinkling  of  a  beU. 

B.  de  pot  fele  (cracked  pot  sound),  obtained  like- 
wise by  auscultation  of  pulmonary  cavities. 

B.  de  drapeau  (literally  flag-sound),  due  to  the  flap- 
ping of  false  membrane  or  a  polypus,  etc.,  in  the  air 
passages. 

B.  de  grelot  (literalh'  sound  of  a  sleigh-bell),  due  to 
presence  of  a  foreign  bodj-  in  the  lung. 

To  the  preceding  may  be  added  certain  pleural 
sounds  of  respiratory  origin,  which  have  also  at  times 
a  wider  range  of  application,  e.g.  to  the  pericardium: 

B.  de  cuir  neuf  ("new  leather"  sound,  or  squeak), 
a  friction  sound  indicating  pleurisy  or  pericarditis. 

B.  de  craquemenl  (crackling),  also  heard  in  pleurisy 
and  pericarditis. 

B.  de  frolement  (rustling),  likewise  heard  under  the 
same  circumstances. 

These  three  terms  represent  special  sounds  while 
as  already  stated  the  term  bruit  de  frottement  is  the 
general  term  for  friction  sounds.  Another  may  be 
added  here: 

B.  de  mouUn  (mill  wheel  sound),  a  splashing  said 
to  occur  in  pericarditis. 

Aside  from  the  souffles  many  sounds  proceeding 
from  the  heart  and  vessels  are  known  outright  as 
bruits,  because  they  have  nothing  in  common  with 
the  blowing,  murmur-like  quality  of  the  former.  Here 
belong : 

B.  de  choc  (impact),  heard  in  association  with  the 
second  sound  of  the  heart  in  cases  of  aneurysm. 

B.  de  diable  (a  humming  top),  heard  in  anemia  over 
the  veins. 

B.  de  galop  (galloping  sound),  heard  in  mitral 
stenosis. 

B.   de  lime   (filing   sound),    accompanying   certain 
heart  sounds. 
■  B.  de  scie  (sawing  sound),  analogous  to  preceding. 

B.  de  parchemin  (sound  like  that  produced  by 
friction  between  pieces  of  parchment),  a  valvular 
friction  sound. 

Other  valvular  sounds  have  been  likened  to  various 
noises  as  the  mewing  of  a  cat  (6.  de  miaulement),  the 
sound  of  rasping  (6.  de  rape),  the  sound  of  a  drum  (6. 
de  rappel),  etc. 


Bruit  de  souffle  or  bellows  murmur  belongs  properly 
under  the  souffles. 

The  extrathoracic  bruits  most  familiarly  known 
are  as  follows: 

B.  de  clapotement  (splashing  sound),  induced  by 
pressure  on  the  dilated  stomach  containing  fluid. 

B.  de  Leudet,  a  fine  crackling  sound  in  the  ear  both 
subjective  and  objective,  the  patient  usually  suffering 
from  an  inHammatorj-  or  neuropathic  affection  of  the 
ear. 

B.  placentaire  is  a  souffle.  It  is  heard  over  the 
placental  site  in  the  uterus  and  proceeds  from  the 
fetal  vessels. 

Other  bruits  are  often  mentioned,  as  the  aneurys- 
mal b.,  the  systolic  b.,  etc.,  which  are  really  souffles. 
Vague  general  expressions  like  b.  de  froissement 
(clashing  sound),  b.  de  claquement  (clapping  sound) 
are  used  at  times  for  descriptive  purposes.  The  term 
false  bruit  is  used  for  sounds  produced  by  friction  of 
the  stethoscope  on  the  chest  and  for  entotic  sounds 
heard  by  the  auscultator.  To  include  here  all  the 
bruits  mentioned  by  French  writers  would  serve  no 
purpose.  Those  already  given  are  intended  for 
identification  only.  Their  full  significance  will  be 
considered  under  Diagnosis,  Physical. 

Edward  Pkeble. 


Brumfets,  Otho. —  Born  at  Mainz,  Germany,  to- 
ward the  end  of  the  fifteenth  centurj'.  He  studied 
theology'  and  pliilosophy  early  in  life  and  then  entered 
a  monastery  for  a  short  time.  When  the  doctrine 
set  fortli  by  Luther  began  to  find  adherents  through- 
out Germany  Brumfels  gave  up  his  monastic  life  and 
devoted  him.self  for  a  short  time  to  teaching  school  in 
Strasburg.  In  all  his  available  leisure  moments  he 
studied  the  writings  of  the  Greek  and  Arabian 
physicians,  and  was  thus  enabled  to  pass  successfully 
in  1530  the  examinations  for  the  degree  of  Doctor  of 
.Medicine  required  by  the  University  of  Basel. 
.\lmost  immediately  afterward  the  authorities  of 
Berne  invited  him  to  practice  liis  profession  in  that 
city,  and  he  accepted  the  in\-itation.  But  his  resi- 
dence in  Berne  was  of  short  duration,  for  he  died 
there  on  November  3,  1534. 

Notwithstanding  the  shortness  of  his  career 
Brumfels  managed  to  win  the  general  esteem  of  his 
fellow  citizens.  To  him  also  must  be  accorded  the 
merit  of  liaving  been  one  of  the  men  who  were  chiefly 
instrumental  in  placing  the  science  of  botany  upon  a 
sound  and  durable  basis.  The  titles  of  his  published 
writings,  some  of  which  did  not  appear  in  print 
until  quite  a  long  time  had  elapsed  after  his  death, 
are  as  follows:  "  Catalogus  illustrium  medicorum, 
etc..''  Strasburg,  1530  (this  is  said  to  be  the  first  time 
that  any  attempt  had  ever  been  made  to  pubfish  a 
work  of  this  character):  "Herbarum  vivje  icones  ad 
naturae  imitationem  summa  cum  diligentia  et  artificio 
cflSgiatae,  etc.,"  three  volumes,  Strasburg,  1530-1540 
(Haller  says  that  the  accompanj'ing  plates  are  quite 
good);  "Theses  seu  communes  loci  totius  rei  medicae, 
et  de  usu  pharmacorum,  etc.,"  Strasburg,  1532; 
"latrium  medicamentorum  simplicium,  etc.,"  two 
volumes.  Strasburg,  1533;  '' Onomasticon  medicinae 
omnia  nomina  herbarum.  arborum,  etc.,"  Strasburg, 
1534;  and  "Epitome  medicese.x  gravisimis  auctoribus 
summam  totius  medicinae  complectens, "  Antwerp, 
1540.     (Diet.  Hist,  de  la  M6d.)  A.  H.  B. 


Brunner,  Johann  Conrad. — Born  on  January  16, 
1653,  in  Diessenhofen,  near  Schaffhausen  (now  a  Swiss 
town,  but  at  that  period  belonging  to  the  German 
Empire).  Brunner  pursued  his  medical  studies  at 
."^trasburg  for  four  years  and  received  the  degree  of 
Doctor  of  Medicine  at  the  early  age  of  nineteen.  He 
ne.xt  visited  Paris,  where  he  continued  the  study  of 
anatomy  with  great  assiduity,  recei\ing  from  Duver- 
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ney,  the  celebrated  anatomist,  much  encouragement 
in  his  worlv.  After  leaving  Paris  he  went  first  to  Eng- 
land, then  over  to  Holland,  and  finally  back  to  his 
home  in  Germany.  He  engaged  in  the  practice  of 
medicine  and  soon  acquired  a  great  reputation: 
many  kings  and  princes  coming  to  consult  him  for 
their  ailments.  In  1687  he  was  made  Professor  of 
Medicine  at  Heidelberg.  He  died  at  Manheira  on 
October  2,  1727.     (Diet.  Hist,  de  la  M6d.) 

It  was  Haller's  judgment  that  Brunner  was  one  of 
the  clearest  thinkers  of  the  seventeenth  century.  He 
demonstrated,  by  a  series  of  very  difficult  e-xperiment-s 
that  animals  can  dispense  with  a  pancreas,  and  that 
the  fluid  which  it  secretes  is  not  essential  to  life.  He 
was  the  discoverer  of  the  pituitarj'  body  and  of  the 
duodenal  follicles  which  still  bear  his  name.  Of  his 
writings  the  following  deserve  to  receive  special  men- 
tion: "Experimenta  nova  circa  pancreas,  etc.,"  Am- 
sterdam. 16S3:  "  De  glanduUs  in  duodeno  intestino 
detectis,"  Heidelberg,  1687;  "De  glandula  pituitaria 
dissertatio,"  Heidelberg,  1688.  A.   H.    B. 

Brunonian  Movement. — See  Brownian  Movement. 

Brunonianism. — The  "stimulation  theory"  of  dis- 
ease and  its  treatment,  as  formulated  and  taught  for 
years  by  John  Brown,  a  Scottish  phj'sician  (1735- 
1788).  To  state-that  it  originated  with  him  would  be 
to  err.  Brown  was  never  a  clinician  and  could  not 
have  built  up  a  doctrine  based  on  years  of  observation 
of  disease.  The  essentials  of  his  propaganda  are 
doubtless  to  be  found  in  HaUer  and  in  Cullen,  his 
preceptor.  Reduced  to  their  lowest  terms  they  are 
somewhat  as  follows:  Organs  are  irritable,  respond 
to  stimulation;  overstimulation  may  produce  the 
sthenic  diseases,  which  should  be  treated  by  methods 
of  depletion  (then  in  universal  use);  but  organs 
become  exhausted  in  various  degrees  as  the  result  of 
continued  stimulation  or  overstimulation;  and  prac- 
tically the  great  majority  of  diseases  are  asthenic 
in  type,  requiring  instead  of  depletion  supporting 
measures. 

In  Great  Britain  Brown  was  never  regarded  as  a 
medical  pioneer.  His  income  was  derived  from 
tuition  fees  rather  than  from  patients.  A  brilliant 
scholar,  thinker,  and  controversialist  he  sought  to  build 
up  a  personal  following.  He  turned  his  back  on  the 
faculty  and  would  gladly  have  founded,  if  not  a  sect,  at 
least  a  school,  to  champion  his  views.  The  "psycho- 
logical moment ' '  in  Brunonianism  was  when  in  1778  he 
published  his  "Elementa  Medicinse"  in  elegant  Latin. 
This  work  quicklj'  won  him  a  reputation  on  the  Conti- 
nent where  his  personality  was  unknown.  Among  the 
innumerable  physicians  who  absorbed  his  teachings 
were  such  leaders  as  Girtanner  in  Germany,  J.  P. 
Frank  in  Austria,  Rasori  in  Italy,  and  Rush  in  America. 
For  many  years  a  goodly  share  of  the  profession 
throughout  the  world  made  use  of  his  formulae  in  the 
diagnosis  and  treatment  of  disease.  Even  to-day  in 
the  absence  of  other  views  his  doctrines  could"  be 
developed  into  a  respectable  working  hypothesis. 
They  rest  upon  no  basic  fallacy  and  represent  a  sound 
empiricism  and  common  sense.  For  that  very  reason, 
doubtless,  they  have  become  so  completely  incor- 
porated into  the  medical  lore  of  the  ages  that  "Brown's 
very  name  is  to-day  unknown  to  the  rank  and  file  of 
the  profession.  Edward  Preble. 


Bryonia. — The  root  of  Bryonia  alba  L.  and  Bryonia 
dioica  L.  (fam.  Cucurbitacere).  There  are  eight  species 
of  Bryonia,  natives  of  the  Mediterranean  region. 
The  B.  dioica  grows  as  far  north  as  England.  They 
are  tendril-bearing,  cucumber-like  vines,  with  very 
large,  starchy  roots,  growing  mosth'  in  sandy  soil. 
Their  bitter  and  active  constituents  are  doubtless 
for  the  protection  of  their  nutritious  roots  against 
foraging  animals. 
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The  roots  are  sliced,  mostly  transversely,  to  facili- 
tate drying.  These  commercial  slices  are  white  discs 
(becoming  gray  with  age),  from  one  to  four  inches  in 
diameter  and  one-fourth  to  nearly  one-half  inch  in 
thickness.  They  are  not  appreciably  thinner  at  the 
center,  though  the  bark  is  slightly  broader  than  the 
fleshy  portion.  There  are  several  concentric  circles 
of  short  wood  bundles.  The  surface  is  granular  and 
slightly  harsh  to  the  touch.  The  fracture  is  short  and 
sharp.  There  is  a  characteristic,  though  faint  odor, 
and  a  powerful  and  disagreeable  bitter  taste.  It  is 
not  adulterated. 

Composition. — With  much  starch  and  gum,  and 
some  sugar,  the  active  constituents  are  the  two  bitter 
glucosides  bryonin  and  bryonidin. 

Action  and  Uses. — Bryonj'  is  a  hydragogue  cathar- 
tic, practically  identical  with  colocynth  and  elaterium. 
Like  these,  also,  it  is  a  stimulating  or  irritating  diuretic, 
and  thus  emmenagogue,  for  which  latter  purpose  it 
has  been  much  employed.  It  is  poisonous  in  over- 
doses. A  ten-per-cent.  tincture  was  formerly  official, 
the  dose  being  5ij.-iv.  (S. 0-15.0).  The  extract,  dose 
gr.  iij-vi.  (0.2-0.4),  is  a  preferable  form  of  administra- 
tion. H.  H.  RusBT. 


Bubo. — This  term,  derived  from  liov^ibv,  the  groin, 
was  originally  used  by  medical  writers  of  antiquity  to 
designate  glandular  tumors  of  the  groin,  but  was 
applied  by  authors  of  the  period  of  the  Reformation 
to  glandular  inflammations  of  every  part  of  the  body 
irrespective  of  their  nature.  Modern  writers  have 
again  reserved  the  term  for  inflammatory  affections 
of  the  lymphatic  glands  of  the  groin.  While  buboes 
are  alluded  to  in  the  earliest  medical  treatises  of  which 
we  have  any  knowledge,  and  the  pathogenetic  im- 
portance of  the  genitalia  in  their  causation  was 
apparently  familiar  even  to  Hippocrates,  the  distinc- 
tive types  of  the  affection  which  are  now  generally 
recognized  were,  or  course,  unknown  until  long  after 
the  general  outbreak  of  syphilis,  which  appeared  at  the 
close  of  the  fifteenth  century.  Then,  besides  the 
adenitis,  which  suppurates  and  often  leaves  an  ulcer, 
there  presented  itself  a  bubo  which  from  its  inception 
is  indolent,  unattended  by  pain,  and  rarely  the  seat 
of  suppurative  change.  Gaspard  Torella,  Fallopius, 
Nicolaus  Massa,  Paracelsus,  and  other  writers  of  that 
memorable  epoch  in  the  history  of  venereal  diseases 
speedily  recognized  and  described  with  sufficient  accu- 
racy tliis  earliest  systemic  manifestation  of  syphilis. 
Nevertheless,  the  nature  of  buboes  was  so  little  com- 
prehended that  they  were  regarded  as  sympathetic 
in  character,  or  as  unsuccessful  endeavors  of  nature 
to  check  through  them  the  invasion  of  the  system  by 
the  disea.se.  That  the  majority  of  buboes  result 
from  the  deposit  in  the  lymphatic  glands  of  a  poison 
conveyed  to  them  from  a  distance  could  not  have 
been  known  prior  to  the  discovery  in  1651,  by  Olaus 
Rudbeck,  of  lymphatic  vessels  situated  in  different 
parts  of  the  body  and  possessing  a  function  of  absorp- 
tion like  that  of  the  lacteals  previously  described  by 
.Vselli.  Even  then  precise  knowledge  of  the  subject 
was  slowlv  developed,  and  it  remained  for  the 
observations  of  Hunter.  Swediaur,  Benjamin  Bell, 
and  Ricord  to  depict  the  clinical  symptoms  and 
finallj'  establish  the  etiological  relations  of  the  differ- 
ent   varieties    of    the    disease    under    consideration. 

Anatomical  and  P.vthological. — The  subcutane- 
ous cellular  tissue  of  the  groin  encloses,  together  with 
the  superficial  blood  and  lymphatic  ves,sels,  a  varying 
number  (eight  to  twelve)  of  lymphatic  glands,  which 
receive  their  lymph  from  the  subumbilical  segment  of 
the  'anterior  abdominal  wall,  from  the  external 
genitalia,  urethra,  perineum,  vagina,  cervi.x  uteri, 
anus,  and  inferior  extremity.  The  size  of  the  in- 
guinal, as  of  other  h'mphatic  glands,  in  their  normal 
state  is  so  small  that  in  persons  with  a  panniculus 
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adiposus  of  ordinary  thickness  they  cannot  be  felt 
through  the  skin.  Oval  or  elongated  in  form,  the 
1  glands  of  the  groin  are  arranged  in  two  qviite  distinct 
groups,  the  larger  of  which  follows  the  course  of 
Poupart's  ligament,  while  the  smaller  forms  part  of  the 
cribriform  fascia  covering  tlie  saphenous  opening. 
The  individual  glands  of  these  groups,  when  naturally 
large  or  enlarged  from  disease,  present  distinctiv(> 
directions.  Tho.se  which  overlie  the  ligament  have 
their  axes  parallel  to  the  inguinal  fold,  while  tho.<e  of 
the  lower  group  have  their  a.xes  parallel  to  that  of  the 
lower  extremity.  This  factor  is  of  considerable  im- 
portance, in  that  it  often  gives  a  clue  to  the  source 
of  the  ganglionic  complication,  since  the  lymph 
from  the  external  genitalia  is  conveyed  to  the  upper, 
while  that  from  the  lower  e.xtremity  passes  to  the 
lower  chain.  It  must  not  be  forgotten,  however,  that 
these  groups  communicate  very  freely  with  each  other 
Ijy  numerous  lymphatic  vessels,  in  which  the  circu- 
lation is  from  the  upper  to  the  lower  glands.  Indeed, 
it  is  through  the  glands  over  the  saphenous  orifice  and 
through  one  or  two  glands  (Rosenmiiller's)  deeply 
seated  underneath  the  fascia  lata,  that  the  lymph 
must  pass  from  both  lower  extremity  and  genital  area 
before  it  can  enter  the  general  lymph  receptacle  in  the 
abdomen,  after  passing  through  the  retroperitoneal 
iliac  nodes.  This  anatomical  factor  will  account  for 
the  not  very  infrequent  occurrence  of  two  suppurating 
glands  on  the  same  side  of  the  body,  of  which  one  be- 
longs to  the  upper  and  the  other  to  the  lower  chain,  the 
inguinal  fold  lying  between  them.  This  will  account 
also  for  the  very  rare  instances  of  retroperitoneal 
suppurative  lymphadenitis  as  a  result  of  a  chancroidal 
inflammation  of  the  external  genitalia. 

Formed  of  a  capsule  embedded  in  the  periglandular 
adipose  tissue,  containing  within  it  lymph  sinuses 
networks  of  reticular  connective-tissue,  and  h-mph 
cells,  the  lymphatic  gland,  when  the  seat  of  inflam- 
matory changes,  presents  appearances  which  vary 
greath'  with  the  degree  of  the  inflammatory  process 
and  the  nature  of  the  primarj'  cause.  The  acute  aden- 
itis which  may  follow  in  the  wake  of  any  traumatic  or 
specific  infection  of  the  skin  or  mucous  membrane, 
and  which  manifests  itself  clinically  by  moderate 
swelling  and  tenderness  of  the  affected  gland,  is 
associated  with  dilatation  of  its  blood-vessels  and 
prohferation  of  the  lymph  corpuscles  contained  in  the 
meshes  of  the  reticular  network  or  stroma.'  When 
this  cellular  infiltration  becomes  excessive  the  reticular 
net-work  suffers  from  compression;  it  becomes  rarefied, 
the  capillaries  are  obstructed  and  practicaUy  obliter- 
ated. When  deprived  of  their  nutrition  the  infiltrat- 
ing ceU  masses  are  speedily  converted  into  pus  foci. 
Though  the  confluence  of  these  the  gland  capsule, 
already  distended  from  the  inception  of  the  process, 
l)ecomes  an  irritant  to  the  surrounding  parts;  the  sub- 
cutaneous cellular  layer  and  the  skin  more  or  less  rap- 
idly participate  in  the  morbid  changes,  and  soon  the 
suppurating  bubo,  having  attained  twenty  fold  the 
size  of  the  normal  gland,  is  emptied  spontaneouslj^  or 
by  the  knife  of  the  surgeon.  After  the  evacuation  of 
the  pus  the  abscess  cavity  speedily  contracts,  and 
cicatrization  ensues  with  such  rapidity  at  times  that 
the  wound  is  closed  in  a  week  from  the  opening  of  the 
bubo.  Not  always  does  this  process  of  repair  follow 
so  quickly  the  elimination  of  the  pus.  The  behavior 
of  the  periglandular  tissue  is  a  most  important  factor 
in  the  events  that  are  to  foUow.  This  is  often  the 
seat  of  more  extensive  inflammation  than  the  gland 
itself.  Minute  abscesses  form  around  the  inflamed 
gland  from  obstruction  of  its  afferent  vessels,  so  that 
after  the  elimination  from  the  gland  itself  this  remains 
embedded  in  a  secondary  abscess  cavity  formed 
about  it.  Covered  by  granulations  it  may  in  time 
appear  as  a  foreign  body  in  the  floor  of  an  ulcer,  or 
it  may  remain  for  months  covered  by  integument  but 
surrounded  by  indolent  sinuses.  Nor  is  the  patholo- 
gical  process   that  ends   in   suppuration   necessarily 


limited  to  one  gland  alone.  The  infection  may  be 
conveyed  from  the  gland  originally  involved  to  one  or 
more  in  the  vicinity,  until  a  number  of  them  are 
bound  together  in  one  large  inflammatorj'  mass,  the 
suppuration  of  which  usually  entails  the  destruction 
of  a  considerable  extent  of  skin.  To  a  large  extent, 
the  termination  of  an  adenitis  depends  upon  the 
nature  and  gravity  of  the  primary  disease.  If  the 
infection  in  the  lymph  radicles  of  the  affected  gland 
is  mild  or  evanescent,  as  in  herpes,  balanitis,  ery- 
sipelas, or  gonorrhea,  the  consecutive  adenitis  rarely 
proceeds  to  suppuration.  Absorption  of  the  infiltrat- 
ing cellular  elements  may  supervene  in  a  few  days  or 
even  hours.  On  the  other  hand,  long  continuance  of 
the  local  irritation,  whatever  its  character,  will  at 
times  completely  change  the  results  of  the  glandular 
inliammation  in  that  the  cellular  infiltration,  being 
insufficient  in  extent  to  induce  suppuration,  yet  not 
disappearing  by  absorption,  leads  to  organization. 
Here  it  is  not  the  e.xuded  lymph  corpuscles  that  are 
converted  into  a  durable  tissue,  but  the  reticular 
substance  w-hich  forms  the  framework  of  the  gland. 
In  the  suppurating  adenitis  this  disappears;  in  suba- 
cute adenitis  it  undi^rgoes  a  reactive  hypertrophy. 
In  the  course  of  time  the  septa  of  the  gland  increase  so 
greatly  in  thickness  that  the  lymph  corpuscles  between 
them  are  seriously  encroached  upon.  Hence  the 
firm  fibrous  appearance  of  the  section  of  a  lymphatic 
gland  that  has  been  the  seat  of  a  chronic  inflammation. 

Etiology  and  V.\niETiES. — The  inguinal  glands 
difTer  in  no  way  from  those  of  other  parts  of  the  body, 
and  the  morbid  processes  to  which  tney  are  subjected 
can  be  duplicated  in  those  of  the  groin.  Hence  a 
priori  reasoning  as  to  the  venereal  origin  (using  the 
term  in  its  widest  significance)  of  an  adenitis  here 
situated  must  be  strenuously  deprecated.  Violent 
e.xercise,  strains  while  lifting  or  while  mounting  a 
horse,  direct  trauma,  herpes,  furuncles,  eczema 
genitahum,  and  scabies  may  all  be  the  source  of  an 
inguinal  adenitis.  Some  time  ago  there  appeared  at 
my  clinic  a  lad  of  seven  years,  with  two  suppurating 
glands,  the  one  abov'e,  the  other  below  the  ligament. 
The  most  careful  inspection  of  genitalia  and  lower  ex- 
tremity failed  to  reveal  anything  abnormal.  The 
cervical  glands  were  not  enlarged,  nor  were  there 
traces  of  tuberculosis  or  syphilis  discernible.  The  only 
adducible  cause  of  the  bubo  was  a  .severe  fall  from  a 
sand  bank,  which  tlie  boy  had  sustained  one  week 
before  aggravated  symptoms  supervened.  Buboes 
such  as  these,  which  in  no  way  depend  upon  an  inocu- 
lable,  undiscoverable  primary  disease,  and  which 
stand  neither  immediately  nor  remotely  in  connection 
with  the  se.xual  act,  I  have  been  in  the  habit  of 
designating  non-venereal  buboes. 

Each  of  the  three  typical  venereal  affections,  viz., 
gonorrhea,  the  chancroid,  and  the  initial  lesion  of 
syphi'is,  may  be  attended  by  complications  of  the  in- 
guinal glands,  which  are  known  as  venereal  buboes,  and 
are  subdivided  into,  (1)  the  simple  or  inflammatory; 
(2)  the  virulent,  and  (3)  the  syphilitic  varieties.  They 
are  produced  respectively  (1)  by  the  irritation  of  a 
gonorrhea  and  chancroidal  or  syphilitic  ulcer;  (2)  by 
the  chancroid  solely,  and  (3)  by  the  presence  of  the 
initial  lesion  alone. 

1.  Buboes  are  rarely  produced  by  gonorrhea. 
While  a  slight  tenderness  of  the  neighboring  glands 
not  infrequently  attends  a  urethral  discharge,  it  is 
very  exceptional  to  witness  in  them  an  inflammation 
that  ends  in  suppuration.  Perry-  states  that  in  the 
United  States  Marine  Hospital  Service  two  and  one- 
half  per  cent,  of  gonorrheas  are  followed  by  suppurat- 
ing buboes.  In  327  ca.ses  of  gonorrhea  seen  by 
Sigmund,  suppurating  buboes  developed  in  19. 
Yet  buboes  of  considerable  size,  with  extensive 
destruction  of  tissue,  are  occasionally  encountered  as 
complications  of  gonorrhea.  They  have  been  met 
mostly  in  very  young  subjects,  in  persons  of  tubercu- 
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lous  habit,  or  in  subjects  debilitated  by  a  pre\-ious 
attack  of  syphilis.  Again,  it  is  not  unusual  to  find  a 
chronic  hyperplasia  of  one  or  more  of  the  inguinal 
glands  after  repeated  and  prolonged  urethral  dis- 
charges, a  condition  analogous  to  that  of  the  cervical 
glands  in  persons  prone  to  catarrhal  affections  of  the 
throat.  The  term  "sympathetic  bubo,"  formerly 
applied  by  preference  to  gland  complications  of 
gonorrhea,  is  graduallj-  being  discarded.  Whether 
the  bubo  results  from  purulent  preputial  catarrh, 
gonorrhea,  or  chancroid,  instances  are  not  rare  in 
which  there  can  be  detected  that  cord-like  swelling 
along  the  dorsum  of  the  penis  which  is  but  the  e\i- 
dence  of  a  lymphangitis  developed  by  direct  propaga- 
tion of  the  disea.se  from  its  first  seat.  Still,  the 
morbid  process  in  the  Ivmphatic  vessels  does  not 
usually  manifest  itself  by  perceptible  symptoms. 
Like  the  vas  deferens  in  epididymitis,  the  lymphatic 
vessels  convey  the  irritant  to  the  gland  without 
being  often  seriously  affected  by  it. 

2.  The  chancroid  is  by  lar  the  most  common  pre- 
cursor of  the  bubo.  From  its  very  inception  to  the 
period  of  its  repair,  and  even  for  months  after  its 
complete  closure,  the  chancroid  may  be  the  cause  of 
an  inflammatory  bubo.  This  the  soft  sore  may 
accomplish  in  its  dual  capacitj"  of  harboring  the 
ordinarj-  pus-formers  and  the  special  bacillus  of 
Ducrey  and  L'nna.  Ricord  formulated  the  law  that 
when  the  chancroidal  \-irus  is  absorbed  into  a  lym- 
phatic gland  there  must  inevitably  be  a  suppurating 
bubo,  the  pus  from  which,  in  turn,  will  reproduce  a 
chancroid.  When  the  pus  from  a  bubo  of  chancroidal 
origin  is  not  inoculable,  it  is  presumed  that  the  fluid 
absorbed  from  the  chancroid  did  not  possess  the 
characteristic  qualities  of  chancroidal  \'irus.  This  is 
the  distinguishing  feature  between  the  simple  and 
\-irulent  buboes  originating  in  chancroids.  StiU,  it  is 
difficult  to  comprehend  why  a  large,  suppurating. 
yet  non-virulent  bubo  should  foUow  from  the  irrita- 
tion of  so  small  an  area  as  is  usually  covered  by  a 
chancroid,  when  it  so  rarely  foUows  the  infinitely 
more  extensive  irritation  of  the  urethra  from  gonor- 
rhea. It  has  been  estimated  that  the  proportion  of 
simple  to  virulent  buboes  (following  chancroids)  is 
nearlj'  equal;  it  being  149  simple  to  13S  virulent.' 
These  figures  are  far  from  conclusive,  since  everj-  case 
should  be  made  the  subject  of  most  careful  inocula- 
tion before  being  utilized  in  statistics.  The  relative 
frequency  of  buboes  in  general  as  a  compUcation  of 
chancroids  has  been  more  accurateh'  determined. 
Fournier*  has  observed  207  chancroids  of  which  65 
were  compUcated  by  suppurating  buboes. 

In  146  cases  of  chancroid  observed  at  my  dispensary 
in  the  Medical  College  of  Ohio,  during  a  period  of  two 
years,  suppurating  buboes  were  recorded  in  40.  Thus 
it  appears  that  in  about  twenty-eight  per  cent,  of  the 
total  number  of  chancroids  buboes  appear.  In  pri- 
vate practice  the  proportion  is  not  so  large,  since  with 
proper  treatment  of  the  primarj-  ulcer  ganglionic 
infection  can  generally  be  averted.  It  is  a  remarkable 
fact  that  in  women  buboes  are  not  so  prone  to  develop 
as  in  men,  owing  probably  to  the  fact  that  the  latter 
cannot  abstain  from  work  for  a  trivial  soft  chancre. 
The  size  of  the  original  sore  does  not  appear  to  in- 
fluence, in  any  manner,  the  action  of  the  inguinal 
glands,  since  it  is  not  unusual  to  find  destructive 
buboes  following  small  and  superficial  ulcers,  while 
destructive  chancroids  remain  uncomplicated.  The 
retention  of  the  discharge  from  the  chancroid  is,  no 
doubt,  an  important  element  in  the  production  of  bu- 
boes, since  those  of  the  frenum  and  those  associated 
with  phimosis  are  relatively  most  often  followed  by 
them.  With  few  exceptions  the  chancroidal  bubo 
develops  in  the  groin  of  the  same  side  occupied  by  the 
first  sore.  When  this  is  situated  in  the  median" line, 
and  particularly  when  it  involves  the  frenum, 
bilateral  buboes  are  apt  to  supervene.  Only  in  very 
exceptional  cases  is  tne  irritation  or  vitus  conveyed 
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across  the  median  line,  to  the  glands  of  the  opposite 
side,  through  the  anastomosis  of  the  lymphatic  ves- 
sels. Occasionally  a  bubo  will  form  in  the  median 
line  at  the  root  of  the  penis,  or  in  the  pubic  region, 
where  a  small  lymphatic  gland  is  often  found  at  the 
confluence  of  the  lymphatic  vessels  of  the  two  sides. 
Pubic  buboes  were  encountered  in  three  out  of  298 
cases.' 

The  pus  from  chancroidal  buboes  is  ordinarily  ster- 
ile and  free  of  microorganisms.  Inoculation  with  it  as 
a  rule  fails.  This  has  been  shown  by  Strauss,  Spitscka, 
and  others.  The  most  extensive  investigations 
relative  to  this  question  have  recently  been  made  by 
Deutsch.^  He  examined  the  pus  from  si.xty-six 
buboes.  Thirty-seven  occurred  with  the  soft  sore, 
twenty-nine  ^ith  the  hard  or  mixed  ulcers.  Bacter- 
iological experiments  were  made  with  a  view  to  estab- 
lish autoinoculability,  and  to  determine  the  length  of 
time  required  for  the  bubo  to  heal.  Of  the  thirty- 
seven  cases  occurring  with  the  chancroid,  inoculation 
upon  the  abdomen  with  the  production  of  a  typical 
chancroid  was  successful  in  only  three  cases.  In 
these  three  cases  the  pus  from  the  bubo  showed  the 
Ducrey  bacillus.  The  pus  from  chancroidal  buboes 
could  be  classified  under  three  categories:  (n)  Sterile 
pus;  (b)  pus  containing  ordinarj-  pyogenic  micro- 
organisms: (c)  pus  containing  the  Ducrey  bacillus 
with  or  without  the  admixture  of  other  microbes.  In 
the  twenty-nine  cases  occurring  with  the  hard  or 
mixed  sore,  autoinoculation  was  successful  in  only 
three  cases,  and  in  only  one  was  a  tj"pical  hard  sore 
produced.  It  may  safely  be  stated,  therefore,  that 
in  the  great  majority  of  cases  suppuration  in  buboes 
is  the  result  of  toxic  absorption,  and  is  not  due  to  the 
entrance  of  microorganisms  themselves  into  the  lymph 
channels  and  nodes. 

3.  The  initial  lesion  of  syphilis  is  almost  in- 
variably followed  by  a  sclerosis  of  the  upper  chain  of 
the  inguinal  lymphatic  glands,  of  which  the  innermost 
is  first  involved  during  the  first  fortnight  after  the 
primary  sore  manifests  itself.  In  the  course  of  a 
few  weeks  the  other  glands  of  this  region  (pleiades 
ganglionnaires),  and  subsequently  the  glands  in 
general,  become  affected.  Fournier  failed  to  find 
induration  of  the  inguinal  lymphatics  five  times  in 
265  cases;  Berkeley  Hill'  three  times  in  176  cases; 
whereas  Bumstead^  has  never  "met  with  a  chancre 
which  was  not  attended  by  induration  of  the  neigh- 
boring lymphatic  ganglia."  It  is  a  characteristic  of 
the  sj"philitic  bubo  that  it  involves  the  entire  chain 
of  lymphatic  glands,  and  that  its  progress  is  not  at- 
tended by  acute  symptoms.  Hence  this  form  of 
bubo  is  often  termed  indolent.  In  its  morbid  anatomy 
nothing  of  an  inflammatory  nature  is  apparent.  The 
small-ceUed  infiltration  which  takes  place  in  the  initial 
lesion  of  syphilis  is  reproduced  in  the  inguinal  glands. 
Every  mesh  of  the  reticulum  is  fuUy  distended  by 
cells.  The  induration  resulting  therefrom  continues 
for  months,  and  even  for  years,  without  terminat- 
ing in  inflammation  or  necrosis  of  the  gland.  As  in 
the  case  of  the  primary  induration,  after  continuing 
for  a  varying  length  of  time,  a  fatty  metamorphosis 
of  the  ceils  ensues;  the  detritus  is  absorbed,  and  the 
gland  returns  to  its  normal  condition  (Rindfleisch).' 
In  galloping  syphilis  and  in  that  of  tuberculous,  and 
particularly  young  subjects,  the  inguinal  glands  at 
times  undergo  extensive  suppuration.  Even  then 
it  will  be  found  that  the  immediate  cause  of  the  inflam- 
mation is  a  secondan.-  pus  infection  of  the  primary 
ulcer,  with  the  developement  in  it  of  phagedena.  This 
suppuration  of  an  indolent  bubo,  therefore,  has  neither 
a  favorable  nor  a  contrary  influence  on  the  subsequent 
course  of  the  syphilis.  While  the  suppurating  aden- 
itis is.  as  a  rule,  a  sequel  of  the  soft  chancre,  its  pres- 
ence does  not  infallibly  demonstrate  the  non-infecting 
(chancroidal)  character  of  the  primary  sore. 

Bubon  d'Emblee. — The  buboes  which  have  been  thus 
far  considered  are  ascribable  to  plainly  discernible 
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lesions  in  the  area  of  origin  of  tlie  lynipliatic  radidos 
of  tlu'  alTocted  gland.  Tliorefoiv  thoy  arc  secondary 
in  character.  The  iiiiestion  ha.s  for  a  long  time  been 
discu.s.sod  whether,  without  the  dcvelopiiieiit  of  a 
lesion  at  the  point  whore  the  virvi.s  entered  the  body, 
this  covild  be  directly  ab.sorbed  and  conveyed  to  the 
glands  and  [jroduce  in  them  its  peculiar  patholog- 
ical effects,  .\iitliorities  of  great  weight  (\'idal,  Hcy- 
naud.  Benjamin  Bell)  have  cited  numerous  instances 
in  which  such  ab.sorption  without  local  reaction  is 
suppo.sed  to  have  taken  place.  To  designate  this  par- 
ticular form  of  ganglionic  di.sea.se  the  terms  "primary 
bubo,"  "idiopathic  bubo,"  and  "bubon  d'emblec" 
have  been  used  as  synonyms.  It  has  already  been 
observed  that  primary  buboes  could  arise  from  direct 
trauma,  excessive  e.xercisc,  strumous  habit,  and  other 
like  causes.  Aside  from  these  etiological  factors,  it 
is  at  present  deemed  impossible  for  a  venereal  bubo 
to  develop  without  preexisting  primary  trouble.  It  is 
within  the  experience  of  every  one  that  this  primary 
affection  may  be  verj'  trivial  in  extent  and  of  remark- 
ably short  duration,  therefore  escaping  the  attention 
of  the  patient.  Here,  as  in  the  ease  of  the  minute 
dissecting  wound  that  may  lead  to  suppurating  h'm- 
phadenitis,  and  even  to  death,  the  original  lesion,  or 
some  trace  of  it,  can  always  be  found.  Until  it  can 
be  demonstrated  that  chancroidal  pus  or  syphilitic 
virus  can  be  made  to  permeate  the  unbroken  skin, 
there  is  no  good  cause  for  believing  in  the  bubon 
d'emblee.  It  is  particularly  through  the  efforts  of 
Ricord,  Langlebert,  Fournier,  and  others  that  the 
"idiopathic  bubo,"  for  so  long  a  period  the  subject  of 
most  ardent  polemics,  is  now  generally  believed  to 
have  no  actual  existence. 

Symptomatology. — Simple  Biiho. — The  appear- 
ance of  an  inguinal  bubo  is  ordinarily  announced  by  a 
feeling  of  discomfort  while  walking.  A  passing  sense 
of  fulness  causes  the  patient  to  examine  the  part,  when 
he  finds  one  or  more  tender  glands  in  the  groin.  Pal- 
pation at  this  time  reveals  the  presence  of  a  resistant, 
movable  swelling,  tender  to  the  touch,  and  varying  in 
size  from  a  bean  to  a  cherry.  Within  a  few  days  the 
symptoms  rapidly  increase  in  .severity.  The  tume- 
faction, increasing  in  extent,  is  oblong  in  form  with 
the  long  axis  parallel  to  the  groin  when  a  gland  of  the 
upper  chain  is  affected,  and  parallel  to  the  a.xis  of  the 
thigh  when  one  of  the  lower  group  is  involved.  A. 
decided  elevation  of  the  skin  becomes  apparent  before 
its  implication  in  the  process  occurs.  Pain  is  usually 
complained  of,  and  it  is  either  sharp  and  spasmodic  in 
character  or  dull  and  constant.  Hence  follow  dis- 
turbed sleep  and  impeded  progression.  With  the 
extension  of  the  inflammation  to  the  periglandular 
tissue,  the  mobility  of  the  swelling  disappears,  the 
tumor  loses  its  well-defined  outline,  the  skin  itself  be- 
comes adherent  and  the  seat  of  more  or  less  redness. 
Even  when  symptoms  so  pronounced  as  these  have 
continued  for  a  week  or  more,  resolution  may  super- 
vene in  the  course  of  two  or  three  days.  Such  a  for- 
tunate termination  is  more  likely  to  ensue  when  the 
primary  affection  was  a  gonorrhea,  balanoposthitis, 
or  herpes.  But  in  undoubted  cases  of  chancroid  a 
gradual  resolution  of  the  acute  inflammation,  or  its 
termination  in  a  chronic  induration,  is  not  at  all 
infrequently  observed.  These  terminations  are  quite 
as  likely  to  follow  in  the  buboes  which  supervene 
during  the  early  stages  of  the  chancroid  as  in  those 
that  attend  the  reparative  process  of  the  sore  or  that 
follow  its  cicatrization. 

When  the  inflammation  passes  to  the  suppurative 
stage  the  indurated  mass  generally  presents  a  softer 
spot,  which  is  as  often  situated  out  of,  as  in,  the 
center  of  the  swelling.  With  the  increase  of  the  area 
of  softening  the  skin  changes  to  a  dusky  hue.  An 
examination,  while  the  skin  is  still  intact,  reveals 
distinct  fluctuation,  and  when  the  attenuated 
integument  is  indented  by  the  finger  the  indurated 
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wall  of  the  abscess  can  ordinarily  be  distinguished. 
It  is  at  this  time,  from  ten  days  to  two  weeks  after  the 
beginning  of  the  bubo,  that  the  pus  is  usually  evacu- 
ated by  incision.  In  quantity  this  does  not  often 
exceed  an  ounce.  If  left  to  itself,  weeks  will  often 
elapse  before  the  skin  undergoes  pressure  necrosis, 
during  which  time  the  abscess  increases  in  its  dimen- 
sions imtil  it  contains  at  times  from  four  to  six  ounces 
of  thick,  creamy  pus.  When  permitted  to  open 
spontaneously,  the  absce-ss  usually  opens  at  one 
point  only,  although  two  or  three  apertures  are  often 
formed.  This  feature  of  inguinal  suppurating  buboes 
requires  especial  mention.  When  the  swelling  has 
attained  the  .size  of  a  walnut  or  small  peach,  it  will 
often  appear  to  be  subdivided  by  a  deep  furrow  into 
two  quite  distinct  growths,  of  which  the  smaller  is 
usually  situated  below  and  nearer  the  median  line. 
When  suppuration  is  finally  established,  a  .separate 
opening  will  be  formed  or  made  necessary  for  each 
division  of  the  swelling,  irrespective  of  the  question 
as  to  whether  more  than  one  gland  is  involved.  Not 
always  does  the  suppurating  bubo  run  so  acute  a 
course.  Instances  are  not  at  all  infrequent  in  which 
the  inflammatory  symptoms  develop  in  successive 
stages  with  intervals  of  quiescence.  Such  buboes 
often  require  several  months  before  maturing,  and 
for  these  cases  the  term  "subacute"  is  occasionally  re- 
served. The  pus  contained  in  them  is  usually  watery 
in  character,  and  ordinarily  not  very  abundant. 

The  clinical  course  of  a  simple  bubo,  after  it  has 
discharged,  does  not  differ  materially  from  that  of  an 
abscess  from  other  causes.  In  about  thirty  per  cent, 
of  all  cases,  and  particularly  in  those  in  which  an 
early  incision  was  made,  the  walls  of  the  abscess 
become  agglutinated,  and  suppuration  rapidly  ceases. 
Generally,  however,  the  discharge  continues  for  from 
one  week  to  many  months  before  the  abscess  cavity 
is  obliterated.  Chronicity  of  discharge  characterizes 
particularly  those  abscesses  in  which  more  openings 
than  one  have  formed,  and  in  which  sinuses  lined 
with  exuberant  granulations  undermine  the  skin. 
In  many  of  these  cases,  the  force  of  the  inflammation 
having  been  spent  on  the  periglandular  tissue,  the.se 
sinuses  lead  down  to  one  or  more  glands.  When  the 
integument  covering  the  sinuses  finally  yields  to  the 
suppurative  process,  or  is  divided  by  the  knife,  the 
gland  covered  by  granulations  will  appear  in  the  floor 
of  the  ulcer  or  in  the  wound  thus  produced. 

Virulent  Bubo. — With  the  conveyance  of  the 
ptomaines  or  of  the  specific  microbes  from  the 
chancroid  to  the  lymphatic  gland,  suppuration  in 
the  latter  is  inevitable.  The  bubo  of  absorption, 
which  results  from  this,  in  its  inception  presents 
symptoms  precisely  like  those  that  belong  to  the 
simple  bubo.  The  rapidity  of  development  of  the 
symptoms  alone  might  arouse  suspicions  as  to  the 
virulent  form  of  adenitis.  It  is  only  after  the  evacua- 
tion of  the  abscess  that  the  differential  diagnosis 
becomes  practicable.  Inoculation  with  the  pus  of 
the  virulent  bubo  invariably  produces  a  chancroid; 
inoculation  with  the  pus  from  a  simple  bubo  yields 
negative  results  save  in  syphilitic  subjects  (vide 
supra).  But  the  inoculation  test  is  superfluous, 
since  the  progress  of  the  virulent  bubo  after  it  is 
opened  is  usually  sufficiently  pronounced.  The 
margins  of  the  wound  which  gave  passage  to  the  pus 
liecome  inoculated  with  the  chancroidal  virus.  .\s 
in  the  chancroid,  during  its  period  of  progress  the 
integument  covering  the  virulent  bubo  is  rapidly 
destroyed  until  a  true  chancroidal  ulcer,  varying 
much  in  area  and  depth,  presents  itself  in  the  groin. 
When  fully  exposed  to  view,  the  floor  of  the  bubo, 
from  absorption,  presents  the  j'ellowish-gray,  irregu- 
lar, and  worm-eaten  appearance  of  the  chancroid. 
The  margin  of  the  ulcer,  tumefied  at  one  part,  appears 
attenuated  or  undermined  at  another.  From  the 
entire  surface  there  is  e.xuded  a  watery  pus  which  is 
often    tinged    with    blood.     Capillary    hemorrhages 
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from  the  bubonic  ulcer  are  often  encountered  as  in  the 
chancroid.  Indeed,  the  clinical  history  which  belongs 
to  the  chancroid  is  on  a  larger  basis  duplicated  in  the 
case  of  the  bubo.  Healing  in  rare  instances  in  a  few 
weeks,  in  less  fortunate  cases  it  continues  in  its 
destructive  course  for  months,  and  occa.sionally  even 
for  years.  When  thus  protracted,  the  ulceration 
usually  assumes  the  serpiginous  type,  healing  in  one 
portion  and  extending  in  another.  Thus  the  ulcer 
gradually  spreads  over  abdomen,  thigh,  pubes,  or 
gluteal  region,  leaving  frequently  ungainly  cicatrices. 
In  these  cases  the  ulcerative  action  is  often  so  sluggish 
that,  as  in  lupus  or  rodent  ulcer,  it  is  almost  imper- 
ceptible. Continuous  autoinoculation  of  the  skin 
in  the  vicinity  of  the  ulcer  is  the  omy  plausible 
explanation  of  the.se  protracted  forms  of  bubo. 
Phagedena,  that  most  terrible  complication  of  the 
venereal  sore,  occasionally  attacks  the  virulent  bubo. 
Under  its  influence  the  bubo  may  in  a  few  weeks 
become  converted  into  an  ulcer  the  size  of  the  palm. 
Superficial  in  some  cases,  in  others  the  ulcer  under  its 
influence  dips  down  into  the  tissues,  producing 
extensive  sloughs.  Progressing  among  the  blood- 
vessels, it  has  been  known  to  open  them  and  induce 
fatal  hemorrhage.  Fatal  results  have  likewise  been 
induced  by  the  excessiveness  of  discharge  and  from 
generalized  septic  infection. 

Sfiphilitir.  Bubo. — The  inguinal  adenopathy  of 
syphilis  is  but  the  reproduction  on  a  larger  scale  of  the 
indurating  process  manifested  in  the  primary  lesion. 
Appearing  early  and  affecting  an  entire  group  of 
glands,  the  S3-plulitic  adenopathy  yields  a  row  of 
larger  and  smaller  tumors,  freely  movable  and  easily 
felt,  except  in  very  obese  subjects.  These  tumors  are 
hard,  resistant,  not  tender  to  the  touch,  and  usually 
largest  on  the  side  of  the  primary  sore.  Oftener  than 
in  the  other  forms  of  bubo,  the  dorsal  lymphatics  of 
the  penis  participate  in  the  morbid  process  and 
appear  in  the  form  of  indurated  cords  with  irregular 
nodosities.  Like  the  enlarged  lymphatic  glands, 
these  lymphatic  cords  are  freely  movable.  It  has 
already  been  observed  that  indolence  characterizes 
the  syphilitic  bubo.  Only  in  persons  of  tuberculous 
taint,  and  in  cases  of  great  malignancy  of  the  syphilitic 
virus  (galloping  sj-philis),  does  suppuration  ensue. 
With  or  without  treatment,  the  syphilitic  bubo 
continues  while  the  primary  and  many  of  the  sec- 
ondar}'  manifestations  remain.  It  is  rare  to  find  these 
buboes  subside  completely,  even  under  treatment, 
in  less  than  two  or  three  months,  and  in  many 
instances  they  survive  all  other  syphilitic  lesions, 
when  they  assume  great  diagnostic  importance  in 
determining  the  presence  or  absence  of  a  syphilitic 
taint.  After  continuing  sometimes  in  an  unaltered 
state  for  two  or  three  years,  they  finally  subside 
spontaneously. 

Tre.\tmen"t. — The  treatment  of  buboes  must 
necessarily  vary  with  the  nature  of  the  primarj- 
trouble.  In  a  prophylactic  way  nothing  can  be  done 
to  prevent  the  syphilitic  bubo,  while  much  can  be 
accomplished  in  the  prevention  of  simple  glandular 
inflammations  as  complications  of  the  chancroid  and 
gonorrhea.  In  both  these  affections  violent  exercise 
and  excessive  walking  and  riding  should  be  strictly 
interdicted.  Irritant  applications  to  the  primary 
di.sease  should  be  strictly  avoided,  since  too  astringent 
urethral  injections  and  irritating  ointments  applied 
to  chancroids  are  often  the  immediate  causes  of 
gland  complications.  What  influence  has  the  cauteri- 
zation of  the  chancroid  upon  the  development  of 
buboes?  If  statistics  be  careful!}-  examined,  it  will 
be  found  that  in  about  thirty  per  cent,  of  all  cases 
buboes  supervene,  and  that  tlieir  development  is 
uninfluenced  by  the  use  of,  or  abstention  from, 
cauterization.  For  this  reason  the  application  of 
violent  caustics  to  chancroids  is  being  more  and  more 
discarded.     Of  much  greater  importance  as  a  pro- 


phj'lactic  is  cleanliness  and  the  securing  of  a  free 
escape  for  all  discharges.  It  is  for  this  reason  that 
chancroids  treated  in  private  practice  are  much  less 
often  complicated  by  buboes  (according  to  my 
experience,  one  to  eight)  than  those  of  hospitals,  and 
particularly  of  dispensaries. 

When  the  evidences  of  an  adenitis  become  unmis- 
takable, every  effort  must  be  made  to  bring  about 
resolution  of  the  inflammation,  since  this  favorable 
termination  is  possible  in  every  instance  save  those  in 
which  the  chancroidal  virus  has  been  observed.  As 
in  other  inflammations,  rest  in  bed  is  the  chief  an- 
tiphlogistic measure,  and  its  importance  must  be 
fully  explained  to  the  patient.  Applications  of  very 
cold  cloths  will  at  this  time  prove  serviceable.  A 
rubber  bag  is  preferable,  since  it  acts  at  the  same 
time  as  a  compressor.  Local  applications  of  the 
liquor  plumbi  subacetatis,  with  cold  compresses, 
have  been  highly  recommended  by  Hamilton  and 
Zeiss!,  and  are  doubtless  often  beneficial.  It  is  at 
this  period  of  the  inflammation  that  repeated  applica- 
tions of  the  tincture  of  iodine  are  so  frequently 
resorted  to.  Although  this  practice  has  stood  the 
test  of  time,  and  has  the  sanction  of  eminent  authori- 
ties, it  seems  to  me  devoid  of  benefit  and  often  per- 
nicious in  its  results,  since  it  not  infrequently  is 
followed  by  violent  inflammation  of  the  skin  and  hair 
follicles,  even  to  the  extent  of  vesication.  Another 
important  objection  to  the  tincture  of  iodine  is  the 
fact  that  the  artificial  condition  of  the  skin  produced 
by  it  frequently  prevents  the  early  detection  of 
suppuration.  When,  for  the  purposes  of  absorption,- 
iodine  seems  indicated.  I  have  lately  employed  the 
iodide  of  lead  quite  e.xtensively,  using  in  connection 
with  it  veratrine,  belladonna,  or  opium  to  allay  pain. 
Inunction  with  iodine-vasogen,  six  per  cent.,  likewise 
serves  a  good  purpose.  Inunctions  with  Credo's 
ointment  or  with  preparation  of  collargol  or  guaiacol 
maj'  often  be  used  with  good  results.  Since  com- 
pression, where  it  is  practicable,  plays  an  important 
role  in  the  treatment  of  inflammations,  it  should 
be  used  here.  It  can  be  best  apphed  by  means  of  a 
bag  half-fiUed  with  small  shot.  If  the  patient  cannot 
be  retained  in  bed,  collodion  apphcations  and  a  com- 
press, held  in  position  with  a  spica  bandage,  should  be 
resorted  to.  Happily  for  the  patients,  a  number  of 
methods  of  aborting  the  inflammation  which  were 
formerly  practised  have  been  entirely  abandoned. 
Among  them  may  be  mentioned  methodical  com- 
pression by  instruments,  repeated  blistering  with  the 
subs'equent  application  of  mercurials,  the  forcible 
rupture  of  the  gland  capsule,  and  the  use  of  the  se- 
ton.  To  these  may  be  added  the  subcutaneous  inci- 
sion of  the  gland  and  the  somewhat  analogous  pro- 
cedure of  Auspitz.  The  latter  observer  punctures 
the  inflamed  gland  even  before  suppuration  can  be 
detected.  A  probe  is  introduced  through  the  opening 
and  the  glandular  septa  are  torn;  the  substance  of  the 
gland  is  thus  broken  up  and  discharges  through  the 
external  wound.  This  practice  of  Auspitz  has  not 
found  and  does  not  deserve  many  followers.  Never- 
theless, it  has  been  most  highly  indorsed  by  Bumstead. 
Intraglandular  injections  of  iodoform  emulsion, 
carbolic  acid,  and  corrosive  sublimate  have  been  used 
to  avert  suppuration.  Welander'"  advocated  the 
injection  of  a  one-per-cent.  solution  of  benzoate  of 
mercury.  Of  seventy-eight  cases  reported,  fifty-six 
were  cured  without  suppuration.  Perry-  employs 
it  in  all  non-suppurating  buboes,  injecting  twenty  to 
thirty  minims  of  the  solution.  More  than  two 
injections  are  rarely  necessary  and  the  time  required 
to  effect  a  cure  is  fourteen  days. 

When  suppuration  has  been  established,  the  treat- 
ment of  the  bubo  must  not  vary  from  that  of  abscesses 
in  other  easily  accessible  portions  of  the  body.  Ubi 
pus,  vbi  ii^cisio  is  a  rule  that  should  be  adhered  to  in 
the  disease  under  consideration.  The  ways  in  which 
the  pus  is  to  be  evacuated  are  numerous.     Within 
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the  last  fifteen  years  aspiration  has  often  been 
resorted  to,  and  lias  been  luKhly  recommended  by  a 
number  of  French  and  (lerman  observers.  When  it 
is  evident  that  the  purulent  aecuniulation  is  small, 
and  that  a  suppurative  periadenitis  lias  not  yet 
developed,  aspiration  cannot  be  too  ofton  practised. 
Atteiufed  by  little  pain,  it  can  do  no  harm,  and  is 
sometimes  followed  by  permanent  agglutination  of 
the  abscess  walls,  .\niong  recent  writers  R.  Halin 
speaks  most  favorably  of  it.  In  a  series  of  20U  cases, 
seventy  per  cent,  were  cured  by  aspiration  alone.  In 
three-fourths  of  the  cases  one  aspiration  sufficed." 
When  the  abscess  is  large  and  the  skin  attenuated, 
the  only  hope  for  a  speedy  recovery  hes  in  the  prompt 
and  complete  evacuation  of  the  pus.  The  use  of  the 
Vienna  paste,  blisters,  and  multiple  incisions  to 
effect  this  has  been  properly  abandoned.  The  last- 
named  method,  particularly  recommended  by  Vidal, 
Zeissl,  and  Langston  Parker,  and  still  practised  by 
many  older  practitioners,  is  prone  to  result  in  the 
formation  of  a  number  of  ulcers  in  the  groin.  In  the 
great  majority  of  cases,  a  single  incision,  with  a 
narrow  blade,  is  all  the  operative  interference  called 
for.  Until  two  decades  ago  the  incision  usually 
made  was  parallel  to  the  inguinal  fold  and  extended 
the  entire  length  of  the  swelling.  The  result  of  such 
an  incision  is  almost  invariably  a  wound  the  edges  of 
which  are  in  apposition  except  when  the  patient  is 
lying  down.  Again,  when  ulceration  of  the  margins 
of  the  wound  ensues,  the  skin  is  very  apt  to  become 
undermined  or  inverted.  Hence  very  ungainly 
cicatrices  result  that  might  ordinarily  be  avoided  by 
making  the  incision  in  a  different  manner.  .V  good 
procedure  is  the  following:  The  field  of  operation 
being  prepared  in  the  usual  way,  local  anesthesia  is 
produced  by  the  ether  spray  or  preferably  by  the 
Sehleich  method  (see  the  article  on  Anesthesia, 
Loral).  The  long  and  narrow  knife,  while  held 
perpendicularly  to  the  surface  of  the  body,  is  then 
gently  forced  into  the  center  of  the  fluctuating  area. 
The  skin  and  capsule  of  the  gland  resist  slightly  the 
intrusion  of  the  blade.  When  this  resistance  has  been 
overcome,  the  cutting  edge  of  the  knife  is  turned 
about  ninety  degrees  and  then  withdrawn.  With  a 
little  pre.ssure,  or  bj'  inserting  a  grooved  director  into 
the  cut,  the  accumulated  pus  rapidly  escapes.  To 
prevent  a  too  speed}'  closure  of  the  opening,  it  is 
advisable  to  insert  a  strip  of  iodoform  gauze  or 
carbolized  gauze  within  a  split  tube.  This  also 
insures  the  readj'  drainage  of  the  abscess  cavity. 
When  this  is  removed,  after  remaining  twenty-four 
hours,  it  will  invariably  be  seen  that  the  aperture, 
measuring  from  one-eighth  to  one-fourth  of  an  inch  in 
diameter,  is  circular  in  outline,  and  sufficiently  large 
to  permit  the  escape  of  the  pus  as  rapidly  as  it  is 
formed.  The  after-treatment  consists  of  the  applica- 
tion of  bichloride  gauze  fomentations,  or  the  use  of 
the  balsam  of  Peru  10,  and  castor  oil  100,  mixture. 
For  cleansing  the  abscess  cavity,  injections  of  hydro- 
gen dio.xide  may  be  called  for  from  time  to  time. 
Thus  treated  the  bubo  usually  heals  in  from  ten  days 
to  two  weeks.  As  already  remarked,  the  bubo 
often  has  a  tendency  to  point  .at  a  number  of  places, 
when  it  of  course  becomes  imperative  to  use  the 
Jcnife  repeatedlv.  The  practice  of  Milton,  who  uses  a 
verv-  large  needle  for  this  purpose,  might  profitably  be 
imitated  in  timid  patients  and  bj'  practitioners 
unaccustomed  to  the  use  of  the  knife.  Not  so,  how- 
ever, in  case  of  extensive  periadenitis  and  of  virulent 
bubo.  When  the  abscess  is  very  large,  a  somewhat 
freer  incision  is  necessary.  Even  here  it  seems  to 
me  better  to  make  it  parallel  to  the  a.Kis  oi  the  limb, 
irrespective  of  the  direction  of  the  bubo.  The 
wound  thus  made  is  more  easily  maintained  patent, 
and  in  making  it  there  is  manifestly  less  danger  of 
wounding  the  deep-seated  vessels  than  from  the 
incision  as  generalh'  made.  Almost  immediately 
after  opening  a  large  bubo  there  will  be  a  sinking  in  of 


the  integument.  In  the  cour.se  of  a  week,  or  even 
less,  this  skin  becomes  discolored,  curled  upon  it.self, 
or  undermined.  Under  the.se  circumstances  it  is 
always  best  to  remove  the  cutaneous  flaps  with  a  few 
strokes  of  the  curved  scissors,  thus  converting  the 
abscess  into  an  open  ulcer.  In  other  cases  fistulae  in 
the  groin  continue  to  discharge  indefinitely.  They 
should  be  freely  laid  open  with  the  knife  or  elastic 
ligature,  and  the  exuberant  granulations  removed 
with  the  sharp  spoon.  When  once  the  bubo  has  been 
converted  into  an  open  ulcer  its  treatment  is  ordinarily 
successful,  no  matter  what  applications  be  made, 
although  at  times  stimulating  medicaments  are 
called  for  to  overcome  the  sluggishness  of  the  granula- 
tions. Among  the  large  number  of  agents  specially 
recommended  for  this  purpo.se  there  should  be  men- 
tioned iodoform,  tincture  of  iodine,  tannin,  permangan- 
ate and  chlorate  of  potassium,  preparations  of  iron,  and 
boric  acid.  Iodoform  usually  acts  so  satisfactorily  as 
almost  to  merit  being  called  a  specific  in  the  treatment 
of  the  open  bubo.  .Applied  in  the  form  of  ointment 
alone,  or  with  tannic  acid,  or  in  ethereal  solution 
(iodoform,  eight;  ether  fort.,  thirty),  it  soon  causes 
the  floor  of  tlie  ulcer  to  be  covered  with  small  and 
healthy  granulations  which  rapidly  lead  to  its  per- 
manent closure.  When  the  odor  of  iodoform  is  an 
insurmountable  objection  to  its  use,  the  perman- 
ganate of  potassium  (0.5  to  30.0),  in  aqueous 
solution,  is  an  excellent  substitute.  The  balsam  of 
Peru  dressing  already  referred  to  also  forms  a  useful 
application.  When  the  ulcer  has  become  indolent 
a  five-per-cent.  "scarlet  red"  ointment  answers 
admirably.  When  the  reparative  process  is  excep- 
tionally protracted,  from  the  size  of  surface  involved, 
skin-grafting  has  been  used  with  as  much  success  as 
in  other  portions  of  the  body. 

Attention  has  already  been  directed  to  the  fact  that 
the  lymphatic  gland  covered  by  granulations  often 
presents  itself  in  the  floor  of  the  bubonic  ulcer,  or  is 
hidden  in  the  depths  of  a  sinus.  The  gland  then  acts 
as  a  foreign  bodj'.  It  should  therefore  be  removed 
as  soon  as  it  is  discovered.  Whether  this  is  to  be 
accomplished  with  scissors,  ligature,  or  Volkmann's 
spoon  must  be  determined  by  the  circumstances  of  the 
case  and  the  predilections  of  the  surgeon  in  charge. 

Excision. — With  the  development  of  modern 
methods  of  wound  treatment  excision  of  buboes, 
which  if  left  alone  would  probably  suppurate,  has 
become  a  favorite  method  of  treatment.  It  is  not  to 
be  recommended  as  a  routine  procedure,  because  of 
the  extent  of  operation  necessary  to  remove  aU 
glands  and  of  the  danger  of  wound  infection  from  the 
primary  ulcer.  Furthermore,  the  time  recjuired  for 
cure,  averaging  thirty  days,  exceeds  that  which  is 
needed  when  conservative  measures  alone  are 
adopted. 

Excision  is  indicated  when  infection  has  taken 
place  in  a  number  of  glands  and  when  it  is  evident 
that  the  process  of  suppuration  will  be  long  continued. 
By  free  excision  in  these  cases  the  healing  process  can 
be  curtailed  as  to  time.  Primary  union  should  not  be 
sought  for;  in  most  cases  it  will  fail.  Very  extensive 
and  particularly  bilateral  excision  of  the  glands  is 
fraught  with  the  danger  of  l}-mph-stasis  in  the  regions 
tributary  to  the  glands  removed.  As  a  result  there 
develops  a  pseudoelephantiasis  which  of  necessity  is 
beyond  relief.  Very  extensive  enlargements  of  the 
penis  and  scrotum  have  been  known  to  follow  such 
extensive  excisions.  Fig.  1161  illustrates  such  a  case 
from  the  service  of  Dr.  Heidingsfeld  in  the  Cincinnati 
Hospital.  The  circumference  of  the  prepuce  was 
over  eleven  inches. 

It  is  self-evident  that  the  systemic  treatment  of  pa- 
tients afflicted  with  buboes  must  not  be  neglected. 
Nutritious  diet  and  tonics  are  always  indicated  after 
the  process  of  suppuration  has  become  somewhat  pro- 
tracted. This  is  particularly  true  if  the  ulcer  shows 
any  tendency  to  phagedena.     It   is  then   that   cod- 
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liver  oil,  quinine,  and  alcoholic  stimulants  are  indi- 
cated, and  that  the  most  effective  local  measures 
must  be  resorted  to.  Blisters,  fuming  nitric  acid,  the 
carbosulphuric  paste,  bromine,  and  even  the  actual 
cautery  must  at  times  be  employed  before  the  ten- 
dency of  the  ulcer  to  spread  is  permanently  overcome, 
and  the  process  of  cicatrization  is  weU  established. 
Fortunately,  this  class  of  cases  is  becoming  rarer 
from  vear  to  vear. 


Fig.  1161. — Pseudoclephantiasis  of  the  Prepuce  Following  Excision 
of  a  Bubo. 

Syphilitic  buboes,  as  a  rule,  require  no  local  treat- 
ment. As  the  secondarj'  manifestations  of  the  disease 
disappear  under  treatment,  the  enlargement  of  the 
inguinal  glands  also  subsides.  When  the  induration 
in  them  persists  after  other  symptoms  have  yielded 
to  treatment,  inunctions  with  the  mercurial  ointment 
or  the  oleate  of  mercury  over  the  ganglia  will  often 
cause  their  reduction  in  size.  Compression  might 
also  be  resorted  to  in  these  cases  with  marked  benefit. 

Joseph  R.^nsohoff. 
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Bubo,  Climatic. — An  inguinal  adenitis  peculiar  to 
tropical  and  subtropical  places,  and  of  unknown 
etiology.  The  disea.se  is  common  in  the  West  Indies 
and  tropical  America,  in  eastern  and  southern  Asia, 
in  eastern  and  western  Africa.  It  is  seen  with  less 
frequency  in  other  parts  of  the  tropical  world  and  on 
the  coasts  and  islands  of  the  Mediterranean. 

The  cause  is  unknown.  There  is  no  antecedent 
genital  lesion  or  definite  urethral  infection.  In  the 
large  majority  of  cases  the  affected  glands  do  not 
suppurate,  and  cultures  of  fluid  obtained  from  them 
by  puncture  are  found  to  be  sterile.  In  other  cases, 
with  or  without  suppuration,  cocci  are  found  in  the 
glands,  and  occasionally  unidentified  bacilli.  The 
disease  is  not  pestis  minor  and  has  no  relation  to 
plague.     The  Wassermann  test  is  negative. 

From  a  considerable  experience  of  his  own,  and  a 
study  of  the  literature  of  reported  cases,  Staff-Sur- 
geon Rost  of  the  Imperial  German  Navy  (Archiv  f. 
Schijfs.  u.  Tropen-Hygiene,  Oct.  20,  1912)  argues,  on 
what  appear  to  be  reasonable  grounds,  that  the- 
disease  is  probably  of  venereal  origin,  and  that  it  is 
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probably  due  to  infection  of  the  surface  of  the  glans 
in  coitus  with  some  undiscovered  specific  microor- 
ganism, more  common  in  the  genitalia  of  colored 
prostitutes  in  some  tropical  regions  than  in  others, 
and  not  producing  any  demonstrable  lesion  at  the 
point  of  entrance.  The  grounds  for  this  tentative 
opinion  are  briefly  as  follows:  Under  simOar  condi- 
tions so  far  as  climate  and  exposure  are  concerned  the 
''i^ease  is  in  some  localities  common,  in  others  rare, 
in  others  unknown.  It  is  common  in  men,  almost 
unknown  in  women,  common  among  the  unmarried, 
rare  among  the  married.  It  is  common  in  men  over 
twenty  years  of  age,  verj'  rare  in  those  under  twenty, 
unknown  in  children.  It  affects,  primarQj'  and  com- 
monly the  inguinal  glands  above  Poupart's  ligament 
which  receive  the  genital  lymphatics,  rarely  and 
secondarOy  the  femoral  glands.  In  every  one  of 
Rost's  seventeen  cases  he  could  establish  the  fact 
of  recent  illicit  intercourse. 

As  usually  seen  the  disease  has  a  long  period  of 
incubation,  appearing  in  sailors  and  passengers  in 
from  ten  days  to  five  weeks  after  the  last  visit  ashore. 
The  irregular  tumor,  consisting  of  a  group  of  glands 
above  Poupart's  ligament,  weU  defined  below  and 
lateralh",  is  often  felt  as  extending  back  along  the 
line  of  the  external  iliac  vessels,  its  upper  limits  being 
lost  in  the  abdomen.  Involvement  may  extend 
later  to  the  femoral  glands.  In  only  a  minority  of 
cases  periglandular  tissue  becomes  involved  in  the 
inflammation.  Subjective  pain  is  trifling  or  absent, 
but  tenderness  to  pressure  is  marked.  Tne  tempera- 
ture shows  a  moderate  rise  at  first  but  soon  becomes 
normal  and  there  is  little  constitutional  disturbance 
throughout  the  case.  In  its  development  and  its 
resolution  to  final  disappearance,  the  bubo  runs  a  slow 
course  of  many  weeks.  At  its  maximum  it  may  be 
as  large  as  a  goose-egg  or  larger.  Suppuration  occurs 
in  a  small  minority  of  the  cases. 

Having  in  mind  the  character  and  course  of  the 
disease,  climatic  bubo  must  be  differentiated  from 
pestis  minor;  and  from  other  lymphatic  inflammations 
due  to  filarial  infection,  to  chancroid,  or  to  infected 
wounds. 

During  the  first  two  weeks  or  more,  and  until  the 
tumor  has  at  least  ceased  to  increase,  rest  should  be 
enforced,  with  symptomatic  and  expectant  treatment. 
The  majority  of  cases  do  not  suppurate  and  the  disease 
will  be  self-limited.  But  when  suppuration  occurs  or 
appears  to  be  impending  the  involved  glands  should 
be  cleanly  excised.  If  merely  incised,  healing  is  apt 
to  be  slow  and  there  is  danger  of  extension  with  for- 
mation of  sinuses  and  fistuEe.  J.  F.  Lets. 

Bubonic  Plague. — See  Plague. 

Buchu. — Short  Buchu.  "The  dried  leaves  of  Bar- 
osma  betulina  (Thunberg)  BartUng  et  Wendland,(fam. 
Rutacea)."  (U.  S.  P.)  B.  serratifolia  Vi'illd.,  "Long 
Buchu,"  was  also  once  official,  but  was  dropped.  It 
is  proposed  to  reintroduce  it  in  the  next  edition. 
B.  crenulata  Hooker,  ("round  buchu")  was  also 
formerly  official.  There  are  about  fifteen  species 
of  this  genus,  all  natives  of  South  Africa.  The  drug 
was  in  use  bj'  the  Hottentots  at  the  time  of  settle- 
ment by  the  whites.  Its  introduction  to  America 
was  in  the  form  of  a  notorious  quack  medicine,  but 
it  was  afterward  adopted  upon  its  merits  by  the 
profession. 

The  leaves  of  B.  betulina,  the  best  variety,  are 
mostly  one-half  to  three-quarters  of  an  inch  long  and 
two-thirds  as  broad  or  more,  occasionally  broader 
than  long.  They  are  abruptly  contracted  into  a 
short,  narrow  basal  portion,  the  broad  upper  portion 
being  irregularly  subrotund,  the  summit  blunt, 
often  recurved,  the  margin  sharply  and  finely  den- 
tate. They  are  very  thick,  brittle  when  dry,  smooth 
and  somewhat  shining,  slightly  papillose,  and  of  a 
j'ellowish-green   color.     Against    the   Light   they  are 
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Fig.  1 105. — Buchu  Leaves 
a.B.  Crenulala:b,B.  beluluia 
(After  Baillon.) 


pcUuPid-slitiidiiUir-flottcd,  with  larger  iiiai'ginal  planils. 
Tlicy  liavc  a  strong  niiiit-liko  odor  and  a  warm,  aro- 
matic, and  luvu'ilaginous  tasto, 

B.  crciiiiliita  varies  from  oblong  to  oval  or  ohovato, 
usually  a  link;  broader  tliaii  in  the  illu.stration,  and  i.s 
often  twice  a.s  long  as  the  other,  and  less  blunt.  The 
margin  is  crenulate.  It  is  al.so  thick  and  greenish- 
yellow,  and  has  similar  pellucid  glands. 

li.  sirriitifolui  is  nuirkedly  dilTerenl  from  the  otliers, 
being  of  a  bright  green  color,  thin,  sub-three-nerved 
by  the  elongated  basal  pair  of  veins,  narrowly  oblong 
or  lance-linear,  sharply  .ser- 
rate, the  teeth  and  sinu.scs 
curved.  The  leaf  is  about 
as  long  as  the  li.  crcniiUtta. 
There  is  a  very  large  gland 
at  the  obtu.se  summit. 

There  is  no  adulterant  of 
the  olfieial  buchu,  but  when 
long  buchu  was  ofh<'ial,  the 
leaves  of  Empleurum  seri-u- 
latum  f  Ait.  were  sometimes 
used  for  that  purpose.  They 
are  distinguished  by  the  very 
acute  apex  and  the  straight", 
inci.sed,  salient,  longer  tooth- 
ing. The  chief  defect  of  commerical  buchu  is  the 
presence  of  an  excessive  amount  of  stems,  and  the 
Federal  government  now  forbids  the  presence  of  more 
than  ten  per  cent.  The  Cape  government  imposes  an 
export  duty  on  buchu,  amounting  in  1912  to  2s.  6d. 
Recently,  adulteration  has  been  reported  with  Aga- 
thosma  leaves,  which  have  an  anise  odor,  and  with 
Psoralea  leaves,  which  are  dotted  and  hairy,  as  well  as 
with  leaves  of  other  and  inferior  species  of  Barosma. 

CoMPcsiTiON. —  Buchu  contains  1  to  1.5  per  cent. 
of  volatile  oil.  There  are  also  resin,  gum,  and  a  little 
of  the  bitter  glucoside  harosmin,  believed  to  be  the 
same  as  hesperiain.  The  oil  contains  a  camphor- 
like body,  often  called  buchu  camphor  (diospnenol 
C,oH,„0,). 

Action  and  Uses. — Buchu  acts  locally  as  a  mild 
stomachic.  Absorbed,  it  possesses  the  ordinary  dif- 
fusive stimulant  properties  of  volatile  oils,  its  special 
point  of  action  being  the  kidnej's,  by  which  it  is  ex- 
creted. Its  diuretic  properties  are  mild,  but  it  is  dis- 
tinctly sedative  and  astringent  to  the  urinary  organs,  as 
well  as  slightly  antiseptic.  Henbane  is  often  combined 
to  increase  the  sedative  effect.  It  is  a  mild  expector- 
ant. The  fluid  extract  is  official,  and  the  do.se  is 
niixv.-xxx.  (1.0-2.0).  Henry  H.  Rusby. 


Buck,  Ourdon. —  Born  in  New  York  City  on  May 
4,  1807.  He  received  the  degree  of  Doctor  of  Medi- 
cine from  the  College  of  Physicians  and  Surgeons, 
in  that  city,  in  1830.  After  serving  as  Junior  Walker, 
Senior  Walker,  and  House  Physician,  on  the  medical 
side  of  the  New  York  Hospital,  he  spent  two  years  and 
a  half  in  professional  studies  in  Europe,  chiefly  in 
Paris,  }5erlin,  and  Vienna.  Toward  the  end  of  183.3 
he  began  the  practice  of  his  profession  in  liis  native 
city.  In  1837  he  was  appointed  Vi.siting  Surgeon  to 
the  New  York  Hospital,  and  he  held  this  position  for 
forty  years.  From  1852  to  1862  he  held  a  similar 
position  in  the  New  York  Eye  and  Ear  Infirmary;  and 
.soon  after  this  period,  vipon  the  organization  of  St. 
Luke's  Hospital  and  the  Presbyterian  Ilosijital  he  was 
also  appointed  Visiting  Surgeon  to  these  institutions. 
His  death  occurred  on  March  6,  1877. 

Gurdon  Buck  was  the  first  to  popularize  the  treat- 
ment of  fractures  of  the  thigh  by  the  use  of  the  weight 
and  pulley.  This  method  had  been  devi.sed  by  Dr. 
Physiok  of  Philadelphia,  but  had  received  scarcely 
any  recognition  at  the  hands  of  the  profession. 
Among  Dr.  Buck's  contributions  to  periodical  medi- 
cal literature  the  following  deserve  to  be  mentioned: 


"  liesearches  on  Hernia  Cerebri  following  Injuries 
of  tlie  Head";  ''Oedomatous  Laryngitis  Successfully 
Treated  by  Scarification  of  the  Clot  lis  and  l^piglot- 
tis";  "A  New  F(;ature  in  the  Anatomical  Structure 
of  the  Oenito-urinary  Organs  not  hitherto  Descritx;d"; 
"Badly  United  Fracture  of  the  Thigh,  etc.";  "Post- 
fascial  Abscess,  Originating  in  the  Iliac  Fossa,  t'tc."; 
■'Ininroved  Method  of  Tnvating  Fractures  of  the 
Ihigh,  etc.";  and  "  Ca.sc  of  Aneurysm  of  the  Femoral 
.\rtery,  for  which  Ligatures  were  Successfully  .Applied 


Fig.    1166.— Gurdon  Buck. 

to  the  Femoral,  Profunda,  and  External  and  Common 
Iliac  .Vrteries."  In  addition  to  the  above  he  pub- 
lished a  monograph  (D.  .-^ppleton  &  Co.,  New- 
York,  1876)  entitled:  "Contributions  to  Reparative 
Surgery." 

The  following  incident,  which  was  communi- 
cated by  Dr.  Moreau  Morris  in  1899,  shows  how 
strongly  Dr.  Buck  was  devoted  to  his  professional 
duties:  "While  a  student  of  his,  and  attending,  during 
his  daily  visits  to  the  New  York  Hospital,  as  his  amanu- 
ensis, I  was  fortunate  in  .seeing  and  assisting  him 
in  practising  the  operation  of  scarification  of  edema 
glottidis,  whicli  he  had  originated  and  successfully 
practised  during  his  hospital  service.  This  disea.se 
being  rather  a  rare  one,  no  opportunity  had  pre- 
.sented  itself  for  performing  an  operation  in  private 
practice  until  the  autumn  of  1849.  when  I  was  called 
in  great  haste  to  a  young  Irish  laborer  in  his  board- 
ing house  on  Fifth  Avenue,  between  Fifty-seventh  and 
Fifty-eighth  Streets.  I  found  him  with  impending 
suffocation  from  greatly  swollen  glottis  and  epi- 
glottis. Recognizing  the  immediate  danger  and 
recollecting  the  admirable  instruction  for  the  relief 
of  this  condition  which  my  dear  old  preceptor  had 
inculcated,  although  I  was  without  the  proper  in- 
struments, I  immediately  .scarified  with  curved, 
bluntpointed  bistouri  the  edematous  swellings.  This 
afforded  temporary  relief  from  the  suffocation  by 
permitting  the  escape  of  the  serous  exudation;  but, 
as  the  relief  was  only  partial,  on  account  of  the  ex- 
tension of  the  et'ema  beyond  my  reach,  I  sent  a  hasty 
messenger  for  Dr.  Buck  to  come  to  my  assistance 
armed  with  the  proper  instruments  both  for  scari- 
fication and  for  tracheotomy.  He  came  promptly, 
but  in  the  interim  my  patient  had  been  rapidly 
succumbing  to  his  increasing  impeded  respiration, 
.lust  as  the  doctor  entered  the  room  the  patient 
fell  from  his  chair  to  the  floor,  respiration  ceasing. 
Without  a  moment's  hesitation,  Dr.  Buck  grasped 
the  situation,  dropped  to  his  knee  beside  the  pros- 
trate form,  and  made  the  opening  into  the  windpipe. 
No  air  entering,  but  bloody  serum  exuding  and  com- 
pletely obstructing  the  entrance  of  air,  the  doctor 
put  his  mouth  to  the  opening  and  sucked  out  the  ob- 
structing bloody  serum.     Air  immediately  entered, 
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a  gasp  followed,   then  soon  another,  and  breathing 
was  resumed — a  Ufe  had  been  saved. 

''If  this  was  not  true  heroism,  then  there  is  no 
suitable  term  with  which  to  describe  such  an  act  at 
such  imminent  peril — not  only  from  possible  poison- 
ing, but  also  from  the  threatening  attitude  of  several 
ignorant  companions  who  were  declaring  that  we  had 
killed  their  friend.  The  man  having  been  raised  to 
a  sitting  posture,  tracheal  tubes  were  inserted  and 
secured,  and  respiration  was  fully  estabUshed.  Under 
subsequent  treatment  and  care  the  patient,  at  the 
end  of  about  six  weeks,  had  fully  recovered  and  the 
tracheal  wound  had  entirely  healed.''         A.  H.   B. 


Buckbean. — Bogbean.  Menyanthes.  The  herb  of 
Meiiytnithes  trifolinta  L.  (fatn.  Gentianaceir).  A 
widely  distributed  bog  herb,  with  a  creeping  perennial 
rhizome,  and  thickish  bright-green  leaves,  but  which 
become  very  thin  in  drying.  They  arise  from  long, 
sheathing  petioles.  These  leaflets  are  nearlj-  entire, 
oblong  or  ovate,  blunt,  about  eight  centimeters  long 
and  half  as  wide  (one  and  one-half  by  three  inches). 
They  have  a  disagreeable  odor  when  fresh,  which 
disappears  upon  drj-ing;  the  taste  is  bitter  and  nause- 
ous. The  white  or  pinkish  flowers  are  borne  in  an 
upright,  spike-like  raceme  at  the  end  of  the  rhizome, 
and  are  very  beautiful. 

Buckbean  grows  in  cold  swamps  and  moist  places 
in  Europe,  Asia,  and  America,  and  has  naturally 
been  long  known  and  used  in  medicine.  It  is  still 
largely  employed.  Its  bitter  principle,  ryienyanthin, 
was  separated  in  1860  by  Kromayer  as  a  white, 
amorphous,  bitter  powder,  and  shown  to  be  a  gluco- 
side — sugar  and  a  liquid  oil  "menyanthol,"  being  the 
result  of  its  decomposition. 

In  moderate  doses  it  is  a  simple  bitter  tonic,  similar 
to.  but  less  agreeable  than,  the  other  GentianaceiE. 
In  large  doses  it  is  cathartic,  and  sometimes  emetic. 
Dose,  as  a  tonic,  gr.  xv.-xxx.(l. 0-2.0). 

H.  H.  RusBY. 

Buckeye. — See  jSscuIus. 

Bucknill,  John  Charles. —  Born  in  1S17,  he  studied 
medicine  in  London  and  received  his  doctor's  degree 
in  1852.  During  the  following  years  he  held  different 
positions  in  institutions  for  the  care  of  insane  patients, 
and  finally  he  was  chosen  Superintendent  of  the 
Devenlo  Asj'lum.  He  was  associated  with  D.  Hack 
Tuke  in  the  preparation  of  a  "Manual  of  Ps3'cho- 
logical  Medicine";  and,  in  addition,  he  wrote  the  fol- 
lowing treatises:  "On  the  Soundness  of  Mind  in 
Relation  to  Criminal  Acts";  "Some  of  Shakespeare's 
Psychopathic  Characters,"  1878;  "The  Treatment 
of  the  Insane  and  their  Legal  Control";  and  "Rela- 
tion of  Madness  to  Crime,"  in  the  British  Medical 
Journal,  1884.      Bucknill  died  on  July  20,  1897. 

A.  H.  B. 

Buckthorn. — See  Frangula. 

Budde  Process. — A  method  for  the  sterilization  of 
milk  devi.scd  by  G.  Budde,  a  chemist  in  Copenhagen. 
He  began  about  1899  an  exhaustive  research  into  the 
subject  of  the  whole.sale  sterilization  of  milk  supplies, 
and  after  a  long  series  of  experiments,  determined 
that  this  could  best  be  effected  by  means  of  ozone  in 
the  form  of  hydrogen  peroxide  solution.  With  this 
substance  the  milk  could  be  sterilized  at  ordinary 
temperatures,  while  its  digestibility  was  not  preju- 
diced thereby  nor  did  the  process  necessitate  the 
introduction  into  the  milk  of  any  foreign  substance 
which  might  prove  deleterious  to  the  consumer. 
The  method  was  first  proposed  and  tested  in  1902, 
and  two  years  later  Budde  published  a  full  account  of 
his  method  in  the  periodical  Tuberculosis  (190-1,  No. 
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:i).  It  had  then  been  tested  with  favorable  results  in 
Denmark,  Sweden,  Germany,  and  Engand. 

The  technicjue  is  in  brief  as  follows:  A  certain 
quantity  of  thirty-per-cent.  solution  of  hj'drogen 
peroxide  is  added  to  fresh  milk.  This  quantity 
varies  with  the  quality'  of  the  milk.  Usually  1  part  to 
2,000  is  sufficient,  but  if  the  source  and  quality  of  the 
milk  are  doubtful,  this  amount  may  be  considerably 
increased.  If  the  bacterial  content  of  the  milk  is 
known,  it  is  an  easy  matter  to  increase  the  amount  of 
solution  in  direct  proportion  to  the  degree  of  impurity. 
In  order  to  set  free  promptly  the  oxygen  in  the 
peroxide  the  milk  should  be  heated  to  a  temperature 
of  from  120°  to  }30°  F.  and  maintained  there  for 
from  half  an  hour  to  an  hour.  The  nascent  oxj'gen 
(ozone)  destroys  the  germ  life  of  the  milk  during  this 
period.  Budde  claims  that  the  H,0,  is  primarily 
decomposed  by  the  enzymes  of  the  milk,  heating 
only  furnishing  an  optimum  for  the  process.  The 
decomposition  occurs  in  the  cold  under  prolonged 
exposure.  The  milk  is  then  cooled  and  bottled.  It 
has  undergone  no  change  in  appearance  and  taste  and 
remains  sterile  for  a  long  time  (eight  to  ten  days). 
No  chemical  alteration  can  be  shown  to  have  taken 
place.  The  oxygen  having  been  set  free  from  the 
peroxide  only  a  little  water  remains  behind  in  the 
milk.  Reports  on  the  amount  and  character  of  the 
germ  content  of  milk  thus  treated  are  said  to  be  in 
every  way  favorable  to  the  method. 

In  recent  j-ears  some  objections  have  been  urged 
against  the  Budde  process  based  upon  individual 
experience.  Thus  it  has  been  asserted  that  a  residue 
of  the  peroxide  remains  undecomposed,  imparting 
to  the  milk  a  disagreeable  taste.  It  is  also  alleged 
that  the  process  retards  the  coagulation  of  milk 
during  digestion.  Again  it  is  claimed  that  the  proc- 
ess does  not  destroy  entirely  the  spore-bearing 
bacteria.  In  seeming  refutation  of  this  objection 
is  the  claim  of  manufacturers  of  "lactic  acid  milk" 
that  the  least  addition  of  H,Oj  destroys  the  cultures. 

To  meet  the  objection  that  the  decomposition  and 
resulting  sterilization  may  be  incomplete  in  a  given 
case,  catalases  have  been  added  to  complete  the 
liberation  of  the  ozone.  These  are  obtained  from 
blood  plasma  or  blood  serum.  Milk  thus  prepared 
is  known  commercially  as  "perhydrase  milk."  It  has 
been  asserted  that  the  blood  catalases  impart  a  slight 
coloration  to  the  milk.  Edward  Preble. 


Budding. — The  most  frequent  forms  of  asexual 
reproduction  are  fission  (q.r.)  and  budding.  Repro- 
duction by  fission  consists  in  the  division  of  the  bod.v 
into  two  or  more  parts  of  approximately  equal  size 
with  the  corresponding  organs  developed  in  each, 
so  that  when  the  new  individuals  separate  each 
requires  but  little  further  development  to  become  a 
complete  organism.  Reproduction  hy  budding,  on 
the  other  hand,  consists  in  the  separation  from  the 
parent  organism  of  a  relatively  small,  undifferentiated 
mass  of  cells  which  must  pass  through  a  complete 
series  of  ontogenetic  stages  before  reaching  its  complete 
development. 

The  fact  that  budding  is  a  method  of  reproduction 
not  confined  to  plants  was  brought  to  the  attention 
of  the  scientific  world  by  the  epoch-making  researches 
of  Trembley  (1744)  on  Hydra.  The  present  article 
refers  to  the  process  in  animals  only. 

Budding  may  result  in  the  multiplication  of  free 
individuals,  or  in  the  formation  of  colonies  consisting 
of  individuals  more  or  less  intimately  connected. 
When  there  is  complete  separation,  the  bud  may  be 
freed  (1)  in  a  condition  differing  little  from  that  of 
its  parent  except  in  size,  as  in  Hydra,  Fig.  1107,  or 
(2)  it  may  be  set  free  as  an  active  larva  that  imme- 
diately proceeds  to  develop  into  an  organism  like  the 
parent,  as  in  a  tropical  jelly-fish,  Cassiopea,  Fig.  1168 
(Bigelow  1900);  or  (3)  the  bud  may  become  enveloped 
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in  a  protective  covering  and  remain  in  this  condition 
during  a  period  of  unfavorable  circumstances,  as  the 
eeniniula!  of  the  sponges  and  the  statoblasts  of  the 
Bryozoa. 

When  the  bud  remains  attached  to  its  parent  a 
colony    results.     Such    colonies    are    found    among 


Fig.  1167. — Two  Specimen.^  of  Hydra,  Magnified.  One  con- 
tracted, the  other  in  a  state  of  moderate  expansion  and  bearing 
two  buds  in  different  stages,  m.  mouth:  or.c.  oral  cone.  (After 
Borradaile,  1912.) 


sponges,  corals,  hydroids,  siphonophores,  bryozoa,  and 
ascidians.  A  colony  may  float  free  in  the  ocean,  as 
is  the  case  with  siphonophores.  Fig.  1169,  and  pelagic 
ascidians;  but  usually  the  colonies  are  attached  to 
some  solid  body,  and  they  may  be  very  large  and  of 
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Fig.  1168. — Strobila  Larva  of  Cassiopea,  Showing  Both  Fission 
and  Budding.  h,  bud;  p,  proboscis.  (After  Bigclow,  1900.) 
Magnified. 

great  beauty.     From  their  plant-like  appearance  such 
animals  were  long  known  as  "zoophytes." 

The  members  of  a  colony  may  be  all  alike,  as  in  a 
Salpa  chain  (Brooks  1893);  or  they  may  be  different, 
showing  more  or  less  polymorphism  associated  with 
division  of  labor.     The  simplest  division  is  into  nutri- 
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tive  and  sexual  individuals,  but  in  the  more  complex 
colonies  there  are  many  kinds  of  individuals,  often  so 
modified  as  to  be  hardly  recognizable,  as  in  the  Portu- 
gese-nian-of-war,  often  seen  in  tlio  Gulf  Stream. 

The  same  individual  nuiy 
reproduce  both  sexually 
and  by  budding,  as  in 
Hydra.  But  in  numy  spe- 
cies there  is  an  alternation 
of  generations.  The  sim- 
|)lest  cases  are  like  certain 
hydromedusa;  whose  eggs 
hatch  into  asexual  hy- 
droids, which  in  their  turn 
produce,  by  budding,  me- 
dusie  that  become  sexually 
mature  males  .and  females. 
Fig.  1170.  But  all  the 
medusse'  budded  from  one 
individual  hydroid  or 
colony  are  of  the  same  sdx. 

Budding  may  occur  in 
the  adult,  as  in  some  of  the 
jelly-fishes,  or  it  may  occur 
in  the  larval  stage,  such  as 
the  hydroids.  In  colonial 
forms,  buds  may  develop 
from  a  stolon,  or  common 
stem,  that  connects  the 
various  individuals.  Usu- 
ally buds  project  outward, 
but  the  gemmulse  of  sponges 
develop  within  the  body  of 
the  parent  and  another  ex- 
amjjle  of  internal  budding 
is  the  formation  of  the 
heads  in  the  hydatid  cysts 
of  Tcenia  echinococcus,  Fig. 
1171.  The  so-called  in- 
ternal budding  in  the  sporo- 
cysts  and  rediffi  of  the  liver 
fiuke,  as  well  as  the  pedo- 
genesis of  certain  small 
Dipt  era  (Cecidomyiidoe) 
are  probably  cases  of  par- 
thenogenesis, q.v. 

As  a  deduction  from  his 
theory  of  the  continuity  of 
the  germ-plasm  (see  Hered- 
ity) Weismann  predicted 
that  it  would  be  found  that 
buds  develop  from  single 
cells.  This  prediction  has 
not  been  verified  by  most 
investigators .  B  i  g  e  1  o  w 
(1900)  found  in  the  budding 
larvae  of  Cassiopea  that  the 
buds  arise  as  evaginations 
composed  of  all  the  tissues 
represented  in  the  body- 
wall  of  the  parent.  In  this 
case  the  tissues  of  the  bud 
are  produced  by  the  pro- 
liferation of  corresponding 
tissues  of  the  parent.  But 
in  other  animals  the  course 
of  ontogeny  from  bud  to 
adult  may  be  radically  dif- 
ferent from  the  course  from 
the  egg.  In  the  compound 
ascidian  Perophora  viridis, 
for  example,  Lefevre  (1898) 
found  that,  whereas  in  the 
einbrvo   derived   from   the 

egg  the  nervous  system  and  the  pericardium  are  re- 
spectively ectoderinal  and  endodermal  structures,  in 
the  bud.s,  both  these  organs  and  the  sexual  organs 
are  formed  from  wandering  mesenchyme  cells.     Many 
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Fia.  1169. — A  .Siphonophore, 
Agalmopsis  picta.  a,  float;  b, 
medusoid  bud;  c  and  d,  stem; 
€,  feeding  polyp;  /,  taster;  g, 
ovaries.  (After  Fewkes,  1880.) 
X2. 


Budding 
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other  examples  could  be  cited  to  show  that  in  one 
and  the  same  species  the  development  of  the  embrj-o 
and  that  of  the  bud  do  not,  necessarily,  proceed  along 
parallel  lines.  Robert  Payne  Bigelow. 


Fig.    1170.- 


-Turritopsis  nuticula,  Hydroid  and  Young  Medusa?. 
(After  Brooks,  18S6.)      Magnified. 


Fio.  1171. — Diagram  of  anj  Echinococcus  Hydatid.  Showing 
Various  Stages  in  the  Formation  of  Heads  by  Internal  Budding. 
(After  Blanchard  from  Stiles,  1906.) 
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Buena  Vista  Springs. — Logan  County,  Kentucky. 
PcsT-oFFiCE. — Russellville.     Springs  Hotel. 

Access. — Via  Louisville  and  Nashville  Railroad 
(Memphis  branch)  and  Owensboro  and  Nashville 
branch  to  Russellville,  thence  by  conveyance  six 
miles  tosprings. 

This  resort  is  located  in  a  beautiful  and  picturesque 
region,  interspersed  with  lofty  hills,  deep  gorges,  beau- 
tiful dells,  and  majestic  native  forests.  The  hotel  has 
been  rebuilt,  and  the  guests  will  now  find  a  large  and 
commodious  building,  which  will  meet  all  the  require- 
ments of  modern  cultivated  tastes.  The  springs,  two 
in  number,  are  situated  in  the  lawn  in  front  of  the 
hotel  where  they  rise  from  their  subterranean  recesses, 
and  flowing  forty  feet,  empty  into  the  creek.  The 
following  qualitative  analysis  of  Spring  No.  1  was 
made  by  Dr.  L.  P.  Yandell,  professor  of  chemistry  and 
physiology  in  the  University  of  Louisville: 


Magnesium  sulphate. 
Calcium  sulphate. 
Calcium  carbonate. 
Magnesium  carbonate. 


Sulphureted  hydrogen  gas  (abun- 
dant). 
Carbonic-acid  gas. 


Dr.  H.  A.  Utley's  analysis  of  Spring  No.  2: 


Magnesium  sulphate. 
Magnesium  carbonate. 
Magnesium  phosphate. 
Potassium  carbonate. 
Potassium  phosphate. 
Sodium  carbonate. 


Sodium  phosphate. 
Iron  phosphate, 
Calcium  carbonate. 
Free  carbonic-acid  gas. 
Sulphureted  hydrogen. 


The  waters  have  been  highly  recommended  by  Ken- 
tuckj'  physicians  in  liver  disorders,  malarial  affections, 
rheumatism,  skin  diseases,  anemia,  general  debility, 
and  other  conditions.  Various  amusements,  in  the 
way  of  a  tennis  court,  croquet  grounds,  billiard 
tables,  swings,  and  walks  over  the  hills  and  through 
the  gorges  are  at  the  command  of  the  visitor. 

Emma  E.  Walker. 


Buffalo  Lithia  Springs. — Mecklenburg  County, 
Virginia. 

Post-office. — Buffalo  Lithia  Springs.     Hotel. 

Access. — Via  the  Norfolk  and  Danville  branch  of 
the  Southern  Railroad. 

These  celebrated  springs  occupy  a  central  position 
in  tlie  section  of  country  known  as  the  Buffalo  Hills, 
a  broken,  rolling  district,  having  an  average  elevation 
of  500  feet  above  the  sea  level.  The  hotel  is  open 
from  June  15  to  October  1.  The  buildings  are  on  the 
cottage  plan  and  sufficient  for  the  accommodation  of 
250  guests.  Among  the  attractions  of  the  place  is  a 
well-appointed  bathingestablishment,  affording  ample 
facilities  to  visitors  for  mineral-water  baths.  The 
waters  of  the  Buffalo  Lithia  Springs  are  obtained 
from  two  free  flowing  sanitarily  protected  springs, 
designated  as  No.  1  and  No.  2. 

No.  1  water  is  both  a  nerve  tonic  and  a  direct 
blood  maker.  No.  2  water  is  disintegrating,  solvent 
and  eliminant  in  the  uric  acid  diathesis,  and  is  gener- 
ally indicated. 

The  following  is  the  analysis  of  the  two  springs 
made  by  Ernst  J.  Lederle,  Pli.  D.,  of  New  York: 
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Burdettc  Mineral  Wells 


One  Uxited  States  Gallon  Con"tains: 
Solids.  Grains. 

Spring  Xo.  I  Spring  No.  2 

Chlorine  in  chlorides 035  .758 

Nitrogen  in  nitrites None.  None. 

Nitrogen  in  nitrates Trace.  .0233 

Free  ammonia 0009  None. 

Albuminoid  ammonia 0020  .0020 

Sulphuric  anhydride 17.050  21.182 

Silica 2.610  2.073 

Iron  and  alumina 055  .029 

Lime 14.761  14.965 

Magnesia 517  .648 

Sodium  oxide 1.703  2.251 

Potassium  oxide 216  Trace. 

Lithium  oxide 0093  .0035 

Phosphoric  anhydride 0606  .0466 

Organic  and  volatile  matter 2.916  3.3S2 

Mineral  matter 41.289  45.120 

Total  solids 44.205  48.405 

The  waters  undoubtedly  possess  valuable  medicinal 
properties  and  have  gained  a  wide  reputation, 
especially  in  the  treatment  of  the  uric-acid  diathesis, 
gout,  rheumatism,  renal  calculus,  stone  in  the  bladder. 
Bright's  disease,  albuminuria  of  pregnancy,  puerperal 
eclampsia,  diseases  of  women,  liver  affections,  skin 
diseases,  malaria  and  its  sequelce,  infectious  disea.ses, 
and  nervous  and  gastrointestinal  disorders.  The 
waters  have  an  extensive  sale  throughout  the  country. 

Emm.\  E.  Walker. 

Bulimia, — See  Appetite. 

Bulpiss. — An  affection  of  the  skin  occurring  in  the 
northeastern  part  of  Nicaragua  and  called  by  the 
natives  "bulpiss."  The  word  is  derived  from 
"buluy, "  in  the  language  of  the  Mosquito  Indians 
meaning  spotted,  and  "piss"  meaning  gray — terms 
that  appropriately  describe  the  indiviclual  affected. 
The  disease  was  first  described  in  notes  sent  by  Dr. 
Otto  Lerch  from  Central  America  to  Dr.  Isadore  Dj'er 
of  New  Orleans  asking  for  a  diagnosis  of  tliis  unusual 
affection.  The  notes  were  published  in  the  Xew 
Orleans  Medical  Journal,  1S94-95.  Bulpiss  ap- 
pears to  be  an  endemic  disease  affecting  every  tribe 
inhabiting  this  part  of  Central  America,  attacking 
any  individual  irrespective  of  age,  sex.  or  general 
condition.  Cases  in  very  early  infancy  are,  however, 
rare.  It  causes  no  disturbance  of  the  general  func- 
tions of  the  body.  There  appear  to  be  several 
varieties,  two  distinct:  (1)  Black  bulpiss;  (2)  white 
bulpiss. 

The  disease  commonh-  starts  on  the  hands  and 
feet,  spreading  gradually  and  becoming  more  marked 
on  the  knees,  abdomen,  neck,  and  face. 

The  lesion  is  a  minute  reddish  papule  appearing 
in  crops;  they  break  up  gradually,  disappear,  and 
leave  discolored  spots,  tne  pigment  of  which  finally 
disappearing  too.  leaves  behind  a  dirty,  whitish,  drv, 
scaly  patch  with  a  partly  discolored  and  slightly 
elevated  broad  margin — the  white  bulpiss.  These 
patches  are  round  or  oval  in  shape  with  irregular 
border.  In  the  black  bulpiss  the  lesions  are  of  a 
greasy  black  color,  the  affected  skin  ha\-ing  the 
appearance  of  being  painted,  the  patches  graduaU)- 
drjing  and  shrivelling.  The  only  and  common  sub- 
jective symptom  in  both  forms  is  that  of  itching, 
which  occurs  as  the  disease  comes  out  and  after 
bathing  and  at  night.  The  disease  is  not  hereditary. 
It  is  contagious  and  the  duration  seems  indefinite. 
It  is  more  than  probable  that  it  is  parasitic  in  nature, 
as  might  be  inferred  from  the  remedy  commonly 
employed — the  red  oxide  of  mercury  ointment. 

Charles  Townshend  Dade. 


Bumstead,  Freeman  J. — Born  in  Boston,  Mass., 
.\pril  21,  1S26.  He  received  the  degree  of  Doctor 
of   Medicine   from   the    Harvard    Medical   School   in 


IS51.  He  then  vi.sited  Paris  for  a  few  months  and 
finally  settled  in  New  York  City.  He  devoted  him- 
self almost  entirely  to  the  treatment  of  venereal 
diseases.  He  was  Surgeon  to  the  venereal  wards  of 
Cliarity  Hospital,  on  Blackwell's  Island,  and  for 
many  years  he  held  the  chair  of  Venereal  Diseases 
at  the  College  of  Physicians  and  Surgeons,  New  York, 
His  death  occurred  on  November  28,  1879. 

He  made  several  contributions  to  medical  litera- 
ture, the  most  important  of  these  being  liis  work  on 
"Pathology  and  Treatment  of  Venereal  Di.seascs," 
which  passed  through  several  editions.     A.  H.   B. 

Bunion. — See  under  Bursitis  and  Foot. 

Burdach,  Karl  Friedrich. — The  middle  of  a  Hne  of 
three  tJerman  physicians,  the  son  of  Daniel  Christian 
Burdach  and  the  father  of  Ernest  Burdach,  was  born 
in  Leipsic  on  June  12,  1776.  He  was  educated  at  the 
University  in  his  native  town,  and  devoted  himself 
in  the  early  years  of  his  professional  life  to  the  study 
of  the  history  of  medicine.  In  1811  he  was  called 
to  the  chair  of  .\natomy,  Physiologj',  and  Medical 
Jurisprudence  at  Dorpat,  and  thereafter  turned  his 
attention  chiefly  to  a  study  of  the  structure  and 
development  of  the  central  nervous  system.  In 
1814  he  was  appointed  Professor  of  Anatomy  and 
Physiology  at  the  University  of  Konigsberg.  Here 
he  founded  the  Anatomical  Institute,  to  the  upbuilding 
of  which  he  devoted  the  remainder  of  his  Ufe.  He 
died  July  16,  1847. 

The  best  known  of  Burdach"s  writings  on  the 
history  of  medicine  was  a  brochure  entitled  "Ascle- 
pias  und  John  Brown,  eine  Parallele,"  1800.  His 
anatomical  contributions  were  published  for  the 
most  part  in  the  Berichte  von  der  Koniglichen 
anatomischen  Anstalt  zu  Konigsberg.  His  most 
important  works  were:  "Ueber  die  Aufgabe  der 
Morphologic,"  1818,  and  "Von  Baue  und  Leben  des 
Gehims,  1819.  In  collaboration  with  Baer,  Moser, 
Mailer,  Rathke,  Siebold,  Valentin,  and  Wagner  he 
wrote  "Die  Physiologie  als  Erfahrungswissenschaft," 
a  work  which  was  never  completed.  The  fasciculus 
cuneatus  of  the  spinal  cord  is  commonl}'  called,  after 
him,  Burdach's  column  or  tract,  and  various  other 
nervous  structures  have  received  his  name. 

T.  L.  S. 


Burdette  .Mineral  Wells. — CaldweU  County,  Texas. 

Post-office. — Luling.     Hotel. 

Access. — On  the  San  Antonio  and  Arkansas  Pass 
Railroad  eight  miles  from  Lockhart,  seven  miles  from 
■Luling,  two  hours  from  Austin,  three  hours  from  San 
.\ntonio,  and  six  hours  from  Houston.  Burdette 
Wells  are  easily  reached.  The  weUs  are  almost 
immediately  adjacent  to  the  railroad,  and  round 
about  the  wells  the  town  site  has  been  plotted. 

The  water  has  been  employed  for  medicinal  pur- 
poses for  many  years.  The  following  analysis  was 
made  by  G.  S.  Frapo,  Profes.sor  of  Chemistrj-  of  the 
State  Agricultural  and  Mechanical  College,  Texas, 
June  1,  1906: 

One  United  St.^tes  Gallon  Cont.uns: 

Grains. 

.Silica 1.69 

Calcium  carbonate 9.91 

Calcium  sulphate 91 .61 

Magnesium  sulphate 27.41 

Magnesium  chloride 3.03 

Sodium  chloride 50.20 

The  water  is  successfully  used  as  a  substitute  for 
calomel  and  is  also  said  to  be  an  excellent  appetizer. 
It  is  especially  valuable  in  asthma,  dropsy,  rheuma- 
tism, skin  diseases,  various  forms  of  stomach,  kidney, 
and  liver  disorders,  and  in  debility. 

E.MMA  E.   Walker. 
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Burdock. — See  Lappa. 

Burlington. —  Vermont,  a  city  of  20,463  (census  of 
1910)  inhabitants,  is  situated  in  the  northern  part  of 
Vermont,  upon  Lake  Champlain.  at  an  elevation  of 
377  feet  above  sea  level.  On  the  east  are  the  Green 
Mountains,  on  the  west  is  the  Lake,  and  beyond  this 
are  the  Adirondack  Mountains,  to  which  Burlington 
may  be  considered  one  of  the  gateways.  The  climate 
is  salubrious,  not  excessively  cold  in  winter,  nor 
excessively  hot  in  summer.  The  mean  relative 
humidity  for  the  year  is  68. 2  per  cent.  There  are 
frequent  high  winds,  but  no  fogs.  The  proportion 
of  bright  and  sunny  days  is  said  to  be  large.  The 
mortality  is  16.38  per  thousand.  The  soil  is  gen- 
erally dry  and  sandy. 

Tlie  outdoor  attractions  are,  in  summer,  yachting, 
rowing,  canoeing,  swimming,  riding,  dri\-ing,  bicycling; 
in  winter,  sleighing,  coasting,  tobogganing,  snow- 
shoeing,  skating,  and  ice-boating.  The  University 
of  Vermont  is  situated  here.  The  accommodations 
are  good,  there  being  first-class  boarding-houses  and 
two  fair  hotels. 

The  following  table  shows  the  various  climatic 
conditions  of  this  place. 

Climate  of  Burlingtox,  Vt.     Latitude,  44°  29';  Loxgitcde, 
73°  15'.    Period  of  Observation,  Tex  Years. 


January. 


July. 


Year. 


Temperature  (Fahrenheit  scale) — 

,\verage  or  normal. .  .  18.9° 

.\verage  daily  range. ...  IS. 5 

Average  of  warmest 27.4 

.■Average  of  coldest 8.6 

Maximum  or  highest 51 .0 

Minimum  or  lowest —24.8 

Humidity — 

Average  mean  relative 72.3^ 

Precipitation — 

Average  in  inches. ....  1 .90 

Wind- 
Prevailing  direction S. 

.\verage  hourly  velocity  in  miles  8.3 

Weather — 

.Average  number  of  clear  days.  .  3.2 

Average  number  of  fair  days. .  .  12.7 
Average    number    of    fair    and 

clear  days 15.9 


Note. — If  the  above  table  is  not  understood,  the  reader  is  re- 
ferred to  an  explanation  of  the  terms  under  the  article  Baltimore. 

Edward  O.  Otis. 


Burnet. — Radix  Pimpinellce.  This  name  is  applied 
to  the  roots  of  Pimpinella  saxifraga  L.  and  Pimpi- 
nella  naga  L.  (fam.  U mbelliferce) ,  both  of  which 
are  wild  as  well  as  cultivated  in  Europe.  They 
are  small  tapering  roots  similar  to  and  of  the  size  of 
small  carrots.  They  contain  the  ordinarj'  constitu- 
ents of  the  roots  of  this  family,  volatile  oil,  resin,  gum, 
and  a  bitter  principle,  and  are  used  like  the  related 
aromatics,  the  dose  being  gr.  viij. — xxx. (0.5-2.0), 

H.  H.  RtJSBT. 


Bums  and  Scalds. — These  are  commonly  defined 
as  injuries  produced  bj-  high  temperatures;  yet  such  a 
conception  of  these  traumatisms  is  not  strictly  in 
accordance  with  facts.  Very  high  temperatures  in- 
cinerate or  carbonize  tissues,  according  as  the  mineral 
ash  alone  or  plus  unoxidized  carbon  remains  behind. 
Certain  temperatures  also  by  heating  the  immedi- 
ate environment  of  a  body  may  produce  the  phe- 
nomenon of  heat  rigor  mortis  from  heat  coagulation 
of  the  tissue  albumin.  Phenomena  of  this  degree 
of  severitj'  are  seen  in  conflagrations — holocausts — 


in  which  the  temperature  of  the  entire  environment 
is  raised  to  a  certain  height.  Clinically  such  degrees  of 
injury  are  not  often  reckoned  with  burns,  and  their 
chief  significance  is  medicolegal;  for  such  subjects  as 
the  exact  cause  of  death,  the  identity  of  the  victim, 
etc,  may  require  solution.  In  the  same  connection 
it  is  important  to  know  the  effects  of  such  high  tem- 
peratures on  the  dead  body,  and  hence  the  subject 
merges  into  that  of  cremation.  The  animal  body  does 
not  ignite  outright  save  at  very  high  temperatures. 
In  ordinarj-  burns  only  the  hair  and  perhaps  the  nails 
catch  fire.  The  tissues  are  not,  properly  speaking, 
inflammable,  save  when  the  temperature  of  the  entire 
surroundings  is  elevated  beyond  a  certain  degree. 

The  effects  of  radiant  energy  upon  the  body, 
whether  in  the  form  of  insolation  or  caloric  dermatitis 
or  x-ray  or  radium  burns  should  not  be  classed  with 
burns  or  scalds.  Even  electrical  burns,  although  they 
are  actually  examples  of  heat  traumatisms,  are  best 
dealt  with  separately. 

For  many  years  caustic  injuries  from  chemicals  have 
been  classed  with  burns  and  only  recently  have 
systematic  writers  begun  to  separate  them.  While 
these  traumatisms  are  due  in  part  to  the  heat  set  free 
as  a  result  of  chemical  affinity  there  is  no  longer  any 
reason  to  class  them  with  burns.  The  parallelism  is 
seen  chiefly  in  injuries  to  the  mouth,  throat,  etc., 
where  most  so-called  "burns"  are  the  results  of  the 
action  of  caustic  ammonia,  mineral  acids,  etc. 

If  the  degree  of  temperature  to  which  the  skin  is 
raised  is  sufficiently  low,  much  depends  upon  circum- 
stances as  to  whether  a  burn  is  produced.  Thus  a 
verj-  brief  contact  with  the  skin  of  an  adult  at  75°  C. 
(167°  F.)  might  not  cause  a  lesion,  while  a  sustained 
contact  at  but  40°  C.  (104°  F.)  with  the  skin  of  an 
infant  could  produce  a  distinct  lesion. 

It  is  useful  to  distinguish  between  burns  and  scalds. 
The  former  term  is  applied  to  lesions  caused  by  hot 
soh'd  bodies  and  flame,  the  latter  to  the  effects  of  hot 
fluids  and  vapors.  There  is.  however,  a  class  •  of 
wounds  due  to  molten  metal,  wax,  etc.,  which  may  be 
termed  indiflerenth'  burn  or  scald.  A  possible  dis- 
tinction, may  be  made  as  follows:  wetting  the  sldn  is 
said  to  protect  it  from  momentary  contact  with 
molten  metals,  while  such  wetting  would  certainly 
avail  nothing  against  hot  water  or  live  steam. 

The  immunit}-  of  fakirs  who  tread  hot  objects  has 
been  variously  explained,  one  theorj-  involving  noth- 
ing bej'ond  ordinary-  calloused  soles.  But  the  entire 
subject  of  adaptation  of  the  skin  to  heat  merits 
special  discussion. 

P.^^THOLOGT  .4.XD  N.'^.TURE. — The  division  of  the  local 
changes  of  the  integument  into  three  degrees  of  injury 
is  in  no  sense  arbitrarj-.  If  the  degree  of  temperature 
or  length  of  contact  is  sufficient  onlj'  to  cause  redness 
with  slight  edema,  we  speak  of  a  burn  of  the  first 
degree.  If  we  leave  out  of  consideration  burns  due 
to  radiant  energy  we  shall  not  find  that  uncomplicated 
burns  of  this  degree  play  much  of  a  role  clinically. 
They  frequently  complicate  more  severe  burns  and 
when  they  occur  alone  are  extremely  painful.  They 
are  not  accompanied  by  general  sj-mptoms. 

In  burns  of  the  second  degree  the  elevation  of 
temperature  causes  a  separation  of  the  epidermis 
from  the  corium,  doubtless  because  of  inequality  of  rate 
of  expansion.  The  gaps  are  rapidly  filled  by  a  transu- 
date from  the  blood-vessels,  causing  the  characteristic 
bullae.  The  skin  has  not  been  heated  enough  to 
cause  coagulation  of  albumin.  The  separation  of  the 
epidermis  does  not  involve  the  regenerative  layer  of 
the  latter,  so  that  regeneration  goes  ahead  under 
ordinarj'  conditions  ^\-ithout  any  resulting  cicatriza- 
tion. While  nominally  the  cuticle  is  sacrificed,  it  may 
often  be  utilized  to  protect  the  regenerative  laj-er. 

In  burns  of  the  third  degree  the  temperature  and 
exposure  are  sufficient  to  cause  a  certain  degree  of 
coagulation   of  the  albumin  of  the  tegumentary  and 
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at  times  subjaci'iit  strueturps.  As  a  result  a  necrotic 
area  is  produced  which  will  necessarily  behave  like 
,any  slough,  in  becoming  slowly  detached  with 
healing  by  cicatrization.  In  these  burns  bulhe  also 
form  and  the  serum  therein  is  bloody.  The  necrotic 
area  like  any  gangrenous  state  of  the  integument 
.becomes  insensitive  to  pin  jiricks  which  further  are 
inot  followed  by  escape  of  blood.  Attenijjts  to  isoUit(! 
'further  degrees  of  burns  ba.sed  on  I  hi'  depth  of  the 
necrotic  area  have  been  found  unprofitable;  but  some 
authors  speak  of  incineration  or  carbonization  as  a 
fourth  degree,  which  necessarily  involves  the  entire 
thickness  of  the  members  injured.  In  practice  two 
lor  three  degrees  of  burns  may  occur  from  the  same  in- 
jury, large  bulhe  being  surrounded  by  reddened  skin, 
or  bullous  and  necrotic  areas  occurring  in  apposition. 

It  is  tints  apparent  that  burns  or  lesions  due  to 
sudden  elevation  of  temperature  of  the  integuments 
may  liave  a  very  simple  pathology,  presenting  nothing 
typical  to  characterize  tliem  from  other  traumatisms. 
The  bullous  lesions  behave  like  bullte  in  general,  as  do 
also  the  sloughs.  As  with  other  wounds,  so  there  is 
j danger  here  from  ordinary  infection.  However,  in 
very  severe  burns,  whether  of  the  second  or  third 
degree,  the  severity  being  as  a  rule  in  proportion  to 
the  extent,  a  certain  general  reaction  follows  which 
has  no  necessary  connection  with  either  shock  or 
ordinary  sapremia.  Shock  of  course  occurs  in 
accordance  with  the  amount  of  physical  suffering 
and  fright,  just  as  it  would  occur  from  severe  me- 
Ichanical  injuries.  The  mysterious  unknown  X  of 
severe  burns,  however,  has  not  been  found  to  follow 
severe  injuries  of  other  kinds,  nor  extensive  diseases  of 
the  skin,  and  is  therefore  believed  to  be  some  poison 
formed  from  the  sudden  heating  of  the  integuments. 
Its  effects  may  be  manifested  almost  at  the  outset 
and  it  is  in  course  of  formation  for  several  days. 
They  in  nowise  resemble  bacteria-toxemia.  Spietsch- 
ka'  states  that  the  existence  of  this  toxin  is  proved. 
It  may  be  formed  in  animal  experiment;  a  bit  of 
burned  skin  placed  in  the  peritoneal  cavity  of  animals 
causes  a  typical  burn  death.  It  has  not  yet  been 
isolated,  and  is  believed  to  be  highly  unstable. 

The  changes  in  the  blood  which  ensue  at  once  after 
.severe  burns,  and  which  represent  a  dehydration, 
with  crumbling  of  the  red  corpuscles,  were  once 
believed  to  furnish  one  of  the  fatal  components,  but 
later  researches  have  shown  them  to  be  temporary. 
Even  in  severe  cases  the  blood  undergoes  proiupt 
regeneration,  and  as  early  as  twenty-four  hours  after 
the  accident  all  traces  of  hemoglobin  and  albunun 
may  have  vanished  from  the  urine. 

The  specific  toxin  of  burns  therefore  does  not  cause 
any  fatal  alterations  in  the  blood.  Its  most  notable 
and  only  characteristic  expression  is  found  in  an 
intense  congestion  of  the  gastroenteric  mucosa  which 
in  a  certain  percentage  ends  in  the  long  known  duo- 
denal ulceration.  Outside  of  this  termination  we  do 
not  know  in  just  w-hat  manner  death  is  produced,  al- 
though there  is  good  reason  to  believe  that  a  certain 
type  of  late  unheralded  death  is  due  ptu'ely  to  ana- 
phylactic shock  from  the  delayed  or  secondary 
absorption  of  some  poison  to  which  the  organism  had 
become  sensitized  at  or  soon  after  the  injury.  This 
deferred  death  naturally  occurs  with  collapse  symp- 
toms and  in  many  instances  takes  the  form  of  a 
I  ollicjuative  diarrhea.  In  very  many  fatal  cases  of 
burn  the  mechanism  of  death  is  complex,  and  doubt- 
less varies  with  the  case.  But  while  other  lethal 
factors  may  be  in  evidence,  the  deaths  cannot  be  ac- 
counted for  save  througli  the  cooperation  of  the 
specific  poison. 

Symptoms  and  Course. — Locally  in  burns  of  the 
second  degree  the  bullae  usually  undergo  rupture, 
either  spontaneously  or  accidentally,  and  the  flaps 
tend  to  shrink  and  detach  themselves,  leaving  a 
raw  surface.     If  the  third  degree  is  present  the  blebs 


contain  a  bloody  fluid.  An  area  of  demarcation  forms 
about  the  .slough  and  may  a.ssume  a  variety  of 
colors,  gray,  brown,  black,  or  white.  If  infection  does 
not  take  place  the  slough  begins  to  separate  by  the 
end  of  the  first  week  and  at  least  another  week  is 
required  for  its  complete  detachment.  Infection 
greatly  disturbs  the  course  of  healing.  In  some  cases 
there  seems  to  be  a  trophic  compoiuuit,  and  the  wound 
seems  imable  to  granulate,  the  unhealthy  buds  bleed- 
ing easily.  'I'he  deepi>r  the  wound  the  longer  the 
healing  process,  and  the  more  deforming  and  dis- 
figuring the  scar.  In  children  growth  and  develop- 
ment may  be  materially  compromised. 

The  .suffering  from  burns  is  characteristic,  and  is 
present  always  when  the  .sensory  area  is  left  intact. 
Roughly  speaking  it  varies  inversely  with  the  depth, 
and  much  more  accurately  does  it  vary  directly  with 
clip  extent  of  surface  involved.  Even  if  there  is 
thiefiy  a  necrosis  there  is  as  a  rule  an  area  investing 
it  in  which  the  .sensory  nerves  suffer.  This  kind  of 
suffering  is  usually  termed  primary.  It  does  not  last 
long  and  may  be  controlled.  In  contradistinction 
some  authors  dwell  on  the  secondary  pain  connected 
with  attempts  at  repair.  This  begins  toward  the 
close  of  the  first  week  and  may  persist  throughout  the 
entire  healing  period.  It  is  agonizing,  has  a  liyper- 
psthetic  quality  and  is  marked  when  exuberant 
eranulations  are  present.  It  is  at  timps  necessary  to 
gestroj'  the  latter.  It  is  claimed  that  this  secondary 
dain  never  occurs  if  the  burn  is  kept  sterile.  The 
ponstitutional  reaction  in  burns  varies  extremely,  so 
chat  a  general  description  is  difficult.  Authorities 
also  differ  notaljly  in  tneir  generalizations.  As  in  all 
severe  injuries  shock  may  develop  and  be  sufficient  to 
cause  death  in  twenty-four  to  forty-eight  hours.  In 
those  who  survive  this  period  the  presence  of  antece- 
dent shock  is  at  times  in  evidence  in  the  subnormal 
temperature  and  poor  action  of  the  peripheral  vessels 
as  shown  by  the  lowered  blood  pressure.  The  fever 
said  to  occur  after  severe  burns  is  for  the  most  part  a 
myth,  as  the  temperature,  if  not  subnormal,  is  usually 
normal.  This  belief  in  fever  arose  perhaps  from  the 
intense  thirst  shown  by  victims  of  burns,  and  which 
is  due  to  dehydration  of  the  blood  and  tissues. 

If  shock  is  either  absent  or  transitory,  which  is 
naturally  the  rule  in  burns  of  a  certain  degree  only  of 
severity,  the  patient  tends  to  behave  in  one  of  two 
fashions.  Eitlier  he  is  apathetic,  somnolent,  although 
alwaj-s  with  clear  sensorium,  or  he  is  erethetic, 
excited,  delirious.  Some  authors  go  so  far  as  to 
state  that  only  alcoholics  and  neuropaths  behave  in 
the  last-named  fashion.  Other  writers  state  that  the 
period  of  apathy  when  an  unfavorable  turn  is  at 
hand  becomes  changed  to  one  of  excitement  and 
delirium,  convulsions  and  death  from  collapse. 

Others  again  represent  the  apathetic  state,  when  an 
unfavorable  ending  is  at  hand,  as  leading  up  to  vomit- 
ing, and  so  on  to  a  fatal  ending.  In  this  connection 
we  may  quote  from  Spietschka,'  to  be  mentioned 
later;  in  burns  severe  enough  for  treatment  in  the 
wards  of  a  hospital,  the  symptomatology  is  quite 
definite.  The  protective  dressings  having  been  made 
patients  complain  but  little.  They  sigh  and  groan, 
and  their  chief  desire  is  for  water — they  may  repeat- 
edly call  for  it.  The  sensorium  is  almost  always  clear. 
In  rare  instances  patients  show  motor  excitement  and 
delirium,  while  alcoholics  may  develop  delirium  tre- 
mens. During  the  next  few  hours  there  is  increasing 
apathj'.  The  eyes  are  kept  closed  and  open  only  for 
cause.  Questions  are  answered  clearly.  Drowsiness 
now  gradually  .sets  in,  and  response  is  obtained  only 
after  special  effort.  Even  those  who  at  first  showed 
motor  excitement  come  to  the  drowsy  stage.  The 
incessant  sighing  leads  to  belching  and  eventually 
vomiting  or  hiccough.  The  urine  meanwhile  is  nor- 
mal or  contains  hemoglobin  and  albumin.  The  drowsi- 
ness now  is  succeeded  by  a  rapid,  thready,  weak  pulse, 
quickened  and  ultimately  Cnej'ue-Stokes  breathing, 
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and  in  many  cases,  untreated  or  not,  in  death.  This 
is  the  typical  burn  death  which  occurs  within  forty- 
eight  hours. 

Of  the  cases  foredoomed  to  the  typical  burn  death, 
but  fifteen  or  twenty  per  cent,  survive  the  forty- 
eight  hour  period  and  these  perish  in  the  ensuing 
days.  The  remote  death,  wnich  occurs  in  rare 
instances  long  after  all  serious  symptoms  have  sulj- 
sided.  is  also  characteristic  and  its  nature  has  al- 
ready been  considered.  The  severe  complications 
and  occasional  mortality  from  burns,  which  occur 
during  the  healing  process,  differ  in  no  wise  from 
other  posttraumatic  conditions,  and  include  sepsis, 
tetanus,  nephritis,  pneumonia,  etc.  The  last-named 
may  also  be  due  to  smoke  inhalation.  One  com- 
plication duedirectly  to  burns  is  duodenal  ulcer  which 
maj-  end  fatally  through  perforative  peritonitis.  In 
old  statistics  before  the  days  of  anti.sepsis  and  ab- 
dominal surgery,  the  mortality  from  this  cause  was 
considerable. 

CAUSES  -\ND  Incidence. — To  form  some  idea  of 
the  incidence  of  burns  it  is  necessary  to  analyze  the 
material  of  a  great  general  hospital  with  an  out- 
patient service.  In  the  mild  cases  the  victims 
merely  visit  the  latter  for  dressings;  morbidity  and 
mortality  do  not  occur  to  any  extent,  and  are  almost 
negligible.  The  women  outnumber  the  men  con- 
siderably, which  tends  to  show  that  most  pettj' 
burns  and  scalds  occur  in  housewives  and  servants, 
and  even  in  the  male  contingent  this  element  of 
household  injur}'  is  largely  involved. 

It  is  very  different  with  the  severe  forms  of  burns 
and  scalds  which  require  admission  to  the  wards. 
Here  men  considerably  outnumber  women,  and  the 
mortality  may  amount  to  ten  per  cent,  or  more. 
Industrial  injuries  have  almost  exclusively  male 
victims.  It  can  be  shown  of  all  victims  of  these 
injuries  that  at  least  three-fifths  are  guilty  of  con- 
tributory negligence.  About  five  per  cent,  of  victims 
owe  their  injuries  to  alcohol  indulgence  (Spietschka). 
Among  the  cases  of  contributory  neglect  are  reckoned 
those  in  which  the  victims  attempt  to  extinguish 
flames,  either  in  their  own  or  others'  clothing,  and 
also  while  seeking  to  arrest  the  spread  of  flames. 
Scalds  may  be  nearly  as  numerous  as  burns  in  the 
narrower  sense — they  are  due  to  hot  water,  soup, 
coffee,  fat,  hot  solutions  (industrial),  hot  melted  tar, 
resin,  etc.  (industrial),  live  steam,  etc.  Flame 
injuries  are  likew'ise  very  common,  due  chiefly  to 
burning  petroleum  and  alcohol,  and  to  benzine  used 
for  cleaning,  to  burning  clothing,  curtains,  etc.,  and 
conflagration  in  general.  The  latter,  however,  if 
severe,  forms  on  account  of  complications — chiefly 
smoke  inhalation — a  category  by  itself.  Explosions 
of  gas,  powder,  etc.,  may  also  be  .separately  classed. 
Hot  solid  substances  do  not  appear  to  cause  such  a 
large  percentage  of  severe  burns.  They  comprise  hot 
stoves,  steam  pipes,  and  the  like,  hot  coals  and  ashes, 
molten  metal,  etc. 

Prognosis. — The  mysterious  fatality  associated 
with  burns  and  the  insuccess  throughout  the  ages  in 
modifying  it  by  treatment  has  made  the  question  of 
prognosis  of  unusual  importance.  The  older  litera- 
ture attached  an  almost  fatalistic  importance  to  the 
ratio  between  the  extent  of  the  injured  surface  and 
death.  A  burn  involving  one-half  or,  as  is  more 
commonly  stated,  one-third  of  the  entire  area  of  the 
skin,  was  practically  a  death  warrant.  Hence  the 
importance  of  being  able  to  reckon  the  number  of 
square  inches  burned  in  extensive  injuries.  The 
total  number  of  square  centimeters  of  integument 
averages  in  adults  18,190.  A  thigh  represents  two- 
fifteenths  of  the  whole  surface,  a  leg  one-sixteenth, 
a  foot  one-twenty-eighth;  both  upper  extremities 
equal  one-fifth;  the  trunk  makes  up  between  a 
third  and  fourth  of  the  whole,  while  the  head  and  neck 
combined    represents    less    than    one-fourteenth.     It 
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was  thus  possible  after  a  complex  burn  to  arrive  at  a 
fraction  representing  the  total  area  involved  and  to 
formulate  a  prognosis  based  thereon.  It  is  safe  to 
say  that  every  victim  with  a  third  of  his  surface 
burned  is  in  grave  danger  of  death,  and  that  if  he  be  a 
child  the  outlook  is  almost  hopeless. 

Recent  statistics  appear  to  show  that  this  teaching 
is  only  appro .s:imately  correct.  Analyses  of  materi^ 
show  that  the  surface  involved  is  not  the  essential 
factor.  In  Spietschka's  statistics,  of  thirty-seven 
fatalities  ten  were  quite  independent  of  area  involved; 
while  there  was  one  recovery  in  which  more  than 
half  the  surface  was  involved  and  no  less  than  eleven 
in  which  over  a  third  of  the  surface  was  burned. 
In  other  words,  of  sixty-three  recoveries  in  cases 
involving  over  one-sixth  of  the  surface,  no  less  than 
twelve  or  nearly  twenty  per  cent.,  suffered  injuries 
of  over  one-third  of  the  surface.  A  study  of  the  re- 
maining cases  fails  to  show  any  close  correspondence 
between  surface  involved  and  mortaUty.  Thus  in 
cases  where  more  than  one-fourth  and  less  than  one- 
third  of  the  surface  was  involved  there  were  fourteen 
recoveries  and  five  deaths;  while  in  a  series  in  which 
the  area  involved  was  more  than  one-fifth  and  less 
than  one-sixth  there  were  eleven  recoveries  and  three 
deaths.  Still  there  were  no  fatalities  in  burns 
involving  less  than  one-sixth.  The  relation  between 
extent  and  prognosis  seems  to  be  due  in  part  to  effect* 
of  shock  and  to  a  greater  degree  to  the  amount  of 
poison  produced  by  heating  the  integument. 

There  is  a  more  definite  relationship  in  fatal  cases 
between  amount  of  surface  burned  and  rapidity  with 
which  death  ensues.  In  three  cases  in  which  three- 
fourths  of  the  surface  was  burned  the  average  sur- 
vival was  twent.v-three  hours.  In  patients  in  whom 
the  burned  area  is  from  two-thirds  to  one-half  of  the 
surface  the  survival  is  thirty-two  hours,  and  those 
who  die  w-ith  half  the  surface  burned  survive  on 
average  forty-two  hours.  If  death  takes  place  with 
smaller  burned  area  patients  may  survive  for  any 
interval  up  to  two  weeks.  Even  with  more  than  one- 
third,  survival  up  to  five  or  six  days  has  occurred. 

There  is  little  difference  in  the  prognosis  between 
burns  of  the  second  and  those  of  the  third  degree,  and 
this  is  shghtly  in  favor  of  the  latter.  In  fatal  bums 
adults  survive  longer  than  children  and  adolescents. 
Burns  of  the  face  carry  a  more  severe  prognosis  in 
proportion  to  area  involved  than  those  elsewhere. 
The  state  of  the  heart  is  a  factor,  and  in  subjects  with 
marasmus  death  occurs  more  rapidly.  Burns  jin 
alcoholics  and  in  general  burns  with  erethetic  sj'mp- 
toms  have  a  much  graver  prognosis. 

Treatment. — This  comprises  the  old  expectant 
and  symptomatic  method,  still  in  common  use,  and 
the  modern  management  which  is  essentially  causal 
in  scope  and  seeks  to  prevent  the  absorption  of  the 
special  toxic  principle  which  is  held  to  be  responsible 
for  most  of  the  mortality  when  complications  are  not 
involved.  The  expectant  method  consists  in  protect- 
ing the  burned  integument  from  the  contact  of  the 
air  which  is  responsible  for  most  of  the  suffering,  and 
this  is  affected  in  various  ways — by  dry  dressings  in 
the  form  of  dusting  powders  or  absorbent  cotton,  by 
oily  applications  and  ointments,  by  the  permanent 
bath,  etc.  Whatever  excludes  the"  air  contact  will 
answer  the  purpose  in  time,  but  during  the  waiting 
period  it  is  usually  necessary  to  give  hypodermics  of 
morphine,  a  practice  opposed,  however,  by  some 
authorities. 

The  plan  of  excluding  the  air  necessarily  interferes 
greatly  with  other  plans  of  management,  especially 
with  antiseptic  precautions.  In  former  days  boric 
acid  and  even  carbolic  acid  were  added  to  dressings; 
attempts  having  first  been  made  to  remove  foreign 
substances  and  to  irrigate  with  saline  solution  or 
very  weak  lotions  of  corrosive  sublimate.  It  was 
thought  of  advantage   when  buUae  were  present  to 
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drain  tliem  and  leave  the  detached  epidermis  in 
situ  as  a  natural  protective  against  tlie  air. 

This  plan  of  treatment  is  so  thoroughly  unideal 
that  attempts  have  been  made  to  revolutionize  it. 
It  makes  no  headway  against  the  toxic  element. 
Hence  Pels-Leusden=  among  others  has  utihzed  in 
recent  years  the  heroic  method  first  recommended  by 
Tschraarke.  This  involves  a  belief  in  the  existence 
of  a  toxic  substance  formed  during  the  injury  wliich 
is  absorbed  and  cooperates  with  shock  in  destroying 
the  patient.  We  should  seek  to  prevent  the  absorp- 
tion of  this  substance,  to  accelerate  its  elimination, 
and  to  antagonize  its  toxic  effects.  First  an  injection 
of  digalen  should  be  practised  and  coffee  or  cognac 
given.  Water  should  be  drunk  freely  to  aid  elimina- 
tion. Intravenous  infusion,  hypodermoclysis — even 
enteroclysis — contribute  to  the  same  end  and  may 
be  matie  to  save  Ufe.  Morphine  should  be  given, 
but  since  the  blood  pressure  is  low  care  should  be 
taken  that  it  be  not  further  lowered.  Hence,  fur- 
ther, the  permanent  bath  may  not  be  a  safe  procedure. 
The  danger  from  autointoxication  should  be  over  in 
five  or  six  days,  but  exceptionally  has  persisted  for 
twice  this  period  (anaphylactic  cases). 

WhUe  this  general  treatment  may  be  combined 
with  the  older  methods  of  local  management,  Pels- 
Leu.sdeu  advocates  whenever  practicable  a  radical 
disintoxication  under  general  anesthesia.  This  not 
only  tends  to  prevent  ordinary  infection,  but  removes 
the  toxic  substances  which  may  remain  to  be  absorbed. 
Chloroform  is  contraindicated  as  an  anesthetic.  All 
epidermis  of  the  bulte  is  cut  away  and  the  entire  ex- 
posed surface  is  sterilized  like  intact  skin  with  soap 
and  water,  alcohol  and  sublimate  1  :  1000.  A  thick 
cotton  dressing  is  then  applied  and  changed  as  soon 
as  it  becomes  saturated  with  serum.  A  further 
advantage  of  the  method  is  prompt  epidermisation 
with  promotion  of  a  smooth,  supple  scar. 

It  would  seem  that  this  drastic  method  is  indicated 
whenever  the  chances  are  against  the  patient's 
recovery  (burns  of  one-third  surface)  if  it  gives  him 
a  chance  of  survival  without  doing  unnecessary  harm. 
Especially  in  third-degree  burns  with  destruction  of 
the  terminal  nerve  filaments  the  shock  produced  by 
the  burn  should  not  be  increased  by  the  antiseptic 
treatment.  Some  authorities  believe  that  hydrogen 
peroxide  is  amply  suflScient  as  an  antiseptic  in  burns, 
forming  a  transition  between  the  classical  and  modern 
severe  procedures. 

Di.\Gxosis  AND  Medicolegal  Relations. — There 
is  hardly  anything  to  be  said  under  the  head  of 
antemortem  diagnosis  of  burns  and  that  httle  has 
only  forensic  interest.  A  burn,  save  in  an  anesthetic 
surface  (sensorj-  paralysis,  leprosy)  could  hardly  be 
confused  with  any  other  condition.  In  burns  we  may 
see  singeing  of  the  hair,  soot  deposited  on  the  surface, 
etc.,  but  in  scalds  even  these  will  be  lacking.  The 
only  evidence  of  the  latter  is  persistence  of  some  of 
the  now  cooled  scalding  fluid  on  the  surface.  Scalds 
do  not  occur  on  surfaces  protected  by  clothing,  while 
burns  are  likely  to  follow  ignition  of  clothing,  and  hence 
occur  beneath  the  latter.  A  subject  is  usually  scalded 
■  "from  above"  and  burned  "from  below." 
'  '  The  importance  of  such  conditions  intra  vitwm  is 
much  less  significant  than  in  cases  of  death  alleged  to 
be  due  to  burns.  The  coincidence  of  death  with 
conflagration  has  naturally  always  been  of  much 
forensic  interest.  A  subject  may  be  slain  and  the 
premises  fired  to  hide  the  murder;  while  conversely  a 
corpse  could  be  utilized  to  cover  up  an  arson.  To 
obtain  Ufe-insurance  money  a  cadaver  may  also  be 
employed  to  personate  the  risk. 

The  medical  expert  must  therefore  know  the  effects 
of  high  temperatures  on  dead  as  distinguished  from 
living  subjects.  Much  obscurity  arises  in  connection 
w-ith  the  death  of  a  subject  in  connection  with  a  con- 
flagration.    Did  it  occur  just  before,  during,  or  just 


after  the  latter?  If  a  subject  was  superficially  burned 
shortly  before  death,  there  will  be  no  erythema  in 
evidence.  The  skin,  however,  will  be  abnormally 
dry  with  branny  desquamation.  Blebs  formed  before 
death  are  as  a  rule  intact;  but  should  the  coriura 
be  e.xposed  there  is  present  a  firm,  drv,  dark-colored, 
leathery  surface.  Tlie  vessels  are  filled  with  coagu- 
lated blood,  and  form  a  peculiar  delicate  network 
which  is  usually  held  to  indicate  that  the  injury 
occurred  during  life.  Sloughs  and  carbonized  areas 
are  said  to  be  the  same  before  and  after  death. 
However,  in  burns  after  death  we  have  to  exclude  all 
possibility  of  pemphigoid  and  gangrenous  affections 
of  antemortem  origin.  Edward  Preble. 
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Bursse. — A  knowledge  of  the  exact  location  of  bursse 
is  of  great  importance  with  reference  to  diagnosis. 
Unfortunately  the  subject  has  been  somewhat  neg- 
lected by  descriptive  anatomists.  WTiUe  some  bursa 
have  received  names  and  are  accurately  described, 
others  are  but  seldom  mentioned,  and  authors 
differ  as  to  their  nomenclature.  In  the  following 
list,  which  has  been  carefully  compiled  from  various 
sources,  an  endeavor  has  been  made  to  describe  and 
name  all  the  bursie  and  synovial  sheaths  (vaginiB 
tendinum)  which  have  been  found  in  the  human 
body,  omitting  only  those  which  are  merely  accidental. 
The  figures  show  the  situation  of  the  principal  bursas 
in  the  most  important  surgical  regions. 

He.vd. — Bursa  galere  capitis.  Between  the  aponeu- 
rosis of  the  occipitofrontalis  and  the  pericranium, 
directly  over  the  occipital  protuberance.'  Only  in 
aged  subjects. 

B.  sacculi  lacrimalis.  Between  the  lacrimal  sac 
and  the  internal  palpebral  ligament. =     Rare. 

B.  musculi  trochlearis.  In  the  pullej'  of  the 
superior  oblique.     Constant. 

B.  capsulce  oculi.  Between  the  capsule  of  Tenon 
and  the  globe  of  the  eye.  Usually  imperfect.  Hyrtl' 
cites  cases  of  effusion  into  the  sac. 

B.  vuisculi  tensoris  veli  palatini  (Rosenmiiller). 
Where  the  tendon  of  the  tensor  palati  turns  around 
the  hamular  process. 

Bursce  massetericiv .  There  appear  to  be  several 
bursse  between  the  masseter  and  the  subjacent 
structures.  Rosenmiiller  mentions  one  between  the 
two  portions  of  the  masseter,  and  one  between  the 
masseter  and  the  external  pterygoid.  Hyrtl*  men- 
tions one  between  the  muscle  and  the  temporo- 
maxillary  articulation.  Nancrede  supposes  that 
these  may  become  continuous,  and  when  inflamed 
form  a  cystic  tumor  reaching  to  the  base  of  the  skull. 

B.  spin(v  sphenoidea.  HyrtP  states  that  when  the 
temporomaxillary  joint  is  unusually  large  a  bursa 
occurs  between  the  spine  of  the  sphenoid  and  the 
joint  capsule. 

B.  anguli  7yiandibuK.  Subcutaneous  over  angle  of 
the  jaw.     Rather  rare. 

B.  sublingualis.  Between  the  tongue  and  the  mu- 
cous membrane,  outside  the  genioglossus.  Frequently 
called  Fleischmann's  bursa,  from  its  discoverer." 
Some  deny  its  existence.'  TiUaux  has  frequently 
found  it,  and  believes  that  acute  ranula  is  caused  by 
a  rupture  of  Wharton's  duct  into  it.' 

B.  subcutaneir  prcementalis  (Fig.  1172).  Subcu- 
taneous at  lower  border  of  the  symphj'sis  of  the 
chin.     Quite  constant.' 

Xeck. — B.  musculi  digastrici  posterior  (Rosen- 
miiller). Between  the  posterior  belly  of  the  digastric 
and  the  sternomastoid. 

B.   m.     digastrici     anterior     (Rosenmiiller)     (Fig. 
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1172).  Where  the  tendon  of  the  digastric  passes 
through  the  fascia  binding  it  to  the  hyoid  bone,  or 
through  the  stylohyoid  muscle. 

B.  m.  stylohyoidei  (Fig.  1172).  Under  the  insertion 
of  the  stylohyoid  into  the  hyoid  bone. 

B.  suprahi/oidea  (Verneuil).  Between  the  upper 
surface  of  the  hyoid  bone  and  the  geniohyoglossi. 
Rare. 

B.  suhhyoidea  (Fig.  1172).  Between  the  hj'oid 
bone  +  combined  insertion  of  sternohj-oid,  omo- 
hyoid, and  stylohyoid  muscles,  and  the  "thyrohyoid 
membrane.  Larger  in  men  than  in  women.  Often 
called  Boyer's  bursa. 

B.  musculi  sternohyoidei  (Rosenm tiller).  Between 
the  insertion  of  the  sternohyoid  and  the  hyoid  bone.'" 


B-  prsmentalis. . 

B.       digastrici  1 
anterior.  J 

B.  stylohyoidei  . 
B.  thyr.  lateralis. 
B.  subhyoidea. . . 

B.  subcut.  pr.  lar. 

B.  crico-thyro-  1     J 
thyroidea.        '  r~ 

B.  thyro-trachealis 


Fig.   1172. — The  Principal  Bursse  of  the  Neck,  in  Front. 

B.  musculi  thyrohyoidei.  Between  the  thyro- 
hyoid muscle  and  the  great  cornu  of  the  hyoid  bone 
(BNA.). 

B.  siibcutanea  prominentice  laryngece  (Fig.  1172). 
Between  the  skin  and  the  upper  part  of  the  thjToid 
cartilage  in  old  subjects.     Often  wanting. 

B.  thyroidea  lateralis  (Gruber")  (Fig.  1172).  Be- 
tween the  inferior  constrictor  and  the  greater  cornu  of 
the  thyroid  cartilage.     Found  in  five  cases  out  of  fifty. 

B.  cricothyroidea  (Calori'-)  (Fig.  1172).  Between 
the  lateral  lobes  of  the  thyroid  body  and  the  crico- 
thyroid. 

B.  thyrotrachealis  (Calori)  (Fig.  1172).  Between 
the  istlimus  of  the  thyroid  bodj*  and  the  trachea. 
Usually  single  and  median;  there  may  be  one  on 
either  side.  Most  common  when  the  pyramid  of  the 
thyroid  body  is  well  developed,  especially  when  it  is 
attached  to  the  hyoid  bone. 

B.  musculi  thyroidei.  Between  the  levator  thj'roi- 
dei,  when  that  muscle  is  present,  and  the  thyroid 
body.     Calori  figures  one  in  a  case  of  goiter. 

B.  m.  omohyoidei.  Between  the  sternomastoid 
and  the  middle  tendon  of  the  omohj'oid.  Mentioned 
by  Nancrede,  but  not  generally  noticed  b}'  authors. 

Bb.  aortirotracheales  (Calori).  Between  the  aorta 
and  the  trachea.  A  large  one  extends  from  the 
origin  of  the  innominate  to  the  left  carotid,  and  from 
the  upper  border  of  the  arch  to  the  bifurcation  of  the 
trachea.  A  second  one  is  described  as  posterior  to 
this,  also  a  small  one  which  extends  between  the 
left  carotid  and  the  trachea.  Some  one  of  these  was 
found  in  thirteen  out  of  forty  examinations.  If  the 
pericardium  extends  upward,  the  large  aortico- 
tracheal  bursa  is  small. 

B.  vertebral  prominentis.  Between  the  skin  and  the 
spinous  process  of  the  seventh  cervical  vertebra. 
Nancrede  states  that  this  is  quite  large,  and  may  in- 
flame from  pressure  of  a  heav3'  overcoat. 
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Trunk. — B.  subclavia  (Rosenmuller).  Within  the 
fibers  of  the  rhomboid  ligament. '^  Not  constant 
May  simulate  a  costoclavicular  articulation,  of  whichj 
indeed,  it  seems  to  be  the  beginning. 

B.  submammaria.  Between  the  mammary  gland 
and  the  pectoralis  major.  Rare,  but  interesting,  as 
it  may  be  involved  in  a  case  of  mammary  abscess. 

B.  anguli  sterni.  Subcutaneous  over  the  angle 
between  the  first  and  second  pieces  of  the  sternum. 
In  carpenters  and  cabinetmakers. 

B.  hyperxiphoidea.  Subcutaneous  over  xiphoid 
cartilage.     Usual  in  shoemakers  and  rachitic  children. 

B.  suprapubica.  Beneath  the  pubic  attachment  of 
the  rectus  abdominis.  Duval"  reports  that  inflam- 
mation of  this  has  been  known  to  occur  as  a  sequel  to 
croupous  pneumonia.  Not  mentioned  by  authorities 
generaDj-.  Schreger  mentions  a  subcutaneous  bursa 
at  the  side  of  the  suspensory  ligament  of  the  penis. 

B.  costie  primie.  Between  the  muscles  of  the  back 
and  the  tuberosity  of  the  first  rib.  Mentioned  by 
Nancrede.  It  is  probably  rare,  as  the  principal 
authorities  omit  it. 

B.  subcutanea  sacralis  (Luschka).  Over  spinous 
process  of  fourth  or  fifth  sacral  vertebra,  or  over  the 
articulation  of  the  sacrum  and  coccj'x.  Usual  in  old 
subjects. 

B.  coccygea  (Luschka).  Between  tip  of  coccyx  and 
sphincter  ani.     Common.'^ 

B.  phrenicohepatica  ai^terior  (von  Brunn").  Be- 
tween the  left  lateral  ligament  of  the  liver  and  the 
under  surface  of  the  diaphragm  in  front.  Found  in 
.31  cases  out  of  64.  Its  enlargement  might  simulate 
a  diaphragmatic  hernia. 

B.  phrenicohepatica  posterior  (von  Brunn).  Be- 
tween the  same  structures  behind.  Found  in  2  cases 
out  of  64. 

SHOtTLDER. — B.  musculi  trapezii.  Between  the  apo- 
neurotic part  of  the  trapezius  and  the  base  of  scap- 
ular spine  (3  times  in  12,  Sj'nnestvedt). 

B.  spi'«!F  scapula;  B.  supracromislis.  These  are 
subcutaneous,  found  in  those  who  carrj-  burdens. 

B.  infrascapularis.  Between  the  inferior  angle  of 
the  scapula  and  the  chest  wall.  Usually  between 
subscapularis  and  serratus  magnus.  May  be  of 
considerable  size,  and  by  crepitation,  when  inflamed, 
simulate  crepitant  rales  or  pleuritic  fremitus." 

B.  subdeltoidea  (Fig.  1173).  Between  the  under 
surface  of  the  acromion  +  structures  arising  there- 
from (lateral  portion  of  coracoacromial  ligament, 
deltoid  muscle)  and  the  capsular  ligament  of  the 
shoulder  joint."*  Constant.  Manj'  authors  describe 
the  upper  part  of  this  bursa  separatelj-  as  B.  subacro- 
mialis.  This  portion  may  be  separate,  but  it  usually 
communicates,  and  the  whole  should  be  considered  as 
a  single  large  multilocular  bursa.  Rarely  communi- 
cates with  the  joint.  Its  inflammation  may  simulate 
dislocation  of  the  biceps  tendon  (Nancrede). 

B.  musculi  coracobrachialis  (Monro).  Between  the 
lateral  part  of  the  subscapularis  and  the  short  head 
of  the  biceps  +  coracobrachialis.  Sometimes  com- 
municates freeh'  with  B.  subdeltoidea.  Also  known 
as  B.  subcoracoidea. 

B.  m.  coracobrachialis  minoris  (Gruber).  Lender  a 
rare  muscle,  which  arises  from  the  anterior  and  inter- 
nal part  of  the  coracoid  process. 

B.  fossae  infraclaricularis  (Gruber)  (Fig.  1173). 
Between  two  layers  of  the  coracoclavicular  fascia 
costocoracoid  membrane),  in  front  of  the  coracoid 
process.  Frequent  (1  in  3),  more  common  in 
women. 

B.  coracoclavicularis  media  (Gruber)  (Fig.  1173). 
Between  the  conoid  and  the  trapezoid  ligaments. 
Frequent  (1  in  2).  Maj-  simulate  a  coracoclavicular 
articulation. 

B.  coracoclavicularis  lateralis  (Gruber)  (Fig.  1173). 
Between  the  coracoid  process  and  the  trapezoid  liga- 
ment.    Occasional  (1  in  5). 
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B.  subk-ndinca  m.  pectoralis  minoris.  Under  inser- 
tion of  pectoralis  minor.     Rare  (1  in  30  or  40,  Gruber). 

B.  vaginalis  pectoralis  minortji  (Gruber)  (Fig.  11731. 
Around  tendon  of  pectoralis  minor.     Rare  (1  in  10). 

B.  mtisculi  subscaptilaris  (Fig.  1173).  Hetween  tin- 
subscapularis  and  the  neck  of  the  scapula.  Constant. 
It  always  communicates  with  the  joint,  and  may 
properly  be  considered  as  a  diverticulum  of  the 
capsule. 


B.  corftco-clav.  media 
B.  coraco-elav.  lateralis. 
B.  subcapularis  . . 
B.  subcoracoidea 
B.  aupracTomialis 
B.  subdeltoidea 
B.    intertuber-    1 
cularis. 

B.  terel.  maj 


B.      latiss.  1 
dorsi.      J 


B.  fossff  infraclav. 
B.  V.  pect.  min. 


Fig.  1173. — The  Principal  Bursse  about  the  Shoulder. 

B.  subcoracoidea  (Gruber)  (Fig.  1173).  Between 
the  upper  edge  of  the  subscapularis  and  the  B.  sub- 
scapularis." Found  10  out  of  12  times  (Sj'nnestvedt); 
in  two  of  these  eases  it  communicated  w-ith  B.  sub- 
scapularis. 

B.  sjibtendinea  siibscap-ularis  (Synnestvedt).  Be- 
tween the  tendon  of  the  subscapularis  and  the  capsule 
(2  times  in  18). 

B.  intertuhercularis  (Henle")  (Fig.  1173).  Sur- 
rounding the  tendon  of  the  long  head  of  the  biceps  in 
the  groove  of  the  humerus.  Constant.  Alwa}-s  com- 
municates with  joint  cavity,  and  should  be  considered 
as  a  diverticulum  of  the  capsule. 

B.  musculi  infraspinati  (Rosenm tiller).  Between 
upper  edge  of  infraspinatus  and  scapular  spine  (2  in 
3,  Synnestvedt). 

B.  subtendinea  m.  infraspinati.  Between  tendon 
of  infraspinatus  and  capsule  (-1  in  14,  Synnestvedt). 

B.  s-ubtendinea  m.  teretis  minoris  (Gruber).  Under 
the  tendon  of  the  teres  minor.     Rare. 

B.  tnusculi  teretis  majoris  (Fig.  1173).  Between 
the  tendon  of  insertion  of  the  teres  major  and  the 
latissimus  dorsi.     Constant. 

B.  musculilatissimi  dorsi  (Fig.  1173).  Between  the 
tendon  of  the  latissimus  dorsi  and  the  humerus. 

B.  musculi  pectoralis  majoris.  Between  tendon  of 
pectoralis  major  and  B.  intertubercularis  +  tendon  of 
latissimus  dorsi  (4  in  12.  S3-nnestvedt). 

B.  intermuscularis  pectoralis  majoris  (Sj'nnestvedt). 
Between  the  clavicular  and  thoracic  portions  of  the 
muscle. 

Elbow. — B.  bicipitoradialis  (Rosenmiiller).  Be- 
tween the  tendon  of  the  biceps  and  the  tuberosity  of 
the  radius.     Constant,  often  double. 

B.  cubitalis  interossea  (Jancke).  Between  the 
tendon  of  the  biceps  +  radial  tuberosity  and  outer 
surface  of  ulna  -f-  muscles  of  that  region.  Of  con- 
siderable size.  Frequent  (1  in  4,  Gruber;  3  in  6, 
Synnestvedt). 

B.  subtendinea  rn.  brachialis.  Between  the  tendon 
of  insertion  of  the  brachialis  muscle  and  the  coronoid 
process.     Rare.     The    older    anatomists    (Fourcroy, 


Jancke,  Koch)  describe  a  bursa  between  the  brachialis 
and  the  interosseous  ligament. 

B.  m.  jU'xoris  digilorum  sublimis  (Gruber).  Under 
the  tendon  of  origin  of  the  flexor  sublimis,  or  between 
it  and  the  pronator  radii  teres.     Very  rare  (1  in  200). 

B.  m.  palmaris  loniji.  Between  the  origin  of  the 
muscle  and  the  joint  capsule.     Very  rare. 

B.  siibcutunea  olecrani  (Camper).  Betw'een  the 
skin  and  the  olecranon  covered  by  the  tendon  of  the 
triceps.     Constant  in  adults. 

B.  subtendinea  olecrani.  Between  the  tendon  of 
the  triceps  and  the  olecranon  and  the  posterior  liga- 
ment of  the  elbow  joint.  Frequent  (3  in  5);  constant 
in  okl  subjects. 

B.  intratendinea  olecrani.  Within  the  tendon  of 
the  triceps.     Quite  frequent  (7  in  12,  Synnestvedt). 

B.  humerotricipitalis.  Between  the  anterior  sur- 
face of  the  triceps  and  the  fat  covering  the  lower  end 
of  the  humerus.     Rare  (1  in  12,  Sj'nnestvedt). 

B.  retroepitrochlearis.  Between  the  triceps  + 
ulnar  curve  Ijehind,  and  the  posterior  surface  of  the 
internal  condyle  +  median  surface  of  capsule  in 
front.     Very  rare. 

B.  m.  anconei  (Rosenmiiller).  Between  the  anco- 
neus and  the  capsule  (1  in  4  or  5).  May  communicate 
with  B.  extensoris  carpi  ulnaris  or  with  joint  (Henle). 

B.  subcutanea  epicondyli  lateralis  (Sclireger).  Be- 
tween the  skin  and  the  external  condyle  of  the  hu- 
merus.    Rare  (1  in  60). 

B.  m.  eitcnsoris  carpi  vlnaris  (Jancke).  Under 
origin.  May  e.xtend  under  the  extensor  communis. 
Frequent  (1  in  3  or  4).  May  communicate  with  the 
joint  and  also  with  B.  anconei. 

B.  m.  extensoris  carpi  radialis  brevis  (Monro). 
Between  the  common  origin  of  the  extensor  carpi 
radialis  brevis  -1-  the  extensor  communis  digitorum 
and  the  head  of  the  radius  (1  in  6  or  7). 

B.  subcutanea  epicondyli  medialis  (Schreger).  Be- 
tween the  skin  and  the  inner  condyle  of  the  humerus. 
Rather  frequent  (1  in  5). 

Wrist  -\n'd  Hand. — B.  ulnaris  subcutanea.  Over 
styloid  process  of  ulna.  Not  constant  (3  in  11, 
Synnestvedt). 

B.  radialis  subcutanea.  Over  styloid  process  of 
radius.     Rather  rare. 

.V.  t.  est.  poUicis  loDgi. 


V.  t.  extens.   carpi  1  _ 

ulnaris. 
Post,  annular  lig 


V.  t.  ext.  min.  dig 


V.  t.  ext.    com-  \ 
munis  et  indicis.  j 


V.  t.  ext.   carpi  ra- 
dialorum. 


.1  V.  t.  abd.  long.  et. 
\  ext.  bre\'.  poilicis. 


Fig 


B.  dorsalis  carpiea  subcutanea.  Schreger  found 
this  in  2  cases. 

Vagina  tendinis  m.  extensoris  carpi  ulnaris  (Fig. 
1174).  A  small  sheath.  Reaches  to  the  base  of 
metacarpale  V. 

Vagina  tendinis  m.  extensoris  digiti  minimi  (Fig. 
1774).     A  small  and  separate  sheatn. 
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Vagina  tendinum  mm.  eztensoris  digitonim  com- 
munis et  eztensoris  indicis  (Fig.  1174).  Large.  Ex- 
tends farther  toward  the  fingers  on  the  ulnar  side. 

Vagina  tendinis  mtisculi  eztensoris  pollicis  longi 
(Fig.  1174).     Runs  obliquely  across  the  next. 

Vagina  tendinum  mm.  eztensorum  carpi  radialium 
(Fig.  1174).  In  groove  on  back  of  radius.  Single 
above,  divides  below. 

B.  suhtendinea  m.  eztensoris  carpi  radialis  longi. 
Under  the  tendon  at  its  insertion  into  metacarpale 

II.  (4  in  20,  Synnestvedt). 

B.  suhtendinea  m.  eztensoris  carpi  radialis  hrevi. 
L'nder  the   tendon  at  its  insertion  into  metacarpale 

III.  (18  in  20.  SjTinestvedt). 

Vagina  tendinum  abductoris  longi  et  eztensoris  brevis 
pollicis  (Fig.  1174). — Surro\inds  these  tendons  from 
the  dorsal  surface  of  the  radius  to  the  outer  edge  of 
the  wrist. 

B.  mu^culi  flezoris  carpi  ulnaris  (Fig.  117 b) .  Under 
the  tendon  at  its  insertion  into  pisiform  (6  in  30, 
SjTinestvedt). 

Vagina  tendinum  mm.  flezoruvi  commurdum  (Fig. 
117.5).  The  usual  arrangement  of  this  extensive 
sheath  is  to  surround  the  tendons  of  both  the  super- 
ficial and  deep  flexors  as  they  lie  in  the  wrist  and 
pahn,  sending  a  diverticulum  downward  upon  the 
tendons  of  the  little  finger.  SchfiUer-'  describes  this 
bursa  as  double,  the  sheath  for  the  tendons  of  digits 

IV.  and  V.  being  separate  from  those  of  digits  II.  and 
III.  Holden--  reports  a  case  in  which  this  bursa 
communicated  witli  the  wrist  joint.  It  does  not  usu- 
allj-  communicate  with  the  radial  bursa, -^  but  many 
varieties  are  found.-' 

B.  musculi  flezoris  carpi  radialis  (Fig.  1175).  In 
the  groove  of  the  trapezium. 

Vagina  tendinis  m.  flezoris  pollicis  longi  (Fig.  1175). 
Extends  from  an  inch  above  the  anterior  annular 
ligament  to  the  base  of  the  second  phalanx  of  the 
thumb,  upon  the  tendon  of  the  flexor  longus  poUicis. 


B.  m.  flex,  carpi  radiali 
Vt.  m.  flex.  poll.  long. 


Vv.  t.  digitales 


B.  subtend,  fles. 
carpi  ulnaris. 
Ant.  annular  ligt. 

V.  t.  mm.  flex. 


Fig.   1175. 

Bb.  TnetacarpophalangecB  dorsales  subcutanea.  Be- 
tween the  skin  and  the  extensor  tendons  on  the  ulnar 
side  over  the  metacarpophalangeal  joint  (Synnest- 
vedt found  them  in  digit  I.,  40  per  cent.;  digit  II.,  53 
per  cent.;  digits  III.  and  IV.,  66  per  cent.;  digit  V., 
27  per  cent.). 

Bb.  subcutanece  digitorum  dorsales.  Between  the 
skin  and  the  proximal  joints  of  the  fingers.  Quite 
constant. 

Bb.  dorsales  subtendinecB. — Between  the  tendons 
the  capsules  of  the  metacarpophalangeal  joints. 
Quite  constant.  Frequently  communicate  with  joint. 
■^Tien  not  found  a  diverticiilimi  of  capsule  takes  the 
place  (Theile,  Synnestvedt). 

Bb.  volares  articuli  metacarpophalangei.      Between 
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the  skin  -f  subcutaneous  fat  and  the  flexor  tendon 
with  its  fibrous  sheath.  Found  by  Schreger  in  all  the 
digits,  by  Synnestvedt  only  in  digits  I.,  II.,  and  III.; 
most  frequent  in  digit  III. 

Bb.  volares  phalangis  prima.  Between  the  skin  and 
subcutaneous  tissue  and  the  flexor  tendon  with  its 
sheath  in  front  of  the  first  phalanx.  Found  by 
Svnnestvedt  in  but  two  instances,  in  digit  II.  and 
digit  III. 

Vaginw  tendinum  digitales  (Fig.  117.5).  Special 
sheaths  for  the  flexor  tendons  of  digits  II.,  III.,  and 
IV. 

Bb.  intermetacarpophalangea.  Between  the  heads 
of  metaearpales  II.,  III.,  IV.,  and  V. 

Bb.  interossea.  Between  the  tendons  of  the  inter- 
ossei  muscles  and  the  metacarpophalangeal  joints. 
Gruber-^  finds  two  sets  of  these,  one  under  the  part  of 
the  tendon  that  extends  to  the  dorsal  aponeurosis,  the 
other  under  the  part  which  communicates  with  the 
phalanx. 

B.  metacarpea  ulnaris  (Synnestvedt).  Between 
the  skin  and  the  head  of  the  fifth  metacarpal.  Foimd 
in  8  out  of  15  cases. 

Hip. — B.  iliaca    anterior.     Subcutaneous   over  the  ■ 
anterior  sujjerior  spine  of  the  Uium. 

B.  iliopectinea.  Under  the  tendon  of  the  iliopsoas, 
covering  the  iliopectineal  tubercle,  the  anterior 
surface  of  the  pubis,  and  the  capsule  of  the  hip  joint. 
This  large  and  constant  bursa  is  sometimes  multi- 
locular  and  frequently  (6  in  14,  Synnestvedt)  com- 
municates with  the  hip  joint. 

B.  iliaca  subtendinea.  Between  the  tendon  of 
insertion  of  the  iliopsoas  and  the  femur.  Not 
constant. 

B.  pectinei.  Between  the  insertion  of  the  pectineus 
and  the  femur  -f  lowest  fascicles  of  the  iUaeus. 
Frequent  (8  in  14,  Synnestvedt). 

B.  trochanterica  subcutanea.  Between  the  skin  and 
the  lateral  surface  of  the  great  trochanter.  Usually 
smaD,  but  sometimes  multilocular.  Rather  frequent 
(4  in  13,  Synnestvedt). 

B.  trochanterica  m.  ghttei  maximi.  Between  the 
tendon  of  the  gluteus  maximus  and  the  posterior  and 
external  portions  of  the  great  trochanter.  Large  and 
constant;  frequently  multilocular. 

Bb.  gluteofemorales.  One  or  more  between  the 
tendon  of  the  gluteus  maximus  and  the  femur. 
Quite  constant. 

B.  gluleofascialis.  Between  the  tendon  of  the 
glutetis  maximus  and  the  origin  of  the  vastus  in- 
ternus.     Constant. 

B.  trochanterica  musculi  glutei  medii  anterior. 
Between  the  anterior  portion  of  the  tendon  of  the 
gluteus  medius  and  the  great  trochanter.  Nearly 
constant  (12  in  15,  Synnestvedt). 

B.  trochanterica  m.  glutei  medii  posterior.  Between 
the  posterior  portion  of  the  tendon  of  the  gluteus 
medius  and  the  pyriformis.  Usual  (10  in  15,  Syn- 
nestvedt). 

B.  trochanterica  m.  glutei  minimi.  Between  the 
gluteus  minimus  and  the  anterior  surface  of  the  great 
trochanter.  Large  and  nearly  constant  (14  in  15, 
Sj'nnestvedt). 

B.  m.  recti  femoris.  Between  the  reflected  tendon 
of  the  rectus  and  the  upper  edge  of  the  acetabxilum  (5 
in  16,  Synnestvedt). 

B.  TO.  pyriformis.  Under  the  distal  insertion  of  the 
muscle.     Infrequent  (3  in  12,  Synnestvedt). 

B.  gemellorum  (Syrmestvedt).  Between  the  ge- 
meUi  and  the  joint  capsule.  Found  once  only.  It 
communicated  with  B.  circumflexa. 

B.  m.  obturatori.s  interni.  Between  the  tendon  of 
the  obturator  and  the  gemelli.  Rather  frequent  (5  in 
13,  Synnestvedt).  Communicates  sometimes  with  B. 
circumflexa. 

B.  circumflexa  m.  obturatoris  interni.  Between  the 
muscle  and  the  lesser  sciatic  notch. 
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B.  subtendinea  m.  obluratoris  interni.  Between  the 
tendon  and  tlie  capsule  of  the  hip  joint.  Rare. 
May  communicate  with  last  (Quain). 

B.  m.  obluratoris  externi  (Synnestvedt).  Between 
the  obturator  externus  and  the  joint  capsule.  In- 
frequent (2  in  IS). 

B.  m.  quadrati  femoris.  Between  the  quadratus 
femoris  and  tlie  trochanter  minor  +  tendon  of  ilio- 
psoa.s.     Constant. 

B.  subcutanea  tuhcris  ischii.  This  is  described  by 
some  (Ilyrtl,  N^laton)  as  directly  under  the  .>;kin 
over  the  tuberosity  of  the  ischium.  It  is  probably 
rare.     The  three  following  are  often  mistaken  for  it: 

B.  ischiadica  miiscuH  glutei  maximi.  Between  the 
lower  border  of  the  gluteus  maximus  and  the  tuberos- 
ity of  the  ischium  (.5  in  12,  Synnestvedt.) 

B.  m.  bicipitis  femoris  superior.  Between  the  ten- 
don of  the  united  semitendinosus  and  biceps  and  tlie 
tuberosity.     Constant. 

Bb.  m.  semimembranosa:  in  tubere  ischii.  Two 
of  these  are  found  between  the  tendon  of  the  semimem- 
branosus and  the  quadratus  femoris.  One  is  quite 
constant  (9  in  12),  the  other  infrequent  (2  in  12, 
Synnestvedt). 

B.  iliaca  posterior.  Subcutaneous  over  the  poster- 
ior superior  spine  of  the  ilium. 

Knee. — B.  condyli  medialis; 

B.  condyli  lateralis.  Subcutaneous  bursae  over  the 
projecting  condyles  (Figs.  1176  and  1177). 

B.  prcipatellaris  subcutanea  (Fig.  1176).  In  the 
subcutaneous  connective  tissue  in  front  of  the  patella. 
This  is  quite  common  (18  in  20,  Synnestvedt;  165  in 
400,  Oruber),  and  is  usually  confounded  with  the 
next.     It  may  be  of  considerable  size. 

B.  prapatellaris  subfascialis.  Between  the  fascia 
in  front  of  the  patella  and  the  aponeurosis  of  the 
extensors.  Not  so  frequent  (9  in  20,  Synnestvedt; 
23  in  400,  Gruber). 

B.  prapatellaris  subtendinea.  Between  the  apo- 
neurosis and  the  anterior  surface  of  the  patella. 
Found  in  9  out  of  20,  Synnestvedt;  23  in  400,  Gruber; 
10  out  of  12,  Schreger.  This  division  of  the  prepatel- 
lar bursre  is  that  of  Gruber.     The  three  here  described 


B.  suprapatellaria.  _A_ 


B.  condyli  lateralis. .- 

B.  praepatellaris  i  ._ 
subcutanea.      j 


B.  subpatellar 

B.  subcutanea  tu-  1 
berositatis  tibise.  J 


R,  condyhmcdlah.s. 


)  B.  gastrocnemi- 
\       alis  medialis. 


B.  tibialis  medialis. 


Fig.   1 176. — The  Principal  Bursie  in  Front  of  the  Knee. 


rarely  coexist,  and   if   so  they  usually  communicate. 

B.  supraprUellaris  (Fig.  11761.  Between  the  ten- 
don of  the  extensor  quadriceps  and  the  lower  part  of 
the  anterior  surface  of  the  femur  above  the  patella. 
This  is  always  present,  and  invariably  communicates 
with  the  joint,  except  occasionally  in  very  young 
children. 

B.  inter musctdaris  m.  eitensoris  cruris.  Between 
the  tendons  of  rectus  and  the  crureus.  About  an 
inch  above  the  patella.     Rare  (2  in  55,  Synnestvedt). 

B.  patellaris  lateralis.      Between  lateral  expansions 
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of  the  tendons  of  the  quadriceps  femoris  and  the 
patella.     Rare. 

B.  patellaris  lateralis  interna.  In  a  similar  situa- 
tion on  the  inner  side.  Synnestvedt  mentions  two 
varieties,  one  superficial  and  one  deeper. 

B.  infrapatellaris  subcutanea.  Between  the  fascia 
and  the  ligamentum  patelte.  (Found  by  Synnestvedt 
in  6  out  of  15.) 

B.  subcutanea  tubcrositatis  tibice  (Fig.  1176).  Be- 
tween the  skin  and  the  tuberosity  of  the  tibia.  Usual 
in  old  subjects. 


B.  supracondyloidea  1, 

mud.  /  , 

B.  condyli  medialis.. . .  . 

B.  gastrocnemii  med.- 
B.  semimembranosa.- .  . 


B.    condyli 

1,      lateralis. 

/  B.  tendinis 

[       bicipitis. 

"""*  B.m.poplitei. 


Fig.   1177. — The  Principal  Bursas  Behind  the  Knee. 

B.  infrapatellaris  profunda  (Fig.  1176).  Between 
the  ligamentum  patella;  and  the  anterior  surface  of 
the  tibia.  Constant  and  large.  May  occasionally 
communicate  with  the  joint,  though  Synnestvedt 
has  never  seen  this,  and  thinks  the  reported  cases 
erroneous. 

B.  musculi  sartorii  propria.  Between  the  tendon 
of  the  sartorius  and  the  gracilis  and  semitendinosus 
muscles.     Rather  rare  (2  in  15,  Synnestvedt). 

B.  sub  ligamento  mediale  (Synnestvedt).  Between 
the  internal  lateral  ligament  and  the  capsule  (11  out 
of  21). 

B.  anserina.  Between  the  expansion  of  the  lower 
internal  ham-string  tendons  (semitendinosus,  gracilis, 
sartorius),  and  the  long  internal  lateral  ligament." 
Constant.  It  occasionally  blends  with  B.  gastroc- 
neniialis  interna,  and  through  that  communicates 
with  the  joint. 

B.  tibialis  subcutaiiea  (Schreger).  Subcutaneous 
over  upper  end  of  tibia.  Not  found  by  Gruber  or 
Synnestvedt. 

B.  tendinis  m.  poplitei.  Between  the  external 
lateral  ligament  and  the  tendon  of  the  popliteus. 
Not  constant  (5  in  16,  Synnestvedt).  Occasionally 
communicates  with  joint. 

B.  m.  bicipitis  inferior  (Fig.  1177).  Between  the 
external  lateral  ligament  and  the  tendon  of  the 
biceps.  Nearly  constant  (21  in  26,  Synnestvedt; 
191  in  200,  Gruber).  It  occasionally  communicates 
with  the  joint.  The  e.xternal  popliteal  nerve  is  in 
relation  with  it. 

B.  subtendinea  m.  tensoris  fascice  lata'  (Synnest- 
vedt). Between  the  iliotibial  band  and  the  capsule. 
Found  in  3  out  of  19,  once  communicating  with  joint. 

B.  fibularis  subcutanea  (Schreger).  Subcutaneous 
over  upper  end  of  fibula.  Not  found  by  Gruber  or 
Synnestvedt. 

B.  supracondyloidea  medialis  (Fig.  1177).  Between 
the  inner  tendon  of  the  gastrocnemius  and  the  femur. 
Nearly  constant.     May  communicate  with  joint. 

B.  musculi  gastrocnemii  medialis  (Figs.  1176  and 
1177).  Between  the  inner  head  of  the  gastrocnemius 
and  the  semimembranosus.  It  is  behind  the  internal 
condyle  and  over  the  neighboring  capsule.     Large  and 
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constant.  Sometimes  multilocular.  In  adults  it  usu- 
ally communicates  with  the  joint.  Synnestvedt  de- 
scribes the  lower  part  of  this  as  a  separate  bursa, 
under  the  name  of  B.  sernimembranosogaslrocnemialis. 

B.m.  setnimetnbranosi  (Fig.  1177).  Between  the  ex- 
pansion of  the  semimembranosus  tendon  and  the 
inner  condj'le  of  the  tibia.    Usually  closed.     Constant. 

B.?yi.  gastrocnemii  lateralis.  Between  the  external 
head  of  the  gastrocnemius  and  the  capsule.     Rare. 

B.  bicipUogastrocnemialis.  In  the  popliteal  groove 
between  the  prominence  of  the  sesamoid  bone  in  the 
head  of  the  gastrocnemius  and  the  biceps  tendon. 
Very  rare. 

B.  m.  poplitei  (Fig.  1177).  Between  the  pophteus 
and  the  joint  capsule  -I-  external  tuberosity  of  tibia. 
This  always  communicates  with  the  joint,  and  is 
properly  a  diverticulum  of  the  capsule,  occasionally 
(1  in  10,  Lenoir)  it  also  communicates  with  the  cavity 
of  the  superior  tibiofibular  articulation. 

Ankle  and  Foot. — B.  subcutanea  malleoli  lateralis; 

B.  subcutanea  malleoli  medialis.  Subcutaneous 
over  the  malleoli.  Not  constant.  External  more 
frequent. 

Vagin(B  tendinum  m.  extensoris  digitorum  pedis  longi; 

Vag.  tendinis  m.  extensoris  hallucis  longi; 

Vag.  tendinis  m.  tibialis  anterioris  (Fig.  1178). 
Around  the  tendons  of  these  muscles.  Not  infre- 
quenth'  the  sheath  of  the  extensors  extends  somewhat 
higher  up  than  is  shown  in  the  figure. 

B.  sinus  tarsi  (Gruber).  Between  the  fascia  which 
binds  down  the  extensor  longus  digitorum  and  the 
head  of  the  astragalus.  Quite  frequent  (5  in  12, 
Synnestvedt;  97  in  174,  Gruber).  May  communi- 
cate with  joint. 

Bb.  sub  musculo  pedioeo.  L'nder  the  extensor 
brevis  digitorum.  Usuallj'  two.  Found  by  Syn- 
nestvedt 2  in  16. 

B.  tarsiea  subcutanea  (Schreger).  On  dorsal  sur- 
face of  foot. 

Vagina  tendinis  m.  tibialis  posterioris  (Fig.  1179). 
Surrounds  the  tendon  as  it  lies  back  of  the  internal 
malleolus. 


V.  t.  m.  tibialis  anterioris. . . 
V.  t.  m.  est.  longi  hallucis. . 
V.  t.  m.  ext.  longi  digitorum 


B.  subtendinea  m.  tibialis  ant. . . 

B.  subtendinea  m.  peronei  tertii ^ 


V.  t.  anterior  est.  long,  hallucis.. 


Fig.  1178. — Synovial  Sheaths  on  Back  of  Ankle  and  Foot. 

Vagince  tendinum  m.  flexoris  digitorum.  longi  and 
Vag.  tendinis  m.  flexoris  hallucis  longi  (Fig.  1179). 
Surround  the  tendons  behind  the  internal  maUeolus 
and  extend  into  the  sole. 

B.  subcutanea  calcanea.  Between  the  tendon  and 
the  deep  fascia.     Not  constant. 

B.  tendinis  calcanei  (Fig.  1179).  Between  the 
tendon  and  the  posterior  surface  of  the  calcaneum. 
Constant.  Has  cartilage  on  two  of  its  walls,  viz., 
over  the  bone,  and  a  thin  laj'er  coating  the  anterior 
surface  of  the  tendon. 
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B.  subcalcanea  (Lenoir-").  Between  the  inferior 
surface  of  the  calcaneum  and  the  plantar  fascia. 
Constant. 

B.  subtendinea  musculi  tibialis  anterioris  (Fig. 
117S).  Under  the  tendon  at  its  insertion  upon 
cuneiforme  I.  (5  in  12,  Synnestvedt). 

B.  subtendinea  m.  tibialis  posterioris.  Between  the 
tendon  and  the  navicular  bone. 


Tibia 

V.  t.  fles.  long,  digitorum 
V.  t.  tibialis  posterioris- - 
Internal  annular  lig't 


V.  t.  fles.  long,  hall-  ; 

B.  postcalcanea  profunda: 

Fig.  1179. — Synovial  Sheaths  of  Inner  Side  of  Foot. 

Bb.  m.  abductoris  minimi  digiti  (Synnestvedt). 
One  between  the  abductor  and  the  sesamoid  bone  of 
the  peroneus  longus;  another  between  the  muscle  and 
the  tuberosity  of  metacarpale  V.     Rare. 

B.  subtendinea  m.  peronei  tertii  (H3Ttl)  (Fig.  1178). 
L'nder  the  tendon  at  its  insertion  upon  head  of 
metacarpale  V.     Not  constant. 

B.  subtendinea  m.  extensoris  longi  hallucis.  Be- 
tween the  tendon  and  the  head  of  metacarpale  I. 
SmaU  and  rather  rare. 

Vag.  tendinis  atiterior  extensoris  hallucis  longi 
(Fig.  1178).  Over  metatarsophalangeal  joint  I. 
About  one  inch  long. 

Vag.  tendin  um  mm.  peroneorum  communis.  Sheathes 
the  peroneal  tendons  behind  the  external  maUeolus. 
Single  in  the  middle,   it  divides  above  and  below. 

Bb.  dorsales  subcutane(e.  Several  of  these  are 
described  by  Schreger  and  Synnestvedt.  One  over 
cuneiforme  I.,  one  over  head  of  metacarpale  I.,  and 
occasionaUj'  over  other  projections. 

Bb.  dorsales  subtendinece  (Synnestvedt).  These 
occur  in  similar  situations  as  those  of  the  hand,  and 
agree  with  them  in  form  and  si^e. 

Vag.  tendinis  ?«.  peronei  longi  plantaris.  Sheathes 
the  tendon  as  it  lies  in  the  groove  of  the  cuboid.  A 
small  bursa  is  sometimes  found  under  the  tendon 
where  it  turns  around  the  outer  side  of  the  cuboid, 
and  another  under  its  insertion  upon  metatarsale  I. 

Bb.  plantaris  meiatarsophalangei  (Schreger).  These 
occur  at  the  articulations. 

B.  plantaris  in  capitulo  ossis  metatarsi  I.  (Lenoir); 

B.  plantaris  in  capitido  ossis  metatarsi  V.   (Lenoir). 
These  are  well-known  bursa  between  the  skin  and  the 
points  of  greatest  pressure. 

Bb.  intermetatarsophalangeop.  These  are  usually 
found  in  old  subjects,  between  the  toes,  in  the.  region 
of  the  metatarsophalangeal  joints.  The  three  inner 
are  most  constant  (No.  1,  95  per  cent.;  No.  2.  98  per 
cent.;  No.  3,  95  per  cent.;  No.  4,  28  per  cent.,  Gruber). 
Occasionally  communicate  with  joints. 

Bb.  ?n.  interosseorum.  Between  the  interossei  and 
the  metatarsophalangeal  joint.  Rareh-  communi- 
cate. 

Bb.  7nm.  lumbricalium  pedis.  L'nder the lumbricales 
and  laterally  to  them.     Rare. 

B.  abductoris  minimi  digiti.  Between  the  abductor 
of  the  little  toe  and  the  head  of  metatarsale  V.  Rare 
(1  in  14,  Sj'nnestvedt). 

Bb.  phalangea  dorsales  (Schreger).  These  are  not 
so  constant  as  those  of  the  hand. 

Vagince  tendinum  digitalium  pedis.  Surround  the 
tendons  of  the  flexor  muscles  in  the  sole  of  the  foot. 

Fr-\nk   B.*.ker. 
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Besi(ies  the  seneral  tresitisea  on  anatomy,  and  the  publications 
cited  belaw,  the  following  works  have  been  specially  consulted  in 
the  preparation  of  this  article; 

Monro,  A.;  A  Description  of  all  the  Bursse  Mucosae  of  the  Human 
Body.     Edinb.,  1788. 

Rosenmiiller,  J.  C:  Alex.  Monroi  icon,  et  descr.  burs.  muco.H. 
Corp.  hum.  Lipsijp,  1799.  This  is  far  more  valuable  than  the 
original  work  of  .Monro,  being  considerably  enlarged  and  improved. 

Schreger:  De  bursts  subcutaneis,  Erlangen,  1825. 

Gruber,  W.;  Die  neue  Bursa  mucosa  sinus  tarsi.  Bull.  phys. 
math,  de  St.  Petersbourg,  torn,  xv.,  Xo.  1,  1856. 

Gruber,  W.:  Die  Bursa"  muco-sa"  pra>patellares.  Bull.  phys. 
math,  de  St.  Petersbourg,  Xos.  10  and  11,  1S.57. 

Gruber,  \V.;  Die  Knieschleimbeutel,  eine  Monographic,  Prag., 
1857. 

Gruber,  W.:  Die  Bursa?  muccsffi  der  Spatia  intermetacarpo- 
phalangea  et  intermetatarso-phalangea,  M^m.  des  sav.  Strang. 
de  .St.  Petersbourg,  torn,  viii.,  18.58. 

Gruber,  W.:  Die  Oberschullerhakenschleimbeutel,  eine  Mono- 
graphic. M6m.  de  IWcad.  Imp.  des  Sciences  do  St.  Petersbourg. 
ser.  vii.,  torn.  iii..  Xo.  11, 

Gruber,  W.:  Die  Bursa?  mucosie  cubitales.  eine  Monographic, 
M6iu.  de  r.\ca<l.  Imp.  des  Sciences  de  St.  Petersbourg,  1886,  ser. 
vii..  toin.  X.,  Xo.  7. 

Todd,  J.:  Cyclopedia  of  Anatomy  and  Physiologj',  article  Bursa. 

See,  M.:  Dictionnaire  encyclopedique  des  sciences  medicales, 
article  Bourses  sereuses,  Paris,  1867. 

Heineko.  W.:  .\jiatomie  und  Pathologic  der  Schleimbeutel  und 
Sehuenscheiden,  Erlangen,  1868. 

Synnestvedt,  A.  S.  D.:  En  anatomisk  beskrivelse  af  de  paa  over- 
og  uuderextremiteterne  forekommende  Bursae  mucosa?.  CUristiania. 
1869. 

Nancrede,  C.  B.;  Injuries  and  Diseases  of  Bursre,  in  the  Int. 
Encycl.  of  Surgery,  vol.  ii.,  pp.  691-7,33. 
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Burseraceae. — A  small,  but  rather  important  family 
of  some  sixteen  genera  and  about  two  hundred  species, 
distributed  through  all  tropical  and  some  subtropical 
regions.  A  few  fruits  are  somewhat  eaten  (Protiura), 
and  some  of  the  seeds  yield  useful  fi.xed  oils.  The 
principal  value  of  the  family  resides  in  its  numerous 
gum  resins  and  oleoresins.  which  have  from  the  ear- 
liest times  been  used  for  incense  and  recognized  as 
important  articles  of  commerce.  The  best  known  of 
them  are  myrrh,  bdeUium,  olibanum,  and  elemi,  dis- 
cussed elsewhere,  which  represent  the  constituents 
and  properties  of  the  family.         Henry  H.  RrsBY. 

Bursitis. — It  is  generally  thought  that  all  bursoe  are 
the  same  in  structure,  but   this  is  probably  not  so. 


"The  bursiP  may  be  cit  her  deep-.scatcd  or  sul> 
cutaneous.  Tiie  former  arc  for  the  most  part  placed 
Ix'tween  a  muscle  or  its  tendon  and  a  bone  or  the  ex- 
terior of  a  joint,  less  commonly  between  two  muscles 
or  tendons.  The  subcutaneous  lie  immediately  under 
the  skin,  and  are  found  in  variou.s  regions  of  the 
body  interposed  between  the  skin  and  some  firm 
prominence  beneath  it.  It  must,  however,  be  ob- 
served that,  amongst  these  subcutanpous  bursae, 
some  are  reckoned  which  do  not  always  present  the 
cliaracters  of  true  synovial  sacs,  but  look  more  like 


Fig.  1180. — .Section  of  Xormal  Joint  Capsule:  rather  highly 
magnified.  The  "lymph  spaces"  show  well  in  this  photomicro- 
eraph,  but  the  peculiar  cells  on  the  surface  of  the  membrane 
show  very  poorly. 


mere  recesses  in  the  subcutaneous  areolar  tissue, 
larger  and  more  defined  than  the  neighboring  areolae, 
but  still  bounded  by  an  evident  sjnovial  membrane." 
(Quain's  .Vnatomy.) 

.\I}-  investigations,  by  no  means  extensive,  inchne 
me  to  the  beUef  that  the  bursae  found  in  the  region  of 
the  joints,  and  where  tendons  or  muscles  play  over  a 
bonv'  prominence  or  upon  each  other,  are  true  sj'no- 
vial  cavities,  bursoe  synoviales,  while  those  found  sub- 
cutaneoush'  over  bony  prominences,  bursie  ?nucos(E, 
have  a  different  structure.  In  the  latter  category 
fall  such  bursa  as  the  prepatellar,  and  probably  also 
those  that  are  developed  in  the  subcutaneous  tissue 
as  the  result  of  constant  trauma — "adventitious 
bursae." 

Synovial  Biirsce. — These  often  communicate  with 
the  cavity  of  a  joint,  and  may  be  involved  in  joint 
disease.  They  are  vulnerable  to  the  same  diseases 
as  are  the  synovial  membranes  of  joints,  and  the  eti- 
ology, pathology  and  treatment  of  bursitis  are  there- 
fore much  the  same  as  are  those  of  arthritis.  They  are 
often  acutely  affected  by  trauma  also.  Thus,  an  acute 
suppurative  inflammation  demands  incision  and 
drainage:  tuberculosis,  excision;  acute  traumatic 
Inirsitis,  rest,  hot  and  cold  appUcation.s,  and  strapping. 
Occasionally  one  sees  a  subacute  form  which  ap- 
parently is  caused  by  an  obscure  infection  somewhere 
else  in  the  body,  and  which  resists  treatment  until  the 
source  of  infection  is  removed.  The  diagnosis  is 
made  on  much  the  same  points  as  would  be  the 
diagnosis  of  disease  of  the  joint  synovia,  plus  the 
location  of  the  trouble  at  the  known  situation  of  the 
bursa.  Localized    pain,  swelUng,  and  fluctuation  are 
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present,  and  if  the  inflammation  be  due  to  pus  cocci, 
redness  and  heat  are  added. 

Miicous  Bursa:. — These  burs^  are  wont  to  enlarge 
and  fill  with  fluid  as  the  result  of  oft-repeated  trauma, 
and  often  are  formed  de  novo  in  unusual  situations 
as  the  result  of  such  trauma.  According  to  Lange- 
mak'  the  enlargement  is  to  be  regarded  as  simply  an 
exaggeration  of  the  process  which  originated  the  bursa. 
According  to  this  author  the  pathological  process  is 
not  an  inflammation,  but  a  collagenous  degeneration 


Fig.  IISI. — :?ection  of  \\  all  of  Normal  Prepatellar  Bursa:  saiiie 
magnification  as  Fig.  IISO.  Compare  the  two  photomicrographs. 
The  structures  are  entirely  different. 

— an  hygroma.  The  hygroma  may  later  become 
secondarily  infected.  Some  writers  maintain  that  it 
is  prone  to  syphilitic  degeneration.  A  simple  hygroma 
is  filled  with  fluid  or  with  gelatinous  material,  is  pain- 
less, slow  of  growth,  and  usualh-  fluctuates.  When  sec- 
ondarily infected  it  is  painful,  and  presents  signs 
of  active  inflammation.  The  treatment  consists  in 
extirpation  of  the  sac.  Sometimes,  if  the  cause  of 
enlargement  can  be  removed,  aspiration  and  pressure 
may  be  efficacious. 

"House-maid's  knee"  is  the  term  applied  to  pre- 
patellar bursitis,  "miner's  elbow"  to  olecranon  bur- 
sitis, "  weaver's  bottom "  to  gluteal  bursitis.  Tailor.^ 
develop  an  enlarged  bursa  over  the  external  malleo- 
lus. An  adventitious  bursa  developing  over  the 
metatarsophalangeal  joint  of  the  great  toe  constitutes 
the  famihar  bunion. 

Individu.\l  Forms  of  Bursitis. — Prepatellar  bur- 
sitis is  found  most  often  among  those  whose  occu- 
pation requires  kneeling.  It  is  slow  and  chronic, 
fluctuates,  is  usually  painless  if  uninfected,  and  is 
situated  over  the  patella,  more  especially  over  its 
lower  half.  The  treatment  consists  in  eradication 
of  the  sac,  with  care  not  to  open  the  knee-joint  at  the 
sides  of  the  patella.  If  a  sj-philitic  element  be  present, 
the  appropriate  remedies  must  be  used  in  addition. 

Subpatellar  Bursitis. — Inflammation  of  the  bursa 
under  the  patellar  tendon,  subpatellar  bursitis, 
shows  itself  as  a  fluctuating  swelling  on  either  side  of 
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the  tendon.  Incision  and  drainage  may  be  necessary. 
The  disease  must  be  differentiated  from  injury  of 
the  tibial  tubercle  sometimes  seen  in  adolescents. 

The  bursa  between  the  tendons  of  the  semimem- 
branosus and  the  inner  head  of  the  gastrocnemius 
communicates  with  the  knee-joint  in  about  fifty  per 
cent,  of  cases.  Tliis  fact  must  be  borne  in  mind  in 
operations  upon  it. 

Bunion. — Probably  as  the  result  of  ill-fitting  shoes, 
the  proximal  phalarLx  of  the  great  toe  is  thrust  out- 
ward and  is  subluxated  on  its  metatarsal  bone — 
hallux  valgus.  Over  the  enlarged  metatarsopha- 
langeal joint  a  bursa  forms,  which  by  pressure  be- 
comes painful,  and  frequently  becomes  infected.  Pal- 
liative treatment  of  the  milder  forms  consists  in  reUef 
of  pressure,  and  in  proper  shoes.  The  frequentlj-  ac- 
companying (and  causal)  flat-foot  requires  attention. 
For  the  severer  grades  excision  of  the  head  of  the 
metatarsal,  or  of  part  of  it.  will  usualh'  be  necessary. 
If  secondarily  infected,  the  bursa  must  first  be  opened 
and  drained.  Thereafter  shoes  built  on  proper  lines 
must  be  worn,  and  perhaps  a  flat-foot  brace  in 
addition.  Some  operators  transplant  the  extensor 
tendon  of  the  great  toe. 

A  bursa  often  develops  under  a  corn,  and  its  sec- 
ondarj'  infection  may  give  rise  to  great  pain  and  even 
to  constitutional  disturbance.  It  is  these  bursce  which 
often  make  a  corn  extremely  sensitive.  Relief  of 
pressure  by  proper  shoes,  or,  when  the  corn  is  on  the 


11S2. — Prepatellar  Bursitis  ("Housemaid's  Knee" 


sole  of  the  foot,  by  a  sole  plate,  will  usually  cure  the 
uninfected  cases.  Secondary  infection  demands  in- 
cision and  drainage. 

Retrocalcancal  Bursitis. — Injury  of  tliis  bursa  is 
often  followed  by  e.xtreme  sensitiveness  over  the 
back  of  the  heel  between  the  tendo  Achillis  and  the 
calcaneus.  Fluctuation  maj-  be  distinguished  at 
the  sides  of  the  tendon.     Treatment  is  usually  by  a 
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Ions  strip  of  adhesive  strapping  from  the  upper  oart 
i)f  the  liack  of  tlie  calf,  under  the  heel  to  the  ball  of 
tlie  foot,  put  on  while  tlie  foot  is  plantar-llcxei.!,  and 
reinforced  by  criss-cross  strapping  over  the  heel. 
Chronic  inflammation  of  this  bursa  often  accompanies 
flat-foot  and  yields  to  the  treatment  of  the  causal 
afToction.  Areas  of  calcification  are  said  to  exist  in 
the  chronic  forms  of  inflammation  of  this  bursa. 

Tailors  occasionally  develop  an  adventitious  bursa 
over  their  external  malleoli.  It  should  be  exei.sed  if 
it  becomes  troublesome. 

Itinpsoas  IJiirsitis.- — The  iliopsoas  bursa  conimuni- 
oatcs  with  the  hip-ioint  in  a  fair  proportion  of  cases 
(3  out  of  IS.  according  to  Lund)  and  inflammation  of 
it  may  evidence  itself  as  a  fluctuating  tumor  in  front 
of  the  joint  capsule  to  the  outside  of  the  femoral 
vessels. 

OlecTanon  Bursitis. — "Miner's  elbow"  may  be  said 
to  be  an  analogous  disease  to  nrepatellar  bursitis. 
The  treatment  is  the  same — usually  excision. 

Subacromial  or  Subdeltoid  Bursitis. — This  was  de- 
scribed some  years  ago  by  Duplay,  but  its  full  impor- 
tance was  not  reahzed  until  the  researches  of  Codman, 
of  Boston,  placed  its  pathology  and  symptomatology 
on  a  sound  footing.  It  is  now  recognized  as  the 
cause  of  many  of  the  cases  of  stiff  and  painful  shoul- 
ders that  formerly  defied  treatment.  This  bursa, 
wlien  the  arm  is  at  the  side,  lies  about  half  under  the 
deltoid  muscle  and  half  under  the  acromion.  When 
the  arm  is  fully  abducted  the  bursa  is  almost  entirely 
subacromial.  Codman  maintains  that  its  size  is  usu- 
ally about  that  of  a  silver  dollar. 

Etiology. — The  bursa  may  be  involved  in  any  of 
the  infectious  processes  we  have  enumerated,  and 
also  attracts  peculiar  attention  by  its  Uability  to 
injury.  The  injury  is  usually  a  fall  upon  the  shoul- 
der, or  a  sudden  active  abduction  of  the  arm.  The 
qursa  may  contain  fluid  or  its  walls  may  be  more  or 
less  glued  together.  Sometimes  the  tendon  of  the 
supraspinatus  is  torn  near  its  attachment.  A  con- 
dition similar  to  subacromial  bursitis  often  results 
after  dislocation  of  the  head  of  the  humerus,  when  the 
greater  tuberosity  has  been  torn  off  and  has  been  al- 
lowed to  heal  in  a  faulty  position.  In  the  past  many 
of  these  cases  were  diagnosed  vaguely  as  "periarthri- 
tis," circumflex  neuritis,  injury  to  the  brachial  plexus, 
heumatism,  etc.,  but  Codman  has  shown  their  true 
nature.^ 

Symptomatology. — Localized  pain  and  sensitiveness 
over  the  bursa  are  almost  always  present,  and  the  pain 
may  shoot  down  the  arm.  The  main  diagnostic  point 
is  a  limitation  of  motion  in  the  direction  of  abduction 
and  of  external  rotation.  Atrophy  of  the  deltoid  may  be 
present.  Of  course,  the  bursa  may  be  involved  in 
shoulder-joint  disease,  but  in  bursitis  pure  and  simple 
a  skiagram  will  not  show  any  disea.se  of  the  joint  it- 
self or  of  the  head  of  the  bone.  Possibly  small  areas 
of  calcification  may  appear  in  the  bursa. 

The  main  difficulty  in  diagnosis  will  lie  in  the  dif- 
ferentiation of  this  lesion  from  disease  of  the  shoulder- 
joint  and  from  fracture,  and  a  skiagram  will  be  our 
most  useful  aid. 

The  treatment  of  the  traumatic  form  will  vary 
somewhat  as  the  severity  of  the  disease.  Mild  cases 
may  recover  in  a  short  time  under  hot  and  cold  appli- 
cations, gentle  massage,  and  possibly  a  position  of  the 
shoulder-joint  at  right-angle  abduction.  Sometimes 
in  the  resistant  cases,  breaking  up  of  the  adhesions 
under  ether  may  be  necessary,  followed  by  persistent 
massage  and  passive  motion.  In  the  very  severe  cases, 
removal  of  the  subdeltoid  portion  of  the  bursa  has 
been  highly  recommended.' 

T.  Turner  Thomas'  has  disputed  the  important  role 
of  the  subacromial  bursa  in  injuries  about  the  shoul- 
der-joint, and  ascribes  the  symptoms  to  a  tearing  of 
the  capsular  ligament  on  the  axillary  side  of  the  joint, 
by  forced  abduction  of  the  arm.  He  maintains  his 
argument  with  some  force.  Leon.\rd  W.  Ely. 


IJefkuk.ncks. 

1.  Langemak:     Archiv  fur  klin.  Chir.  Ixx.,  S.,  9-lfl. 

2.  Luad:  Bo.ston  Mudical  and  Surgical  Journal,  September  25, 
1902. 

3.  Codman:  IJo.sUin  Mediral  and  .Surgical  Journal,  May  31, 
1906;  May  18.  1911;  July  27.  lull;  June  13,  1912,  etc. 

4.  Baer:  John.s  Hopkins  Bulletin,  1007,  pp.  195-196.  Painter, 
Boston  Medical  and  .Surgical  Journal,  March  21.  1907. 

5.  T.  Turner  Tlioriiaa:  Therapeutic  Gazette,  February,  1912. 
American  Journal  of  the  -Metlical  Sciences,  April,  1911. 

Buthus. — A  genus  of  scorpions,  family  Scorvi- 
onidw.  B.  carolinus  is  the  common  species  in  the 
southern  United  States.  It  has  a  poisonous  sting  at 
the  end  of  the  slender  abdomen  but  the  wounds  it  in- 
flicts arc  usually  not  serious.     See  Arachnida. 

A.  S.  P. 

Butneria. — See  Calycanlhus. 

Butternut. — See  Jnglans. 

Button  Scurvy. — See  Ecphyma   Globulus. 

Bufyl  Chloral  Hydrate.— C^H.Cl^G.HjG.  This  sub- 
stance, formerly  erroneously  styled  croton  chloral  hy- 
drate, was  introduced  into  medicine  in  1870  by  Lie- 
breich,  but  has  not  met  with  much  favor,  and  has 
failed  to  secure  oflficial  recognition  in  the  United 
States  Pharmacopoeia;  it  is,  however,  official  in  the 
British  Pharmacopoeia.  Butyl  chloral  hydrate  is 
in  the  form  of  colorless  crystalline  scales,  of  an  odor 
and  taste  reminding  of  ordinary  chloral  hydrate. 
It  has  the  disadvantage,  as  compared  with  the  latter 
substance,  of  being  but  sparingly  .soluble  in  cold 
water.  It  dissolves  freely  in  alcohol,  in  glycerin,  and 
in  boiling  water. 

Butyl  chloral  hydrate  is  closely  allied,  chemically, 
to  ordinary  chloral  hydrate  and  resembles  that  com- 
pound in  its  effects  upon  the  animal  system.  Its 
only  recommendation  to  medical  favor  lay  in  its  sup- 
posed property  of  being  peouliarlj'  anodyne  to  the 
trigeminal  nerve  (Liebreich),  and  so  of  peculiar 
promise  for  the  alleviation  of  neuralgias  of  the  face 
and  head,  including  neuralgia  due  to  decayed  teeth; 
but  this  property  certainly  does  not  exist  to  any 
marked  degree.  Practically,  the  drug  is  only  a  com- 
paratively insoluble,  and  therefore  inconvenient, 
substitute  for  ordinary  chloral  hydrate.  It  may  be 
given  in  doses  ranging  from  gr.  v.  to  xxx.  (0.30  to 
2.0)  in  syrupy  mixture.  Edward  Curtis. 

R.  J.  E.  Scott. 

Butyric  Acid,  C3H7.COOH,  occurs  in  the  animal 
organism  under  a  variety  of  conditions.  It  is  chiefly 
characteristic  of  butter,  being  found  there  in  the 
form  of  an  ester,  a  triglyceride,  and  as  such  consti- 
tutes the  cliief  fat  of  butter  and  milk.  To  butyric 
acid  set  free  by  fermentation  is  due  the  peculiar  ran- 
cid taste  and  odor  of  contaminated  butter.  When 
milk  sours,  milk  sugar  (lactose)  is  converted  into 
lactic  acid  by  the  lactic  ferment  of  various  bacteria 
in  accordance  with  the  following  equation. 
CioH.,20„-|-H20  =  4C3H60., 

Lactose  Lactic  acid 

The  lactic  acid  is  then  acted  upon  by  butyric  acid 
ferment  contained  in  the  air. 

2C,H603  =  C4H802-f2COo-|-2H2 

Lactic  acid  Butyric  acid 

Butyric  acid  in  pure  condition  is  a  strongly  acid 
liquid,  mixing  with  water  in  all  proportions  and 
having  a  boiling  point  of  103°  C.  It  may  be  present 
in  the  gastric  contents  under  abnormal  conditions, 
viz.,  with  a  markedly  diminished  hydrochloric  acid 
secretion.  In  excessive  fermentation  in  the  enteric 
tract  butyric  acid  may  be  formed  in  significant 
amounts.  Frank  P.  Underbill. 
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Buxton. —  Buxton,  situated  in  the  Peak  district  of 
Derbyshire,  England,  at  an  elevation  of  about  1,00(1 
feet  above  sea-level,  is  a  pleasant  and  popular  ro.sort 
in  the  midst  of  beautiful  scenery,  frequented  not  only 
on  account  of  its  baths  but  as  well  on  account  of  its 
fine  bracing  air  and  attractive  situation.  There  are 
numerous  and  interesting  excursions  in  the  environs, 
of  both  scenic  and  historic  interest.  Chatsworth  and 
Haddon  Hall,  for  example,  are  within  easy  acce.ss. 

Like  Bath,  which  it  also  resembles  in  its  waters, 
Buxton  was  known  to  the  Romans;  was  \'isited  by 
Mary,  Queen  of  Scots;  and  has,  for  a  very  long  period, 
maintained  a  high  rank  as  a  prosperous  and  popular 
health  resort  and  spa.  Unlike  Bath,  however,  Bux- 
ton is  a  summer  resort  principallv,  the  .season  extend- 
ing from  May  to  September.  Tlie  air  is  cool  and  in- 
vigorating. For  July,  during  a  period  of  ten  years' 
observation,  the  mean  maximum  temperature  was 
65.1°  F.,  and  the  mean  minimum  48.4°  F.  There 
is  considerable  rain,  the  yearly  mean  being  46.2 
inches. 

The  waters  of  Buxton  are  of  the  simple  thermal 
variety,  of  a  natural  temijerature  of  82°  I".  Thej'  are 
very  weaklj'  mineralized,  slightly  alkaline,  .soft,  and 
contain  in  solution  nitrogen  gas  in  larger  amounts 
than  is  present  in  other  springs  of  the  kind.  The 
color  of  the  water  is  of  a  "beautiful  blue  tint." 
Besides  the  simple  thermal  waters,  there  is  a  weak 
chalybeate  water  used  both  for  drinking  and  as  an  ap- 
plication to  the  eyes.  Radium  has  also  been  found  in 
these  waters  and  it  is  possible  that  radioactivity 
may  enhance  their  therapeutic  value  as  well  as  that 
of  other  mineral  waters  where  this  rare  element  is 
found.  These  waters  are  employed  both  for  drink- 
ing and  baths.  There  is  a  handsome  "pump  room" 
for  drinking  the  waters  and  two  bath  establishments, 
one  in  whicli  the  water  is  used  at  its  natural  tempera- 
ture, and  one  in  which  the  water  is  heated  to  any  tem- 
perature desired.  The  usual  varieties  of  baths  are 
afforded  here — douches,  vapor,  needle,  and  massage 
baths.  There  are  ahso  arrangements  by  which  crip- 
ples are  lowered  into  the  waters. 

The  effects  obtained  by  the  use  of  thermal  waters 
like  those  of  Buxton  are  derived  chiefly  from  tlieir 
skilful  application  rather  than  from  any  mineral  ingre- 
dients the}'  possess,  together  with  the  careful  order- 
ing of  one's  habits  of  living  in  regard  to  diet,  e.xercise, 
fresh  air,  and  rest.  Much  of  the  benefit  obtained  by 
a  visit  to  such  spas  as  Bu-xton  depends  undo\ibtedly 
upon  the  change  from  one's  usual  routine  of  life  and 
the  pleasant  surroundings  of  the  .spa. 

The  diseases  and  conditions  which  are  benefited  by 
the  waters  of  Buxton  are  gout  and  gouty  aflfections. 
rheumatism,  diseases  of  the  skin  dependent  upon  a 
gouty  diathesis.  Joint  stiffness  and  pain  resulting 
from  an  attack  of  rheumatism  are  also  relieved  by  the 
application  of  the  hot  water  in  the  form  of  the  douche 
massage,  and  the  various  baths  which  promote  the  ab- 
sorption of  morbid  products  and  thus  reUeve  the  con- 
sequent disabihty. 

'ihe  contraindications  are:  (a)  febrile  conditions;  (b) 
advanced  valvular  disease  of  the  heart,  feeble  or  fatty 
heart,  or  atheromatous  vessels;  (c)  advanced  disease  of 
the  kidneys;  (d)  extreme  debility;  (e)  advanced  di.sea.se 
of  the  lungs;  (/)  plethora,  or  an  inclination  thereto. 

The  general  action  of  the  waters  is  said  to  be  stimu- 
lating, alterative,  depurant,  and  diuretic.  Upon  the 
skin  they  exercise  a  detergent  effect,  improving  its 
tone  and  function.  Excretion  of  urea  and  uric  acid 
is  said  to  be  increased.  In  beginning  a  course  of  baths 
there  may  follow  certain  nervous  or  circulatory  dis- 
turbances, such  as  insomnia,  giddiness,  palpitation, 
and  .sometimes  sUght  fever  with  increa.sed  pain  and 
stiffness  in  the  joints,  but  these  effects  soon  pass  away. 

The  natural  baths,  i.e.  at  a  temperature  of  82°,  are 
given  from  four  to  seven  minutes,  and  the  hot  baths, 
those  artificially  heated,  from  four  to  fifteen  minutes. 
After  the  bath  the  patient  is  wrapped  in  hot  towels 
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and  dried  by  gentle  rubbing.     After  the  natural  bath 
a  brisk  walk  is  recommended. 

There  are  the  usual  means  of  amusement — theater, 
concert-hall,  reading-room,  tennis,  golf,  conserva- 
tories, etc.  The  accommodations  are  good,  eonsist- 
ng  of  numerous  hotels  and  boarding-houses. 

Bu-xton  is  reached  in  four  and  one-half  hours  from 
London.  Edward  O.   Otis. 

Byford,  William  H. —  Born  at  Eaton,  Ohio,  March 
20,  1817.  He  received  the  degree  of  Doctor  of  Medi- 
cine from  tlie  Ohio  Medical  College,  in  1844,  and  began 
the  regular  practice  of  his  profession  at  Mount  Vernon, 
Indiana.  (He  had  already  practised  there  without  a 
diploma  during  the  preceding  four  years,  in  partner- 
ship with  Dr.  Hezekiah  Holland.)'  During  the  ten 
years  which  he  spent  in  Mount  Vernon  he  won  such  a 
high  position  for  himself  in  the  esteem  of  the  Pro- 
fession of  the  State  that  he  was  called,  in  1850,  to  fill 
the  chair  of  Anatomy^in  the  Evansville  Medical  Col- 
lege. Two  years  later  he  was  transferred  to  tlie  Chair 
of  Theory  and  Practice  in  the  same  college  and  he 
continued  to  hold  this  position  up  to  1856,  when  the 
institution  ceased  to  exist.  Not  long  afterward  he 
was  made  Professor  of  Obstetrics  and  Diseases  of 
Women  and  Children  in  Rush  Medical  College, 
Chicago.  In  1859,  when  the  Chicago  Medical  Col- 
lege was  organized,  he  resigned  his  chair  in  Rush 
Medical  College  and  accepted  a  professorship  in  the 
newly  established  institution.  In  1879,  after  he  had 
been  prominently  connected  with  the  Chicago  Medical 
College  for  twenty  years,  he  was  again  called  to 
Rush  College  to  take  the  Chair  of  Gynecology,  a  pro- 
fessorship which  had  been  newly  established,  with  the 
understanding  that  Byford  would  accept  the  position. 
Coincidently  with  his  work  in  the  medical  school  and 
his  private  practice,  he  found  time  for  organizing  the 
Women's  Medical  College  of  Cliicago.  He  also  was 
a  prominent  mover  in  the  enterprise  which  gave  to 
Chicago  a  medical  periodical  of  character  and  stand- 
ing— the  Chicago  Medical  Journal  and  Examiner, 
— and  for  three  years  he  was  editor-in-chief  of  that 
pubhcation.     He  died  on  May  21,  1890. 

Of  the  writings  which  Byford  jiubUshed  the  follow- 
ing deserve  special  mention:  "Chronic  Inflamma- 
tion of  the  Cervix  L'teri";  "Treatise  on  the  Chronic 
Inflammation  and  Displacements  of  the  Litems," 
1864;  "Practice  of  Medicine  and  Surgery  Applied  to 
Diseases  of  Women,"  1865;  and  a  "Treatise  on  the 
Theory  and  Practice  of  Obstetrics,"  1870. 

A.  H.   B. 

Cabell,  James  Lawrence. — Born  in  Nelson  County, 
Virginia,  August  26,  1813.  He  studied  medicine  at 
the  University  of  Maryland  and  received  his  degree 
in  1833.  He  continued  his  medical  studies  in  Paris, 
France,  and  upon  his  return  to  this  country  he  was 
elected  (1837)  Professor  of  Anatomy  and  Surgery  in 
the  University  of  Virginia.  Soon  afterward,  however, 
he  was  given  the  Chair  of  Physiology  and  Surgery. 
In  1846  he  was  chosen  Chairman  of  the  Faculty.  In 
1875  he  received  the  degree  of  LL.D.  from  Hampden- 
Sidney  College.  In  1878  he  was  elected  President  of 
the  American  Public  Health  Association,  and  after- 
ward he  held  for  a  number  of  years  the  po.sition  of 
President  of  the  National  Board  of  Health.  In  1847, 
in  a  paper  which  he  read  before  the  American  Medical 
Association,  he  proposed  that  licences  to  practice 
medicine  should  be  conferred,  not  by  medical  col- 
leges, but  by  Boards  of  Medical  Examiners  altogether 
independent  of  medical  schools.  This  plan  has  since 
been  adopted  in  all  the  States.  In  1887,  at  the  close 
of  fifty  years'  service  as  Profe.ssor  in  the  University 
of  Virginia,  the  alumni  of  that  institution  presented 
him  with  a  handsome  cup  and  desk  as  tokens  of  their 
appreciation.  He  died  on  August  13,  1889,  and  his 
remains  rest  in  the  Universitj'  Cemetery. 
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Cabot,  Arthur  Tracy. — Born  in  Boston,  Mass., 
in  1852.  He  received  tlie  degree  of  M.  D.  in  1876. 
He  served  as  a  surgical  interne  at  the  Massachusetts 
General  Hospital,  and  then  went  abroad  for  further 
study,  especially  in  the  department  of  surgery.  While 
in  London  he  had  the  privilege  of  listening  to  Lister's 
inaugural  address  at  King's  College.  Cabot  was 
deeply  impressed  by  what  Lister  said  on  the  subject 
of  the  antiseptic  treatment  of  wounds,  and  upon  his 
return  to  the  L'nited  States  he  became  one  of  the 
most  active  advocates  of  this  method.  In  1S86, 
Cabot  was  chosen  a  visiting  surgeon  to  the  Massa- 
chusetts CJeneral  Hospital,  and  he  held  this  position  up 
to  the  year  1907.  For  a  period  of  several  years  he 
was  Surgeon  to  the  Carnev  Hospital  and  also  to  the 
Children's  Hospital.  From  1885  to  1896,  he  held  the 
position  of  Instructor  in  Genitourinary  Surgery  in 
the  Harvard  Medical  School.  One  of  the  important 
contributions  which  he  made  to  general  surgery  was  a 
wire  splint  for  fractures  of  the  lower  leg,  an  apparatus 
which  he  devised  while  he  was  connected  with  the 
Children's  Hospital,  and  which  is  in  large  use  through- 
out the  world.  It  displaced  the  old  fracture  box. 
Although  Cabot  was  an  excellent  general  surgeon, 
possessing  great  manual  skDl  and  rare  soundness  of 
judgment,  it  was  as  a  genitourinary  surgeon  that  he 
became  chiefly  distinguished.  In  the  later  period  of 
his  professional  career  he  devoted  much  time  and 
thought  to  the  campaign  against  tuberculosis,  and  he 
was  appointed  in  1907,  by  the  Governor  of  the  State, 
a  trustee  of  the  Massachusetts  State  Hospitals  for 
Consumptives.  About  the  year  1SS6,  "realizing  the 
importance  of  immediate  pathological  examination  of 
many  surgical  cases  while  under  operation  in  order  to 
determine  the  scope  and  nature  of  the  necessary 
operation,"  he  and  his  brother  Samuel  established  a 
fund  of  SIO.OOO,  known  as  the  'Samuel  Cabot  Fund 
for  Pathological  Research.'  in  memory  of  their  father. 
The  interest  of  this  fund  is  used  for  paying  a  patho- 
logist to  be  on  hand  operating  days  and  making  such 
examinations  as  the  surgeons  require.  Dr.  Cabot  was 
helpful  to  the  profession  and  also  to  the  public  at 
large  in  many  other  ways;  but  lack  of  space  forbids 
anv  further  mention  of  details  in  this  brief  sketch. 
He  died  November  4,  1912. 

Dr.  Cabot  was  a  prolific  writer;  his  contributions 
to  medical  literature  numbering  over  one  hundred  and 
twenty  papers.  The  following  are  the  titles  of  a  few 
of  his  more  important  writings:  "A  Contribution  to 
the  Treatment  of  Empyema,  '  Boston  Med.  and  Surg. 
Journal,  .\ugust  16,  1883;  "The  Application  of  Anti- 
septic Principles  to  Genitourinary  Surgery,"  Op.  cit., 
September  10,  188.5;  "The  Choice  of  Operation  for 
Stone  in  the  Bladder,"  Journal  of  the  American 
^fedical  Association,  November  9,  1889;  "Notes  on 
the  Non-operative  Treatment  of  Enlarged  Prostate," 
Boston  Med.  and  Surg.  Jour.,  December  4,  1890; 
"Two  Cases  of  Cholecystotomy,"  Op.  cit.,  April  28, 
1S92;  "Observations  upon  Relapsing  Appendicitis, 
with  a  Record  of  thirty-two  Operations  without  a 
Death,"  Op.  cit.,  December  26,  1895;  "Remarks  upon 
the  Proper  Surgical  Treatment  of  Tuberculous  Bone 
Disease,"  Op.  ci(.,  January  27,  189S:  "A  Case  of  Perfor- 
ating Gastric  L"lcer.  Operation  at  the  End  of  Twenty- 
four  Hours,"  Op.  cit..  August  11,  1S98;  "The  State 
and  its  Part  in  the  Tuberculosis  Movement,"  State 
Memoir,  September,  1908;  and  five  articles,  written 
in  association  with  Dr.  Hugh  Cabot  and  published  in 
the  second  edition  of  the  Reference  H-tNDBOOK  of 
THE  Medical  Sciences,  upon  the  following  topics: 
"Bladder  in  the  Male,"  "Litholapaxy,"  "Lithotomy," 
"Suprapubic  Cvstotomv,"  and  "Prostate  Gland." 

A.  H.  B. 


Cacao,  Butter  of. — Oleum  Theobromatis.  Oil  of 
Theobroma.  Cocoa  Butter.  "A  fixed  oil  expressed 
from  the  seeds  of  Theobroma  Cacao  L.  (fam.  Sterculia- 


cecr)."  (V.  S.  P.)  The  chocolate  tree  is  a  native  of 
tropical  South  America,  where  we  have  occasionally 
seen  small  forest  areas  which  consisted  almost  wholly 
of  it.  These  wild  trees  only  occasionally  produce 
fruit,  for  which  the  trees  are  verj'  extensively  culti- 
vated in  all  tropical  countries.  There  is  great  varia- 
tion in  the  quality  of  the  seeds  coming  from  different 
regions.  Under  cultivation,  the  tree  grows  like  an 
apple  tree,  which  it  closely  resembles,  from  a  distance, 
in  form  and  general  appearance.  The  oblong-ovate 
leaves  are  about  a  foot  in  length,  thick,  and  rich  look- 
ing. The  flowers  arc  small  and  inconspicuous,  grow- 
ing in  little  cymes  directly  from  the  bark  of  the 
branches,  or  even  of  the  trunk.  The  fruit,  about  six 
to  ten  inches  long  and  half  as  thick,  is  oblong-ovoid, 
coarsely  ribbed  or  grooved,  so  as  to  look  not  unlike  a 
narrow  pointed  melon.  It  has  a  thick,  hardish  rind, 
like  a  pumpkin  or  squash,  and  its  color  varies  through 
shades  of  yellow,  orange,  and  red  to  purple.  It  is 
filled  with  a  whitish  pulp,  as  soft  as  the  flesh  of  a  ripe 
melon  and  of  a  very  fine  texture.  The  numerous 
seeds  are  embedded  in  this  pulp  and  attached  to  a 
soft  central  placenta.  This  pulp  forms  the  basis  of  a 
delicious  jeUy  of  a  beautiful  purple  or  wine  color.  The 
seeds,  after  being  cleaned  of  the  pulp,  are  known  as 
raw  seeds.  In  this  condition  they  are  bitter  and 
astringent  and  unfit  for  use.  Two  methods  of  curing 
are  in  vogue.  The  first  is  to  enclose  them  in  tight 
boxes  and  allow  them  to  "sweat."  The  second  is 
to  "claj'"  them  by  burj-ing  in  holes  in  the  earth. 
Either  process  results  in  fermentation,  bj'  which  the 
outer  coating  is  caused  to  peel  off,  and  the)'  lose  their 
disagreeable  taste.  They  are  then  dried,  cleaned, 
and  marketed  under  the  name  "cacao"  (pronounced 
(kah-kah'-o;  or  in  English,  kaj--kay'-o).  Venezuelan 
clayed  cacao  is  probably  the  most  highlj'  esteemed  and 
is  the  most  expensive.  The  seeds  are  about  as  large 
as  unsheUed  almonds,  oblong-ovoid  and  somewhat 
flattened,  blunt  at  both  ends,  of  some  shade  of  brown, 
veiny  on  the  outer  surface.  The  shell  is  thin  and  brit- 
tle, the  cotj-ledons  friable  and  fatty.  The  latter  are 
wrinkled,  and  in  good  seeds  fiU  the  cavitj'  loosely, 
with  an  irregular,  small  space  in  the  center.  'The 
taste  is  shghtly  bitterish,  but  agreeable.  For  chocolate 
manufacture,  the  seeds  are  roasted  and  shelled  and  the 
kernels  finely  ground  into  a  paste,  with  or  (usually) 
without  a  very  sUght  addition  of  water.  In  the  proc- 
ess a  portion  of  the  oil  separates.  In  the  earlier  manu- 
facture in  the  United  States,  this,  with  frequently 
an  additional  portion,  was  removed,  making  our 
chocolate  dry.  We  have  since  learned  so  well  from 
our  tropical  relatives  that  we  not  only  retain  all  of 
this  oil,  but  abstract  a  portion  in  making  the  poorer 
grades  of  chocolate,  to  add  to  the  richer  and  finer 
grades. 

The  seeds  yield  almost  half  their  weight  of  fat, 
about  a  third  as  much  albuminous  matter,  consider- 
able starch,  and  about  one  and  one-half  per  cent,  of 
the  alkaloid  theobromine.  The  shells  removed  from 
the  seeds  yield  about  one  per  cent,  of  this  alkaloid. 
Thej-  are  utilized  for  the  preparation  of  an  inferior 
drink.  The  use  of  chocolate  produces,  in  a  milder 
degree  and  after  a  longer  time,  the  cerebral  stimula- 
tion of  coffee.  .\s  the  latter  acts  through  its  caffeine, 
which  is  methj-l  theobromine,  it  would  appear  that 
some  transformation  of  the  theobromine  of  chocolate 
must  occur  in  the  system. 

Cacao  butter  is  obtained  from  the  seeds  by  the  aid 
of  heat,  either  by  pressing  with  heated  rollers  or  by 
boiling.  The  cake  which  remains  is  ground  into 
"breakfast  cocoa."  The  shells  yield  a  very  small 
amount  of  the  fat.  which  is  occasionaUj-  seen  in  the 
market  as  "  cocoa-sheU  butter."  Cacao  butter  occurs 
in  cakes  of  a  yellowish-white  color;  has  a  slight, 
agreeable  odor  and  an  oily  taste,  a  little  like  that  of 
chocolate.  Its  specific  gravitv  is  from  0.970  to 
0.980.  It  melts  at  from  86°  to  91.4°  F.,  and  Is  soluble 
in  100  parts  of  alcohol.     It  is  much  subject  to  adul- 
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teration  with  other  fats,  for  the  detection  of  which 
the  Pharmacopoeia  pro\-ides  ample  tests.  The 
pecuharities  of  this  fat  are  its  hardness  and  its  melt- 
ing point,  at  about  the  temperature  of  the  body.  This 
combination  renders  it  exceptionally  useful  for  the 
making  of  suppositories  and  bougies.  As  it  does 
not  readily  decompose  like  other  fats,  it  becomes  a 
useful  base  for  medicaments,  and  is,  for  the  same  rea- 
son, frequentlj-  employed  in  hot  countries  as  a  deli- 
cious substitute  for  butter.  It  has  no  distincth-  me- 
dicinal action.  Hexrt  H.  Rusbt. 


Cachexia. — This  word  is  derived  from  the  Greek, 
/taxis,  bad,  -r  e^i!,  a  habit  of  body.  The  condition 
is  characterized  by  a  general  lack  of  nutrition,  with 
wasting,  occurring  in  tne  course  of  a  chronic  disease. 
Among  the  well-recognized  varieties  are  African 
or  negro  cachexia,  earth-eating  cachexia;  cachexia 
aphthosa,  or  sprue;  cachexia  aquosa,  an  edematous 
form  of  uncinariasis;  cachexia  hj-pophyseopriva, 
following  total  removal  of  the  hypophysis  cerebri; 
cachexia  strumipriva  or  thjTeopriva;  cachexia  thy- 
roidea,  pachj-dermic  cachexia,  myxedema:  lymphatic 
cachexia,  Hodgkin's  disease;  malarial  cachexia;  mer- 
curial cachexia;  saturnine  cachexia,  due  to  chronic 
lead  poisoning;  splenic  cachexia,  a  pernicious  anemia 
with  enlargement  of  the  spleen;  urinary  cachexia, 
accompanying  suppuration  along  the  urinary  tract; 
cancerous  cacnexia;  miner's  cachexia,  dochmiasis;  and 
thyroid  cachexia,  exophthalmic  goiter. 

Classification. — A  classification  based  upon  etiol- 
ogj-  is  the  most  satisfactory.  The  following  is  practi- 
cal and  simple: 

1.  Cachexia  due  to  chronic  infection:  (a)  Dochmia- 
sis; (6)  Uncinariasis;  (c)  malarial  cachexia;  (rf)  cachexia 
aphthosa  (thrush),  (e)  septic  cachexia,  e.g.  urinary 
cachexia;  (/)  cancerous  cachexia;  (g)  syphilitic 
cachexia. 

2.  CaeHexja  due  to  alterations  of  the  internal  secre- 
tions: (a)  Myxedema;  (6)  strumipriva,  or  thyreo- 
priva;  (c)  hypophj-seopriva;  (d)  exophthalmic  goiter; 
(e)  lymphatic  cachexia;  (/)  splenic  cachexia. 

3."  Toxic  cachexia:  (a)  Mercurial  cachexia;  (6) 
saturnine  cachexia;  (c)  arsenical  cachexia. 

4.  Cachexia  due  to  hemorrhage,  or  wasting  dis- 
charges. 

5.  Cachexia  due  to  improper  food,  e.g.  scurvy, 
pellagra. 

Etiology. — The  more  prominent  causes  of  cachexia 
are  malaria,  syphilis,  chronic  sepsis,  phthisis,  lead 
poisoning,  cancer,  and  infantile  scurvy.  Cachexia 
strumipriva,  due  to  destruction  or  removal  of  the 
thjToid  gland,  is  easily  recognized.  Cachexia  may  be 
due  to  nemorrhage  from  the  nose,  lungs,  gastro- 
intestinal tract  (in  association  with  the  Ankylostoma 
duodenale,  ulcer,  cancer,  hemorrhoids),  the  female 
genital  tract,  the  bladder,  and  in  the  various  forms  of 
hemorrhagic  diathesis.  InsuiBcient  nourishment  and 
bad  hygienic  conditions  are  often  etiological  factors. 
Malignant  tumors,  severe  organic  disease,  poisons, 
and  parasites  may  be  factors  in  causing  cachexia. 
Spermatorrhea,  lactorrhea,  catarrh  of  the  respirator5' 
and  alimentary  tracts,  are  supposed  to  be  causes.  The 
role  plaj'ed  by  albuminuria  and  fever  is  rather  to  be 
ascribed  to  the  diseases  causing  these  conditions. 
The  animal  parasites  produce  cachexia  through  the 
elaboration  of  toxins.  Among  the  mineral  poisons, 
lead,  mercurj-,  and  arsenic  are  the  chief  causes  of 
cachexia.  Cachexia,  like  anemia,  may  be  caused  by 
syphihs.  The  diagnosis  of  s3"phLlis  in  such  cases  must 
depend  upon  concomitant  symptoms,  the  Wassermann 
reaction,  and  especiaUj'  the  therajieutic  test.  It  should 
be  remembered  that  a  syphilitic  may  have  a  cachexia 
due  to  some  other  cause,  in  which  case  the  syphilis 
usually  adds  to  the  gravity  of  the  prognosis.  In 
syphilitic  cachexia,  other  evidences  of  syphilis  usuallj- 


abound,  relics  of  existing  or  preexisting  stages  of  the 
disease. 

Diagnosis. — Cachexia  is  a  symptom  and  should  not 
be  accepted  as  a  satisfactory  diagnosis  in  any  case 
Most  important  is  the  recognition  of  the  cause  of  the 
cachexia.  The  color  and  general  appearance  of  the 
cachectic  individual  are  too  well  known  to  merit 
description. 

Cachexia  is  one  of  the  cardinal  symptoms  of  mahg- 
nant  diseases.  Incidental!}-,  the  diagnosis  of  such 
affections  should  be  made  before  the  appearance  of 
cachexia,  notwithstanding  the  comparatively  early 
development  of  cachexia  in  the  cancers. 

The  cachexia  of  syphilis  improves  under  anti- 
syphihtic  treatment,  e.g.  with  the  iodides,  which  cause 
no  improvement  of  the  cachexia  of  tuberculosis,  or 
actuallj'  make  it  worse. 

Prognosis. — The  outlook  depends  upon  the  cause, 
and  upon  the  degree  of  marasmus  in  those  cases  in 
which  the  cause  of  the  cachexia  can  be  removed.  In 
any  case,  the  occurrence  of  cachexia  adds  gravity  to 
the  prognosis.  On  the  other  hand,  it  is  doubtful  if  we 
are  ever  justified  in  robbing  the  patient  of  all  hope, 
for  recovery  has  occurred  even  in  some  apparently  far 
advanced  cases  of  maUgnant  disease  with  marked 
cachexia. 

Treatment. — The  treatment  is  the  treatment  of 
the  underlying  condition.  The  cause  must  be  re- 
moved, if  possible. 

Among  the  host  of  remedies  that  have  been  used  in 
the  treatment  of  cachexia,  iron,  arsenic,  and  strych- 
nine deserve  more  than  passing  notice.  Iron  in  the 
form  of  the  green  citrate,  came  into  use  first  among 
the  ItaUans  in  the  treatment  of  the  severe  cachexia 
of  malaria,  the  remedy  being  administered  hypoder- 
matically.  For  this  purpose  the  dosage  is  usually 
about  gr.  jss  (0.1)  for  the  adult,  the  iron  being  given 
alone  or  combined  with  arsenic,  or  strychnine,  or  both. 
The  injections  are  made  deep,  preferably  into  the 
muscles  of  the  thigh. 

Arsenic  is  a  very  old  remedy.  The  forms  commonly 
used  are  Fowlers  solution,  tlie  Asiatic  pill,  Roncegno 
water,  the  arsenate  of  sodium,  and  cacodyhc  acid  and 
the  cacodylates.  The  form  used  depends  largely 
upon  the  idiosyncrasies  of  the  patient  and  the  pref- 
erence of  the  physician.  Usually  the  best  results 
are  secured  by  pushing  the  remedy  to  the  point  of 
tolerance. 

Iodine  and  the  iodides  are  of  especial  value  in 
syphilitic  cachexia.  The  iodide  of  potassium  is  the 
form  usually  employed.  Sometimes  the  iodide  of 
sodium  is  better  tolerated.  In  severe  cases  I  have 
sometimes  apparently  secured  better  results  by  the 
deep  subcutaneous  injections  of  iodipin,  a  solution 
of  iodine  in  sesame  oU.  The  iodine  preparations 
should   not   be    used   in   the    cachexia   of   phthisis. 

In  the  cachexia  due  to  defective  internal  secre- 
tions, we  may  attempt  to  supplant  the  defective 
secretion.  Thus,  good  results  are  secured  in  cachexia 
strumipriva  by  the  use  of  the  thyroid  gland  or  prep- 
arations of  it,  such  as  the  desiccated  gland  or  dry 
extract,  thyroiodin,  thyraden,  Frankel's  thyroanti- 
toxin,  thyrogen,  thyroglandin.  My  experience  has 
been  chiefly  with  the  thj-roid  extract  and  thyroiodin, 
which  have  proven  very  satisfactory.  Of  these  the 
initial  dose  of  from  two  to  five  grains  (0.13-0.5) 
should  be  gradually  increased,  keeping  well  within 
the  tolerance  of  the  patient. 

In  severe,  intractable  cases  of  malarial  cachexia, 
good  results  have  sometimes  been  reported  after 
removal  of  the  spleen.  The  operation  is  dangerous 
and  seldom  justifiable. 

Most  important  are  the  knowledge  and  proper  treat- 
ment of  the  cause  of  the  cachexia,  combined  with 
suitable  food  and  tonic  treatment,  and  good  hygienic 
surroundings. 
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It  will  be  noted  that  we  have  not  mentioned  "idio- 
pathic" cachexia.  We  would  not  encourage  the  use 
of  this  term,  since  it  tends  to  stultify  the  search  for 
the  cause.  Strictly  speaking,  there  are  no  idio- 
pathic diseases  or  symptoms.  The  use  of  the  tern\ 
nia)'  ease  the  conscience,  but  it  is  without  any  real 
meaning  to  the  scientific  phj'sician,  save  that  it 
indicates  that  the  one  using  it  has  been  too  indolent 
to  find  the  cause.  George  E.  Malsdaby. 

Cachexia  Hypophjseopriva. — See  Hypophysis 
Cerebri. 

Cachexia  Strumipriva. — See  Thyroid  Gland. 

Cacodylic  Acid. — Cacodyl,  or  more  correctly  dicaco- 
dyl,  is  represented  by  the  formula 


^^3\as As/*-'^3 

Cacodyhc  acid  is  arsenic  acid  in  which  two  hj'droxyl 
groups  have  been  replaced  by  two  methyl  groups: 
OH  CH, 


OH— As  =  O 


CH,- 


-As  =  O 

I  ■        I 

OH  OH 

Arsenic  Acid  Cacodylic  Acid 

Cacodylic  acid  is  comparatively  inert  and  harmless: 
it  imparts  an  alUaceous  odor  to  the  breath,  but  in 
therapeutics  it  is  generally  replaced  by  one  of  its  salts, 
chiefiy  sodium  cacodylate. 

Sodivjn  Cacodylate  has  been  recommended  in  most 
cases  where  arsenic  is  employed;  it  has  been  used  in 
various  skin  diseases,  anemia,  chlorosis,  diabetes,  ma- 
larial cachexia,  phthisis,  and  in  syphilis.  The  dose  is 
one-half  to  two  grains  (0.03-0.13)  and  the  drug  may 
be  administered  nypodermically  or  in  pills.  Sodium 
cacodylate  is  soluble  in  an  equal  amount  of  alcohol, 
and  in  half  the  amount  of  water. 

Cacodylates  of  iron,  of  magnesium,  of  guaiacol,  and 
of  strychnine  have  been  employed;  but  the  whole 
class  of  aliphatic  arsenic  compounds  has  but  little 
therapeutic  importance,  and  has  been  practically 
superseded  by  the  aromatic  compounds  of  arsenic. 

R.  J.  E.  Scott. 

Cactaceae. — (The  Cactus  famUy.)  This  strange 
and  interesting  family  of  plants  occupies  as  yet  a  most 
uncertain  place  in  the  materia  medica.  It  comprises 
some  twenty  genera  and  probably  six  hundred  species, 
and  its  study  is  no  less  difficult  for  the  botanist  than 
for  the  pharmacologist.  The  plants  grow  chiefly  in 
desert  regions,  being  competent  to  withstand  the  most 
extreme  conditions  of  aridit.v,  and  interest  centers 
chiefly  in  their  defensive  provisions.  The  absence  of 
leaves,  which  are  usually  metamorphosed  into  spines, 
protects  them  against  desiccation.  The  succulent 
nature  of  their  stems  causes  them  to  be  sought  by 
hvmgry  and  thirsty  animals.  In  times  of  cattle 
famine,  the  spines  are  burned  oS  and  the  stems  then 
used  as  fodder,  while  a  wholesome  water  supply  can  be 
obtained  from  cavities  scooped  out  in  the  bodies  of 
someof  the  thicker  species.  Against  destruction  from 
such  causes,  most  of  them  are  protected  by  their 
armament  of  sjjines.  Those  which  lack  this  armature 
are  commonly  protected  by  poisonous  alkaloids,  and 
attempts  have  been  made  to  utilize  some  of  these  in 
medicine.  Spineless  varieties  are  now  being  devel- 
oped by  plant  breeders  for  use  as  stock  food.  The 
important  drugs  of  the  family  are  the  Cactus  grandi- 
florus  and  the  Mezcal  Buttons',  which  see. 

Their  physiological  properties  are  diversified.  The 
berry-like  fruits  are  commonly  edible,  and  some  of 
them,  like  the  prickh-  pear  or  tunya,  are  of  much 
economic  importance.  Several  of  them  are  hosts  for 
the  valuable  cochineal  insect.  Many  succulent  plants 
not  related  to  this  family  are  popularly  called  cactuses. 

Henry  H.   Rusby. 


Cactus  Grandiflorus. — Cereds  Grandiflords. 
The  flowers  of  Ccrcus  grandiflorus  (L.)  Miller  (fam. 
Caclaccce).  The  stems  have  also  been  used.  This 
plant,  the  well-known  Night-blooming  Cereus  of  culti- 
vation, is  a  native  of  the  West  Indies,  and  flowers  in 
August.  -Vdulteration  with,  or  substitution  by,  the 
flowers  of  Opunlia  dceumayia  Haw,  as  well  as  by  C. 
macdonaldias  Hooker,  the  Night-blooming  Cereus  of 
Mexico,  is  very  extensive.  The  flowers  of  O.  decvmana 
are  cup-shaped,  about  an  inch  long  and  l)r()a<l,  with 
stamens  one-fourth  or  one-half  of  an  inch  in  length; 
while  the  genuine  flowers  are  eight  to  ten  inches  in 
diameter  when  fully  spread  out,  and  have  stamens  two 
or  more  inches  long.  Much  of  the  contradictory 
testimony  as  to  composition  and  properties  is  doubt- 
less due  to  this  irregularity  in  the  drug  used,  yet  there 
is  a  wide  discrepancy  of  opinion  as  to  the  merits  of 
that  which  is  genuine.  No  efforts  appear  to  have 
been  made  to  compare  the  flowers  collected  in  different 
stages  of  maturity.  The  facts  here  stated,  however, 
appear  to  be  fairly  well  established.  Both  the  stems 
and  the  flowers  appear  to  be  active,  but  the  latter  more 
so.  An  alkaloid  and  a  glucoside  are  claimed,  but  our 
information  regarding  them  is  very  meager  and  in- 
definite. The  drug  is  a  cardiac  stimulant  of  peculiar 
action.  It  does  not  affect  the  stomach  nor  the  centers 
as  digitalis  does.  It  increases  blood  pressure  by 
quickening  and  strengthening  the  heart  beat,  through 
direct  action  upon  its  nerves.  Wilcox,  who  has 
studied  it  extensively,  is  positive  in  asserting  its  value 
in  aortic  regurgitation,  where  digitalis  cannot  be  used, 
but  its  injuriousness  in  mitral  stenosis.  He  recom- 
mends it  generally  in  relative  cardiac  incompetency 
and  functional  cardiac  weakness.  The  dose  of  the 
fluid  extract  is  (TUx.  to  xxx.)  (0.6-2.0). 

Hexry  H.  Rusby. 


CH2.CH2.CH2.CH2.CH2 
Cadaverine,     |  I         (pentameth- 

NH2  NH2 

ylendiamine),  one  of  the  diamines  found  in  decompos- 
ing protein,  in  intestinal  putrefaction,  and  sometimes  in 
the  urine  of  cystinuric  individuals.  It  possesses  only 
slight  toxicity.     See  Ptomaines. 

Frank  P.  Underbill. 


Cade,  Oil  of. — Oletim  C.U)INUM.  Oleum  Jun.iperi 
Empyreumaticum.  "A  product  of  the  dry  distillation 
of  the'VioodoiJuniperusoxycedrus  L.  (fam.  Conifera)." 
(U.  S.  P.)  The  British  Pharmacopaua  includes 
"some  other  species"  in  the  source. 

J.  oxyeedrus  resembles  in  general  the  common 
juniper  of  Europe,  but  has  larger,  reddish-brown, 
shining  fruits  (1.2.5  cm.  in  diameter — 0..5  in.)  It  is 
an  inhabitant  of  the  Mediterranean  basin,  growing  in 
waste  places  and  upon  stony  hillsides. 

Its  tar  has  been  used  for  centuries  by  the  peasants  of 
southern  France  for  the  "sheep  itch"  and  other 
cutaneous  affections  of  their  cattle,  but  its  employ- 
ment in  medicine,  although  occasional  and  also  of  old 
date,  has  been  extensive  only  since  its  recommenda- 
tion by  the  German  school  of  dermatologists  in  the 
treatment  of  eczemas.  It  is  prepared  by  a  method 
similar  to  that  used  in  the  manufacture  of  ordinary 
tar;  that  is,  by  distillation  per  descensum,  in  rude  stills 
or  ovens,  from  the  bottom  of  which  it  is  collected  and 
then  sold  without  further  purification.  The  principal 
center  of  its  production  is  Nimes. 

It  is  a  thin  tar,  often  black  in  mass,  but  brown  or 
brownish  yellow  and  transparent,  in  thin  layers;  and  is 
more  fragrant  and  pleasant  in  odor  than  common  wood 
tar,  which  it  otherwise  resembles.  The  taste  is  acrid 
and  empyreumatic.  Its  composition  is  not  notably 
different  from  that  of  the  tars  of  other  conifers. 
Cadinene  (C1SH24)  isits  important  odorous  constituent. 
The  principal  use  to  which  it  is  put  in  medicine  is  that 
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mentioned  above — for  the  local  treatment  of  eczema 
in  the  scaly  stage.  It  is  also  used  in  other  chronic 
inflanimaton."  and  exfoliating  skin  diseases.  It  may 
be  applied  by  rubbing  in  with  the  fingers  or  a  cloth,  or, 
what  is  better,  with  a  stiff-haired  brush.  If  desirable 
to  dilute  it,  some  bland  oU  may  be  mixed  with  it,  or  it 
may  be  made  into  an  ointment  with  lard  or  tallow,  or 
with  vaseline.  Soaps  containing  it  are  also  consider- 
ably used.  Stockings,  gloves,  and  bandages  saturated 
with  it  are  sometimes  worn.  Besides  its  stimulating 
properties,  oil  of  cade  is  a  good  parasiticide,  an  efficient 
antiseptic,  and  a  local  anesthetic — properties  which 
it  undoubtedly  owes  to  the  creosote  and  similar 
substances  which  it  contains.  It  is  never  used 
internally.  W.  P.  Bolles. 


Cadmium. — Cadmium  is  a  white  metal  which 
resembles  zinc  in  both  its  physical  and  chemical 
properties.  Symbol,  Cd:  atomic  weight.  112.4. 
Cadmium  Sulphate  is  the  only  salt  of  this  metal  that 
merits  notice  in  medicinal  relation.  It  was  official  in 
the  United  States  Pharmacopoeia  of  1S70,  and, 
though  dropped  in  the  revision  of  ISSO,  it  is  still 
emplo3-ed.  The  salt,  formula  CdS0i.4H,0,  occurs  in 
small  colorless,  rhomboidal  crystals,  efflorescent  on 
exposure.  It  is  freeh"  soluble  in  water,  and  has  a 
subacid  and  astringent  and  metallic  taste.  In  prop- 
erties it  most  closeh-  resembles  zinc  sulphate,  being 
an  irritant  astringent.  Taken  internally,  it  will 
determine  vomiting,  after  the  manner  of  zinc  sulphate, 
and  in  overdose  will  prove  poisonous.  Its  claim  for 
recognition  in  medicine  rests  on  an  alleged  peculiar 
potency  in  determining  the  absorption  of  such  corneal 
opacities  as  are  capable  of  undergoing  that  process — 
a  potency  certainly  not  much,  if  at  all.  greater  than 
that  possessed  by  the  commoner  salts,  silver  nitrate 
or  zinc  sulphate. 

Cadmium  sulphate  is  generally  used  in  solution  of 
from  one-half  to  one  per-cent.  strength. 

ToxicoLOGT. — Cadmium  and  its  salts  are  unim- 
portant from  a  medico-legal  point  of  view.  Their 
uses  are  limited,  and  they  are  seldom  met  with  outside 
of  the  chemical  laboratory.  The  metal  is  employed 
occasionally  in  aUoys  to  reduce  their  fusing  point,  and 
an  amalgam  has  been  used  by  dentists  for  filling  teeth. 
The  most  important  compounds  are  the  iodide  and 
bromide,  which  are  used  in  photography  for  iodizing 
and  bromizing  collodion.  The  sulphate  of  cadmium 
has  been  u.sed  externaUj-,  as  an  astringent  and  stimu- 
lant, in  the  treatment  of  conjunctivitis  and  ulcers 
and  opacities  of  the  cornea.  The  iodide  of  cadmium, 
in  the  form  of  an  ointment,  has  been  recommended 
for  external  use,  particularly  in  the  treatment  of 
scrofulous  enlargement  of  the  glands.  The  sulphide 
of  cadmium  has  been  used,  to  a  limited  extent,  as  a 
yeUow  pigment.  Excepting  the  sulphide,  the  com- 
pounds mentioned  are  colorless,  soluble  in  water,  and 
possess  a  disagreeable  metallic  taste. 

Symptoms. — Preparations  of  cadmium  have  given 
rise,  occasionally,  to  accidental  poisoning.  They 
appear  to  act  as  irritants,  resembling  in  general  the 
salts  of  zinc.  Vomiting,  diarrhea,  vertigo,  labored 
respiration,  loss  of  strength,  and  cramps  foUowed  the 
inhalation  of  the  dust  arising  from  a  polishing 
powder  containing  carbonate  of  cadmium  (Sovet). 
Two  ladies  took  an  uncertain  but  small  dose  of  bro- 
mide of  cadmium  by  mistake  for  bromide  of  ammo- 
nium. It  caused  severe  pain  and  a  burning  sensation 
in  the  stomach,  accompanied  by  vomiting  and  purging 
which  lasted  for  five  hours.  During  a  part  of  this  time 
the  pulse  was  imperceptible.  There  were  no  cerebral 
symptoms.  Both  patients  were  confined  to  their 
beds  for  several  days,  during  which  time  their  stom- 
achs continued  irritable  (Wheeler).  At  the  date  of 
publication   of   the    previous   edition   of   this   work, 


HiUs  was  able  to  find  onh'  one  fatal  case  of  cadmium 
poisoning  recorded.  The  patient,  a  lad  fourteen  years 
of  age.  took  an  unknown  but  probably  large  dose  of 
chloride  of  cadmium,  which  had  been  sold  for  Epsom 
salts.  It  caused  immediate  vomiting.  On  admis- 
sion to  the  hospital  a  short  time  after,  he  was  in  a  state 
of  collapse,  with  cold,  clammy  skin;  radial  pulse 
scarceh-  perceptible:  respiration  feeble,  slow,  and 
sighing.  There  was  no  stertor.  The  mucous  mem- 
brane of  the  mouth  was  pale  and  sodden,  the  tongue 
greatly  swollen.  He  was  apparently  unconscious, 
though  when  shaken  and  aroused  by  dashing  cold 
water  upon  the  face,  he  replied  rationally,  in  a  hoarse 
whisper,  to  any  questions  put  to  him.  There  was 
extreme  restlessness.  Deglutition  was  impeded. 
Death  took  place  in  about  an  hour  and  a  half  after 
the  ingestion  of  the  poison.  At  the  post-mortem  ex- 
amination the  vessels  of  the  brain  were  found  filled 
with  blood :  the  left  lung  was  congested  (Indian  Medical 
Gazette,  Calcutta.  1866,  i..  156). 

Treatment. — This  should  be  much  the  same  as  in 
cases  of  poisoning  by  salts  of  zinc,  ^'omiting  should 
be  assisted,  if  necessary,  by  the  free  administration  of 
warm  water,  with  milk  or  mucilaginous  liquids;  or  the 
stomach  maj'  be  emptied  by  means  of  the  stomach 
tube.  The  subsequent  irritation  maj-  be  allayed  by 
the  use  of  opium.  Marme  recommends,  in  cases  of 
acute  poisoning,  the  alkaline  carbonates  with  white 
of  eggs.  Edward  Curtis. 

R.  J.  E.  Scott. 


Caffeine.— r/jeine,  CsHioNjOs.H^O.  'A  feebly 
basic,  proximate  principle,  obtained  from  the  dried 
leaves  of  Thea  sinensis,  Linn.  (fam.  Ternslrwmiacece), 
or  from  the  dried  seeds  of  Coffea  arabica,  Linn.  (fam. 
Rubiace(E),  found  also  in  other  plants."     (L'.  S.  P.) 

It  occurs  in  fleecy  masses  of  long,  flexible,  white 
crystals,  permanent  on  exposure,  of  a  silky  luster, 
having  a  bitter  taste,  and  without  odor.  Soluble  in 
eighty  parts  of  cold  water,  in  two  parts  of  boiling 
water  and  in  thirty-three  parts  of  alcohol .  It  is  neutral 
to  test  paper.  When  ignited  it  is  consumed  without 
residue.  A  notable  feature  is  the  unusually  large 
proportion  of  nitrogen  that  it  contains. 

The  only  official  preparation  is  the  so-called  ci- 
trate (caffeina  citrata)  which  is  very  unstable  and 
rapidly  deteriorates,  the  alkaloid  separating  and  re- 
maining uncombined.  When  mixed  with  three  parts 
of  water,  the  citrate  forms  a  thick  liquid;  when  more 
water  is  gradually  added  the  caffeine  is  precipitated, 
but  redissolves  and  forms  a  clear  solution  when 
twenty-four  parts  of  water  are  added.  It  is  a  white 
powder,  without  odor;  it  has  a  bitter  taste  and  an 
acid  reaction.  When  burned  it  chars  and  leaves  a 
slight  ash.     It  is  soluble  in  thirty-two  parts  of  water. 

An  effervescing  citrate  is  official  in  the  United 
States  Pharmacopoeia  and  the  British  Pharmacopceia. 
The  former  contains  one  per  cent,  of  caffeine,  that  of 
the  British  Pharmacopoeia  contains  nearly  four 
per  cent. 

Caffeine  is  the  characteristic  alkaloid  of  coffee  and 
tea.  It  was  discovered  and  first  prepared,  in  an 
impure  condition,  from  coffee,  by  Runge,  in  1820,  and 
shortly  after,  in  a  state  of  greater  purity,  by  Pelletier 
and  Robiquet,  and  other  chemists.  In  1827  Oudrj- 
separated  an  alkaloid  from  tea,  which  he  named 
Iheine.  This,  in  1S38,  was  proved  by  Mulder  and 
C.  Jobst  to  be  the  same  as  Rimge's  caffeine.  In  1840 
Martins  discovered  guaranine  in  guarana.  and  after- 
ward the  same  observer,  and  others,  proved  its  identity 
with  the  alkaloid  of  coffee.  The  same  substance  was 
also  found,  in  1843,  by  Stenhouse,  in  the  leaves  of 
mate  or  Paraguay  tea,  and  in  1865,  by  D.  Daniel  and 
by  J.  .\ttfield,  in  the  kola  nuts  (Sterculia)  of  Africa. 
In  all  these  products  it  appears,  moreover,  to  be  the 
most  important  ingredient.  As  no  two  of  these  plants 
are  nearly  related  to  each  other,  or  are  even  in  the 
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:ime  iirder,  caffeine  may  yet  be  fouiui  to  be  as  widely 
iistributed  in  the  vegetai)le  kinRdoni  as  berberine  or 
buxine.  It  is  an  interesting  fact  that  all  the  above 
mbstances  have  been  used  from  a  remote    time  by 

omniunities  which  could  have  hrtd  no  communica- 
i.in  with  each  other,  for  exactly  the  same  purpose, 

I/.,  as  a  stimulating  and  comforting  addition  to  their 

lily  food;  tea  by  the  Chinese,  cotTee  by  the  Arabs, 
lie  kola  nuts  by  the  Africans,  and  mate  and  guarana 
vv  different  tribes  of  South  America. 

For  commercial  purposes  cafTeine  is  prepared  exelu- 
Ively  from  tea  and  coffee;  the  poorer  sorts,  that  is 

tea  dust"  and  damaged  and  inferior  grades  of  either 
tea  or  coffee,  being  used.  As  the  price  of  both  tliese 
articles  does  not  depend  at  all  upon  their  alkaloidal 
■strength,  Imt  only  upon  their  appearance  and  flavor, 
the  cheaper  grades  often  contain  considerably  more 
■  caffeine  than  the  more  expensive  ones,  and,  price  apart, 
are  better  for  this  purpose. 

The  percentage  of  the  alkaloid  in  the  several  plants 
varies  greatly.  It  is  estimated  that  tea  contains  from 
.)ne  to  four  per  cent. ;  coffee,  one  to  three;  mate,  one  to 
two;  and  guarana  about  five  per  cent. 

Caffeine  acts  upon  the  cerebral,  medullary,  and 
spinal  centers,  i)rimarily  as  a  stimulant  and  later  as  a 
depressant.  Its  action  is  also  directed  to  the  muscular 
tissue,  improving  its  tone  and  contractile  power,  until 
ultimately  it  merges  into  the  general  depression. 

In  small  doses,  from  one  to  three  grains,  it  produces 
a  sense  of  well-being,  and  a  feeling  of  increased  strength 
and  vigor.  The  cerebral  functions  become  more 
active,  the  respirations  are  deeper,  the  heart  beats 
more  forcibly,  and  the  arterial  tension  is  increased. 
The  heart  at  first  participates  in  the  general  stimula- 
tion, and  there  is  an  increase  in  the  frequency  of  the 
pulse,  but  this  is  transitory,  as  the  inhibitory  centers 
are  soon  influenced  by  the  stimulation  and  produce  a 
slowing  of  the  heart's  action,  which,  with  the  more 
forcible  contraction  of  the  muscular  walls,  constitutes 
its  most  desirable  effect.  The  urine  is  increased, 
both  the  quantity  and  the  contained  solids  being 
greater.  Tissue  change  is  accelerated,  and  the  body 
temperature  rises.  This  beneficial  action  continues 
for  some  days,  after  which  the  continued  use  is  liable 
to  give  rise  to  signs  of  cardiac  irritation  and  excessive 
vascular  tension.  There  may  be  a  rapid,  hard  pulse, 
a  feeling  of  constriction  in  the  chest,  dyspnea,  and 
labored  action  of  the  heart. 

In  larger  doses,  from  gr.  v.  to  gr.  viij.  or  x.,  the 
symptoms  of  overstimulation  are  developed  early, 
and  if  the  drug  is  continued,  the  depression  follows 
rapidly  and  may  become  very  marked.  In  addition 
to  the  cardiac  and  respiratory  distress,  there  are 
insomnia,  vertigo,  tinnitus  aurium,  flashes  of  light, 
mental  distress,  and  deliriinn.  As  the  depressant 
action  replaces  the  stimulation,  the  inhibitory  control 
of  the  heart  is  lost  and  there  follows  a  rapid,  feeble 
heart  beat,  which  gradually  increases  until  contractions 
cease.  The  respirations  also  liecome  shallow,  and 
there  follows  a  condition  of  asphyxia  and  collapse, 
death  being  due  to  respiratory  failure.  Caffeine  is 
an  irritant  to  the  gastric  mucous  membrane,  and  its 
continued  use  produces  heat  and  burning  at  the  epi- 
gastrium, with  nausea,  which  may  terminate  in  pain 
and  .severe  irritation  of  the  stomach  and  intestines. 

Caffeine  was  formerly  considered  only  as  a  cardiac 
stinmlant  and  administered  freely,  with  very  little 
thought  of  any  subsequent  depression.  Later  experi- 
ence has  shown  that  this  secondary  action  is  of  the 
greatest  importance,  and  although  often  unrecognized, 
It  is  a  frequent  cause  of  serious  depression,  and  possi- 
bly of  death.  Cases  of  acute  poisoning  are  rare,  and 
in  healthy  adults  the  quantity  necessary  to  cause 
death  would  be  very  great,  but  in  diseased  states  its 
action  is  much  accentuated.  In  valvular  disease  and 
in  conditions  in  which  the  heart  is  being  overtaxed, 
even  ordinary  doses  may  be  attended  by  very  serious 
consequences.     The   danger   is  not  only  from   large 


doses,  but  also  from  the  continued  use  of  moderate 
doses. 

Attention  has  also  been  directed  to  an  unfavorable 
condition  that  may  arise  during  its  administration, 
prior  to  any  depressant  action.  This  is  an  overstimu- 
lation and  irritation  of  the  cardiac  ganglia  that  may 
terminate  in  a  spasmodic  contraction  of  tlie  heart  and 
death.  The  following  are  given  as  instances  of  death 
from  thi.s.  caiise.  In  a  case  of  jjneumonia,  death 
occurred  suddenly,  when  the  patient  was  taking 
caffeine,  three  grains  three  times  a  day..  A  woman 
with  chronic  parenchymatous  nephritis,  anasarca,  and 
double  pleural  effusion  had  taken  small  doses  for  some 
time  previous  to  a  sudden  fatal  syncope.  In  a  third 
case  death  took  place  suddenly,  the  iiatient  being  a 
young  girl  who  had  acquired  the  habit  of  taking  fre- 
cjuent  doses  of  gr.  iv  or  v.  (0.2.")-().3).  In  all  these 
cases  a  postmortem  examination  was  made  and 
the  heart  found  firmly  contracted,  death  being  due  to 
a  condition  described  as  a  "tetanus  of  the  heart 
muscle." 

Caffeine  is  employed  as  a  cardiac  and  general  stimu- 
lant, as  a  diuretic,  and  for  the  relief  of  headaches  and 
neuralgia  i)ains.  Itsvalue  as  a  stimulant  is  well  recog- 
nized, and  its  rapid  action  makes  it  of  value  in  cases  of 
sudden  weakness  and  threatened  syncope.  In  addi- 
tion to  its  value  in  threatened  heart  failure,  it  is  most 
useful  in  chronic  valvular  disease,  to  counteract  a  fail- 
ing compensation.  It,  however,  must  always  be  given 
cautiously  when  the  heart  is  feeble  and  dilated,  or  in 
any  form  of  heart  disease  in  which  the  walls  are  dis- 
eased. In  arteriosclerosis  it  is  also  contraindicated, 
as  it  adds  to  the  already  high  arterial  tension. 

The  diuretic  action  of  caffeine  is  always  to  be  de- 
pended upon,  and  is  that  for  which  it  proves  of 
greatest  service.  It  is  in  a  measure  due  to  the  in- 
creased arterial  pressure,  but  caffeine  also  exercises  a 
direct  action  upon  the  renal  .secreting  tissue.  It  is 
particularly  indicated  in  the  dropsy  of  cardiac  disease, 
and  resembles  digitalis  in  its  action.  It  acts  more 
rapidly,  but  has  not  the  same  power  to  strengthen  the 
heart  and  increase  the  blood  pressure.  For  this  reason 
its  effects  are  often  better  when  preceded  by  digitalis, 
or  when  the  two  are  combined.  When  there  is  kidney 
disease  it  must  be  given  with  care,  as  the  stimulation 
of  the  renal  tissue  may  aggravate  the  local  trouble. 
In  dropsy  due  to  hepatic  disease,  its  action  is  very 
uncertain. 

Caffeine  has  not  proved  of  much  value  in  the  treat- 
ment of  headaches.  In  many  forms  of  neuralgia  and 
migraine,  in  the  debilitated  and  nervous,  it  may  prove 
of  service,  but  this  is  due  to  the  improved  tone  of  the 
nervous  system,  and  not  to  any  anodyne  or  analgesic 
propert.v. 

In  administering  caffeine,  the  citrated  form  {Caffe- 
ina  Citrata,  U.  S.  P.)  is  frequently  selected  on  account 
of  its  greater  solubility.  When  used  it  should  have 
been  carefully  preserved,  and  it  must  be  given  in 
powder,  or  dissolved  immediately  before  use,  as  it 
rapidly  decomposes  when  in  solution.  Citrated 
caffeine  is  one-half  the  strength  of  the  pure  alkaloid, 
and  gr.  x.-xv.  (0.0-1.0)  during  the  day  is  the  average 
dose.  Of  this  we  have  an  effervescent  form  (Cajfi'ina 
Citrata  Ejfervesceiis,  U.  S.  P.),  the  strength  of  which  is 
four  per  cent.  When  an  immediate  effect  is  required, 
it  may  be  administered  subcutaneously.  A  product 
that  is  much  employed  is  the  double  salt  of  caffeine, 
with  soda  and  salicylic,  benzoic,  or  cinnamic  acid.  It 
is  very  soluble  and  unirritating,  and  furnishes  the  best 
solution  for  hypodermic  use.  It  is  about  one-half  the 
strength  of  the  citrate.  These  salts  were  proposed  as 
the  best  means  of  obtaining  the  diuretic  action  of 
caffeine,  but  later  experiments  seem  to  indicate  that 
these  combinations  are  not  so  serviceable  as  were 
expected.  It  has  been  found  that  the  presence  of 
soda  and  salicylic  acid  has  a  tendency  to  reduce  blood 
pressure  and  to  lessen  the  secretion  of  urine.  This, 
it  is  thought,  must  influence  unfavorably  the  caffeine 
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when  it  is  thus  combined  -n-ith  other  drugs.  The 
compound  salts,  however,  are  frequently  employed. 
The  following  formula  for  their  preparation  are  official 
in  the  Paris  Codex:  (1)  Caffeine,  4;  sodium  salicylate, 
3;  distilled  water  to  10  parts.  (2)  Caffeine,  2.5; 
sodium  benzoate,  3;  distilled  water  to  10  parts. 

BEAnioNT  Small. 


Caisson  Disease. — Synonyms:  Compressed-air  ill- 
ness, diver's  palsy. 

Among  the  occupational  diseases,  caisson  disease, 
better  termed  compressed-air  illness,  holds  an  import- 
ant place.  It  has  been  widely  discussed  on  account 
of  its  obscure  and  complicated  etiology,  its  varied 
symptoms,  its  treatment,  and  its  unfortunately  fre- 
quent termination  in  death  or  permanent  disability. 
The  recent  demands  of  modern  engineering  for  the 
use  of  compressed-air  chambers  in  the  construction 
of  foundations  for  bridges  and  large  buildings  and  in 
subaqueous  tunnelling,  have  made  eases  of  compressed- 
air  illness  common  witnin  the  past  decade.  The  preva- 
lence of  cases  of  compressed-air  illness  in  large  under- 
takings where  compressed  air  is  used  is  shown  by  the 
fact  that  in  a  period  of  about  twenty-eight  months, 
during  the  work  on  the  four  Pennsylvania  East  River 
tunnels  in  New  York  City,  3.692  cases  were  treated  in 
the  emergency  hospital  connected  with  the  work. 
During  this  time,  approximately  1,000  men  were 
working  daily  in  pressures  varying  from  fifteen  to 
forty-two  pounds  +.  No  doubt  many  mild  cases 
occurred  which  did  not  apply  for  treatment  and  were 
not  included  in  this  number.  Most  of  the  cases 
treated  were  simple  cases  of  pain  in  the  extremities, 
but  144  of  them  might  be  classed  as  serious  cases,  and 
twenty  were  fatal.  The  percentages  of  illness  and  of 
serious  cases  were  probably  no  greater  than  might 
be  expected  in  any  compressed-air  work  under  similar 
conditions. 

History. — The  earliest  mention  of  compressed-air 
illness  was  made  by  Triger,  a  French  engineer,  who 
designed  the  first  practical  caisson  in  1S39.  He  caUed 
attention  to  the  occurrence  of  pains  in  the  extremities 
of  the  workmen  emploj'ed.  LeRoy  de  Mericourt,  in 
1S68,  published  the  first  medical  report  of  compressed- 
air  illness  among  sponge  divers.  Since  these  reports 
many  contributions  to  the  subject  of  compressed- 
air  illness  have  been  made.  Writers  upon  the  sub- 
ject, most  worthy  of  mention,  are  Pol  and  W'attelle, 
Paul  Bert,  Heller,  Mager  and  von  Schrotter,  Leonard 
Hill  and  associates,  and  J.  S.  Haldane  and  associates. 

Etiology. — Of  the  various  theories  that  have  been 
advanced  to  explain  the  sj'mptoms  arising  from  the 
effects  of  compressed  air,  two  may  be  mentioned  as  of 
importance.  These  are:  (1)  The  mechanical  con- 
gestion theor3%  (2)  the  gas  emboli  theory. 

The  Mechanical  Congestion  Theory. — This  theory 
was  first  advocated  by  Pol  and  WatteUe  in  1S54,  and  at 
the  time  received  general  credence.  It  found  its 
chief  advocate  in  this  country  in  A.  H.  Smith,  who 
had  charge  of  the  medical  work  in  connection  with 
the  construction  of  the  Brooklyn  Bridge.  Smith 
stated  the  theory  as  follows :  "  Sly  own  opinion  is 
that  the  long-continued  pressure  produces  changes  in 
the  distribution  of  the  blood,  especially  in  the  closed 
cavities,  such  as  that  of  the  skull  and  of  the  spinal 
cord.  The  greater  the  pressure  and  the  longer  it 
continues,  tlie  more  decided  will  be  these  changes, 
and  the  less  readily  will  the  vessels  resume  their 
natural  conditions  when  the  pressure  is  relieved. 
Hence,  if  the  pressure  be  suddenly  reduced,  congestion 
or  blood  stases  result,  particularly  in  the  brain  and 
cord,  and  perhaps  also  in  the  cavities  of  the  long 
bones,  which  are  often  the  seat  of  exquisite  suffering." 

Against  this  theory  is  the  fact  that  symptoms  of 
compressed-air  illness  never  develop  under  pressure. 
Furthermore   living  tissue   is  a   colloidal  substance, 


containing  about  eight}-  per  cent,  of  water,  and  is 

gracticallj'  incompressible.  Several  observers 
ave  failed  to  find  any  appreciable  change  from  normal 
in  the  peripheral  circulation  or  in  the  blood  pressure 
of  men  under  increased  atmospheric  pressure.  Hill 
watched  the  circulation  in  the  web  of  a  frog  while 
under  pressure  as  high  as  twenty  atmospheres,  and 
could  detect  no  change  in  it.  Autopsy  findings,  in 
which  the  presence  of  free  gas  in  the  circuktorj- 
system  is  one  of  the  most  frequent  and  characteristic 
features,  cannot  be  accounted  for  by  this  theorj-. 

The  Gas-emboli  Theory. — Paul  Bert,  in  1S7S,  ad- 
vanced this  theory  supporting  it  by  logical  reasoning 
and  by  experiment,  and  it  is  now  almost  universally 
accepted.  Briefly  stated  this  theorj^  is  as  follows: 
The  blood  of  a  man  or  animal  when  in  compressed 
air  takes  into  solution  an  increased  quantity  of  oxygen 
and  nitrogen  from  the  air,  the  quantity  of  the  gases 
absorbed  being  in  direct  proportion  to  the  increase  of 
pressure.  The  gases  taken  up  by  the  blood  are  gradu- 
a.]ly  distributed  to  the  fluids  of  the  various  tissues. 
With  rapid  decompression  the  nitrogen  gas  bubbles 
off  in  the  blocd.  These  bubbles  act  as  emboli  and 
block  up  the  capillaries  in  one  or  another  part  of  the 
body,  and  by  cutting  off  the  blood  supply  or  by  direct 
mechanical  violence,  cause  the  various  symptoms  of 
compressed-air  Uhiess.  The  increased  solubility  of 
gases  under  pressure  and  the  saturation  of  the  body 
fluids  are  in  accordance  with  Dalton's  law.  The 
symptoms  of  illness  may  be  prevented  by  making 
decompression  slow  enough  to  allow  the  absorbed 
nitrogen  to  escape  from  the  lungs. 

This  theory  depends  upon  physical  laws,  has  been 
demonstrated  to  be  correct  by  many  experiments  on 
animals  by  different  observers,  and  has  been  con- 
clusively proven  by  autopsies  in  many  fatal  cases  of 
compressed-air  illness. 

From  this  theorj'  as  well  as  from  practical  experi- 
ence the  chief  etiological  factors  have  been  deduced 
as  follows: 

The  Degree  of  Pressure. — In  general,  the  higher  the 
pressure  the  greater  the  chances  of  compressed-air 
illness.  It  has  been  found  that  cases  of  illness  seldom 
happen  with  pressures  up  to  fifteen  pounds  + .  Serious 
and  fatal  cases  seldom  occur  with  pressures  below 
thirty  pounds  +  .  With  pressures  in  the  neighborhood 
of  thirty  pounds  +  one  may  expect  cases  of  illness, 
which  increase  both  in  frequency  and  in  severitj'  as 
the  pressures  become  higher. 

Time  under  Pressure. — L'p  to  a  certain  point  (full 
saturation  of  the  body  fluids),  the  longer  the  time 
under  pressure  the  greater  the  chances  of  compressed- 
air  illness.  Persons  who  spend  but  a  few  minutes  in 
compressed  air,  even  at  high  pressure,  seldom  if  ever 
experience  any  symptoms  after  decompression.  The 
nearer  the  time  spent  under  pressure  approaches  the 
time  necessary  for  complete  saturation  of  the  body 
fluids,  the  more  likely  are  symptoms  to  develop. 
What  this  time  is,  is  not  definitely  known.  No  doubt 
it  varies  in  different  individuals,  and  under  different 
conditions.  Some  parts  of  the  body  saturate  quickly, 
others  slowly,  depending  on  the  blood  supply  of  the 
various  tissues.  Fat  not  only  saturates  slowly,  but 
has  the  property  of  taking  up  about  six  times  as  much 
nitrogen  as  blood.  Bodily  exercise  and  work  hasten 
the  time  of  body  saturation.  It  is  probable  that  it 
takes  about  two  hours  for  one  working  in  compressed 
air  to  attain  approximately  full  body  saturation. 
This  question  has  an  important  bearing  upon  the 
arrangement  of  working  shifts  in  compressed-air 
work. 

Time  Taken  for  Decompression. — The  more  rapid 
the  decompression  the  greater  the  chances  of  com- 
pressed-air illness.  During  decompression,  desatura- 
tion  of  the  body  fluids  takes  place;  the  fluids  of  the 
various  tissues  giving  up  their  absorbed  gases  to  the 
blood,  the  blood,  in  turn,  giving  them  up  through  the 
lungs  to  the  air.     A  considerable  quantity  of  absorbed 
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^^as  is  probably  also  oliminatcd  through  the  iiitostinal 
■\vall  and  cxpellod  as  flatus.  The  tunc  of  di'saturalion, 
i-i  in  the  case  of  saturation,  varices  in  dilferent  parts 

f  th(^  bod}'  and  in  difl'erent  individuals.  Tissues 
ahicli  saturate  slowly,  desaturate  slowly.  Work  and 
'.Kercise  during  decompression  liastcn  dcsal oration. 
Hill  advocates  the  breathing  of  o.vygen  dui'ing  diM'oin- 
iDression  to  hasten  the  elimination  of  nitrogen  gas. 
j  Just  what  is  the  shortest  safe  time  for  deeompres- 
don  from  any  given  pressure  has  never  been  deter- 
■■iiined.  Bert  concluiled  that  all  trouble  eouUl  be 
ivoided  by  allowing  thirty  minutes  for  decompression 
'roin  pressures  Ijetween  twoaiul  three  atmuspheres  i  , 
md  si.xty  minutes  for  pressures  of  from  three  to  four 
itmospheres  +.  Von  Schrotter  considered  twenty 
iiiinutes  per  atmosphere  a  safe  time.  Practical 
experience  has  shown  that  one  may  decompress  from 
[pressures  up  to  fifteen  pounds  + ,  in  one  or  two  inin- 
ates,  even  after  exposures  of  several  hours,  with  com- 
parative .safety.  Many  men  seem  able  to  decompress 
rapidly  from  pressures  of  thirty  pounds  +,  or  even 
;nore,  after  long  exposures,  with  impunity.  At  the 
Pennsj'lvania  East  River  tunnels  a  rate  of  decom- 
pression was  employed  allowing  one  minute  for  each 
two  pounds  of  pressure  (fourteen  minutes  for  twenty- 
nght  pounds  + ,  sixteen  minutes  for  thirty-two 
pounds  +)■  That  this  rate  of  decompression  cannot 
be  considered  safe  is  shown  by  the  fact  that  there 
were  serious  and  fatal  cases.  The  rate  of  decompres- 
sion now  required  by  the  New  York  State  law  is  two 
minutes  for  each  three  pounds  of  pressure  up  to  thirty- 
six  pounds  + ,  and  one  minute  for  each  pound  of  pres- 
sure when  pressures  above  thirty-six  pounds  +  are 
being  used.  It  is  not  likely  that  this  would  prevent 
all  serious  and  fatal  cases  in  a  work  of  the  magni- 
tude of  the  Pennsylvania  East  River  tunnels. 

Haldane  propo.sed  the  interrupted  or  stage  method 
jOf  decompression.  Starting  from  the  fact  that  rapid 
decompression  from  nineteen  pounds  +  ,  to  normal  at- 
mospheric pressure  is  comparatively  safe,  he  argued 
that  it  would  be  correspondingly  safe  to  decompress 
rapidly  from  four  to  two  atmospheres,  or  from  six  to 
three  atmospheres;  and  he  found  this  to  be  true  in  a 
series  of  experiments  with  animals.  He  proposed 
the  following  rate  of  decompression  for  cais.son  and 
j  tunnel  work; 

Rate  of  Decompression  in  Caisson  and  Tux.vel  Work. 


Worlcing  pressure 
in  pounds  per 
squ.ire  iiicti. 


Number  of  minutes  for  each  pound  of 
decompression  after  the  first  rapid  stage 


After  first 

three  hours' 

exposure. 


After  second 
or  third  three  ! 

hours'  ex- 
posure, show- 
ing an  inter-    i 
val  for  a  meal. 


After  six 

hours  or 

more 

of  continuous 

exposure. 


18-20 
21-24 
23-29 
30-34 
35-39 
40-45 


Table  copied  from  "The  Hygiene  of  Work  in  Compressed  Air." 
llald&ne,  Journal  of  the  Society  of  Arts,  vol.  xvi.,  Jan.,  1908. 

His  first  rapid  stage  of  decompression  reduces  the 
pressure  in  about  three  minutes  to  a  point  equal  to 
one-half  the  actual  pressure.  To  illustrate — if  the 
working  pressure  is  forty  pounds  + ,  the  actual  pressure 
equals  fifty-five  pounds.  One-half  the  actual  pres- 
sure is  27. .5  pounds,  or  12.5  pounds  gage  pressure. 
.\pplying  this  table  to  decompre.ssion  from  forty 
pounds  + ,  one  would  reduce  the  pressure  in  about  tliree 
minutes  to  12. .5  pounds  +  ,  and  then  allow  S7..')  minutes 


for  the  remaining  decompression  after  the  first  three 
hours'  exposure. 

Bornstcin  compared  thoeflects  of  stage  and  uniform 
methods  of  decompression  at  the  J'llbe  Tunnel  \\'orks, 
Hamburg,  where  jiressures  of  thirty  pounds  +  were 
l)eing  used.  The  percentage  of  illness  on  the  basis 
of  man-shifts  for  t\\ii  stage  method  was  0.1.5;  and  for 
the  uniform  mc'thod  O.li),  a  slight  advantage  for 
stage  decompression. 

Besides  these  three  chief  etiological  factors,  many 
others  which  might  Ije  called  predisposing  causes 
must  be  considered,  chief  among  which  are  the 
following: 

Ai/e. — Boys,  on  account  of  underdevelopment, 
and  men  [jast  forty  are  generally  acknowledged  to  be 
bad  subjects  for  compressed-air  work. 

liuild. — Fat  individuals  are  bad  risks  in  compressed- 
air  work  and  this  should  be  avoided  by  them. 

Oraanic  Disease. — Persons  with  organic  disease 
.should  not  be  subjected  to  work  in  coinpre.ssed  air 
because,  even  if  they  are  not  more  susceptil)le  to 
compressed-air  illness,  they  are  certainly  less  able 
than  those  with  normal  organs  to  stand  the  effects  of 
such  illness,  t'onditions  of  the  nose,  throat,  or  ears 
which  prevent  the  equalization  of  pressure  within 
the  middle  ear  incapacitate  workers  in  compre.ssed 
air. 

Alcoholism. — Alcoholics  are  bad  risks  for  the  .same 
reason  that  those  with  organic  disease  are  bad  risks. 

Newness  to  Work. — "Green"  men  are  more  likely 
to  have  symptoms  of  compressed-air  illness  than  old 
workmen. 

Fatigue. — This  appears  to  play  a  decided  part  in 
the  causation  of  compressed-air  illness. 

Ventilation. — Carbon  dio.xide  within  reasonable 
limits  probably  has  no  effect.  Poisonous  gases  such 
as  CO  and  H,S,  may  play  a  part  in  the  etiology. 

The  J'crsonal  Element. — It  is  a  known  fact  that 
many  men  can  decompress  rapidly  from  high  pres- 
sures, after  long  exposures,  with  apparent  safety.  It 
is  true  also  that  certain  men,  who  appear  to  be  physi- 
cally fit,  have  serious  symptoms  when  a  slow  rate  of 
decompression  is  employed.  In  many  instances  old 
workmen  have  had  fatal  Olnesses  while  subject  to 
apparently  the  same  conditions  under  which  they  have 
worked  with  safety  for  long  periods.  All  this  leads 
one  to  think  that  there  may  be  some  condition  or 
conditions  present  in  certain  men  which  retard  or 
prevent  the  normal  process  of  desaturation.  Further- 
more, such  conditions  may  arise  in  those  previously 
free  from  them.  One  can  only  speculate  as  to  what 
condition  or  conditions  may  be  present.  It  might 
be  some  change  in  the  blood,  which  prevents  the  free 
giving  off  of  nitrogen,  or  some  change  in  the  endothe- 
lial cells  of  the  capillaries  which  prevents  the  elimina- 
tion of  nitrogen.  Another  possible  cause  might  be 
sought  in  some  condition  in  the  intestinal  tract  which 
prevents  the  usual  elimination  of  nitrogen  through 
the  intestinal  wall.  A  considerable  experience  leads 
the  writer  to  believe  that  the  personal  element  is  a 
large  factor  in  the  causation  of  many  serious  and  fatal 
cases,  and  that  we  must  look  to  its  discovery  and 
removal  to  insure  safety  in  compressed-air  work 
with  pressures  over  thirty  pounds  -f . 

Symptoms. — The  chief  symptom  experienced  dur- 
ing compression  is  that  of  pressure  upon  the  ear  drums. 
Unless  the  external  pressure  upon  the  ear  drums  can 
be  relieved  by  causing  air  to  enter  the  middle  ear 
through  the  Eustachian  tube,  by  swallowing  or  by 
Valsalva's  method,  this  pressure  becomes  exceedingly 
painful  and  may  result  in  rupture  of  the  ear  drum 
unless  further  compres.sion  is  stopped.  One  entering 
a  compressed-air  chamber  for  the  first  time  may 
experience  nervous  .symptoms,  such  as  increased 
pulse  rate,  slight  dyspnea,  and  feelings  of  apprehen- 
sion. There  may  be  pallor,  due  to  nervousness. 
Beyond  this,  compression  has  been  found  to  cau.se  no 
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effects  upon  either  the  peripheral  circulation,  the 
blood  pressure,  or  the  respiration.  A  sensation  of 
heat  and  sweating  are  experienced  due  to  the  in- 
creased temperature  caused  by  the  increasing  pres- 
sure in  the  chamber. 

Symptoms  of  compressed-air  iUness  never  develop 
while  under  pressure.  Occasionally  symptoms  are 
experienced  while  decompression  is  taking  place, 
but  by  far  the  greatest  number  of  cases  of  illness  begin 
after  decompression  is  finished,  usually  within  an 
hour;  although  several  hours  may  intervene  between 
the  end  of  decompression  and  the  first  onset  of  symp- 
toms. In  some  cases  onset  is  delayed  as  long  as  ten 
or  twelve  hours. 

The  symptoms  are  varied.  The  writer,  after  a 
careful  study  of  the  reports  of  .3.692  ca.ses,  made  the 
following  classification,  wh^eh  also  gives  the  number 
and  percentages  of  cases  falling  within  each  group. 
The  symptoms  of  the  various  groups  often  overlap; 
but,  in  ttiis  classification,  cases  were  grouped  in  accord- 
ance with  their  most  characteristic  symptoms: 

A, — Cases  showing  pain  in  various  parts 

of  the  body,  "bends" 3,27S  or  SS.7S+  per  cent. 

Cases  w-ith  pain  also  having  local 

manifestations 9  or      0 .  26  +  per  cent. 

B. — Cases  showing  pain  and  prostration.  47  or  1 .26  +  per  cent. 
C. — Cases  showing  symptoms  referable 

to  the  central  nervous  system: 

1.  Brain  (hemiplegia) 4  or     0.11  +  per  cent. 

2.  Spinal  cord: 

(a)   Sensor>'  disturbance. ...  36 

(6)  Motor  disturbance 34 

(c)   Sensory  and  motor  dis- 
turbance   10 

SO  or  2.16+  percent. 
D. — Cases  showing  vertigo,  "staggers.  "  197  or  .5.33+  per  cent. 
E. — Cases  showing  dyspnea  and  sense  of 

constriction     of     the      chest, 

"chokes" 60  or    1.62+  per  cent. 

F. — Cases  showing  partial  or  complete 

unconsciousness  with  collapse.        17  or      .46+ percent. 

3,692       99.98+  percent. 
f  Group  B. — 6 
Fatal  cases     J   Group  C. — 5 
I  Group  F.— 9 

20  or  .54  + per  cent. 

General  Symptoms. — Granted  that  the  presence  of 
free  gas  in  the  blood  or  tissue  fluids  is  the  cause  of 
compressed-air  illness,  it  is  evident  that  the  variety 
and  severity  of  symptoms  manifested  will  depend 
upon  two  factors;  namely,  the  amount  of  free  gas 
present  and  the  organs  or  tissues  affected.  Small 
gas  bubbles  in  the  blood  will  act  as  emboli,  which  may 
or  may  not  cause  symptoms,  depending  upon  what 
organs  or  tissues  they  attack.  If  the  emboli  lodge  in 
vital  centers  of  the  central  nervous  system,  or  in 
small  arteries  supplying  important  organs  such  as 
the  coronary  arteries  and  small  arteries  of  the  brain 
or  cord,  or  within  firm,  unyielding  ti.s.sues,  such  as 
ligaments.  fasci;e,  and  periosteum,  symptoms  will 
result,  and  their  importance  will  depend  upon  the 
importance  of  the  organ  involved  and  their  severity 
upon  the  extent  of  mechanical  violence  which  they 
exert.  In  most  cases  such  symptoms  will  be  definitely 
localized  to  the  organ  or  tissues  involved.  If  small 
emboli  involve  such  organs  as  the  liver,  spleen,  or 
kidneys,  or  such  tissues  as  muscle,  fat,  or  loose  con- 
nective tissue,  no  symptoms  are  likely  to  result.  With 
increasing  amoimts  of  free  gas  in  the  blood  and  tissue 
fluids,  the  symptoms  become  more  general,  and  may 
vary  from  scattered  pain  in  various  parts  of  the  body 
to  rapidly  fatal  results  with  coma  and  collapse. 
Small  amounts  of  free  gas  give  rise  to  many  of  the 
cases  in  groups  A,  C,  D  and  E ;  larger  amounts  of  free 
gas  to  ca.ses  in  groups  B  and  F. 

As  to  the  significance  of  these  symptoms,  cases  of 
localized  pain,  vertigo,  and  dyspnea  seldom  if  ever 
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are  fatal.  When  the  central  nervous  .system  i? 
involved,  death  may  result  from  small  emboli  in 
the  vital  centers  of  the  brain  or  medulla,  or  it  may 
follow  cord  lesions  as  the  result  of  complications  sucl' 
as  cystitis,  pyelitis,  or  pyonephritis,  ascending 
myelitis  with  diaphragmatic  involvement,  and  pneu- 
monia, bed  .sores,  etc.,  or  permanent  paraplegia  may 
result.  In  most  cases  patients  with  pain  and  pros- 
tration .survive,  although  some  die.  Cases  of  uncon- 
sciousness and  collapse  are  often  fatal. 
Special  Sy7)iptoms. — 

A.  Cases  of  Pain  in   Various  Parts  of  the  Body.— 
The  characteristic  symptom  in   these    ca.ses  is  pain 
whicli  is  felt  in  some  part  or  parts  of  the  body.    Tin 
v'arious  locations  in  which  pain  may  be  felt,  named  iu 
order  of  frequency,  are  the  legs,  the  arras,  the  abdo- 
men, the  thora-x,  the  back,  and  the  head.     Frequently 
pain  is  felt  in  one  or  more  of  these  regions,  either  ar 
the   beginning   or   during   the   course   of   the   attack. 
Pain  in  the  extremities  is  felt  most  often  in  or  about 
the  joints.     The  pain  may  be  slight  and  transient,  or 
it  may  ne  severe,  lasting  in  some  cases  several  days. 
It  may  be  localized  or  it  may  radiate,  following  the 
cour.se  of  a  nerve;  it  may  be  dull  or  cutting  in  charac- 
ter, constant   or    intermittent.    Sometimes   it    is   de- 
scribed as  deep   seated   and   boring  in   character  as 
if  it  were  in  a  bone.     The  patient  may  show  the  usual 
symptoms  of  pain  .such  as  crying  out,  facial  distor- 
tion,   pallor,    sweating,    increase    of   and    sometime 
slight  irregularity  of  the  pulse,  and  an  indispositio: 
to  u.se  the  affected  part.     In  some  few  instances  ther 
have  been  observed  local  symptoms  at   the  site  ^ 
pain,   such   as   areas   of   swelling   and   subcutaneoi; 
emph}-sema,    and    brawny   edema    as    of    lymphati 
obstruction.      That   these  ca.ses  of  pain  are  due  tu 
local  irritation  and  not  to  spinal  cord  involvement,  is 
indicated  by:     (1)  The  absence  of  other  signs  of  cord 
irntation  such  as  changed  reflexes,  motor  and  sensory 
disturbances,  and  interference  with   bladder  or  rec- 
tum control.     (2)  Local  manifestations  in  some  cases. 
(3)   The  not  infrequent  shifting  of  pain  from  one  part 
or  parts  of  the  body  to  other  parts,  which  does  not 
happen  in  undoubted  cases  of  cord  lesion. 

In  accordance  with  this  idea,  pain  about  a  joint 
may  be  explained  by  pressure  resulting  from  a  small 
accumulation  of  free  gas  beneath  a  tight  fascia  or 
within  a  bursa  or  tendon  sheath.  Neuralgic  pains  may 
be  due  to  gas  emboli  in  a  nerve  sheath.  The 
deep-seated  pain  can  be  explained  by  the  presence  of 
gas  emboli  beneath  the  periosteum.  The  chances 
that  gas  emboli  wiU  involve  an  extremity  or  other 
parts  of  the  body,  such  as  unimportant  organs  or  tis- 
sues, are  far  greater  than  that  tliey  will  attack  a  vital 
center  or  a  central  nervous  area.  This  explains  the 
large  proportion  of  ordinary  cases  of  pain. 

B.  Cases  of  Pain  and  Prostration. — The  pain  in 
these  cases  is  usually  more  or  less  general,  two  or 
three  and  often  all  of  the  extremities  being  involved. 
Sometimes  there  is  also  abdominal  pain.  The  charac- 
teristic symptom  in  this  class  of  ca.ses  is  prostration. 
The  patient  is  often  pale  and  perspires  freely,  and  com- 
plains of  weakness  and  sometimes  of  dizziness.  There 
is  often  nausea  and  at  times  vomiting.  The  pulse  is 
increa.sed  in  rate,  is  small,  of  low  tension,  and  often 
irregular.  Mottling  of  the  skin  is  often  seen  on 
different  parts  of  the  body.  In  this  class  of  cases  the 
patient  is  usually  conscious,  although  in  the  severer 
ones,  semiconsciousness  may  ensue  or  even  coma. 
The  symptoms  are  undoubtedly  due  to  considerable 
quantities  of  free  gas  in  the  circulatory  system  as 
shown  by  the  fact  tliat  cases  of  this  group  sometimes 
assume  the  symptoms  of  group  F  after  a  few  hours. 
Moreover,  in  some  of  the  fatal  ca.ses  of  this  type 
considerable  amounts  of  free  gas  have  been  found  in 
the  veins  at  autop.sy. 

C.  Cases  Shoxring  Symptoms  Referable  to  the  Cen- 
tral Nervous  System. — The  symptoms  in  these  cases 
are  identical  with  those  due  to  injuries  of  the  brain 
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or  spinal  cord  from  embolus  or  homorrliage.  Tlie 
extent  of  tlie  lesion,  the  severity  of  the  symptoms  and 
the  ultimate  result  will  depend  upon  the  amount  of 
damage  done  to  the  nerve  tissues  by  the  gas  emboli. 
Cases  may  show  hemiplegia,  with  or  without  aphasia; 
paralysis  or  sensory  disturbances,  singly  or  combined, 
of  the  lower  or  of  all  the  extremities,  with  consequent 
complications  such  as  ascending  paralysis,  cystitis, 
pyonephritis,  pneumonia,  and  bed  sores.  Cases  which 
do  not  clear  up  may  result  in  permanent  disability 
or  deatli. 

D.  Cases  Showing  Vertigo. — Vertigo  is  not  infre- 
quently a  symptom  of  compressed-air  illness.  It 
usually  comes  on  .soon  after  decompression  and  is 
often  accompanied  by  other  symptoms,  such  as  nausea 
and  vomiting,  pains  in  the  extremities  or  abdomen, 
dyspnea,  and  prostration.  Cases  of  vertigo  among 
compressed-air  workers  have  been  described  by  many 
writers,  but  Snell  first  called  particular  attention  to 
this  class  of  cases,  reporting  several  of  them  in  detail. 
In  most  of  his  ca.ses  he  found  also  deafness,  which  was 
more  or  less  permanent.  He  attributed  these  cases 
to  air  embolism  in  the  labyrinth,  which  in  sotiie  in- 
instances  gives  rise  to  labyrinthine  liemorrhage. 
Snell's  explanation  of  the  cause  of  vertigo  .seems  the 
most  reasonable  one. 

E.  Cases  Showing  Dyspnea  and  Sense  of  Constriction 
of  the  Chest. ^Dyspnea,  is  a  not  uncommon  symptom 
and  while  alarming  in  appearance  yields  readily  to 
treatment  and  seldom  if  ever  proves  fatal.  The  sub- 
ject of  one  of  these  attacks  appears  much  like  a  victim 
of  asthma,  and  physical  examination  of  the  chest 
often  reveals  signs  resembling  tho.se  of  asthma.  Men 
subject  to  these  attacks  of  dj'spnea  often  have  a 
moderate  degree  of  emphysema,  and  after  an  attack 
may  have  signs  of  bronchitis  for  several  days.  These 
cases  are  more  frequent  when  blasting  is  going  on  in 
the  work.  It  is  difficult  to  explain  tliese  cases,  but 
it  seems  most  reasonable  to  assign  them  to  local 
conditions  in  the  lungs,  among  which  one  might 
consider  emphj-sema  or  bronchitis,  irritation  by  dust 
or  smoke  and  perhaps  by  the  presence  of  gas  emboli 
in  the  lungs  tnemselves.  Irritation  of  the  respira- 
tory centers  by  gas  emboli  naturally  suggests  itself 
as  the  cause  of  tnese  cases,  but  in  view  of  the  fact 
that  these  cases  are  so  seldom  serious,  this  explana- 
tion seems  unlikely. 

F.  Cases  Showing  Partial  or  Complete  Unconscious- 
ness and  Collapse. — These  cases  are  probably  a  severe 
form  of  the  cases  in  group  B.  as  patients  who  have  at 
first  pain  and  prostration  sometimes  become  uncon- 
scious later  and  die  in  a  condition  of  collapse.  In 
typical  cases  of  this  group  attacks  occur  usually  soon 
after  decompression.  Unconsciousness  and  collapse 
may  occur  suddenly  with  few  if  any  premonitory 
symptoms,  or  the  case  may  begin  with  symptoms 
such  as  pain  in  the  extremities  or  abdomen,  dizziness, 
weakness,  and  convulsions;  coma  and  collapse  occur- 
ring after  a  short  interval.  Mortality  is  highest  in  this 
group  of  cases. 

Some  writers  have  called  attention  to  a  class  of 
cases  characterized  by  itching  of  the  skin,  either 
localized  to  certain  parts  of  the  body  or  general,  and 
have  spoken  of  it  as  being  of  frequent  occurrence. 
Few  cases  of  this  kind  were  seen  in  the  work  on  the 
Pennsylvania  East  River  tunnels,  perhaps  because 
the  men  in  such  cases  did  not  apply  for  treatment. 

Mottling  nf  the  Skin. — This  is  seen  chiefly  in  severe 
cases,  usuall.v  in  those  whose  symptoms  are  due  to 
large  accumulations  of  free  gas  in  the  blood.  It  was 
noted  in  thirty-eight  cases  in  the  stud}-  of  .3,692  cases. 
Mottling  was  "present  in  five  of  the  twenty  fatal  cases. 
This  mottling  varies  from  an  erythematous  blotching 
to  a  distinctly  hemorrhagic  eruption.  In  the  hemor- 
rhagic variety  the  bleeding  is  probably  between  the 
superficial  and  deep  layers  of  the  skin.  It  varies  in 
extent  from  small  spots  to  large  confluent  areas,  as 
large  as  or  even  larger  than  the  hand.      It  may  appear 


on  any  part  of  the  body,  but  is  seen  most  often  on  the 
abdomen,  thorax,  and  extremities.  Erythematous 
mottling  often  disappears  during  or  soon  after  re- 
compression. The  hemorrhagic  type  is  more  per- 
sistent, and  fades  out  gradually  in  several  days  in 
those  who  recover. 

Abdominal  Pain. — This  is  a  symptom  which  is 
justly  feared  by  workmen  in  compressed  air.  It  is 
often  experienced  with  lesions  of  the  cord  when  it  is 
analogous  with  the  girdle  pain  of  other  cord  lesions. 
In  many  severe  cases  of  collap.se  and  prostration, 
abdominal  pain  is  experienced  either  as  an  initial 
svm[)tom  or  during  the  course  of  the  attack.  It  is 
tlie  only  symptom  in  a  considerable  number  of  cases, 
when  it  usually  yields  readily  to  treatment.  It 
seems  likely  that,  while  abdominal  pain  in  .some  cases 
is  due  to  cord  irritation,  it  is  also  frequently  due  to 
local  irritation  by  gas  emboli,  either  in  nerve  sheaths 
or  fascice  of  the  abdominal  wall  or  in  the  various 
abdominal  viscera.  With  simple  abdominal  pain, 
one  can  never  feel  sure  that  a  serious  case  is  not 
threatened,  for  in  some  cases  of  paralysis  and  in  a 
few  of  the  cases  of  severe  prostration  and  collapse 
this  is  the  only  sj'mptom  at  first. 

Pathology. — Two  characteristic  conditions  arc 
found  in  most  of  the  fatal  cases  of  compressed-air 
illness.  The  first  and  most  characteristic  is  the  pres- 
ence in  the  circulatory  system  of  free  gas,  often  in 
large  quantities.  The  second  is  the  presence  of  cord 
or  brain  lesions,  among  which  the  most  common  are 
myelitis,  meningeal  hemorrhage,  and  hemorrhage 
into  the  cord.  In  addition  to  the  cord  lesion,  changes 
due  to  consequent  complication,  such  as  cystitis, 
pyonephritis,  and  pneumonia  may  be  found.  In  a 
few  cases  characteristic  conditions  are  not  found. 
In  many  of  these  we  may  assume  from  their  symptoms 
that  small  gas  emboli  have  involved  vital  centers  or 
important  organs,  without  leaving  changes  which  are 
discoverable. 

Von  Schrotter  makes  a  summary  of  137  fatal  cases 
of  compressed-air  illness  among  divers  or  caisson  and 
tunnel  workers,  reported  between  the  j-ears  1S54  and 
1897.  The  cases  are  divided  into  two  groups;  first 
those  which  had  exhibited  sj-mptoms  of  central 
nervous  lesion  with  complications,  and  resulted 
fatally  after  several  days,  weeks,  or  months;  second, 
those  in  which  a  fatal  result  followed  soon  after  de- 
compression, which  was  frequently  rapid.  Of  the 
first  group  there  were  thirty-six  cases  with  twenty 
autopsies,  and  in  the  second  group  seventy  cases  with 
twenty-seven  autopsies,  of  which  only  eighteen  were 
in  detail.  In  the  twenty  autopsies  falling  within  the 
first  group  there  were  found  lesions  of  the  spinal  cord, 
such  as  disseminated  and  transverse  myelitis,  and 
hemorrhage  in  the  meninges  and  in  the  cord,  together 
with  complications,  such  as  cystitis,  pyonephritis, 
bed  sores,  etc.  Of  the  eighteen  autopsies  in  rapidly 
fatal  cases  which  were  reported  in  detail,  eleven 
showed  the  presence,  in  greater  or  less  degree,  of 
free  gas  in  the  circulatory  system;  in  the  other  seven 
cases  there  was  hyperemia  of  the  internal  organs,  in 
all  there  was  hyperemia  of  the  lungs,  in  some  a 
condition  resembling  that  of  suffocation,  and  in  one 
Bright's  disease. 

In  the  twenty  fatal  cases  reported  from  the  Penn- 
sylvania East  River  tunnel  work,  five  fell  within  the 
first  group,  and  of  these  two  came  to  autopsy  and 
showed  lesions  of  the  cord  and  complications;  fourteen 
fell  within  the  second  group  and  of  these,  in  twelve 
autopsies  reported,  eight  showed  the  presence  of  free 
gas  in  greater  or  less  degree  in  the  circulatory  system. 

Treatment. — Of  the  various  means  of  treatment 
which  have  been  employed,  but  one  has  proved  of 
undoubted  benefit.  This  is  recompression,  which 
was  first  proposed  by  Pol  and  Wattelle.  who  demon- 
strated its  effects  on  animals.  Its  first  practical 
employment   was  made  by  E.   W.   .Moir  on  the  old 
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Hudson  River  Tunnel.  It  is  now  generaUy  employed 
when  men  work  in  compressed  air,  being  required  by 
law  in  several  countries.  Recompression  is  carried 
out  in  a  medical  air-lock  consisting  of  an  air-tight  steel 
cylinder  about  sLx  feet  in  diameter  and  twelve  feet 
in  length,  closed  at  one  end.  At  the  other  end  is  an 
entrance  by  means  of  an  air-tight  door,  which  opens 
inward.  The  cylinder  is  divided  into  two  compart- 
ments by  means  of  a  transverse  partition,  which  has 
a  door  opening  toward  the  inner  compartment. 
Compressed-air  pipes  and  outlet  valves  suppW  both 
chambers,  so  that  the  pressure  can  be  raised  or  lowered 
from  either  chamber.  This  arrangement  enables  a 
phj^sician  or  attendant  to  enter  or  leave  the  chamber 
in  which  the  patient  is  being  treated  without  dis- 
turbing the  pressure  of  that  chamber.  Valves  are 
also  placed  outside  the  lock  so  that  the  pressure  can 
be  regulated  from  without.  The  inner  chamber  is 
fitted  with  two  bunks,  one  on  either  side,  upon  which 
patients  can  lie,  and  with  electric  lights,  telephone, 
clock,  pressure  gage,  thermometer,  and  electric  heater. 
A  means  of  ventilating  the  inner  chamber  should  also 
be  supplied.  Heavy  glass  windows  are  placed  on  a 
line  in  both  doors,  so  that  one  can  watch  from 
outside  the  patient,  the  pressure  gage,  and  the 
thermometer. 

Recompression  should  be  instituted  as  soon  as 
possible  after  the  appearance  of  symptoms,  the  pres- 
sure being  raised  quickly  to  a  point  equal  to  the  work- 
ing pressure.  Relief  of  sj-mptoms  when  afforded, 
usually  occurs  before  this  point  is  reached.  Soon 
after  reaching  full  working  pressure,  decompression 
should  be  begun  at  a  rate  not  less  than  one  pound  per 
minute  and  in  severe  cases,  much  more  slowl}\ 
During  decompression,  the  patient,  if  able  to  do  so, 
should  move  about  and  exercise  the  affected  part.  In 
severe  cases  massage  and  passive  motion  should  be 
administered  by  an  attendant,  and  in  unconscious 
cases,  artificial  respiration  should  also  be  performed. 
Various  stimulants  help  in  severe  cases.  If  symp- 
toms return  after  one  recompression,  a  second  recom- 
pression should  be  made.  It  is  sometimes  necessary 
to  recompress  several  times  before  permanent  relief  is 
obtained.  In  cases  of  simple  pain,  where  there  is  a 
return  of  sj'mptoms  after  recompression,  relief,  fre- 
quentlj'  permanent,  may  be  obtained  by  the  use  of 
counterirritation  with  liniments,  the  vibrator,  or  the 
Faradic  current,  or  by  hot  applications. 

The  sooner,  after  the  appearance  of  symptoms, 
recompression  is  begun,  the  more  likely  is  it  to  afford 
relief  and  the  relief  to  be  permanent.  The  failure 
of  the  treatment  to  afford  relief  is  to  be  explained  bj' 
the  fact  that  recompression  has  not  been  employed 
before  the  air  emboli  have  done  permanent  injury  to 
the  tissues. 

The  results  of  treatment  in  3,692  cases  at  the  Penn- 
sylvania East  River  tunnels  were  as  follows:  In 
3,278  cases  of  pain  in  various  parts  of  the  body,  about 
ninety  per  cent,  got  relief  from  one  or  more  recom- 
pressions. 

In  forty-seven  cases  of  pain  and  prostration,  thirty- 
eight  were  relieved  or  cured  by  recompression,  all 
ultimatel3'  recovering;  six  showed  only  temporary 
improvement  and  died.  The  other  three  refused  the 
medical  lock,  and  recovered  after  illnesses  of  about  a 
week. 

In  eighty  cases  with  symptoms  referable  to  the  cen- 
tral nervous  system,  the  results  were  as  follows:  4 
cases  of  hemiplegia  all  cleared  up  permanently  with 
recompression;  of  36  cases  of  sensory  disturbance,  34 
were  relieved  by  recompression,  2  refused  the  medical 
lock  and  were  improved  by  medical  treatment; of 
34  cases  of  motor  disturbance,  partial  or  complete 
paralysis  of  the  legs,  23  were  benefited  by  recompres- 
sion and  either  cleared  up  at  once  or  recovered  later: 
in  11  recompression  caused  no  improvement  and  of 
these,  5  ultimately  died,  3  had  permanent  spastic 
paraplegia,  and  3  were  lost  sight  of;  of  10  cases  of 
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sensory  and  motor  disturbance,  9  were  permanently 
relieved,  the  other  was  improved,  but  the  final  result 
was  not  learned. 

In  197  cases,  having  vertigo,  with  or  without  vomit- 
ing, pain,  prostration,  and  dyspnea,  lOS  had  complete 
relief  from  recompression,  82  had  partial  relief  from 
recompression,  and  7  refused  the  medical  lock;  none 
of  these  men  died.  ■ 

In  60  cases  of  dyspnea  all  cleared  up  with  one  recom-       I 
pression  except  2  which  required  a  second  recompres- 
sion. 

In  17  cases  of  partial  or  complete  unconsciousness 
and  collapse,  S  were  cured  or  relieved  by  one  or  more 
recompressions,  9  had  little  or  no  relief  and  died. 
Oxygen  given  to  several  of  these  severe  cases  during 
recompression,  afforded  no  appreciable  benefit. 

Prophylaxis. — How  to  prevent  compressed-air 
iUness  is  a  most  important  question.  Recompres- 
sion, while  an  efficient  means  of  treatment  in  mild 
cases,  often  fails  to  prevent  disability  and  death  in 
severe  ones.  If  high  pressures  are  to  be  used,  all 
means  should  be  employed  to  prevent  illness.  These 
should  consist  of  thorough  medical  examinations  of 
workmen  and  especiaUy  of  new  candidates.  In  cases 
where  ''green"  men  must  work  in  high  pressures, 
twentj^-five  pounds  +  or  over,  preliminary  tests 
should  be  given  and,  if  satisfactorilj-  passed,  a  short 
working  shift  should  first  be  tried.  Careful  super- 
vision of  the  workmen  should  be  exercised,  and  occa- 
sional reexaminations  made,  especially  after  any 
absence  from  work.  The  men  should  be  instructed 
as  to  the  dangers  of  rapid  decompression,  should  be 
made  to  move  about  during  and  after  decompression, 
and  should  be  warned  that  neglect  to  seek  medical 
advice  at  once  upon  the  appearance  of  any  sjTnptoms 
maj'  result  disastrously.  They  should  also  be 
informed  of  the  bad  effects  of  excesses  of  all  kinds,  of 
improper  hygiene,  and  of  intercurrent  iUness. 

The  following  table  indicates  briefly  what  can  be 
done  bj'  medical  examinations  and  supervision  to 
eliminate  the  predisposing  causes: 


Predisposing  Causes 
.•\ge  (improper). 
Build  (fat). 
Organic  disease. 
Alcoholism. 
Newness  to  work. 
Fatiffue. 

Ventilation  (bad). 
Personal  element. 


Can  be  Prevented 
Yes. 
Yes. 

To  a  large  extent. 
To  a  large  extent. 
Partly. 
No. 

To  a  large  extent. 
No,  not  with  our  present 

knowledge. 


The  chief  means  of  preventing  iUness  must  be  found 
in  the  arrangement  of  shifts  and  decompression  periods 
to  suit  the  pressures.  In  some  countries,  these  are 
regulated  by  law.  This  is  true  in  New  York  State. 
As  time  goes  on,  further  legislation  wUl  be  necessary. 
In  studj-ing  the  causes  of  compressed-air  illness  one 
should  not  forget  that  many  factors  play  a  part  and 
that,  since  the  human  organism  is  concerned,  it  is 
not  a  purely  phj-sical  question.     The  results  of  com- 

Caratively  few  experiments  with  animals  should  not 
e  looked  upon  as  final.  In  the  same  way,  the 
results  under  certain  conditions  with  comparatively 
few  men  should  not  be  considered  conclusive.  While 
much  may  be  done  by  proper  regulations  to  diminish 
cases  of  illness  and  death  in  compressed-air  work,  the 
writer  believes  that,  when  pressures  of  two  or  more 
atmospheres  are  being  used,  it  should  be  classed  as 
a  dangerous  occupation  on  account  of  individual  con- 
ditions not  now  understood,  which  he  has  called  the 
personal  element.  Frederick  L.   Ke.vts. 
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Cajtiput,  Oil  of. — Oleum  Cajupuli.  A  volatile  oil 
distilled  from  the  leaves  of  Cajuputa  leufodendron  (L.) 
Rusby  (fani. -l/j/r/acfos).  This  species  is  a  rather  small 
fragrant  tree,  with  irregularly  growing  slender 
branches  and  a  thick,  soft,  exfoliating  bark.  The 
leaves  are  bright,  smooth,  narrow,  entire,  pointed  at 
each  end,  parallel  nerved,  and  often  oblique  or  curved; 
they  are  twisted  upon  their  petioles  so  as  to  stand  with 
their  edges  vertical,  like  phyllodia.  The  tree  is  a 
native  of  numerous  islands  in  the  Indian  archipelago, 
especially  of  Borneo,  Celebes,  and  Amboyna.  It  is 
also  extensively  found,  if  a  broad  view  is  taken  of  the 
species,  in  Australia  and  on  the  mainland  of  Asia. 
Most  of  the  oU  is  obtained  from  Celebes  and  exported 
by  way  of  Javan  or  Indian  ports. 

Oil  of  cajuput  is  extracted  on  the  spot  from  the 
fresh  leaves,  which  are  first  softened  by  maceration  in 
water  and  then  subjected  to  distillation  in  rude  copper 
stills.  It  is  filled  into  once-used  wine  and  beer  or 
other  European  bottles  for  exportation.  It  was  first 
introduced  into  Europe  in  the  early  part  of  the 
eighteenth  century. 

It  is  a  pale  green,  transparent,  mobile  fluid,  with  a 
fragrant  mint  or  camphor-like  odor,  and  bitterish  aro- 
matic taste.  It  has  the  usual  physical  properties  of 
the  essential  oils.  It  is  very  similar  to  its  near  rela- 
tive, oil  of  eucalyptus,  containing  the  same  constitu- 
ent, cinecol  of  which  the  U.  S.  P.  requires  the  presence 
of  not  less  than  fifty-five  per  cent.,  a  process  of  assay 
being  prescribed.  Terpineol  and  other  bodies  are  also 
present.  Specific  gravity  of  the  oil,  0.915  to  0.925  at 
77°  F.  It  is  soluble  in  alcohol  in  all  proportions,  and  in 
one  part  of  eighty  per  cent,  alcohol,  the  solution  being 
neutral.  The  green  tint  is  generally  ascribed  to  some 
compound  of  copper  received  from  the  still,  or  intro- 
duced into  the  oil  intentionally.  The  color  may  be 
separated  by  several  methods  of  rectification,  the  oil 
obtained  being  clear  and  white. 

Action  and  Use. — Cajuput  has  the  stimulating 
properties  of  camphor  and  the  essential  oils  in  general, 
and  stands  between  the  most  irritant  of  them,  like  oil 
of  turpentine,  and  the  milder  mint  oils.  It  is  more 
extensively  used  in  the  Indies  and  Eastern  islands  than 
here — in  some  places  being  given  for  nearly  everything, 
but  is  particularly  popular  for  colics,  diarrheas,  and 
even  cholera,  as  well  as  for  chronic  rheumatism, 
chronic  vesical  catarrh,  etc.  Here  it  is  not  often  given 
internally,  but  has  no  doubt  some  value  in  non-in- 
flammatory intestinal  disturbances,  where  an  aromatic 
stimulant  and  antispasmodic  is  needed,  being  in  these 
cases  very  much  like  camphor,  and  like  this  may  be 


very  suitably  combined  with  opium.  Externally  it  is 
a  mild  rubefacient,  and  a  good  ingredient  for  stimu- 
lating liniments  in  chronic  rheumatism,  sprains, 
etc.;  it  may  be  also  useful  for  psoriasis,  scale  eczema, 
etc.;  and  is  a  fairly  cflicient  parasiticide.  As  a  stimu- 
lant diuretic  in  chronic  vesical  catarrh  it  is  as  good 
as  most  others  of  its  class.  Cajuput  is  the  basis  of 
numerous  toothache  apd  earache  drops.  It  is  often 
adulterated.  Dose  from  TTlij.  to  viij.  (0.12-0.5)  dis- 
solved in  spirit,  suspended  in  mucilage  or  syrup,  or 
dropped  on  a  lump  of  sugar.  There  are  twenty  or 
thirty  drops  to  the  gram.  H.  H.  Rusby. 

Calabar  Bean. — See   Physostigma. 

Calabar  Swellings. — Transient,  smooth,  ovoidal 
tumors  which  occur  on  various  parts  of  the  body  in 
l)olh  native  and  European  inhabitants  of  Africa 
within  the  endemic  area  of  Filarin  loa,  and  which 
are  almost  certainly  caused  in  some  way  by  that 
parasite. 

Thompstone  says  that  the  swellings,  as  seen  in 
tropical  West  Africa,  "are  about  the  size  of  half  a 
goose  egg,  painless,  though  somewhat  hot,  both  ob- 
jectively and  subjectively,  not  pitting  on  pre.ssure, 
and  usually  disappearing  in  about  three  days.  They 
come  suddenly  and  disappear  gradually,  and  occur 
in  any  part  of  the  bod}'."  They  never  suppurate. 
Manson,  who  propo.ses  the  theory  that  they  are  caused 
by  the  female  Filaria  loa  emptying  her  uterus  of 
larva;  into  the  connective  tissue,  has  aspirated  .serum 
from  a  Calabar  swelling  in  each  of  two  cases;  in  one 
case  without  result,  and  in  the  other  finding  larvse  of 
Filaria  loa.  He  suggests  the  possibility  that  the 
larviB  found  in  the  second  case  might  have  been  in  the 
small  quantity  of  blood  unavoidaljly  taken  in  the 
passage  of  the  needle.  The  blood  of  the  patient  con- 
tained larvfe  of  both  Filaria  loa  and  Filaria  persians. 

The  mechanism  of  the  production  of  Calabar  swell- 
ings is  an  unsolved  problem.  They  are  seen  in  some 
patients  who  are  not  proved  to  harbor  Filaria  loa.  A 
large  proportion  of  the  patients  are  known  to  be 
infected  with  this  parasite.  The  adult  Filaria  loa 
lives  and  moves  about  in  the  connective  tissue,  often 
producing  irritation.  These  facts,  considered  with 
the  coincident  geographical  endemicity  of  calabar 
swellings  and  Filaria  loa  make  the  causal  relation  of 
the  latter  to  the  former  almost  certain. 

J.  F.   Leys. 


Calamus. — Sweet  Fl,^g.'  The  dried  rhizome  of 
Acorus  calamus  L.  (fam.  Aracea:).  A  monocotyle- 
donous  perennial  with  a  thick,  fleshy,  long  and 
branched  horizontal  rootstock,  and  a  few  very  long 
(0.5  to  1  m.)  and  narrow  linear  equitant  leaves.  The 
flowering  scape  is  also  long  and  flattened,  resembling 
the  leaves,  and  bears  at  its  apex  a  straight,  solid, 
fleshy,  cylindrical  spadix  from  flve  to  ten  centimeters 
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Fig.    11S3. — Rhizome  of    Acorus  calamus,    showing  cicatrices    of 
adventitious  roots.     (Baillon.) 

long.  Flowers  perfect,  small,  crowded.  A  long,  leaf- 
like bract  or  "spathe"  arises  at  the  junction  of  the 
spadix  and  scape,  and,  proceeding  in  a  straight  line, 
looks  like  a  continuation  of  the  scape,  while  the  really 
terminal  spadix  is  diverted  to  an  angle  with  the  axis, 
and  appears  to  be  lateral.  Sweet  flag  grows  in 
swamps  throughout  almost  the  whole  north  temperate 
zone. 

All  parts  of  the  plant  are  slightly  aromatic,  the 
leaves  least  so,  but  for  medicinal  use  the  rhizome  only 
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is  employed.  It  should  be  gathered  in  the  autumn  or 
spring,  washed,  cleaned,  and  dried.  The  drug  of 
most  of  the  foreign  Pharmacopoeias  is  peeled  or 
scraped  before  drying;  but  while  the  appearance  is 
improved  by  this  process,  the  strength  and  quality 
are  deteriorated,  since  most  of  the  activity  resides  in 
the  bark,  and  this  is  not  authorized  by  our  Pharmaco- 
pceia.  Although  it  grows  in  great  abundance  in  the 
swamps  of  the  United  States,  a  large  portion  of  what 
we  use  is  imported  from  Europe. 

Calamus  comes  in  pieces  of  from  ten  to  thirty 
centimeters  or  more  in  length,  by  one  or  two  centi- 
meters in  thickness  (from  4  to  12  in.  X  i  in.);  it  is 
shriveled  and  lightly  flattened,  marked  by  frequent 
and  very  distinct  rings  and  remains  of  leaf  scales,  and 
below  is  covered  with  the  circular  scars  of  the  roots. 
It   is  pale   or  reddish   brown   externally,  white  and 


Fig.    11S4. — Transverse  Section  of  the  Khizornu 
(Baillon.) 


ol  Acorus  calamus. 


spongy  within.  Its  texture  is  very  light,  being 
traversed  by  large  air  spaces  separated  by  only  a 
single  row  of  cells.  A  cross-section  shows  these  as 
large  holes,  and  the  walls  as  a  lace-like  reticulation, 
varied  with  occasional  woody  bundles  (see  Fig.  1071). 
The  oil  cells  are  like  those  of  the  general  parenchyma, 
but  larger  and  are  generally  situated  in  the  angles 
formed  by  the  confluence  of  three  or  four  of  the  parti- 
tions, as  shown  in  the  section. 

The  principal  constituent  is  the  oil,  of  which  it  con- 
tains two  or  three  per  cent.,  a  yellowish  or  brownish 
very  fragrant  liquid  of  specific  gravity  0.9.  It  also 
contains  the  glusoside  acorin,  which  is  a  soft,  resinous 
substance,  with  a  bitter,  aromatic  taste,  resin,  starch, 
tannin,  gum,  and  a  minute  amount  of  the  alkaloid 
calamine. 

Calamus  is  a  pleasant  tonic,  aromatic-bitter,  appli- 
cable to  all  the  purposes  for  which  such  remedies  are 
used.  Dose,  5ss.-i  (2.0-4.0);  of  the  oil,  from  gtt.  x. 
to  gtt.  XV.  Henhy  H.  Rusbt. 


Calcification. — Calcium  phosphate  and  calcium  car- 
bonate in  some  combination  as  yet  unknown  are 
found  in  invisible  soluble  forms  in  practically  all  of 
the  tissues  and  fluids  of  the  normal  body.  In  the 
bones  and  in  the  so-called  "brain  sand"  (acervulus 
cerebri)  alone,  do  they  occur  in  a  solid  form,  either  com- 
bined with  magnesium  phosphate  in  an  intimate  re- 
lationship to  the  organic  matrix  of  the  bones  or  as 
laminated  chalky  splieroids  having  a  cellular  matrix 
in  the  pineal  gland  and  choroid  plexus.  Under 
pathological  conditions  of  the  most  varied  kinds  salts 
of  lime  are  deposited  in  a  solid  and  visible  form  in 
tissues  other  than  bone  or  are  precipitated  from  the 
secretions  or  excretions,  appearing  as  minute  or  coarse 
granules,  platelets  or  larger  masses.  Such  a  patho- 
logical calcification  may  occur  in  single  cells  or  cell- 
groups  (ganghon  cells,  renal  epithehum,  heart-mus- 
cle), in  the  ground  substance  of  the  connective  tissues 


(cartilage,  fibrous  connective  tissue),  in  elastic  fibers, 
in  foreign  bodies  (parasites,  inclusions),  and  in  the 
organic  material  of  certain  secretions  (concretions, 
calculi).  Deposits  of  lime-.salts  in  the  tissues  are 
usually  considered  under  the  head  of  calcification, 
while  concretions  and  calculi  are  separately  treated. 
The  connective  tissues,  by  far,  are  most  frequently 
the  seat  of  calcification,  while  gland  cells  (liver,  pan- 
creas), striped  and  unstriped  muscle,  and  nervous 
tissue  are  much  less  frequently  affected.  Patho- 
logical new  formation  of  bone  also  is  not  rare,  but 
there  is  a  great  difference  between  ossification  and 
calcification  in  that  in  the  latter  there  is  not  an 
organized  matrix  with  a  definite  arrangement  of  bone 
corpuscles  and  blood-vessels,  lacimie  and  canalicuh. 
Nevertheless,  there  is  a  close  relationship  between  the 
two  processes,  inasmuch  as  true  bone  formation  is 
not  rare  in  calcified  leiomyomata,  calcified  areas  in 
blood-v'essels  and  lymph-nodes,  and  in  calcified  fibrous 
connective-tissue  stroma.  There  is  a  difference  of 
opinion  as  to  the  chemical  identity  of  the  lime-salt 
composition  of  calcification  and  that  of  ossification. 
Some  writers  (Von  Kossa,  Kockel,  Adami)  hold  that 
in  bone  there  is  a  definite  ratio  between  the  calcium 
and  magnesium  salts  and  the  phosphoric  and  carbonic 
acids,  while  this  is  not  true  of  calcifications.  Others 
(Wells)  consider  that  there  is  a  close  similarity  of 
composition  in  bone  and  calcification  as  far  as  the 
ime-salts  are  concerned;  and  the  present  tendency  is 
to  accept  the  view  that  chemically  the  lime-salts  of 
pathological  calcification  have  the  same  composition 
as  those  of  bone.  The  fact  that  the  areas  of  calcifi- 
cation often  contain  an  abundance  of  iron  (Berlin- 
blue  or  ammonium  sulphide  reactions)  has  been  re- 
garded by  some  writers  as  an  essential  point  of 
difference  between  ossification  and  calcification;  but 
a  similar  iron-content  is  found  in  many  fetal  bones, 
as  well  as  in  some  pathological  ossifications,  while  in 
some  calcifications  it  is  absent.  Apparently  the  iron 
is  present  in  the  early  stages  of  ossification  or  calci- 
fication, or  may  even  precede  these  processes.  The 
nature  and  significance  of  the  iron  combination  with 
lime-salts  are  unknown.  The  iron  may  act  as  a 
mordant,  for  the  lime  deposit. 

Summing  up  the  differences  between  calcification 
and  ossification,  the  main  points  are  these:  ossifica- 
tion occurs  only  in  connective  tissues,  calcification  in 
all  cells  and  tissues.  In  calcification  the  cells  are 
dying,  or  of  a  low  vitality,  as  in  the  extracellular 
interstitial  substances,  or  dead,  and  the  deposit  of 
lime-salts  is,  in  fact,  an  inert  foreign  body  instead  of  a 
speciaUzed  tissue,  as  in  bone  formation.  In  calcifi- 
cation the  lime-salts  never  become  evenly  diffused 
through  the  organic  ground  substance,  as  in  bone,  but 
remain  in  granules,  clumps,  or  masses. 

Etiology. —  Pathological  calcification  depends 
upon  changes  in  the  character  of  the  cells  or  tissue- 
elements,  whereby  they  acquire  an  increased  affinity 
icalciphilia)  for  the  lime-salts  circulating  in  the 
blood.  As  far  as  we  know  calcification  never  occurs 
in  any  normal  tissue  but  bone.  A  pathological 
calciphilia  characterizes,  however,  all  dead,  and 
many  degenerating  or  dying  tissues  and  extracell- 
ular, interstitial  substances  of  poor  vitality.  As 
far  as  human  pathology  is  concerned  calcification 
indicates  always  severe  metabolic  changes  of  the  tissue 
and  the  death  of  the  cells.  Only  in  experimental  work 
with  animals  (guinea-pigs)  can  a  visible  heaping-up 
of  granules  of  lime-salts  be  produced  in  hving  cells 
(epithelium  of  renal  tubules  and  gastric  glands  after 
temporary  ligature  of  the  vessels  and  inhibition  of 
the  excretion  of  lime-salts).  Such  a  condition  is 
only  temporary  and  may  be  followed  by  a  complete 
restoration  of  the  cells  to  the  normal.  Moreover, 
it  is  more  closely  related  to  the  formation  of  concre- 
tions than  to  tissue  calcification.  According  to  Wells, 
the  calcification  of  renal  epithelium  and  tube  casts. 


578 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Cralrlflratlon 


which  is  experiniontally  produced  by  temporary 
anemia  and  by  certain  poisons,  is  probably  analogous 
to  tlie  calcification  of  organic  material  in  urine.  Upon 
just  what  chemical  or  physical  conditions  the  abnor- 
mal calciphilia  of  dead  and  dying  tissues  depends  is  not 
vet  clear.  That  the  calcium  salts  must  come  from  the 
blood  or  lymph  is  certain;  calcification  is  not  a  pre- 
cipitation of  lime-salts  normally  held  in  solution  in 
the  affected  area.  Nor  is  it  a  precipitation  from  the 
blood  duo  to  changes  in  composition  of  the  latter. 
That  an  increase  in  the  calcium  content  of  the  blood 
is  not  essential  is  also  certain,  but  the  calciphilia  is 
the  more  easily  satisfied  the  greater  the  calcium  con- 
tent of  the  blood.  Hence  in  conditions  like  osteo- 
malacia, and  e.xtensive  resorption  of  bone  in  syphilis 
and  malignant  neoplasms  of  bones,  as  well  as  in  the 
osteoporosis  of  old  age,  the  removal  of  hme-salts 
from  the  bones  and  the  increased  lime-content  of  the 
blood  favors  the  deposit  of  lime-salts  in  the  kidneys, 
lungs,  gastric  mucosa,  cartilages,  and  blood-vessels 
{calcareous  metastasis  of  Virchow).  Even  in  these 
conditions  the  increased  calcium-content  of  the 
blood  alone  is  not  sufficient  to  cause  calcification, 
the  tissues  concerned  always  present  pathological 
changes  (hyaline  change,  atrophy,  etc.)  that  deter- 
mine the  seat  of  the  calcification.  Whether  these 
local  changes  are  chemical  or  physical  in  character 
is  not  yet  determined.  At  any  rate  we  can  safely 
conclude  from  all  existing  evidence  that  a  metastasis 
of  lime-salts  into  normal  cells  and  tissues  does  not 
occur,  and  that  there  is  no  essential  difference  between 
calcareous  metastasis  and  other  forms  of  calcification. 
Granting,  then,  the  existence  of  a  calciphilia  due 
to  an  injured  (necrobiotic  or  necrotic)  state  of  the 
cell,  and  that  these  retrograde  changes  are  essential 
to  pathological  calcification,  the  withdrawal  of  lime- 
salts  from  the  circulating  blood  by  such  areas  of 
tissue  degeneration  may  be  explained  in  a  number 
of  ways: 

1.  The  calcification  may  be  due  to  physical  condi- 
tions favoring  absorption  of  salts,  the  least  soluble 
salts  accumulating  in  excess,  without  direct  chemical 
interaction  with  the  matri.x,  the  conditions  in  the 
latter  being  such  that  the  salts  are  thrown  into 
insoluble  forms. 

2.  The  formation  of  calcium-binding  substances 
within  the  degenerated  area. 

3.  Increased  alkalinity  in  the  degenerating  tissues 
causing  a  precipitation  of  the  salts  in  the  fluids  pass- 
ing through  them. 

4.  Precipitation  of  the  calcium  from  the  fluids 
passing  through  the  tissues  as  a  result  of  the  complete 
utilization  of  the  proteids  in  the  fluids. 

The  first  three  theories  attract  the  most  attention 
at  the  present  time,  particularly  the  second  one. 
Various  substances  having  a  high  affinity  for  calcium, 
such  as  phosphoric  acid,  fatty  acids,  carbonic  acid, 
deutero-albumose  and  other  proteins  have  been 
suggested  as  the  calcium-binding  substances  that 
may  be  present  in  degenerating  or  necrotic  areas. 
The  formation  of  calcium  albuminates  is  urged  by  a 
number  of  writers  as  the  chemical  affinity  playing  the 
chief  role  in  calcification,  the  protein  acting  as  a 
weak  acid,  and  later  replaced  by  carbonic  or  phos- 
phoric acid.  It  is  also  worthy  of  note  that  the  three 
organs  most  frequently  showing  the  so-called  cal- 
careous metastasis  constantly  secrete  acids,  the 
lungs  carbonic  acid,  the  stomach  hydrochloric,  and 
the  kidneys  uric  acid.  Some  forms  of  calcification, 
at  least,  are  associated  with  the  formation  of  calcium 
soaps  (fat  necrosis,  concretions  in  adipose  tissue). 
As  the  result  of  fat-splitting  (fatty  degeneration  or 
fat  necrosis)  the  free  fatty  acids  combine  with  cal- 
cium to  form  calcium  soaps  (combinations  of  fatty 
acid,  calcium,  and  protein).  Later  the  fatty  acids 
are  replaced  by  carbonic  or  phosphoric  acid.  To 
what  extent  this  method  of  formation  occurs  in  the 
other  forms  of  calcification  is  not  yet  certain.     Klotz 


and  others  hold  that  the  first  step  in  the  formation 
of  pathological  calcification  is  the  production  of 
calcium  soaps  that  afterward  become  changed  into 
phosphates  and  carbonates.  In  support  of  liis  view 
lie  showed  experimentally  that  collodion  sacs  con- 
taining fat  or  fatty  acid  in.serted  into  the  peritoneal 
cavity  of  a  rabbit  would  in  a  few  days  contain  amounts 
of  calcium  far  in  excess  of  that  found  in  the  body- 
fluids  of  the  animal.  Calcium  percolating  into  the 
.sacs  becomes  fixed.  Wells  opposes  this  view  and 
holds  that  there  is  no  essential  difference  between 
the  processes  of  ossification  and  pathological  calci- 
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Fig.  1185. — Calci6cation  of  Kidney  in  a  Case  of  Leukemia 
Treated  for  a  Long  Period  with  Rontgen-ray  Irradiation.  Low 
power. 

fication.  The  close  relationship  between  fatty  de- 
generation and  calcification  may  be  taken  as  an 
argument  in  favor  of  Klotz's  views,  but  the  problem 
must  still  be  regarded  as  unsettled.  At  the  present 
time  we  do  not  even  know  the  nature  of  the  calcium 
combinations  in  the  blood,  and  until  we  know  more 
concerning  the  combinations  of  calcium  and  protein, 
or  the  disintegration  compounds  of  the  latter,  and 
their  occurrence  in  calcified  areas,  we  cannot  hope 
to  understand  the  nature  of  calcification. 

The  evidence  in  favor  of  a  physical  deposition  of 
the  lime-salts  is  also  unsatisfactory.  It  is  true  that 
sterilized  cartilage  exhibits  a  specific  absorption 
affinity  for  lime-salts  similar  to  that  shown  by  gelatin 
disks  toward  other  crystalline  substances  in  solu- 
tion, but  the  fact  is  not  sufficient  to  explain  all  the 
phenomena  of  calcification  and  ossification. 

OccuRKENCE. — Calcification  occurs  as  a  result  of 
the  most  varied  pathological  processes.  Anything 
that  maj'  cause  necrobiosis  or  necrosis  of  cells  may 
cause  a  deposit  of  lime-salts  secondary  to  the  primary 
injury.  Necrosis,  fatty  degeneration,  and  hyaline 
degeneration  most  frequently  precede  calcification. 
Areas  of  necrosis,  infarcts,  old  abscesses,  tubercles, 
gummata,  necrotic  tumors,  old  pus,  fibrinous  exu- 
dates, retained  placenta,   dead   fetus   (lithopedium), 
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old  blood  clots,  and  thrombi  (arterioliths  and 
phleboliths)  may  undergo  calcification.  Poisons  that 
cause  degeneration  (fatty  or  cloudy  swelling)  or 
necrosis  of  renal  epitheUum  give  rise  to  calcification 
(mercuric  chloride,  aloin,  bismuth,  carbolic  acid, 
phosphorus,  acetate  of  lead,  copper  sulphate,  copper 
acetate,  cyanide  of  mercury,  potassium  clilorate, 
iodine,  iodoform,  chloroform,  formalin,  chromates, 
etc.).  Poisoning  with  oxalic  acid  may  give  rise  to 
deposits  of  calcium  oxalate  in  the  kidney.  Scar 
tissue  or  newly  formed  connective  tissue  (adhesions, 
thickenings)  in  chronic  inflammations  (pericardium, 
pleura,  meninges,  etc.)  that  has  undergone  a  hyahne 
change  is  particularly  likeh'  to  undergo  calcification. 


Fig.  11S6. — Calcificatiou    of    the     Ividuey   Following    I'rolonged 
Rontgen-ray  Irradiatiou.     High  power. 

Large  calcareous  plaques  may  be  found  in  the  pleura 
or  pericardium.  Likewise  connective-tissue  hyahn 
in  sclerotic  blood-vessels,  sclerotic  heart-valves, 
interstitial  tissue  of  the  thyroid,  healed  tubercles, 
foreign-body  cysts,  neoplasms,  gummata,  etc.,  very 
frequently  becomes  calcified.  Deposits  of  lime- 
salts  are  alwaj's  present  in  the  mature  placenta 
(infarcts,  thrombi,  etc.)  and  must  be  regarded  as 
physiological  (senile).  The  retained  placenta  or  dead 
fetus  may  become  partly  or  wholly  calcified.  In 
old  age  deposits  of  Ume-salts  occur  in  the  sclerotic 
blood-vessels,  ground  substance  of  the  cartilages 
(costal,  laryngeal),  lungs,  capillaries,  kidneys,  and 
gastric  mucosa  ("calcareous  metastasis"  associated 
with  osteoporosis).  In  cases  of  osteomalacia  and 
bone  absorption  due  to  malignant  neoplasm  or 
sj'philis,  a  similar  deposit  of  lime-salts  occurs  in 
tissues  of  low  vitality.  In  the  kidneys  lime-salts 
may  be  deposited  in  hyaline  glomeruli,  blood-vessels, 
connective  tissue,  and  in  the  epithehal  hyahn  con- 
tained in  cysts  or  tubercles.  The  deposit  of  lime- 
salts  in  the  kidney  maj'  be  so  great  that  the  tubules 
of  the  medullary  pyramids  appear  as  white  radiating 
stripes  (chalk  infarct).  An  extreme  calcification  of 
the  kidne}'  occurs  in  cases  of  leukemia  treated  by 
Rontgen  irradiation,  the  Ume-salts  being  deposited 
in  the  necrotic  epithelial  cells  of  the  tubules.     (See 
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Figs.  A  and  B.)  Lime-salts  are  often  deposited  in  the 
corpora  amj'lacea  of  the  prostate  and  lungs,  and  in 
the  colloid  of  the  thyroid.  Deposits  of  Ume-salts 
occur  more  rarely  in  the  elastic  fibers  of  the  lungs, 
heart  muscle  fibers  (following  fattj-  degeneration), 
central  portion  of  the  liver  lobules  (after  cliloroform 
poisoning,  eclampsia,  etc.),  seminal  vesicles,  testis, 
medulla  of  adrenal,  and  brain.  In  the  last  named 
the  gangUon  cells  near  a  hemorrhage,  infarct,  abscess, 
or  traumatic  injury  often  become  calcified.  In 
pathological  conditions  of  the  meninges  (chronic 
meningitis)  as  well  as  in  old  age,  the  brain-sand 
concretions  (corpora  arenacea)  are  often  greatly 
increased  in  number  and  occur  also  throughout  the 
spinal  meninges.  Deposits  of  Ume-salts  in  the  pan- 
creas and  spleen  are  very  rare. 

Calcification  is  very  common  in  neoplasms,  partly 
as  a  sequel  to  degenerative  changes  (necrotic  and 
degenerating  myofibroma  and  lipoma,  necrotic 
areas  in  carcinomas  and  sarcomas,  epitheUal  pearls 
in  squamous-celled  carcinoma,  etc.),  and  partly  as 
a  feature  of  the  tissue  forming  the  tumor  (hyaUne 
formations  in  psammoma  and  cyUndroma,  cartilage 
and  cartilage-like  interstitial  substances  in  chon- 
dromas, myxochondromas,  osteomas,  and  the  maUg- 
nant  tumors  derivedfrom  them).  Concentric,  striated 
calcareous  spherules  and  spicules  are  characteristic 
formations  in  the  psammoma  of  the  dura  mater. 
The}'  are  formed  by  the  deposit  of  Ume-salts  in 
hj'aline  cell-masses  and  connective-tissue  bundles, 
and  resemble  the  normal  "brain-sand."  The  cysts 
of  parasites  within  the  tissues  (echinococcus,  tri- 
china, etc.)  become  calcified  after  the  death  of  the 
parasite. 

Gross  Appe.\r.*^xce. — Calcified  areas  may  appear 
to  the  naked  eye  as  white,  chalky  foci,  either  hard  or 
crumbling,  dull  or  gUstening,  diffuse  or  sharply  cir- 
circumscribed.  In  the  latter  case  they  appear  as 
concretions  imbedded  in  the  tissues  or  free  in  tissue- 
spaces,  or  body-ca\aties.  The  affected  area  shows 
an  increased  consistence,  and  in  cutting  it,  a  grating 
sound  or  sensation  is  produced.  GUstening  spicules 
are  sometimes  seen  on  the  cut  surface  (heart,  kidney), 
and  a  lung  with  extensive  calcification  of  its  capil- 
laries has  the  consistence  and  rough  "feel''  of  a 
sponge.  Calcified  myofibromata  may  be  harder 
than  bone  and  give  a  high  ringing  note  when  struck. 
ArterioUths  and  phleboUths  may  be  as  hard  as 
marbles  and  also  give  a  clear  ringing  sound  when 
dropped  onto  a  solid  surface. 

MicROSCOPic.^.L  Appe.\raxces  and  Microchemic.4.l 
Reactions. — In  unstained  sections  the  Ume-salts  ap- 
pear as  opaque  or  translucent,  highly  refractive,  fine 
or  coarse  granules,  or  larger,  obscurely  crystaUine  or 
angular  lumps  or  masses,  that  are  often  confluent  in 
plaques,  or  form  globular,  polyhedral,  or  mulberry- 
like concretions  within  the  tissues.  By  reflected  Ught 
calcified  areas  usuaUy  appear  white  and  gUstening, 
as  if  crj'staUine.  Very  smaU  concentric  calcareous 
bodies  (calcospherites)  are  found  often  in  nervous 
tissue,  tumors,  cysts,  colloid  of  the  thj-roid,  prostatic 
concretions,  etc.  They  also  occur  in  normal  tissues. 
They  are  apparently  identical  with  the  larger  "brain- 
sand"  concretions.  Deposits  of  lime-salts  are  insolu- 
ble in  ether  and  dilute  caustic  potash.  They  are 
slowly  soluble  in  formaUn.  When  treated  with  acids 
(hydrochloric)  they  dissolve,  the  carbonate  with  the 
formation  of  gas  bubbles.  When  dissolved  in  sul- 
phuric acid  characteristic  crystals  of  calcium  sulphate 
are  formed.  The  treatment  of  sections  containing 
Ume-salts  for  five  minutes  with  a  solution  of  pyrogallic 
acid  (2  :  SO)  to  which  one  part  of  caustic  soda  has  been 
added,  then  thorough  washing  in  distilled  water, 
causes  a  decolorization  of  normal  tissues,  while  the 
calcified  areas  appear  dark  brown.  Von  Kossa's 
reaction  is  also  used  for  the  demonstration  of  cal- 
cium phosphate  (phosphoric  acid).    The  sections  are 
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treated  for  five  minutes  in  a  five-per-cent.  solution 
of  silver  nitrate,  which  forms  a  j-ellow  phosphate  of 
silver  that  upon  standing  is  reduced  and  metallic 
sil\er  is  precipitated,  giving  a  black  color  to  the 
smallest  particles  of  the  calcium  phosphate.  The 
simplest  and  best  staining  reaction  for  lime-.salts  in 
ordinary  work  is  simple  staining  with  hematoxylin 
(hemalum,  Delafield's,  etc.)  and  countcrstaining  with 
eosin.  The  calcifieil  areas  (carbonate  and  phosphate, 
not  oxalates)  appear  deep  blue-violet  or  blue-black. 
Differentiation  with  aeiil  alcohol  should  not  be  carried 
out  when  staining  for  calcification,  as  the  lime-salts 
are  easily  dissolved  out.  Picric  acid  is  an  especially 
good  fixative  for  all  tissues  containing  lime-salts,  as 
even  large  deiiosits  may  be  easily  cut  without  tearing 
after  such  fi.xation,  antl  the  specific  reaction  with 
lieniatoxjdin  still  can  be  obtained  in  the  afTeetcd  areas. 
In  large  and  old  masses  of  calcification  the  lime-salts 
often  stain  with  hematoxylin  only  about  the  borders 
of  the  calcified  areas,  the  central  portions  remaining 
clear  and  translucent. 

Significance  op  Calcification. — Pathological  cal- 
cification is  always  a  retrograde  process,  a  deposit  of 
lime-salts  following  some  degeneration  (cloudy  swell- 
ing, fatty  degeneration,  epithehal  and  connective- 
ti.ssue  hyalin)  or  necrosis,  due  to  some  acute  or 
chronic  injur}'  to  the  cells  and  tissues. 

Reaction  to  C.^^lcific.vtion. — In  the  neighborhood 
of  calcified  areas  there  is  often  a  definite  proliferative 
reaction,  with  formation  of  foreign-body  giant-cells, 
encapsulation,  etc.  Deposits  of  lime-salts  also  some- 
times apparently  cause  a  bone-forming  stimulus  upon 
tlie  neighboring  connective  tissue,  and  true  ossifica- 
tion occurs.  Very  frequently,  however,  areas  of  cal- 
cification show  no  signs  of  reaction  in  the  neighboring 
tissues. 

Lessened  Calcification,  Decalcification,  or 
Halistekesis. — New-formed  bone  may  not  under- 
go normal  calcification  (rachitis,  osteoid  tissue  in 
neoplasms,  etc.),  or  the  lime-salts  may  be  with- 
II  drawn  from  developed  bones  (osteomalacia,  bone- 
''  syphilis,  neoplasms  of  bone,  etc.).  The  nature  of 
these  pathological  disturbances  of  calcification  is  not 
understood,  nor  do  we  know  the  nature  of  the 
physiological  osteoporosis  of  the  bones  in  senility. 
The  various  theories  proposed  up  to  the  present  time 
fail  to  explain  aU  of  the  facts. 

Aldred  Scott  Warthin. 


Calcium. — Calcium  is  a  bivalent  metal  belonging 
to  the  group  of  the  Alkaline  Earths.  It  is  found  only 
in  combination,  chiefly  as  limestone,  chalk,  marble, 
alabaster,  etc.  Its  symbol  is  Ca,  and  its  atomic 
weight  40. 

General  Medicinal  Properties  of  Compounds 
of  Calcium. — In  the  group  of  metallic  elements  rep- 
sented  by  the  metals  of  the  alkalies  and  of  the  earths, 
calcium  is  distinguished,  in  its  relations  with  the 
animal  economy,  by  its  comparative  inertness.  Of 
late  years  it  has  been  found  that  two  of  the  salts  of 
calcium  (the  chloride  and  lactate)  have  some  influ- 
ence on  the  coagulability  of  the  blood;  also  that  the 
chloride  has  a  resolving  effect  on  glandular  swellings 
and  a  tonic  action  on  the  heart  and  blood-ve.ssel.-j 
(see  Chlorides).  The  medicinal  characteristics  of  lime 
preparations  as  a  class  are  lowness  of  diffusion  power, 
and  hence  difficulty  of  absorption,  slight  local  tendency 
to  repress  secretion,  and  slight  constitutional  tendency 
to  oppose  degenerative  processes  in  tissues.  Individ- 
ually, the  calcium  compounds  differ  greatly  in  their 
properties,  and  thus  arise  many  individual  thera- 
peutic applications,  to  be  noted  under  the  several 
preparations. 

The  Compounds  of  Calcium  Used  in  Medicine. 
— The    compounds   of   calcium    that   enter   into    the 


pharmacopifial  preparations  containing  the  metal  are 
the  ii.rirle,  lu/droi'iilr,  Cdrbniiiilc,  jjhnxj)li(ilc.  milpliale, 
hi/pophoaphitc,  ridoridi:,  bromide,  siilpliidc,  (in  tli(!  pre- 
jjaratiim  stilphiiraled  lime),  and  the  compounds,  what- 
ever they  be,  that  form  the  substance  called  cldorin- 
aled  lime.  In  the  present  article  will  bo  discussed 
only  the  oxide,  hydroxide,  carbonate,  phosphate,  and 
sulphate.  For  the  other  compounds  above  cited,  .see, 
respectively,  Ili/pophosphites,  Chlorides,  Bromides, 
Sulphides,  and  Chlorine. 

Cidcium  Oxide. — Calcium  oxide,  CaO,  in  the  form 
of  the  ordimiry  "lime,"  or  "quicklime"  of  commerce, 
is  official  under  the  simple  title  Calx,  Lime.  It  is  offi- 
cially described  as  "hard,  white  or  grayish-white 
masses,  which,  in  contact  with  air,  gradually  attract 
moisture  and  carbon  dioxide,  and  fall  to  a  white 
powder;  odorless,  of  a  sharp,  caustic  taste.  Soluble 
in  about  7(iO  parts  of  water  at  25°  C.  (77°  F.),  and  in 
about  1(50(J  parts  of  boiling  water;  insoluble  in  alco- 
hol. It  forms  readily  soluble  salts  with  ililuted  acetic, 
hydrochloric,  or  nitric  acids,  \\hen  sprinkled  with 
about  half  its  weight  of  water,  calcium  oxide  be- 
comes heated,  and  is  gradually  converted  into  a  white 
powder  (calcium  hydroxide  or  slaked  lime).  When 
this  is  mixed  with  about  three  or  four  parts  of  water, 
it  forms  a  smooth  magma  (milk  of  lime).  Its 
aqueous  solution  has  an  alkaline  reaction  upon  red 
litmus  paper"  (U.  S.  P.).  Because  of  the  strong 
affinity  of  lime  for  water,  it  should  be  kept  in  tightly 
closed  vessels  in  a  dry  place.  Lime  is  obtained  from 
some  of  the  varieties  of  native  calcium  carbonates, 
or  from  white  marble  or  oyster  shells,  by  calcining. 

Phj'siologically  the  importance  of  quicklime  lies  in 
the  fact  that  because  of  its  inten.se  affinitj-  for  water  it 
is  caustic.  To  a  moist  surface  it  is  powerfully  eschar- 
otic,  and  since  the  product  of  the  caustic  action  (slaked 
lime)  is  a  nearly  insoluble  solid,  the  action  is  non- 
spreading. 

In  practice,  quicklime  is  rarely  used  by  the  sur- 
geon, except  in  the  form  of  the  composite  preparation, 
potassa  with  lime  (Vienna  caustic),  for  whose  descrip- 
tion see  under  Potassium. 

Calcium  Hydroxide. — Calcium  hydroxide,  Ca(OH)^., 
is  the  familiar  substance,  slaked  lime,  which  forms  in 
the  shape  of  a  white  powder  as  the  product  of  the 
chemical  reaction  between  lime  and  water.  The  reac- 
tion is  attended  by  the  development  of  a  high  degree 
of  heat.  Slaked  lime  is  not  official  in  the  United  States 
Pharmacopceia  under  any  distinctive  title,  but  the 
preparations  into  whose  composition  it  enters  are 
defined  as  preparations  of  lime  simply.  Slaked  lime 
is  a  soft,  white,  bulky  powder,  of  a  mawkish,  alkaline 
taste,  and  having  the  solubilities. detailed  above  in  the 
pharmacopceial  description  of  lime.  Although  a 
powerful  free  base,  it  is  not  caustic  to  living  tissue, 
because  of  its  difficult  solubilitj'  in  water.  Combining 
as  it  does,  therefore,  the  qualities  of  harmlessness  and 
high  alkalinity,  it  is  valuable  as  an  antidote — so  far 
as  antidotes  go — in  poisoning  by  acids.  Especially 
is  it  to  be  selected  in  cases  of  poisoning  by  oxalic  or 
sulphuric  acid,  because  of  the  great  insolubility  of  the 
salts  it  makes  with  these  several  acids.  For  medicinal 
purposes,  proper,  slaked  lime  is  used  in  the  valuable 
pharmacopceial  preparation  commonly  known  as  lime 
water,  but  officially  entitled  Liquor  Calcis,  Solution  of 
Calcium  Hydro.xide.  This  is  simply  a  saturated 
aqueous  solution  of  slaked  lime,  easily  made  by  any 
one  by  stirring  freshly  slaked  lime  into  water — fairly 
pure  water  free  from  salts — in  any  proportion  greater 
than  1  to  750.  The  ves.sel  containing  the  resulting 
.solution  is  to  be  kept  tightly  stoppered,  with  the  excess 
of  undissolved  lime  retained.  After  the  settling  of 
the  undissolved  portion,  the  clear,  supernatant  liquor 
may  be  drawn  off  in  small  quantities,  for  use,  by 
decanting  or  siphoning.  The  object  of  having  an 
excess  of  lime  lies  in  the  fact  that  liine  water  has  a 
great  affinity  for  carbon  dioxide,  absorbing  this  gas 
from  the  atmo.sphere  and  forming  with  it  the  insoluble 
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calcium  carbonate.  By  such  reaction  the  lime  of 
lime  water  gradually  becomes  exhausted,  but  by  the 
device  of  keeping  in  the  containing  vessel  an  excess  of 
lime,  the  water  of  the  solution  recharges  itself  there- 
from as  fast  as  it  loses  strength  by  carbonating,  and  the 
solution  of  lime  is  thus  maintained  steadih'  at  satura- 
tion.    Lime  water  is  "a  saturated,  aqueous  solution 

of    calcium    hydroxide The  percentage  of 

calcium  hydroxide  varies  with  the  temperature  at 
which  the  saturated  solution  is  prepared,  being  about 
0.17  per  cent,  at  15°  C.  (59°  F.),  the  percentage  dimin- 
ishing as  the  temperature  ri.ses"  (L^.  S.  P.).  Although 
clear  when  first  made,  lime  water,  upon  keeping,  is 
certain  to  become  turbid  from  absorption  of  carbon 
dio.xide  from  the  atmosphere,  and  the  formation 
thereby  of  calcium  carbonate.  If,  however,  there  be, 
as  above  advised,  an  excess  of  lime  in  the  bottle,  the 
turbidity  does  not  mean  loss  of  strength,  and  a  sample 
so  affected  is  perfectly  good  for  medicinal  purposes. 
Lime  water  is  incompatible  with  alkaline  carbonates, 
sulphates,  borates,  salts  of  ammonia  and  the  metals, 
acids  and  acidulous  salts,  and  astringent  vegetable 
decoctions  or  infusions. 

Lime  water  is,  of  course,  alkaline,  and  at  the  same 
time  is,  physiologically,  locally  bland  and  soothing  to 
irritation,  with  a  tendency  to  check  secretion.  Taken 
internally  it  operates  to  allay  gastric  irritability  and 
to  control  diarrhea,  especially  when  the  diarrhea  is 
caused  by  acidity  of  the  intestinal  contents.  From 
the  conjunction  of  properties  named,  lime  water  is  an 
excellent  alkaline  wash  in  skin  disease,  and  is  a 
standard  remedy  to  subdue  vomiting  and  combat  the 
diarrhea  of  acidity.  In  its  internal  use  by  far  the 
best  way  of  giving  is  in  mi.xture  with  fresh,  ice-cold 
milk.  In  such  mi.xture,  even  when  "half  and  half" 
in  strength,  the  disagreeable  lime  taste  is  almost 
whohy  lost,  while  at  the  same  time  the  medicinal 
efficacy  of  the  lime  is  enhanced,  and  the  patient  is 
nourished  by  the  milk.  In  obstinate  vomiting, 
indeed,  nothing  surpasses  the  administration  of  small 
quantities  of  ice-cold  lime  water  and  milk,  frequently 
repeated,  to  the  exclusion  of  all  other  medicine  and 
nutriment.  In  ordinary  cases,  the  lime  water  need 
not  be  in  greater  proportion  to  the  milk  than  one 
part  to  two,  three,  or  four.  If  the  stomach  be  not  too 
sensitive,  such  mixtures  may  be  administered  quite 
freely:  but  yet  the  habitual  u.se  of  lime  water  in  milk 
by  milk-fed  individuals,  such  as  infants,  is  objection- 
able. For  occasional  use,  lime  water  is  so  innocent 
that  it  is  hardly  possible  to  assign  any  exact  dose,  but 
a  tablespoonful  generally  suffices  for  a  .single  giving, 
to  be  taken  in  at  least  an  equal  measure  of  water  or 
milk.  A  special  application  of  lime  water  is  based  on 
the  fact  that  the  tissue  of  false  membranes  immersed 
in  the  solution  rapidly  disintegrates.  Hence  the 
practice  with  some  to  spray  the  throat,  in  croup  or 
diphtheria,  with  atomized  lime  water.  In  such  pro- 
cedure, however,  it  must  be  remembered  that  in  the 
amount  of  spraying  practicallj'  possible,  the  quantity 
of  lime  water  brought  into  contact  with  the  mem- 
brane is  very  small,  and  the  duration  of  the  contact 
short. 

Lime  water,  although  decidedly  alkaline,  is'  not 
readily  absorbed,  and  consequently  is  useless  for 
constitutional  alkalizing.  For  such  purpose,  alkalies 
of  high  diffusion  power,  such  as  the  basic  compounds 
of  potassium  or  lithium,  must  be  used  rather  than 
lime. 

Besides  Ume  water,  the  L'nited  States  Pharma- 
copoeia offers,  as  a  preparation  of  lime  in  solution, 
Syrupus  Calcis.  Syrup  of  Lime,  Syrup  of  Calcium 
Hydroxide.  This  syrup  is  made  by  treating  a  trit- 
urated mixture  of  lime  and  sugar  with  boihng  water, 
and  bringing  the  solution  after  filtration  to  the 
standard  strength  of  6.5  per  cent.,  bj'  weight,  of 
lime.  In  this  procedure  the  lime  and  sugar  chemically 
unite,  and  the  product,  while  retaining  the  alkahnity 
and  physiological  properties  of  free  lime,  is  yet  much 
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more  soluble  in  water,  as  the  percentage  strength 
of  the  syrup  attests.  Syrup  of  hme  is  therefore, 
medicinally,  a  sweetened  and  at  the  same  time  a 
strong  solution  of  hme,  and  may  be  used  for  the 
internal  appUoations  of  hme  water,  onlj'  in  much 
smaller  dose — one-eighth,  namelj-,  of  what  would  be 
given  of  the  latter-named  preparation. 

For  local  application  of  the  soothing  properties  of 
lime  solutions,  an  excellent  and  ingenious  prepara- 
tion of  hme  is  official  in  the  United  States  Pharraaco- 
pceia  under  the  title  Linimentum  Calcis,  Lime  Lini- 
ment, often  called  Carron  oil,  from  the  Carron  Iron 
Works,  in  Scotland,  where  the  liniment  acquired 
great  reputation  for  the  treatment  of  burns  among 
the  workmen.  The  preparation  is  simply  a  mixture, 
in  equal  parts,  of  hme  water  and  linseed  oil,  whereby 
a  lime  soap  is  formed,  which  being  insoluble  makes  an 
emulsion  with  the  considerable  excess  of  the  oil 
prescribed  by  the  formula.  The  oil,  however,  readily 
separates  from  the  aqueous  portion,  and  hence  the 
preparation  should  be  well  shaken  each  time  before 
use.  Lime  hniment  combines  the  protection  of  a 
fixed  oil  with  the  alkaline  and  soothing  properties  of 
hme,  and  makes  an  exceUent  dressing  for  painful  affec- 
tions of  the  skin,  such  as  burns,  both  allaying  pain  and 
promoting  healing.     It  is  apphed  clear. 

Calcium  Carbonate. — Calcium  carbonate,  CaCOj, 
is  represented  in  the  Ignited  States  Pharmacopoeia 
by  two  preparations.  Creta  Pra-parata.  Prepared 
Chalk,  is  the  native  article  freed  from  most  of  its 
impurities  by  elutriation:  and  Calcii  Carbonas  Prte- 
cipitatus.  Precipitated  Calcium  Carbonate,  is  the 
carbonate  obtained  as  precipitated  from  a  solution 
of  calcium  chloride  by  reaction  with  sodium  carbonate. 
Prepared  chalk  is  in  the  form  of  powder,  or  of  little 
conical  pellets,  and  the  precipitated  carbonate  is 
always  in  the  condition  of  a  very  fine  soft  powder. 
Both  preparations  are  permanent  in  air,  odorless  and 
tasteless,  and  insoluble  in  water  or  alcohol,  although 
soluble,  with  effervescence,  in  hydrochloric,  nitric,  or 
acetic  acid. 

Calcium  carbonate  closely  resembles  slaked  Ume 
in  its  properties,  but,  being  a  salt,  is  less  strongly 
alkahne.  and,  being  wholly  insoluble  in  neutral 
fluids  of  aqueous  basis,  is,  locally,  absolutely  bland. 
It  is  medicinally  apphcable,  in  a  general  way,  for  the 
same  purposes  as  lime  water,  and,  in  addition, 
because  it  is  a  bland,  soft,  and  alkaline  absorbent 
powder,  it  makes  an  excellent  "dusting  powder" 
to  apply  as  a  dressing  to  skin  affections  in  which  the 
cutaneous  surface  is  moist  and  tender.  Internalh' 
the  carbonate  is  available  as  an  antidote  to  acid 
poisoning,  especially  if  the  acid  be  sulphuric  or  oxahc, 
and  is  of  use  to  correct  idiopathic  acidity  of  the 
prinue  vitT,  and  to  allay  nausea  and  check  diarrhea. 
Being  perfectly  innocent,  either  of  the  forms  of  the 
salt  may  be  given  freely.  For  ordinarj-  use  in  di- 
gestive derangements  the  single  dose  ranges  from 
gr.  x.  to  xlv.  (0.65-3.0).  The  medicine  may  be 
given  as  a  powder,  but  administration  in  mixture 
is  more  common.  The  following  pharmaceutical 
preparations  are  official  in  the  United  States  Phar- 
macopoeia: Pulvis  Cretce  Compositus,  Compound 
Chalk  Powder.  This  consists  of  three  parts  of 
prepared  chalk,  two  of  powdered  acacia,  and  five 
of  powdered  sugar,  mixed.  This  powder  is  prob- 
ably official  as  the  basis  for  making  the  next  named 
preparation,  but  yet  is  itself  a  convenient  chalk 
powder  for  direct  prescription.  Mistura  Creta, 
Chalk  Mixture.  This  is  compounded  of  two  parts 
of  the  foregoing  compound  cnalk  powder  and  four 
parts  each  of  water  and  cinnamon  water.  The 
sugar  and  acacia  of  the  compound  chalk  powder 
dissolve  and  the  shghtly  viscid  solution  resulting 
is  capable,  when  shaken,  of  holding  the  chalk  in 
suspension.  The  preparation  should  be  freshly 
made  for  use.  and  should  be  shaken  each  time 
before  dispensing  a  dose.     It  makes  a  very  conven- 
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ient  basis  for  diarrlioa  mixtures,  espocially  in  cases 
of  diarrhea  uitli  acidity.  It  may  be  given  in 
tablespoonful    doses. 

Cdlcium  I'lutuphate. — This  salt,  Ca^CPO,),,  is  the 
phospliate  commonly  called  bonr  phosphate.  It 
IS  ollicial  under  the  title  Cnlcii  Phn.iphn.i  Pracipi- 
tatiis,  Preciijitated  Calcium  Phosphate,  and  is  made 
bj'  dissolving  the  phosphate  of  Ijone  ash  by  means 
of  hydrochloric  acid,  and  then  precipitating  it  from 
the  solution  by  the  addition  of  water  of  ammonia. 
Such  precipitate,  washed  and  dried,  presents  it.self 
as  "a  bulky,  white,  amorphous  powder;  odorless  and 
tasteless;  pernmnent  in  the  air.  .Mmost  insoluble 
in  cold  water;  jjartly  decompo.'^ed  by  boiling  water, 
which  dissolves  out  the  acid  salt;  almost  insoluble 
in  acetic  acid,  except  when  freshly  precipitated;  easily 
soluble  in  hydrochloric  or  nitric  acid;  insoluble  in 
alcohol"  (U.  S.  P.).  When  freshly  [irecipitated  and 
still  moist  this  phosphate  also  dissolves  wholly  in 
lactic  acid. 

Calcium  phosphate  is  an  important  normal  in- 
gredient of  the  animal  body,  being  the  calcareous 
element  of  the  bones  and  teeth.  The  use  of  the  salt 
in  medicine  has  been  its  internal  administration  in 
conditions  of  disease  when  there  appears  to  be  a 
deficiency  of  the  substance  in  the  proper  tissues, 
either  from  assumed  lack  of  supply  or  from  want  of 

Eower  of  assimilation.  Such  conditions  are  illustrated 
y  rickets,  mollities  ossium,  caries  of  the  teeth,  and 
possibly  by  scrofula  and  phthisis.  But,  as  often 
happens  in  medication  based  on  purely  chemical 
considerations,  the  chnical  results  frequently  fall 
short  of  the  expectation,  so  much  so  that  many 
practitioners  put  but  httle  faith  in  the  present 
remedy.  Very  hkely  the  lack  of  effect  of  calcium 
phosphate  is  principally  due  to  the  difficulty  of 
determining  the  absorption  of  the  salt,  partly  be- 
cause of  the  salt's  entire  insolubihty  in  other  than 
acid  menstrua,  and  partly  because  of  its  low  diffu- 
sion power.  But  inasmuch  as  the  phosphate  is 
wholly  innocent,  locallj'  and  constitutionally,  it 
may  with  propriety  be  tried  in  cases  in  which  it 
seems  indicated  theoretically.  A  dose  of  gr.  x.  to 
XXX.  (0.6-2.0)  may  be  given  three  times  a  day, 
larger  doses  probably  being  useless  through  lack 
of  absorption.  A  convenient  form  of  the  medicine 
is  the  official  preparation  of  the  United  States 
Pharmacopoeia,  entitled  Syrupu^  Calcii  Lactophos- 
phaiis,  Syrup  of  Calcium  Lactophosphate.  Pre- 
cipitated calcium  carbonate  is  dissolved  in  dilute 
lactic  acid,  and  to  this  solution  phosphoric  acid 
is  added.  After  certain  necessary  trituration,  the 
solution  of  the  lactophosphate  is  filtered,  sweetened, 
and  flavored  with  orange-flower  water,  and  then 
brought  to  standard  strength  by  the  addition  of 
water.  Twenty-five  parts,  by  weight,  of  calcium 
carbonate  are  u.sed  to  make  one  thousand  measures 
of  the  syrup.  Should  a  gelatinous  precipitate  tend 
to  form  upon  keeping,  a  fluidram  of  hydrochloric  acid 
may  be  added  to  each  pint  of  the  syrup,  The  prep- 
aration may  be  given  in  doses  of  from  two  to  four 
teaspoonfuls,  representing  from  gr.  iij.  to  vi.  (0.2-0.4) 
of  pho.sphate. 

Calcium  Sulphale.— This  salt,  CaSO^,2H,0,  is  used 
in  medical  art  only  in  the  making  of  plaster-of-Paris 
dre.ssings.  Calcium  sulphate  occurs  native  in  several 
conditions,  the  commonest  being  the  salt  combined 
with  two  molecules  of  water  constituting  the  sub- 
stance gypsum.  The  valuable  property  of  gypsum  is 
that  when  dehydrated  and  treated  with  water  it 
recombines  with  the  latter,  and  in  such  combining  sets 
in  a  hard,  dry  mass.  Gypsum  is  dehydrated  by  neat, 
which  should  not  exceed  120°  C. ;  for  if  carried  too  high 
(above  204°  C.)  the  gypsum — called  then  technically 
dead-burni — recombines  with  water  but  slowly  and 
the  product  does  not  solidify.  As  properly  dehydrated 
and  pulverized  the  product  is  a  white  powder,  without 
odor  or  taste,  called  burnt  gypsum  or  plaster-of-Paris. 


Plaster-of-Paris  is  official  in  the  Ihiited  States  Phar- 
macopa'ia  under  the  title  Catcii  Sulphan  Exsiccalus, 
ICxsiccated  Calcium  .Sulphate.  Mixed  with  two  parts 
of  water,  plaster-of-1'aris  makes  a  soft,  creamy  paste, 
which  in  the  course  of  from  fifteen  to  twenty  minutes 
gradually  stiffens,  until  at  last  it  sets  into  a  perfectly 
hard  and  dry  mass.  During  the  setting  a  moderate 
tlegree  of  heat  is  evolved  (not  beyond  the  range  per- 
fectly bearable  by  the  human  skin),  and  the  mass  very 
.slightly  expands.  Applied,  therefore,  as  a  ca-sing  to  a 
lind),  the  dressing  may  be  perfectly  fitted  without  fear 
of  shrinkage  upon  setting,  .\fter  .setting,  the  plaster- 
of-Paris  neither  softens  nor  dissolves  by  treatment  with 
water,  the  solubility  of  calcium  sulphate  in  water 
being  only  about  1  part  in  500.  For  use  in  surgery 
the  plaster-of-Paris  paste  may  be  applied  by  smearing 
it  upon  the  bandaged  limb  so  as  to  form  a  casing,  but 
a  far  better  way  is  to  impregnate  a  flannel  bandage 
thoroughly  with  the  dry  plaster,  roll  it  loosely,  and 
when  the  dressing  is  to  be  fitted  dip  the  roller  into  a 
ves.sel  of  water  until  bubbles  cea.se  to  be  evolved  and 
then  applj-  in  the  usual  manner,  but  without  reverses. 
Before  .so  applying,  however,  the  skin  should  be  pro- 
tected by  a  plain  bandage,  or,  where  appropriate,  by  a 
thread  glove  or  a  stocking. 

Plaster-of-Paris  should  be  kept  in  well-closed  vessels, 
else,  attracting  moisture  from  the  atmosphere,  it  will 
become  partially  hydrated.  Edward  Curtis. 

R.  J.  E.  Scott. 

Calculi. — See  Concretions. 

Calculi,  Cutaneous. — See  Milium. 

Caledonia  Springs.  —  Post-office.  —  Caledonia 
Springs,  Ontario,  Canada.     Hotel,  the  Grand  Hotel. 

Access. — From  Montreal  and  Ottawa  by  Canadian 
Pacific  Railway. 

Analysis,  by  Sterry  Hunt.     In  one  thousand  parts: 


Solids. 


Gas 
.Spring. 


Chloride  of  sodium 

Chloride  of  potassium. .  . . 

Chloride  of  calcium 

Chloride  of  magnesium. . . 

Bromide  of  sodium 

Bromide  of  magnesium. . , 

Iodide  of  sodium 

Iodide  of  magnesium 

Sulphate  of  soda 

Carbonate  of  soda 

Carbonate  of  lime 

Carbonate  of  magnesium. 

Carbonate  of  iron 

Alumina 

Silica 


6.9675 
0.0309 


0.2150 
0.0005 


0 . 0033 
0.0485 
0.1480 
0.5262 
Trace. 
0.0044 
0.0310 


Saline 
Spring. 


White    ]  Duncan  or 
Sulphur  Intermittent 
I  Spring.         Spring. 


6 . 4409 
0.0296 


3 . 5430 
0.0230 


0.0169  0.0100 


0.0014 


0.0048 
0.1762 
0.1175 
0.5172 
Trace. 


0.0425 


0.0183 
0.4558 
0.2100 
0.2940 
Trare- 
0.0026 
0.0840 


12.2500 
0.0305 
0.2870 
1.033S 


0.0238 
0.0021 


0.1264 
0.8672 
Trace. 


0.0225 


7.9773  7.3470  4.6407 


14.6433 


These  springs  are  carbonated  saline,  mildly  charged 
with  carbonic  acid  gas.  There  escapes  with  the  water 
of  the  Gas  Spring  a  large  amount  of  carbureted  hydro- 
gen gas.  The  water  of  the  White  Sulphur  Spring  con- 
tains sulphureted  hydrogen  equal  to  about  one  cubic 
inch  per  gallon.  The  springs  are  situated  on  a  level 
plateau  which  extends  for  many  miles  in  all  directions, 
the  country  being  open  and  well  cultivated.  These 
springs  have  been  purchased  by  the  Canadian  Pacific 
Railway.  The  company  has  rebuilt  the  Caledonia 
Springs  Hotel  and  conducts  it  with  the  same  care  and 
excellence  as  the  other  hotels  of  this  well-known 
system.  All  modern  methods  for  utilizing  the  waters 
are  at  hand,  and  a  physician  and  expert  attendants 
reside  at  the  hotel.  Tlie  hotel  is  open  throughout  the 
year. 
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The  Caledonia  Springs  are  the  best  known  of 
Canadian  mineral  springs  and  are  resorted  to  by  large 
numbers  from  Canada  and  the  L'nited  States,  particu- 
larly from  the  South.  In  addition  to  the  water  con- 
sumed at  the  springs,  an  up-to-date  bottling  establish- 
ment has  been  erected  and  large  quantities  are  bottled 
and  sent  to  all  parts  of  Canada  and  the  United 
States.  Beaumont  S^L\LL. 


Calendula. — M.\higold.  The  dried  ligulate  florets 
of  Calendula  officinalis  L.  (fam.  ComposilcB).  These 
florets  are  strap-shaped,  nearly  half  an  inch  long, 
three-toothed,  hairy  upon  the  tube,  of  a  bright  yellow 
color,  pistillate,  with  a  two-branched  style.  The  odor 
is  characteristic,  the  taste  aromatic  and  bitterish. 
They  contain  a  little  volatile  oil  and  an  amaroid,  with 
resin  and  an  abundance  of  the  bright  yellow  coloring 
matter,  Calendulin,  which  is  inactive.  The  drug 
possesses  very  slight  aromatic-bitter  properties,  but 
is  chiefly  used  for  coloring  purposes.  It  is  now  much 
less  used  than  formerly,  and  will  doubtless  be  omitted 
from  the  next  edition  of  the  Pharmacopoeia.  The  dose 
is  gr.  XV.  to  XXX.  (1.0-2.0). 

The  herb  possesses  similar  properties,  but  is  even 
weaker  and  contains  much  more  mucilage.  It  has 
been  used  similarly,  as  well  as  for  making  poul- 
tices. Through  an  error,  this,  instead  of  the  florets, 
was  incorporated  in  the  preceding  edition  of  the 
Pharmacopoeia.  Hexrt.  H.  Rusby. 


California  Qeysers. — Sonoma  County,  California. 
Hotel  and  cottages.  This  marvellous  region  is  lo- 
cated in  the  northeastern  part  of  Sonoma  County, 
about  100  miles  north  of  San  Francisco,  16  mOes  from 
Cloverdale,  and  26  miles  from  CaUstoga.  Formerly 
tourists  rode  on  horseback  for  many  miles  to  visit  this 
realm  of  fumaroles  and  solfataras,  which  is  situated 
about  1,700  feet  above  the  sea  level;  but,  thanks  to 
the  push  and  enterpri.se  of  our  Western  civilization,  it 
may  now  be  reached  in  a  comfortable  auto  stage  via 
Healdsburg  over  excellent  mountain  roads.  It  is  a 
good  plan  to  go  by  way  of  Cloverdale  and  come  back 
by  way  of  Calistoga,  as  all  the  grandeur  and  beauty  of 
the   surrounding   country   may   thus   be   seen.     The 


following  entertaining  account  of  a  visit  to  the  geysers 
is  taken  from  Dr.  Anderson's  work: 

"Leaving  Cloverdale  after  luncheon,  comfortably 
seated  in  our  stage,  with  an  experienced  and  accom- 
modatingly communicative  driver,  who  takes  pleasure 
in  pointing  out  the  many  objects  of  interest,  we  soon 
cross  the  Russian  River  and  commence  the  ascent. 
The  hills  and  mountains  are  robed  in  evergreen  ver- 
dure of  indigenous  flora,  gigantic  oaks,  and  towering 
pines.  Here  and  there  the  huge  boulders  and  rocky 
cliffs  stand  out  in  bold  relief,  and  as  we  wind  up  and 
around  the  mountain  sides,  with  the  Pluton  River 
many  hundred  feet  below,  basking  and  smiling  in  the 
afternoon  sun,  and  rippling  along  its  moss-covered 
banks  and  bright-pebbled  bottom,  with  here  and  there 
a  minature  cascade  and  waterfall,  we  feel  that  words 
cannot  describe  the  grandeur  of  the  scenery 

'•  As  we  gain  in  altitude  the  view  becomes  more  and 
more  extended,  until  our  eyes  leap  with  vivid  interest 
from  peak  to  peak  and  valley  to  valley  for  miles 
around,  feasting  upon  the  beauties  of  nature.  Some 
two  or  three  miles  down  the  canon,  before  we  reach 
the  geysers,  our  attention  is  called  to  the  large  white 
or  yellowish-white  banks  across  the  caiion.  They  are 
known  as  sulphur  banks,  and  consist  of  deposits  of 
sulphur  and  cinnabar,  with  incrustations  of  salts  of 

sodium,  potassium,  magnesium,  sulphur,  etc 

Near  these  sulphur  banks  are  found  the  famous 
Indian  Springs,  at  which  Edwin  Forrest  camped  for 
one  .season  and  was  completely  restored  to  health." 

The  waters  are  diuretic,  laxative,  and  antacid,  and 
are  valuable  in  dy-spepsia,  torpidity  of  the  liver  and 
bowels,  and  in  renal  and  cystic  diseases.  (See  table 
for  analysis.) 

Near  by  are  the  real  "Indian  Mud  Springs,"  which 
are  highly  extolled  in  the  treatment  of  chronic  rheu- 
matism, gout,  arthritis,  and  synovitis,  and  scrofulous 
and  cutaneous  contaminations.     (See  table.) 

" After  a  few  more  horseshoe  curves  have 

been  passed  and  several  more  magnificent  landscapes 
have  been  mentally  photographed  on  the  brain,  we 
reach  the  geyser  resort.  The  manj'  co.sey  cottages,  the 
hotels  and  grounds,  are 'situated  in  a  leafy  dell  on  the 
side  of  the  mountain  opposite  the  Geyser  Canon.  The 
huge  oaks  and  pines  afford  pleasant  shade  to  the 
commodious  verandas  as  we  sit  and  enjoy  the  pure, 


Analysis  of  Waters  from  Several  Springs  at  the  California  G 

ETSERS. 

Contents  per  United  States 
gallon,  expressed  In  grains. 

Lemonade 

Spring. 

Temp.  103°  F. 

Witches' 

Caldron. 

Temp.  212°  F. 

Acid  Spring. 
Temp.  140°  F. 

Alum  Spring. 
Temp.  130°  F. 

Iron  Geysor 
Creek,  below 
Alum  Spring. 
Temp.  90°  F. 

Spring  on 
side  of  hiil  near 

river. 
Temp.  138°  F. 

Iron  Spring 
north  of  hotel. 
Temp.  70°  F. 

Indian  Spring 

(second). 
Temp.  101°  F. 

Mud  Indian 

Spring. 

Temp.  100°  F. 

Spring  little 
above  Indian 

Spring. 
Temp.  10.5°  F. 

Hot  sulphur 

water  above 

bathhouse. 

Temp.  104°  F. 

Devil's 

Tea-Kettle. 

Temp.  212°  F. 

Potassium  bisulpbate 

7.53 

0.42 

1.14 

0.21 

17.12 

53.91 

39.82 

9.62 

5.14 

98.16 

3.15 

3.23 

3.29 
1.40 

7!35 

2.36 
.65 

6.62 

17.31 
.16 

2.39 

8.63 
Sat. 

Str. 

6.42 

8.72 

6.98 

4.44 

3.81 

5.34 

1.10 

3.32 

4.36 

10.18 

. 

Magnesium  sulphate 

40.73 

9.62 

91.29 

34.49 

16.66 

2.52 

isii?' 

59.33 

4i.i2 

39.09 

15.46 

Magnesium  borate 

12.25 

16.63 

7.34 

.08 

.11 

28.81 

118.78 

5.75 

18.08 
Sat. 

.12 

.07 

22.78 

32.30 

12.25 
Sat. 

Aluminum  sulphate 

32.02 

3i!82 
1.19 

16.50 
Sat 

2.04 
.27 

4.37 
Sat. 

20.62 

63.82 

'"'isg' 

.20 

31.16 

.17 

.18 

Free  sulphuric  acid 

Hydrochloric  acid 

Silicic  acid 

Sulphureted  hydrogen . 

154.37 

21.11 

Sat. 
Str. 

6.45 

17.26 

Sat. 

Trace. 

110.64 

3.50 

Sat. 

17.25 

.99 

5.42 
Sat. 

12.83 
Sat. 

Traces 

Total 

195.95 

63.52 

319.22 

1.38.31 

29.62 

47.53 

7.12 

33.39 

150.20 

221.26 

38.12 

296.24 
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dry,  invigorating,  and  exhilarating  mountain  air  and 
pit'turosque  scenery  which  surround  us  on  every  side." 

The  geysers  are  wonderful  and  picturesque  exhibi- 
tions of  the  nearly  extinct  volcanic  forces  slumbering 
beneath  the  romantic  "Devil's  Canon."  The  region 
covers  an  area  of  abo\it  400  acres,  most  of  the  activity, 
however,  being  confined  to  the  "  Devil's"  or  "  Gey.ser" 
canon,  comprising  about  sixty  acres.  Collectively, 
the  springs,  hot  and  cold,  flow  about  100, ()()()  gallons 
daily.  There  are  about  one  hundred  different  min- 
eral springs.  Natural  steam  "Hammam"  mineral 
baths  arc  features  of  the  resort.  There  is  also  a 
swimming  pool  of  mineral  water. 

From  the  above  analyses  made  by  Prof.  Thomas 
Price  it  will  be  observed  that  at  the  geysers  can  be 
found  probably  as  great  a  variety  of  mineral  waters 
as  at  any  other  place  on  the  continent,  or  perhaps  in 
the  world. 

Near  Litton's  Station,  in  Sonoma  Count3',  some  few 
miles  from  Geyserville,  is  a  pleasant  resort  known  as 
the  "Geyser  Spa"  or  "Soda  Springs."  The  sur- 
rounding countrj'  is  picturesque,  and  the  climate  mild 
and  salubrious.  A  large  number  of  people  go  to 
Geyser  Spa  every  year.  The  waters  are  highly 
esteemed  for  their  antacid,  diuretic,  and  aperient 
properties.  The  following  analysis  was  made  byDr. 
Winslow  Anderson  in  18S8: 


OxE  United  St.\te3  Gallox  Contains: 
Solids. 
Sodium  chloride. .  .  . 
.Sodium  carbonate. 

Sodium  bicarbonate 

Sodium  sulphate 

Potassium  carbonate. .    . 
Magnesium  bicarbonate. .  . 

Magnesium  sulphate,  -  -  - 
Calcium  carbonate. . . 
Ferrous  carbonate.  . 

Silica 

Organic  matter. .  .  . 

Total  solids ...  . 
Carbonic  acid  gas,  saturated. 


Grains. 
8.93 
4.97 
31.16 
2.60 
Trace. 
9.03 
1.14 
4.90 
2.09 
3.75 


Trace. 


58.57 


A  previous  analysis  made  by  Bauer  and  Price 
yielded  results  almost  identical  with  Anderson's. 

Emm.\  E.   Walker. 

California  Poppy. — See  Eschscholtzia. 

California,  Southern. — In  this  article  only  a  brief 
and  general  accoimt  of  the  climate  of  Southern 
California  will  be  given,  as  the  principal  resorts  and 
sections  will  receive  especial  mention  under  their  re- 
spective heads,  in  regular  alphabetical  order. 

Southern  California  is  an  irregular  area  of  territory, 
equal  in  extent  to  England  and  Wales,  l3"ing  between 
latitude  35°  40'  and  32°  30',  with  a  coast  line  of  330 
miles.  It  is  bounded  on  the  north  by  the  Tehachapi 
Mountains,  which  are  spurs  of  the  coast  ranges  and 
Sierra  Nevada;  on  the  east  by  the  Colorado  River;  on 
the  south  by  the  Mexican  frontier;  and  on  the  west 
and  southwest  by  the  Pacific  Ocean.  In  the  western 
portion  is  the  southern  coast  range,  forming  the 
eastern  boundary  of  the  coast  plain,  which  contains 
numerous  beautiful  vallej^s,  such  as  the  Santa  Clara 
and  Santa  Buena  Ventura.  This  coast  plain  extends 
for  150  miles,  and  is  from  15  to  25  miles  in  depth. 
Between  the  coast  range  and  the  Sierra  Madre  and 
San  Bernardino  ranges  lies  the  interior  plain,  200 
miles  in  length  and  from  15  to  30  miles  in  depth. 
Here  is  the  great  San  Gabriel  Valley,  which  has  been 
called  the  Lombardy  of  America,  and  numerous  lesser 
valleys.  "  Between  the  coast  plain  and  the  long  in- 
terior valley,  the  coast  range  of  mountains  is  broken, 
and,  opposite  the  Los  Angeles  plains,  entireh'  dis- 
appears for  a  space.  The  whole  countrj'  becomes  thus 
a  great  open  coast-land  facing  the  south,  and  with 


the  high  Sierra  for  a  background."  ("California  of 
the  South,"  by  Walter  Lindley  and  J.  P.  Widiiey, 
l.SSS.)  North  and  oast  of  the  Sierra,  or  inland  range, 
lie  the  Mojave  and  Colorado  dcsert.s.  It  is  with  the 
resorts  on  or  near  the  coast,  or  with  those  in  the  in- 
terior plain,  that  we  have  especially  to  deal  as  climatic 
slations,  such  as  Santa  Barbara,  San  Diego,  Coronado 
Beach,  on  the  coast;  or,  farther  inland,  Riverside,  Red- 
lands,  San  Bernardino,  and  otliers.  The  .soil  is  com- 
pt)sed  largely  of  disintegrated  granite,  which  is  .sandy 
and  porous,  and  in  many  localities  there  arc  also  large 
jiatches  of  adobe  or  red  clay.  The  main  features  of 
the  climate  of  Southern  California  are  warmth,  equa- 
bility, a  largo  amount  of  sunshine,  and  a  small  amount 
of  annual  rainfall.  "Taken  as  a  whole,"  says  Pro- 
fessor Hilgard,  "Southern  California  corresponds  in 
its  climatic  features  and  adaptation  to  the  Mediter- 
ranean region  of  Euroj)e  and  Africa;  a  grand  Riviera 
with  a  partial  background  of  the  de.sert  as  well,  where 
the  date  palm  and  ostrich  find  a  congenial  home,  and 
alluvial  plains  equalling  in  riches  the  famed  delta  of 
the  Nile." 

"Warm  winters,  comfortably  cool  summers,  very 
low  rainfall,  and  rainfall  so  distributed  as  to  divide  the 
year  into  a  dry  and  a  .so-called  rainy  season,  almost 
unparalleled  preponderance  of  cloudless  weather,  and 
(in  consequence  of  the  low  latitude)  a  long  duration 
of  the  dailj'  sunshine  in  winter — all  these  are  charac- 
teristic of  every  portion  of  Southern  California.  In 
comparative  humidity  of  the  atmo-sphere  lies  the 
chief  difference  between  its  coast  stations  and  those 
lying  at  a  greater  or  less  distance  from  its  coast  line" 
(Huntington  Richards). 

"  The  warmth  and  equability  of  this  climate  de- 
pends," .says  Dr.  C.  F.  Williams  ("'  Aero-Therapeutics," 
1S94),  "upon  three  factors:  its  southern  latitude, 
its  protection  by  the  various  mountain  ranges  from 
cold  northerly  or  easterly  winds,  and  the  influence  of 
the  Pacific,  and  especially  the  warm  ocean  currents 
which  wash  the  shores  of  "the  Western  States." 

There  exists  a  certain  misapprehension  regarding 
the  matter  of  dryness  of  this  climate.  For  example, 
as  good  an  authority  as  Lindsay  refers  to  it  as  "in- 
tensely dry."  Williams  calls  it  a  "dry,  warm  cli- 
mate," and  Remondino  remarks  that  "every  term  in 
the  meteorological  vocabulary  relative  to  moisture 
and  dryness  has  been  conscientiously  applied  to  the 
region."  The  fact  is  that  the  coast  districts,  like 
all  other  coast  resorts,  exhibit  the  features  of  a 
marine  climate,  one  of  which  is  a  large  amount  of 
moisture,  and  upon  this  fact,  as  we  know,  depend 
the  coolness  and  equability  characteristic  of  such  a 
climate. 

If  one  would  find  real  dryness  he  must,  as  SoUy  says, 
seek  it  beyond  the  mountains  in  the  desert  country. 
If,  however,  "he  seeks  more  days  of  sunshine  and 
opportunities  for  outdoor  Ufe,  with  a  more  equable 
temperature  and  an  average  humidity  a  little  greater 
than  that  of  New  York  or  Boston,  he  can  find  what  he 
desires  at  Santa  Barbara  or  San  Diego."  Even  as  far 
inland  as  Riverside,  more  than  fifty  miles  from  the 
coast,  the  humiditj'  is  appreciably  greater  than  at 
Aiken,  for  example,  and  very  considerably  greater 
than  at  most  of  the  Colorado,  New  Mexico,  and 
Arizona  resorts.  Still  further,  one  must  bear  in  mind 
the  fact,  as  Solly  says,  "that,  in  spite  of  the  great 
amount  of  sunshine  during  the  day  in  California,  the 
foggy  and  damp  nights  and  mornings  take  up  a  great 
part  of  the  twenty-four  hours."  This  authority 
notes  the  following  observation  made  by  himself  at 
Redlands:  "On  one  occasion  when  at  4:30  p.m.  the 
relative  humidity,  as  indicated  by  the  hygrometer,  was 
fifty-five  per  cent.,  at  6  p.m.  it  had  increa.sed  to  eighty 
per  cent."  "The  difference  between  noonday  and 
midnight  temperature,"  says  Kate  Sanborn  ("A 
Truthful  Woman  in  Southern  California,"  1S95), 
"between  sun  and  shade,  is  something  to  be  learned 
and  guarded  against." 
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Climatic  data. 

San  Diego,  latitude,  32°  43'; 
longitude,  117°  10'. 

Santa  Barbara,  latitude,  34° 
longitude,  119°  41'. 

28'; 

Los  Angeles,  latitude,  34°  3'; 
longitude,  118°  5'. 
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d 
•-> 
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•-5 

o 

1 

.H 
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i 
< 
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i 

1 

i 

•-5 

On 
< 

•-9 

o 
is 

1 
a 

Temperature — 
-Average  or  normal. . 
Average  daily  range. 

53.6° 
173 

61.8 
44  5 
78 
32 

71.2% 
1.85 

N.E. 
5.1 

11.3 
11.2 
22.5 

57.7° 
14  1 

65  3 

67.1° 

11  a 

73,5 

58.2° 

18.1 

66.8 

48.7 

85 

33 

66.4% 
0.70 

X.W. 
5.1 

13  5 
10 
23  5 

54.5° 
16 

60.4° 
14.3 

51.2° 
18 

57.8 
42.8 
83 
38 

71% 

3.7 

60.5° 
18  , 
65  ■ 
52 
86 
11 

67% 

1.4 

66.8° 

19 

69.2 

56.0° 
25 
62  3 

54.01° 



60,7° 
19.1 

54  1° 
20.1 
62  9 
42. S 
82 
30 

62.9% 
3.9 

N.E. 
5.5 

17.5 
8.5 
26 

58  0° 

20.2 

69.2 

49 

94 

39 

70.1% 

1.3 

W. 

5.4 

10.2 
12.5 
22.7 

71. 1° 
23.1 

82 
58.9 
98.1 
51.2 

69.4% 

W. 

4.9 

10.4 
19.7 
31.1 

62.0° 
24.5 
70.7 
46.2 
86 

53  5° 

62.0° 

Mean  of  coldest 

51.2  1  61.9 

69  7     .1.1 

. 

87 
39 

72.4% 

0.68 

W. 

6  6 

10.2 
11.9 
22.1 

86 
54 

76.4% 

0.02 

W. 

6.3 

8.2 
16.1 
24.3 

89 
41 

72% 

82 
40 

64% 

1.6 

Lowe.st  or  minimum. 

34  2  1 

Humidity — 
Mean  relative 

Precipitation — 
.Average  in  inches. . . 

Wind- 
Prevailing  direction 

70.9% 

604 

N.E. 

5.4 

33,5 
33.7 
67.2 

72.9% 
9.49 
W. 
5.9 

122.7 
155.1 
277.8 

11,77 

73% 
17.6 

W. 

4.6 

231 
63 
294 

57.3% 
.95 

N.E. 
4.9 

18.8 
9.3 
28.1 

63.1:% 
8.65 

N.E 
5.4 

26.6 
74.5 

66.6% 
18 
W 
5.1 

171.3 
144.8 
316.1 

Average  hourly  ve- 
locity in  miles 

Weather- 
Average  number  of 

4.3 

24 

1 
25 

5.3 

16 

6 

22 

5.1 

27 

3 

30 

3 

13 

9 

22 

Average  number  of 

Average  number  of 
clear  and  fair  days. 

Riverside.  60  Miles  from  the  Coast,  850  Feet  Above  Sea 
Level. 


Jan. 

April. 

July. 

Nov. 

Year. 

Mean  monthly  temp ,  . 

Maximum  temp 

Minimum  temp 

Relative  humidity .... 
Precipitation — 

Average  in  inches .... 
Wind 

Prevailing  direction .  . 

53.1" 
78.2 
32.7 
67  %i 

3.27 

61.2° 
89.2 
39.2 
56  %s 

1.43 

77.0° 
101.2 
60.5 
63  %» 

S.  W. 
29 

62.2° 
89.2 
39.5 
76%* 

1.35 
15 

62.0° 

67% 
10 

w 

Weather — 
Average    number    of 
clear  days  . 

16 

20 

(1890) 
''OS 

Average    number    of 

105 

Average    number    of 
cloudy  days 

14 

9 

1 

10 

52 

From  July,  1885,  to  July,  1886,  there  were  280  absolutely  clear 
days,  and  38  days  of  rain  or  showers. 

'  For  the  spring  of  1888.  =  Summer  of  1888.  s.\utumn  of  1888. 
<  Winter  of  1888. 

The  accompanying  tables  of  climatic  data  of  San 
Diego,  Santa  Barbara,  Los  Angeles,  and  Riverside 
exhibit,  so  far  as  such  statistics  can,  some  of  the  prin- 
cipal climatic  features  of  this  region.  As  there  is  no 
government  weather  station  either  at  Santa  Barbara 
or  at  Riverside,  the  figures  for  these  places  must  be 
considered  as  only  approximately  correct.  A  general 
similarity  will  be  noted  in  the  "climates  of  all  these 
places.  As  one  goes  inland  the  relative  humidity  is 
seen  to  les.sen.  The  number  of  fair  and  clear  days  is 
very  large,  the  precipitation  very  small,  the  prevailing 
winds  are  from  the  west,  and  there  is  no  great  wind 
velocity.  At  Riverside,  a  distance  of  fifty  miles  or 
more  from  the  coast,  the  maximum  temperature, 
especially  in  summer,  is  seen  to  increase.  A  peculiar- 
ity of  this  climate,  not  indicated  in  climatic  charts,  is 
the  great  difference  between  the  character  of  the 
atmosphere  during  the  day  and  during  the  night.  At 
night  the  humidity  is  greatly  increased,  an  example  of 
which  has  already  been  noted  in  the  case  of  Rcdlands. 
This  increase  of  moisture  by  night  renders  the  air 
chilly  and  raw,  and  in  many  cases  would  prevent  the 
free  admission  of  night  air  into  the  sleeping-rooms. 
Even  during  the  day  this  chilliness  is  experienced  in 
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passing  from  the  sunshine  into  the  shade,  and  when 

the  wind  blows. 

Another  peculiarity  is  the  frequent  night  fog, 
present  not  only  on  the  coast,  but  extending  many 
miles  up  the  valleys.  These  fogs,  which  are  most 
prevalent  during  the  spring  and  summer,  appear 
about  nightfall  and  disappear  during  the  early  fore- 
noon. Occasionalh-  they  persist  during  a  part  or  the 
whole  of  the  day.  The  annual  mean  average  number 
of  foggy  nights  at  Los  Angeles,  for  thirteen  years,  was 
57.  In  1S91  there  were  22  fogs  in  San  Diego,  12  in 
1893,  and  26  in  1S94.  At  Santa  Barbara  there  were 
73  fogs  in  1894. 

The  rainfall,  which  is  small  in  any  event,  except  on 
the  highest  summits,  occurs  in  the  winter,  which  is  the 
rainy  season.  This  rainy  season,  however,  varies 
very  greatly  from  year  to  year.  Sometimes  the  rain 
is  delayed  for  weeks,  and  then  it  may  rain  con- 
tinuou.sly  for  days.  One  cannot  predict  from  the 
annual  average  precipitation  what  the  rainfall  will  be 
for  any  single  year.  For  instance,  Los  Angeles  has  a 
normal  precipitation  of  IS  inches,  but  in  18S1  it  was 
5.6  inches,  and  in  1884,  40.5  inches.  The  normal  of 
San  Diego  is  10  inches,  but  it  has  had  a  minimum  of 
3.71  inches  and  a  maximum  of  25.97  inches.  The 
heaviest  rainfall  occurs  in  the  months  of  December, 
January,  and  February.  Even  January,  however, 
may  be  a  very  dry  month.  In  the  desert  regions  there 
is  almost  no  rain.  Thus,  for  instance,  at  Indio  the 
annual  average  for  nine  years  was  2.32  inches.  It  is 
to  be  remembered,  as  Solly  points  out,  that  even  in 
the  rainy  season  the  monthly  rainfall  is  not  usually 
more  than  the  normal  monthly  rainfall  for  Eastern 
cities,  and  there  are  longer  periods  of  fine  weather. 
"The  welcome  rains,"  he  continues,  "bring  a  vivid 
green  to  the  brown  valleys  and  hills,  and  the  beautiful 
'procession  of  flowers,'  which  continues  from  Decem- 
ber to  May,  enraptures  Eastern  visitors." 

Regarding  the  winds  there  is  one  point  which  the 
tables  do  not  show,  and  which,  as  Widney  .says,  most 
impresses  the  observer  in  his  study  of  this  meteorolog- 
ical factor,  and  that  is,  their  regularity.  One  can 
be  assured  that  at  certain  seasons  of  the  year  the  wind 
will  blow  from  a  certain  quarter,  and  ri.se  at  a  certain 
time  each  day.  Further,  he  knows  that  if  the  wind 
blows  from  a  certain  quarter,  certain  climatic  con- 
ditions will  follow:  if  it  blows  from  one  direction  a 
moist  atmosphere  and  rain  will  result;  if  from  another, 
a  dry  atmosphere,  cold  in  winter,  hot  in  summer;  if 
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from  still  another,  there  results  clear,  cool  weather 
with  moderate  moisture. 

Much  has  been  written  about  the  great  variety  of 
climate  to  be  founti  in  Southern  California.  For 
instance,  one  author  writes  thus:  "Within  a  few 
hours  from  any  given  point  one  may  obtain  the 
climate  to  his  liking."  Such  sweeping  statements 
are  manifestly  misleading,  for  where  in  any  inhabi- 
table locality  in  Southern  California  can  be  found  the 
cool,  dry  air  furnished  in  the  elevated  plains  of 
Arizona,  New  Mexico,  or  Colorada,  at  such  resorts  as 
Tucson,  Santa  F^,  and  Colorado  Springs? 

In  addition  to  the  favorable  climatic  conditions 
of  this  marvellous  section  of  country,  there  is  the 
fascinating  charm  of  beautiful  and  diversified  scenery 
— sea  coast  and  mountain — with  varied  and  luxuriant 
vegetation. 

A  great  variety  of  fruits  of  both  tropical  and  tem- 
perate regions  are  produced  here:  oranges,  lemons, 
grapes,  figs,  olives,  guavas,  pineapples,  pears,  peaches, 
and  strawberries  all  the  year  round.  Riverside  has 
its  famous  Magnolia  Avenue  and  orange  groves; 
Sierra  Madre  its  vineyards;  Santa  Monica  its  ostrich 
farm;  and  San  Diego  its  beautiful  Coronado  Beach, 
which  Charles  Dudley  Warner  calls,  in  "Our  Italj-," 
"An  unique  corner  of  the  earth."  The  temperature 
of  the  sea  water  is  60°  F.  or  more  throughout  the  year, 
so  that  one  can  enjoy  sea  bathing  at  any  time  of  year. 
There  are  also  abundant  opportunities  for  hunting, 
fishing,  camping,  riding,  and  almost  every  kind  of 
outdoor  diversion.  If  v»e  consider  all  this,  and  the 
fact  of  an  almost  continuous  sunshine,  we  can  under- 
.stand  how  outdoor  life  becomes  a  delight  hardly 
imaginable  until  realized. 

Here,  also,  one  can  not  only  take  the  open-air  treat- 
ment, but,  while  doing  so,  can,  if  strength  and  other 
conditions  permit,  occupy  himself  in  making  a  new 
home,  and  in  light  and  pleasing  work  in  garden  and 
vineyard.  As  Dr.  Richards  .says:  "Southern  Cali- 
fornia is  not  only  a  good  winter  residence,  but  a 
health-giving  and  health-restoring  home  for  residence 
all  the  year  round." 

Formerly — and  to  a  large  extent  at  the  present  time 
— Southern  California  was  considered  one  of  the  most 
favorable  resorts  in  this  country  for  pulmonary 
tuberculosis,  and  probably  more  invalids  suffering 
from  this  disease  frequented  this  region  than  any 
other  class.  Moreover,  no  discrimination  appears  to 
have  been  made  regarding  the  stage  or  condition  of 
the  pulmonary  trouble  suitable  for  this  climate.  In 
the  writer's  opinion,  this  will  not  be  so  much  the  case 
in  the  future,  since  experience  is  proving  more  and 
more  conclusively  everj-  day  that  the  sanatorium 
treatment  of  consumption  is  affording  the  best  re- 
sults, and  that  the  situation  of  the  sanatorium,  climat- 
ically considered,  does  not  make  so  much  difference, 
provided  pure  air,  a  dry  soil,  freedom  from  high 
winds,  and  a  reasonable  amount  of  sun.shine  are 
assured,  .\lmost  every  State  can  offer  these  simple 
climatic  conditions,  and  hence  can  have  its  own 
sanatorium. 

This  plan,  moreover,  possesses  the  further  advan- 
tage, so  much  emphasized  by  the  German  phthisio- 
therapeutists,  that  the  consumptive  is  treated  under 
a  climate  like  that  in  which,  if  cured,  he  will  continue 
to  live.  So  far  as  statistics  are  at  hand,  however, 
sanatorium  treatment  in  this  climate  has  shown 
excellent  results,  quite  equal  to  those  of  institutions 
in  other  favorable  climates.  It  is  the  combination 
of  the  favorable  climate  and  the  well-conducted 
sanatorium  that  produces  results. 

In  the  writer's  opinion.  Southern  California,  in  the 
future,  will  be  vi,sited  not  so  exclusivelj-  by  consump- 
tives as  heretofore,  but  by  the  large  class  of  invalids 
requiring  a  mild,  equable,  sunny  climate,  with  ample 
opportunity  for  outdoor  life  and  diversion;  such  as  the 
feeble  from  age  or  inherited  weakness,  convalescents 
from    various   acute    diseases,    those    suffering   from 


malaria,  catarrhal  affections,  chronic  bronchitis,  renal 
and  cardiac  di.sea.ses,  scrofulous  children,  and  those 
individuals  who  are  in  the  quiescent  state  of  pul- 
monary tuberculosis  without  pyrexia.  Finally,  to 
this  list  must  be  added  that  increasingly  large 
number  of  persons  who  desire  to  escape  the  inclem- 
ency of  a  Northern  winter. 

The  conditions  for  which  this  climate  is  unfavorable 
or  doubtful  are  tuberculosis  with  acute  .symptoms, 
certain  di.seases  of  the  nervous  system,  laryngeal 
tuberculosis,  eczema,  asthma,  and  rheumatism. 

There  has  been  much  exaggerated  and  immoderate 
writing  on  the  climate  of  Southern  California,  not 
infre<)uently  from  .selfish  and  commercial  reasons, 
as  also  from  superficial  and  inadequate  knowledge. 
One  physician  writes  of  San  Diego  that  it  presents 
"all  the  factors  requisite  in  a  perfect  climate." 
Another,  writing  of  Pa.sadena,  says  that  it  is  "the 
greatest  all-the-year-round-health  resort  in  the 
world,"  and  .so  on. 

Such  wild  statements,  generally  made  without  any 
accompanying  meteorological  data,  .seem  quite  un- 
necessary in  regard  to  a  climate  which  in  fact  and 
truth  possesses  .so  many  points  of  excellence  as  does 
that  of  Southern  California.  Edward  O.  Otis. 

Calisaya. — See  Cinchona. 

Calliphora. — The  genus  to  which  the  blue-bottle 
fly  or  blow-fly  belongs.  C.  vomUoria  is  the  common 
species  in  this  country.     See  Insects,  poisonous. 

A.  S.  P. 


Callosity. — Synonyms:  Callositas,  Tyloma;  Tylosis; 
Callus;  Keratoma;  (Fr.)  Durillon. 

Defixitiox. — A  circumscribed  thickening  and 
welding  of  the  horny  layer  produced  by  intermittent 
friction  or  pressure. 

Callosities  are  congenital  or  acquired.  The  con- 
genital callosities,  however,  are  now  usually  discussed 
separately  under  the  heading  of  Keratodermia  or 
Tylosis  Palmae  et  Plantae.  The  latter  are  diffuse  or 
circumscribed  keratomata,  usually  symmetrically 
distributed  over  the  palms  or  soles,  or  over  both, 
springing  from  an  apparently  normal  skin  or  sur- 
rounded by  a  red  areola.  Arsenic  from  prolonged 
use  often  causes  a  similar  condition. 

Peculiar  symmetrical  horny  hypertrophies  are 
sometimes  associated  with  certain  neuroses  or  un- 
known constitutional  conditions;  these  are  often  pre- 
ceded by  mild  inflammatory  symptoms.  The  so- 
called  syphilitic  keratodermias  should  probably  be 
rplaced  with  the  latter  class.  The  term  callosity  is 
more  properly  applied  to  the  acquired  form,  which  is 
essentially  a  result  of  external  irritation  by  friction,  by 
intermittent  pressure,  or  rarely  by  chemicals.  Con- 
tinuous pressure  or  friction  causes  active  inflam- 
matory reaction,  either  vesiculation,  or  pustulation, 
or  sloughing.  The  result  of  this  milder  trauma  is 
best  seen  upon  the  hands  of  mechanics,  oarsmen, 
wood-choppers,  and  tho.se  whose  occupations  neces- 
sitate this  irritation,  as  yellowish  or  yellowish-brown, 
circumscribed,  round,  or  irregularly  shaped  flat  or 
raised  patches  of  thickened  skin  that  are  hard  and 
resistant  to  the  touch.  They  occur  usually  over  the 
bony  prominences  or  bursas,  and  spring  from  appar- 
ently normal  skin. 

Callosities  may  occur  upon  any  portion  of  the  body 
subjected  to  the  exciting  factor.  On  the  soles,  while 
there  are  a  number  of  factors  involved  such  as  ill- 
fitting  shoes,  etc.,  I  have  called  attention  elsewhere 
to  the  frequency  with  which  caUus  is  associated  with 
malpositions  of  the  feet,  that  is,  weak  foot,  flat-foot, 
etc.  It  is  well  known  that  callus  and  warty  growths 
are  not  uncommon  concomitants  of  hyperidrosis,  at 
least  the  hyperidrosis  is  the  first  sj'mptom  of  the 
rela.xed  condition  of  the  foot. 
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Thi#  thickening  of  the  horny  cells  is  an  effort  of 
nature  to  protect  the  more  delicate  underlying 
structures.  Histologically  there  is  probably  no  actual 
increase  in  the  production  of  epithelial  cells  but  a 
"welding"  together  (Unna)  of  the  pre-existing  horny 
cells,  by  the  friction,  into  a  homogeneous  horny  mass; 
thus  the  cells  normally  thrown  off  are  retained,  pro- 
ducing an  apparent  increase  and  an  actual  thickening. 
Except  in  those  cases  in  which  the  condition  results 
from  a  more  violent  trauma,  no  marked  inflammatory 
sj'mptoms,  aside  from  a  slight  dilatation  of  the  vessels, 
are  seen. 

The  acquired  caUosites  can  be  differentiated  from 
the  keratodermias  by  the  histor3-  and  symmetry  of  the 
latter,  though  it  must  be  remembered  that  in  those 
who  are  particularly  susceptible,  very  little  friction 
may  produce  a  marked  callus. 

The  syphilitic  conditions  of  the  palms  and  soles 
usually  begin  in  the  center  and  not  over  the  bony 
prominences,  spread  peripherally,  and  at  some  points 
the  horny  layer  is  often  split  up  or  undermined. 

The  treatment  of  callosities  is  first  to  remove  the 
cause,  whatever  that  may  be.  When  callus  occurs  on 
the  soles  it  would  be  proper  to  examine  the  foot  as  to 
the  existence  of  any  malposition,  and  if  such  should 
be  the  case  its  correction  should  be  undertaken  at 
once.  To  soften  and  remove  the  thickened  hornj' 
layer  salicylic  acid  is  the  remedy  par  excellence.  It 
can  be  used  in  form  of  a  plaster  (ten  to  twenty  per  cent.) 
or  in  flexible  collodion  (oss.-3i.).  Either  should  be 
applied  for  several  days,  when  the  affected  part  is 
immersed  in  very  hot  water  for  several  minutes  and 
the  dead,  macerated  cells  removed  by  gently  scraping 
with  a  curette  or  dull  knife  blade.  This  procedure  is 
repeated  as  often  as  necessary  until  the  skin  is  reduced 
to  its  normal  thickness,  when  a  mild  tar  application 
will  effectually  complete  the  cure. 

WlLLI.\M  A.   H.A.RD.\W.VT. 

Calorimetry. — See  Heat,  Animal. 

Calumba. — CoLniBG.  "The  dried  root  of  Jaleo- 
rhiza  patmala  (Lam.)  Miers  {(sja.  Menispermacew)." 
(U.  S.  P.) 

The  columbo  plant  is  a  large,  perennial  climber, 
often  ascending  to  the  tops  of  the  loftiest  trees,  with  a 
rounded,  thick,  yellow  rhizome,  from  which  numerous 
fleshy  roots  are  given  off.  These  roots  are  fusiform, 
resembling  long  dahlia  or  sweet-potato  roots.  They 
are  dug  up,  sliced  transversely,  and  dried  in  the 
shade. 

Columbo  is  a  native  of  Mozambique,  Zanzibar,  and 
the  adjacent  lands  of  tropical  Africa,  and  is  said  to  be 
cultivated. 

The  dried  sliced  root  has  a  very  characteristic 
appearance.  It  is  in  circular  discs  from  one  to  five  or 
six  centimeters  in  diameter  (J  to  2  in.),  and  from  one- 
fifth  to  one-half  inch  in  thickness;  the  edge  (surface  of 
the  root)  is  brown  and  rough;  the  flat  surface  (sections 
of  the  root)  lemon-yellow,  and  depressed  in  the  middle 
from  collapse  of  the  soft,  thin-walled  ceils  of  the  pith 
in  drying.  A  dark  circle  marks  the  cambium,  and 
one  or  two  indistinct  circles  of  woody  bundles  can  be 
seen  within  it.  The  tissue  is  chiefly  parenchyma, 
loaded  with  starch. 

Columbo  contains  several  bitter  principles.  Its 
one  per  cent,  of  alkaloid,  long  regarded  as  berberine, 
is  now  known  to  consist  of  at  least  three  alkaloids, 
calumhamine ,  palmatine,  and  jateorhiziite.  There  is, 
in  addition,  from  a  half  to  one  per  cent,  of  the  amaroid 
calumbin.  Calumbic  acid  is  aXsohitter.  Columbo  also 
contains  a  little  volatile  oil,  a  large  amount  of  starch, 
pectin,  and  gum,  five  per  cent,  of  resin,  and  a  little  fat 
and  wax.  It  is  free  from  tannin,  so  that  it  possesses 
the  merit  of  mixing  with  iron,  in  tonic  mixtures. 

None  of  the  active  principles  of  columbo  are  in  any 
degree  poisonous.  They  unite  in  making  it  a  simple 
bitter  tonic. 
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The  dose  of  the  powdered  root  is  gr.  viii.  to  xv. 
(0.5-1.0),  but  it  is  seldom  so  employed.  A  fluid 
extract  and  a  twenty-per-cent.  tincture  are  official, 
the  dose  of  the  former  being  fl.  5ss-fl.  51(2.0-4.0)  of 
the  latter  fl.  5  ss-fl.  5  ij  (2.0-8.0). 

Henrt.  H.  Rxjsbt. 


Calx. — Lime,  the  official  title  of  calcium  monoxide, 
CaO.  It  occurs  in  hard  white  masses  and  on  the  ad- 
dition of  water  is  converted  into  calcium  hydroxide, 
slaked  lime,  Ca(OH)j.  The  official  preparations  are 
Liquor  calcis.  lime-water;  Sj'rupus  calcis,  syrup  of 
lime;  and  Linimentum  calcis,  lime  liniment,  Carron  oil. 
(See  Calcium.) 

C.A.LX  Chlorin.a.t.4^. — Chlorinated  lime,  calx  chlor- 
ata  (U.  S.  P.  1S90),  commonly,  but  incorrectly,  called 
chloride  of  lime.  It  is  made  by  exposing  slaked 
lime  (calcium  hydroxide)  to  chlorine  gas.  It  is  em- 
ployed as  a  disinfectant  and  deodorant.  (See  under 
Chlorine.) 

Calx  SuLPHrR-A.TA. — Sulphurated  lime,  commonly, 
but  incorrectly,  called  sulphide  of  calcium,  is  a 
mixture  of  not  less  than  si.xty  per  cent,  calcium 
sulphide  with  calcium  .sulphate  and  carbon.  It  is 
emplo}-ed  as  an  antiseptic  and  ''alterative,"  and  is 
credited  with  a  curative  and  prophylactic  action  in 
suppurative  processes,  especially  in  furunculosis. 
Dose,  gr.  ^^i.  (0.006-0.06)  in  powder.  Externally  it 
is  employed  as  an  antiseptic  in  skin  diseases,  in  the 
form  of  Vleminck's  solution.  Liquor  calcis  sulphurata  f 
(N.  F.).     (See  under  Sulphides.)  T.  L.  S. 


Calycanthus. — (Properly  Biitlneria).  A  genus  of 
three  species  of  shrubs  in  the  family  Calycanthacea, 
growing  in  the  United  States.  The  bark  and  leaves 
of  B.  fertilis  (Walt.)  Kearney,  commonly  known  as 
the  sweet-scented  shrub  or  strawberry  shrub,  are  used 
in  domestic  practice  as  an  antiperiodic.  The  plant 
is  chiefly  of  interest  because  of  the  poisonous  natiu'e  of 
the  seeds,  sheep  being  killed  by  eating  the  fruit.  An 
alkaloid,  calycanthine,  has  been  extracted  by  Dr. 
R.  G.  Eccles  from  these  seeds. 

H.  H.  RusBT. 


Cambogia. — Gamboge.  "A  gum  resin  obtained 
from  Garcinia  hayibitryi  Hook.  f.  (fam.  H y pericacea) ." 
(U.  S.  P.)  Tliis  genus  comprises  about  forty  species 
of  Eastern  tropical  evergreen  trees  with  yellow  juice. 
Other  species  yield  the  Mangosteen  fruit  and  bark, 
and  the  Kokum  butter.  The  gamboge  tree  is  a 
native  of  Cambogia.  Siam,  and  Cochin  China,  whence 
the  supply  of  the  gum  resin  for  European  and  Ameri- 
can consumption  is  obtained;  but  there  are  besides 
several  other  species  of  Garcinia  in  India,  China,  and 
the  Asiatic  islands,  which  supply  similar  products,  if 
not  exactly  the  same.  Gamboge  is  collected  by 
cutting  or  wounding  the  twigs  or  trunks,  when  the 
bright  yellow  latex  flows  slowly  out,  and  is  collected  in 
vessels,  usually  bamboo  joints,  fastened  at  the  lowest 
part  of  the  incisions.  Here  it  slowly  hardens,  or  is 
perhaps  dried  over  a  fire,  until  a  solid  mass  results,  of 
the  shape,  usually  cylindrical,  of  the  containing  vessel. 
The  bamboo  is  "then  split  off,  and  the  gamboge  is 
packed  in  large  boxes  for  transportation. 

That  thus  collected  in  bamboo  joints  is  known  as 
"pipe  gamboge."  Saigon,  or  "purse"  gamboge,  is 
collected  in  pockets  of  leaves  or  cloth,  sis  or  eight 
inches  long  by  three  or  four  broad.  It  is  usually  a 
little  darker  than  the  former.  When  run  or  massed 
into  large  blocks  or  tubs,  it  is  called  "cake  gamboge," 
or  "gamboge  in  sorts." 

The  pipe  gamboge  is  preferred,  not  only  because  it 
represents  the  typical  quality,  but  because  it  is  almost 
invariably  pure  and  clean.     The  large  cakes  are  liable 
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I'to  extensive  adulteration  with  stones  and  pieces  of 
'iron.  Being  often  formed  in  tubs  or  boxes,  the 
gamboge  is  very  apt  to  come  into  rontact  with  nails 
or  other  metal,  which  turns  it  dark  for  a  considerable 
distance  from  the  olTending  body. 

Gamboge  has  been  used  in  China  and  India  as  a 
pigment  for  many  centuries,  and  appeared  as  a  ]nu-ga- 
tive  in  iMU'ope  early  in  the  seventeenth  century.  Its 
use  in  medicine,  however,  has  always  been  insignifi- 
cant in  comparison  with  its  consumption  as  a  yel- 
low paint,  for  which  use  it  is  hardly  excelled  by  any 
pigincnt. 

The  best  of  that  which  reaches  us  is  in  cylindrical 
pieces,  usually  hollow  at  the  center,  two  to  five  centi- 
meters (1  to  2  in.)  thick,  longitudinally  striate  on  the 
surface;  fracture  flattish-conchoidal,  smooth,  of  a 
waxy  luster,  orange-red;  inodorous;  taste  very  acrid; 
powder  bright  yellow,  sternutatory;  free  from  starch. 

Gamboge  should  yield  not  less  than  seventy  per 
cent,  of  resin  and  not  over  three  per  cent,  of  ash. 

It  does  not  dissolve  in  water,  but  forms  a  very  fine, 
smooth,  yellow  emulsion  with  it,  and  it  is  wholly 
soluble  in  potassa  solution. 

Gamboge  contains  about  seventy-two  (Christison) 
per  cent,  of  yellow  resin  called  cambogic  acid,  an 
orange-yellow,  tasteless,  and  odorless  mass,  soluble  in 
alcohol  and  ether,  but  not  in  water,  having  the  pur- 
gative i^roperties  of  gamboge,  but  less  intensely  than 
the  crude  gum  resin  itself.  It  also  contains  fifteen  or 
more  per  cent,  of  gum,  a  little  water,  and  some  im- 
purities. Its  activity  is  proportional  to  the  percent- 
age of  resin  in  it. 

Action  and  Use. — This  is  one  of  the  most  violent  of 
hydragogue  cathartics,  producing  abundant  watery 
stools  and  considerable  griping,  on  which  latter  ac- 
coimt  it  is  not  often  now  given  alone,  or  for  its  full  ef- 
fect. It  is,  however,  frequently  added  in  small  doses 
to  the  other  cathartic  combinations,  and  experience 
has  proved  its  usefulness.  It  is  especially  valuable  in 
such  conditions  as  lead  colic  and  seasickness,  where 
the  bowel  requires  powerful  stimulation. 

The  full  dose  of  gamboge  is  about  0.3  gram  (gr.  v.), 
but  less  is  advisable  in  compositions;  the  maximum 
daOy  quantity,  by  the  German  Pharmacopoeia  is  one 
gram.  It  is  an  ingredient  in  the  compound  cathartic 
pills  {Pilules  Calharticx  Compositae,  U.  S.  P.),  each  of 
which  contains  about  a  quarter  of  a  grain. 

H.  H.  RusBY. 


Camden,  S.  C. — Situated  in  the  pinewood,  sandhill 
region  of  the  State,  about  thirty  miles  from  Columbia 
and  twenty  hours  from  New  York.  It  is  a  town  of 
about  3,500  inhabitants,  between  150  and  200  feet 
above  sea  level,  and  has  a  mild  sunny  climate.  The 
soil  is  very  dry  and  porous,  so  that  after  a  heavy 
shower  the  roads  are  not  wet,  the  water  quickly  soak- 
ing into  the  sandy  soil.  The  water  supply  and  drain- 
age are  said  to  be  good.  The  climate  data  are  as 
follows : 

Mean  temperature  (Fahrenheit):  spring,  61.90°; 
summer,  79.32°;  autumn,  62.26°;  winter,  45.16°. 
Average  annual  rainfall  for  twenty  years,  42.22  inches. 
The  coldest  noon  temperature  in  February,  1S90,  was 
50°;  in  March,  40°;  in  April,  50°.  The  warmest 
noon  temperature  was:  in  F'ebruary,  83°;  in  March, 
81°;  in  April,  86°  (Solly).  The  prevailing  winds  are 
south  and  southwest.  In  February  and  March 
there  are  some  high  winds,  but  generally  the  air  is 
remarkably  soft,  dry,  and  balmy.  "Frosts  occur  at 
night  only,  and  snow  is  exceptional."  The  exact 
number  of  sunny  days  is  not  known,  but  is  said  to  be 
large.  The  relative  "humidity,  though  not  known  for 
this  place,  is  probably  not  very  different  from  that  at 
Aiken,  which  is  fifty-nine  per  cent,  for  December, 
January,  and  February. 

The  especial  advantages  claimed  for  this  region  as  a 


health  resort  are  "its  dry,  balmy,  bracing  air,  with 
conditions  favorable  for  constant  out-of-door  life"; 
its  dry,  sandy  .soil ;  the  pines,  anil  its  easy  accessibility. 
Camden  would  appear  to  be  a  pood  resort  for  the 
open-air  treatment  of  pulmonary  tuberculo.sis,  in  its 
early  stages,  for  ca.ses  not  suitable  for  the  colder  regions 
or  altitudes;  also  for  convalescents  from  influenza, 
pneumonia  or  pleurisy,  chronic  bronchitis  with  mucli 
secretion,  asthma,  general  debility,  insomnia,  and 
for  tho.se  who  merely  desire  to  escape  the  dampness 
and  cold  of  the  Northern  winter.  The  accommo- 
dations are  good,  there  being  both  well-kept  hotels 
and  good  private  boarding-houses. 

Edwahd  O.  Otis. 


Cammidge  Reaction. — This  test  was  devised  by 
P.  ,J.  Cammidge  in  an  endeavor  to  discover  in  the 
urine  some  substance  which  should  be  indicative  of 
pancreatic  disease.  The  technique  of  the  reaction  as 
iinally  proposed  is  as  follows: 

The  urine  is  freed  from  albumin  (by  heat  and  acetic 
acid)  and  from  sugar  (by  fermentation)  and  filtered 
several  times  through  the  same  paper.  Forty  c.c.  of 
this  clear  filtrate  are  boiled  for  ten  minutes  with  2 
c.c.  strong  hydrochloric  acid  (.specific  gravity  1.16) 
in  a  small  Hask  with  a  funnel  condenser.  This  is  cooled 
and  diluted  up  to  40  c.c.  with  cold  w.ater.  Then  eight 
grams  of  lead  carbonate  are  added  slowly,  the  liquid 
allowed  to  stand  for  a  few  minutes,  cooled  again  in 
running  water  and  filtered  until  perfectly  clear.  The 
filtrate  is  then  shaken  well  with  eight  grams  powdered 
tribasic  lead  acetate  and  filtered  as  clear  as  possible, 
the  process  being  repeated  several  times  if  necessary. 
It  is  then  .shaken  well  ■with  four  grams  powdered 
sodium  sulphate,  heated  to  the  boiling-point,  cooled  in 
running  water  and  filtered  carefully.  Ten  c.c.  of  this 
perfectly  clear  transparent  filtrate  are  diluted  to  17 
c.c.  with  distilled  water  and  added  to  two  grams 
sodium  acetate,  0.8  gram  phenylhydrazin  hydro- 
chloride, and  1  c.c.  fifty-per-cent.  acetic  acid.  This 
is  boiled  for  ten  minutes  in  a  small  flask  with  a  funnel 
condenser,  filtered  while  hot  through  paper  moistened 
with  hot  water  and  the  filtrate  diluted  to  15  c.c.  with 
hot  water  if  necessary.  The  crystals  separate  in  a 
few  hours  in  a  characteristic  reaction,  but  it  may  be 
necessary  to  leave  the  preparation  over  night  before  a 
deposit  occurs. 

From  his  own  experience  Cammidge  was  led  to  be- 
lieve that  the  reaction  was  positive  in  the  majority  of 
cases  of  pancreatic  disease  and  negative  in  other 
affections.  As  the  observers  multiplied,  however,  and 
the  results  of  the  application  of  the  test  accumulated, 
it  became  obvious  that  the  claims  of  the  author  could 
not  be  substantiated.  It  was  frequently  positive  in  the 
urines  of  healthy  individuals  and  often  negative  in  those 
cases  in  which  the  pancreas  was  known  to  be  diseased. 
In  other  instances  the  results  would  vary  from  posi- 
tive to  negative  almost  daily.  In  1911  the  explana- 
tion of  these  anomalous  results  was  furnished  by  the 
work  of  Roper  and  Stillman.  These  authors  were 
able  to  show  that  the  so-called  "typical  crystals" 
were  in  fact  an  osazone  of  glycuronic  acid  and  that 
the  prescribed  technique  did  not  remove  all  of  th.at 
acid  from  the  urine.  They  were  able  repeatedly 
to  obtain  positive  reactions  in  urine  from  patients 
suffering  from  constipation  or  who  had  received 
large  doses  of  chloral,  in  both  of  which  conditions  the 
glycuronic  acid  excretion  is  increased.  Their  work 
was  later  confirmed  in  its  entirety  by  Maj'esima  who 
arrived  at  practically  the  same  conclusions.  Maye- 
sima's  article  contains  also  a  fairly  complete  bibliog- 
raphy on  the  subject.  As  a  result  of  this  work  the 
test  has  been  accepted  as  indicating  merely  an  in- 
crease in  the  conjoined  glycuronates  in  the  urine  and 
therefore  without  diagnostic  value  in  pancreatic  dis- 
ease.    Its  use  has  been  almost  completely  discontinued. 

Ralch  G.  Stillm.yn. 
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Campanulaceae. — (The  Harebell  or  Lobelia 
Family.)  This  family,  of  some  two  score  genera  and 
more  than  a  thousand  species,  is  of  greater  interest 
through  its  poisonous  species  than  through  its  medic- 
inal value.  Its  plants  represent  every  habit,  though 
the  most  of  them  are  herbs  and  there  are  no  large 
trees  among  them.  The  juice  is  milky  and  the  flowers 
are  mostly  showy.  They  inhabit  all  except  very  cold 
countries.  Of  the  three  subfamilies,  the  first,  Cam- 
panuloidce,  is  much  more  closely  related,  in  composi- 
tion and  properties,  to  the  distinct  family  Cichoriacece 
than  to  the  remainder  of  Its  own  famil_v,  and  it  appears, 
from  various  considerations,  to  be  a  mistake  to  class 
these  and  the  third  subfamily,  Lobelioidw,  in  the  same 
family.  The  CampanuloidsB  are  not  poisonous,  bvit, 
on  the  contrary,  produce  luimerous  wholesome  and 
nutritious  roots,  containing  inulLn,  and  some  of  their 
fruits  also  are  edible.  Of  the  Lobetioidce,  on  the  other 
hand,  one  or  more  species  will  be  found  recognized  in 
almost  every  country  as  deadly  poisons.  The  poison- 
ous constituents  are  chiefly  alkaloids.  As  poisons, 
they  are  classed  as  acrid  narcotics,  and  act  generally 
like  Lobelia  inflata,  which  see. 

Hexry  H.  Rusbt. 


Camphoid  is  a  substitute  for  collodion  made  by  dis- 
solving 1  part  of  soluble  gun  cotton  (pyroxylon)  in 
alcohol  containing  20  parts  of  camphor.  It  is  a  thick, 
colorless  liquid  which  dries  very  rapidly,  and  when 
painted  on  the  skin  leaves  a  thin  impervious  film.  It 
may  be  applied  as  protective,  or  a  vehicle  for  iodo- 
form, chrysarobin,  tannic  acid,  etc. 

W.   A.    B.^STEDO. 


Camphor. — Camphora.  The  dextrogyre  modifica- 
tion of  the  saturated  ketone  (CgHieCO)  obtained  from 
Cinnamomum  camphora  (Linn^)  Ness  et  Ebennaier. 
(Fam.  Lauracew)  and  purified  by  sublimation.  The 
camphor  plant  is  a  large  tree  of  slender  habit,  with 
long,  horizontal,  smooth,  green  branches,  and  a  hard, 
light-colored,  very  fragrant  and  valuable  wood.  The 
alternate  evergreen  leaves  are  dark  and  shining  above, 
lighter,  glaucous-green  beneath,  ovate  acuminate, 
entire,  three-nerved.  Flowers  minute,  greenish- 
yellow,  in  small  axillary  panicles.  This  tree  grows 
extensively  and  abundantly  in  Formosa  and  the 
Japanese  islands,  from  which  places  most  of  the 
world's  supply,  about  ten  million  pounds,  is  derived. 
It  has  also  been  transplanted  and  flourishes  in  most 
tropical  or  subtropical   countries  of  both  hemispheres. 

There  are  a  number  of  other  and  non-oflicial  cam- 
phors. The  best  known  areithe  Borneo  and  Ngai 
camphors.  The  former  is  collected  on  the  islands  of 
Borneo  and  Sumatra  from  Dryobalanops  camphora,  the 
latter  from  Blumea  balsamifera,  which  grows  abund- 
antly throughout  China  and  India.  The  increasing 
demand  for  camphor  in  the  arts,  particularly  in  the 
manufacture  of  celluloid  is  directing  attention  to  its 
production,  as  the  demand  is  exceeding  the  natural 
supply.  To  replace  this  deficiency  the  manufacture 
of  artificial  camphor  has  been  developed,  with  some 
measure  of  success.  A  more  important  measure  has 
been  the  planting  in  Formosa,  by  the  Japanese  govern- 
ment, of  many  millions  of  trees. 

Camphor  is  an  oxidation  product  of  the  essential 
oil  of  camphor,  which  is  abundantly  present  in  all  parts 
of  the  plant.  Very  frequently  it  is  found  in  a  more 
or  less  pure  state  beneath  the  bark,  having  separated 
from  the  oil. 
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Camphor  occurs  "in  white,  translucent  masses,  of  a 
tough  consistence  and  a  crystalline  structure,  readily 
pulverizable  in  the  presence  of  a  little  alcohol,  ether,  or 
chloroform;  havang  a  penetrating,  characteristic  odor, 
and  a  pungently  aromatic  taste.  Specific  gravity, 
0.995  at  1.5°  C.  Very  sparingly  soluble  in  water,  but 
readily  soluble  in  alcohol,  ether,  chloroform,  carbon 
disulphide,  benzin,  and  in  fixed  and  volatile  oils.  It 
melts  at  175°  C,  boils  at  204°  C,  and  is  inflammable, 
burning  with  luminous,  smoky  flame.  On  exposure 
to  the  air  it  evaporates  more  or  less  rapidly  at  ordinary 
temperature,  and,  when  moderately  heated,  it  sub- 
limes without  leaving  a  residue."  (U.  S.  P.)  The 
solubility  of  camphor  in  water  is  about  one  part  in 
1,300;  this  is  increased  by  the  presence  of  sugar, 
magnesia,  carbonic  dioxide,  and  spirit  of  nitrous  ether. 


i 


Fig.   1187. — Camphor  Tree.  Flowering  Branch.      (Baillon.) 

Camphor  is  absorbed  from  the  skin  and  mucous 
membrane,  and  is  found  unchanged  in  the  blood  and 
the  various  organs  and  tiss\ies.  The  kidneys  do  not 
excrete  it  unchanged,  but  it  is  thought  to  be  excreted 
by  the  lungs  and  skin.  In  its  action  camphor  is  anti- 
septic and  sfmmlant,  with  a  sedative  effect  following 
the  primary  stimulation.  This  action  is  exercised 
upon  the  surface  when  applied  externally,  and  when 
administered  internally,  the  same  effect  is  directed  to 
the  mucous  surfaces  with  which  it  comes  in  contact. 
It  is  particularly  comforting  in  "day-cough,"  and 
when  the  sense  of  suffocation  is  marked.  In  the 
stomach  it  stiimdates  the  muscular  coats,  adds  a 
sense  of  warmth,  and  refiexly  stimulates  the  heart  and 
abdominal  circulation.  After  absorption  its  action  is 
directed  to  the  cerebral  and  spinal  centers  through 
which  it  influences  the  heart  and  vascular  system. 

Camphor  is  not  now  employed  therapeutically  to 
the  extent  that  it  was  formerly.  It  is  of  value  in  car- 
diac and  circulatory  depression,  and  in  all  conditions 
in  which  rapid  stimulation  is  required;  as  in  typhoid 
conditions,  pneumonia,  edema  of  the  lungs,  and  dilata- 
tion of  the  heart.  In  chronic  depression  of  the  nerv- 
ous system  when  there  is  a  loss  of  control  it  is  a  useful 
stimulant  in  repeated  small  doses.  Hysteria,  chorea, 
epilepsy,  spermatorrhea,  and  melancholia  are  some  of 
the  conditions  in  which  it  has  been  employed.  Its 
excretion  by  the  skin  and  bronchial  mucous  membrane 
has  made  it  a  very  useful  diaphoretic  and  expectorant, 
and  in  febrile  states,  particularly  when  combined  with 
opium  and  other  diaphoretics,  it  has  always  been  rec- 
ognized as  of  much  service.  Its  action  upon  the 
genitourinary  organs  has  been  a  disputed  point.  It 
is  supposed  to  have  a  sedative  action  and  also  to 
possess  anaphrodisiac  properties.  After  its  continued 
use   it    certainly    acts   an   as   anaphrodisiac.     As   a 
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sedative  it  is  combiiicii  witli  bromides,  opium,  and 
hvoscyamus.  ,      ,      . 

"In  large  doses  caiiiplior  excites  the  brain  and  pro- 
duces a  form  of  intoxication.  Its  continued  use  pro- 
duces a  craving  for  the  drug,  and  it  has  been  shown 
that  a  camphor  habit  may  be  actiuired. 

The  dose  of  campluir  is  gr.  j.-v.  (O.Ofi-O.S).  It  may 
be  administered  liypodcrinically,  particularly  in  con- 
ditions of  collapse.  For  this  purpo.se  a  ten  per  cent, 
solution  in  oil  is  used.  It  may  be  given  in  jjills  or  cap- 
sules, or  in  powder  with  sugar,  or  the  spirit  of  camphor 
may  be  given  in  wine.  The  camphor  may  also  be  dis- 
solved in  ether  and  added  to  wine.  The  following 
forms  a  good  emulsion:  cam|)hor,  gr.  xy.;  ol.  olivse, 
5ij.;  nuicil.  acacise,  5v.;  syr.  simplicis,  5i- 

Monobromated  Camphor  (CioHisBrO). — This  is  a 
pubstitiition  compound  of  camphor  in  which  one  atom 
of  hydrogen  is  replaced  by  one  of  bromine.  It  is 
official  in  the  United  States  Pharmacopceia.  It  occurs 
in  colorless  prisms,  -with  a  taste  and  odor  of  camjjhor. 
It  is  almost  insoluble  in  water,  but  soluble  in  alcohol 
and  fixed  oils.  It  is  permanent  in  the  air  and  un- 
affected by  light.  This  compound  was  introduced  as  a 
nervous  sedative  and  antispasmodic.  It  is  employed 
as  a  cardiac  sedative,  in  hysteria  and  other  nervous 
affections,  and  for  the  relief  of  undue  sexual  excitement. 
It  has  also  been  used  as  an  hypnotic.  The  dose  is 
from  gr.  i.-v.  (0.06-0.3).  When  its  administration  is 
being  pushed  its  effect  requires  to  be  w-atched,  as  when 
given  in  excessive  doses  to  animals  it  produces  muscu- 
lar weakness,  paralyses,  and  depression  of  the  vital 
centers.  On  account  of  its  disagreeable  taste  it  is 
administered  in  pill  form,  in  capsules,  or  in  tablet 
triturates. 

Camphor  Oil. — The  oil  of  camphor  of  commerce 
is  separated  during  the  first  sublimation  and  is 
obtained  as  a  thin  fluid,  varying  in  color  from  a  light 
yellow  to  a  reddish-brown  according  to  age.  It  has 
a  strong  odor  and  taste  resembling  those  of  camphor. 
It  is  very  variable  in  character,  the  percentage  of 
camphor  "that  may  be  present  is  uncertain,  some 
samples  being  entirely  free  from  it.  The  oil  is  not  of 
much  therapeutic  value  in  this  country,  although 
thought  much  of  in  China  and  other  Eastern  countries, 
where  it  is  employed  not  only  for  its  remedial  prop- 
erties but  also  as  a  turpentine  in  the  preparation  of 
India  ink  and  varnishes.  It  is  also  used  as  an  illumi- 
nant.  Its  action  is  similar  to  that  of  camphor,  and  it 
is  recommended  in  the  same  conditions  in  doses  of 
mi.-iii-  (0.06-0.2). 

Camphoric  Acid  (CioHioOi).— This  is  an  oxidation 
product  of  camphor,  and  may  be  prepared  by  heating 
camphor  with  nitric  acid.  The  acid  forms  in  small 
colorless  needles  or  plates,  odor  faintly  aromatic, 
taste  acid  and  bitter,  very  sparingly  soluble  in  cold 
water,  more  soluble  in  hot,  soluble  in  alcohol  and 
ether.  Ten  per  cent,  of  alcohol  added  to  hot  aqueous 
solution  prevents  the  acid  from  being  deposited  on 
cooling.  This  acid  has  long  been  known,  but  it  is  only 
during  the  last  few  years  that  its  therapeutic  prop- 
erties have  been  utilized.  Its  chief  use  is  in  the 
treatment  of  diseases  of  the  respiratory  tract  and  as 
a  preventive  of  night  sweats.  For  the  latter  pur- 
pose it  is  one  of  the  most  valuable  additions  to 
our  materia  medica. 

The  dose  as  an  anhidrotic  is  gr.  xxx.  (2.0)  at  bed- 
time, or  gr.  XV.  (1.0)  during  the  afternoon  and  the 
same  dose  repeated  at  bedthne.  The  action  is  not 
rapid,  and  in  some  instances  no  effect  has  been  noticed 
until  the  following  day.  The  effect  of  a  single  dose 
often  continues  for  several  days.  It  does  not  in  any 
way  interfere  with  the  appetite  or  digestion,  and  in 
most  instances  a  quiet  sleep  follows  its  use.  As  the 
taste  is  somewhat  disagreeable,  it  is  best  administered 
in  wafers  or  capsules. 

In  diseases  of  the  mucous  membrane  of  the  respira- 


tory tract,  comphoric  acid  is  used  by  applying  locally 
and  as  a  spray.  In  acute  coryza,  pharyngitis,  and 
laryngitis,  a  half-  to  one-per-cent.  solution  may  be  used 
(!Very  three  hours,  or  tampons  saturated  in  the  solu- 
tion may  be  introduced  into  the  nasal  cavities;  in 
ulcerated  throat,  a  solution  of  two  to  six  per  cent,  may 
be  ai)i)lied. 

lutcrnally,  it  is  also  used  for  catarrhal  diarrhea  and 
when  intestinal  antisepsis  is  desired,  the  dose  being 
from  gr.  v.  to  gr.  xv.  (0.3-1.0).  It  is  excreted  by  the 
kiilneys  and  renders  the  urine  clear  and  acid  in  two 
or  three  hours. 

In  cystitis,  when  the  urine  is  alkaline,  it  has  proved 
of  benefit.  In  this  condition  it  is  also  u.sed  as  a  wash 
in  a  half  of  one-iier-cent.  sohition.  The  bladder  is  to 
be  irrigated  twice  a  day ,  about  an  ounce  of  the  solution 
being  left  behind.  Beaumont  Small. 


Camphor  Salicylate. — This  is  a  compound  of 
eighty-four  parts  of  camphor  with  .sixty-five  parts  of 
salicylic  acid.  It  occurs  as  a  crystalline,  camphor- 
like  ma.ss,  or  it  may  be  made  to  crystallize  out  from 
its  solution  in  benzol.  It  is  insoluble  in  water  and 
glycerin,  soluble  in  alcohol,  in  mineral  oils,  and  in 
twenty  parts  of  olive  oil.  Used  internally  as  an  intes- 
tinal anti.septic  and  carminative,  it  acts  in  the  alimen- 
tary tract  like  .salol.  Its  systemic  effect,  however,  is 
not  marked,  and  its  internal  use  has  up  to  the  present 
been  confined  mostly  to  the  summer  diarrheas.  The 
dose  is  gr.  i.  to  v.  (0.06-0.3).  In  lupus  and  other 
skin  diseases  it  is  applied  locally  in  the  form  of  an 
ointment  or  liniment  of  from  five-  to  twenty-per-cent. 
strength.  W.  A.  Bastedo. 

Camps,  Hygiene  of. — See  Military  Hygiene. 

Camptodactyly. — An  affection  first  described  and 
named  by  Landouzy  in  1S8.5.  Meaning  literally 
"bent  fingers"  it  denotes  an  acquired  deformity  and 
not,  as  its  name  might  suggest  to  some,  a  congenital 
malformation.  The  same  name  has  al.so  been  given 
to  another  acquired  deformity  seen  in  connection  with 
Heberden's  nodes,  and  might  readily  be  applied  to 
various  affections  secondary  to  diseases  of  the  joints 
and  aponeuroses,  tendons,  muscles,  etc.  It  is  there- 
fore important  to  determine  whether  there  really 
exists  an  independent  primary  affection  which  is  in 
no  wise  affiliated  with  others  already  known.  This 
task  is  by  no  means  simple,  for  some  of  the  most 
characteristic  cases  of  camptodactyly  have  been  de- 
scribed in  connection  with  certain  well-known  arthro- 
pathies. It  seems  certain,  however,  that  this  associa- 
tion represented  a  pure  coincidence. 

Our  knowledge  of  this  affection  is  based  largely 
upon  the  thesis  of  H.  Crepin  (Paris,  1908),  who  ana- 
lyzed 100  ca.ses  selected  according  to  Landouzj-'s 
criteria.  In  two-thirds  of  this  number  the  deformity 
was  bilateral.  In  the  unilateral  cases  the  right  hand 
was  affected  more  frequently  than  the  left  in  the 
proportion  of  about  3  to  2. 

In  seventy-six  patients  but  one  finger  of  a  hand  was 
affected — nearly  always  the  little  finger.  In  twenty- 
four  patients  more  than  one  finger  of  a  hand  was  in- 
volved— either  the  third  or  middle  finger,  one  or 
both,  in  addition  to  the  little  finger.  Only  rarely 
was  the  index  finger  involved. 

Let  us  now  consider  the  character  of  the  deformity. 
When  the  open  hand  is  placed  palm  downward  on  a 
flat  surface,  the  affected  finger  is  seen  to  be  bent 
after  one  of  three  fashions,  according  as  the  condition 
affects  one  or  both  of  the  tw-o  interphalangeal  joints. 
In  the  first  type  there  is  a  marked  flexion,  amounting 
in  certain  cases  to  as  much  as  90°  at  the  proximal 
interphalangeal  joint,  the  distal  articulation  being 
normal.  In  the  .second  type,  with  both  articulations 
flexed,  the  deformed  finger  assumes  the  shape  of  a 
hook.     Finally,  in  the  third  type,  the  proximal  articu- 

591 


Camptodactfly 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


lation  is  flexed  and  the  distal  one  extended.  This 
latter  type  was  seen  in  twelve  of  the  cases  collected 
by  Crepin. 

Pathognomonic  of  camptodactyly  is  the  absolute 
irreducibility  of  the  deformity.  The  bent  finger 
cannot  be  straightened,  although  it  may  be  bent  to 
a  further  degree.  The  patient  does  not  appear  to  be 
incapacitated  in  any  way,  and  there  are  even  patients 
so  unobservant  as  to  be  unaware  of  their  deformity. 
There  are  no  sensory  disturbances,  nor  collections  of 
fluid  in  or  about  the  articulations. 

Landouzy,  who  had  the  opportunity  of  studying  the 
diseased  articulations  histologically,  stated  that  the 
condition  represents  a  minimal  sclerosis  of  the  fibrous 
capsule  of  the  joints.  The  articular  surfaces  and 
synovial  membranes  are  absolutely  intact.  The  eti- 
ology and  pathogenesis  are  so  obscure  that  they  can 
be  approximated  only  by  enumeration  of  certain  pre- 
dominances. Women  are  affected  much  more  fre- 
quently than  men,  and  the  elements  of  actual  trau- 
matism and  professional  overuse  may  almost  be 
neglected.  A  few  well-marked  cases  have  occurred 
in  young  children,  while  the  majority  supervene  dur- 
ing youth  as  if  the  affection  were  largely  develop- 
mental. Of  great  significance  is  the  very  frequent 
association  of  scrofulous  and  tuberculous  accidents  in 
the  stock  from  which  the  patients  are  derived.  In 
not  a  few  cases  the  lesions  coexist  with  pulmonary' 
tuberculosis;  also,  however,  with  non-tuberculous 
chronic  affections  of  the  chest.  This  coincidence  calls 
to  mind  that  other  deformity  of  the  fingers  known  as 
pulmonary  osteoarthropathy,  which,  however,  seems 
quite  distinct  throughout  from  camptodactyly. 

Another  element  which  has  often  been  seen  to  co- 
exist with  the  latter  affection  is  vasomotor  in  charac- 
ter, such  as  is  responsible  for  the  so-called  acronoses. 
These  include  cyanosis  and  h}'peridrosis  of  the  digits. 
But  like  the  ordinary  phenomena  of  arthritism  which 
sometimes  coexist,  this  may  be  the  result  of  pure  coin- 
cidence. We  may  feel  certain,  however,  that  the 
eighty-seven  per  cent,  of  associated  tuberculosis  al- 
read\-  mentioned  is  highly  significant,  so  that  campto- 
dactyly may  almost  be  regarded  as  a  paratuberculosis 
of  the  joint' capsules.  From  this  viewpoint  any  asso- 
ciated arthritis  in  a  tuberculous  subject  might  be 
reckoned  under  Poncet's  tuberculous  rheumatism. 
The  tuberculous  factor  makes  the  presence  of  campto- 
dactyly in  a  j^oung  subject  of  considerable  prognostic 
significance.  In  the  old  it  maj'  point  to  the  possibility 
of  a  healed  tuberculosis. 

The  silence  of  Crepin  concerning  treatment  is  intel- 
ligible when  we  bear  in  mind  the  essential  refractori- 
ness of  the  affection  in  connection  with  the  absence 
of  functional  disability.  Edw.^^rd  Preble. 


Canada  Balsam. — Balsam  of  Fir.  The  liquid 
oleoresin  obtained  from  lacunae  in  the  bark  of  Abies 
balsamea  (L.)  Miller.  This  fine,  tall  tree  is  abundant 
in  the  Northeastern  United  States,  northward  and 
northwestward.  Its  leaves  are  much  in  demand  for 
making  "balsam  pillows,"  which  are  delicioush- 
fragrant.  Its  buds  are  often  sold  as  balm  of  Gilead 
buds,  but  this  name  properly  applies  to  those  of 
Populus  candicans.  The  oleoresin  is  collected  by 
breaking  the  blisters  upon  the  bark  and  catching  the 
exudation.  It  is  of  a  pale-yellow  color,  absolutely 
clear  and  transparent,  somewhat  viscid,  aromatic,  and 
bitter.  It  is  insoluble  in  alcohol  and  water,  but 
dissolves  in  ether  and  chloroform.  It  possesses  the 
ordinary  stimulant  antiseptic  and  expectorant  prop- 
erties of  the  family  (see  Coniferce),  and  is  given  in 
doses  of  gr.  v.  to  xxx.  (0.3-2.0).  It  is  more  largely 
used  in  microscopical  mounting  than  otherwise,  for 
which  its  perfect  transparency  peculiarly  fits  it. 

Henry  H.  Rusbt. 


Canadian  Hemp. — See  Apocynum. 
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Canadian  Medical  Association. — This  associa- 
tion was  founded  at  a  meeting  of  the  profession  at 
Quebec  in  1S67,  under  the  presidency  of  the  late 
Dr.  Bayard  of  St.  John's,  N.  B.  For  a  number  of 
years  it  met  annually  for  the  reading  and  discussion 
of  papers  and  such  other  matters  as  might  arise 
pertaining  to  the  profession;  but  no  systematic 
organization  upon  modern  principles  was  made  until 
1900,  when  an  up  to  date  constitution  was  adopted. 
Incorporation  by  the  Dominion  Ciovernment  was 
obtained  in  1910.  In  1911  The  Canadian  Medical 
Association  Journal  was  established  and  is  published 
monthly. 

The  management  is  in  the  hands  of  the  Executive 
Council.  This  is  formed  of  fifteen  members  elected 
at  the  annual  meeting  and  delegates  from  the  affiliated 
provincial  associations;  one  for  the  first  fifty 
members,  one  for  the  succeeding  hundred  and  fifty, 
one  for  an  additional  hundred  and  fifty,  and  one  for 
each  three  hundred  members  after  that  number.  The 
Executive  Council  elects  from  among  its  members  a. 
Finance  Committee  of  five  who  carrj-  on  the  work 
during  the  year. 

Any  legally  qualified  regular  practitioner  is  eligible 
for  membership.  The  annual  fee  is  five  dollars, 
which  includes  a  subscription  to  the  Journal. 

The  meetings  are  held  in  the  various  Canadian 
cities.  The  president  is  selected  from  the  province 
in  which  the  meeting  is  held,  and  the  Provinical 
Association  merges  its  meeting  with  that  of  the  par- 
ent association.  Be.\u.mont  Sm.\ll. 


Canary  Islands. — These  i.'ilands,  justly  celebrated 
for  their  admirable  climate  and  beautiful  scenery,  lie 
between  the  27th  and  2Sth  north  parallels  of  latitude, 
five  degrees  north  of  the  tropics,  and  in  longitude 
113°  to  18°  W.  The}'  are  in  about  the  same  latitude 
as  Florida,  Southern  California,  Southern  Texas, 
Northern  Egypt,  and  the  Desert  of  Sahara.  They 
are  from  120  to  170  miles  distant  from  Africa,  and 
may  be  reached  by  steamer  from  Plymouth  or  South- 
ampton, England,  in  from  five  to  eight  days;  and 
from  Cadiz,  Lisbon,  Gibraltar,  Marseilles,  or  Genoa, 
in  three  or  more  da3-s.  The  islands  (of  volcanic 
origin)  are  seven  in  number;  but  the  two  generally 
visited  by  invalids  and  always  meant  when  the  Canary 
Islands  are  referred  to,  are  Tenerife  and  Gran  Canada, 
about  thirty  miles  from  each  other.  In  these  islands 
Las  Palmas  in  Gran  Canaria,  and  Orota\'a  in  Tenerife 
are  the  towns  usually  resorted  to.  The  climate  is 
characterized  by  medium  dryness,  a  large  amount 
of  sunshine,  equableness,  and  a  stimulating  quality; 
in  brief,  it  is  a  moderately  dry  marine  climate.  "The 
Canaries  lie  in  the  region  of  the  dry.  northerly  trade 
winds,  which  are  the  prevailing  winds  throughout 
the  year,  u.sually  blowing  about  240  daj's  out  of  the 
365,  but  more  strongh'  and  almost  without  break 
during  the  summer  months;  hence  the  mean  maxi- 
mum temperature  of  the  summer  months,  which  is 
about  77°,  is  lower  than  might  be  expected  for  the 
latitude"  (Melland). 

.\s  both  Tenerife  and  Gran  Canaria  are  mountainous, 
the  mountains  rising  to  the  height  of  6,000  feet  or 
more,  there  is  both  a  shore  and  a  mountain  climate. 
For  the  summer,  Melland  considers  the  mountain 
climate  superior  to  that  of  the  shore  in  the  treatment 
of  lung  diseases  and  already  hotels  adapted  for 
invalids  have  been  erected  in  these  higher  regions. 
During  the  winter  months  Las  Palmas,  of  which 
MeUand  especial!}'  writes,  is  to  be  preferred,  he  says, 
for  cases  of  early  phthisis  and  rheumatism,  to  some 
of  the  other  health  resorts  of  the  island,  on  account 
of  the  clear  sky,  free  radiation,  and  abundance  of 
sunlight.  These  advantages  of  Las  Palmas  are  due 
to  its  geographical  position  away  from  mountains 
and  northern  slopes.  The  vegetation  of  these 
islands  is  rich  and  varied;  the  date,  palm,  pepper, 
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iiiui  riu'alyptiis  are  some  uf  the  trees  fouinl  tliero; 
ami  of  fruits  tliere  are  oranges,  apples,  pears,  peaelies, 
j)iuiiis,  tigs,  grapes,  guavas,  l)ananas,  pomegranates, 
and  prieiily  pears.  Tlic  flora  is  very  extensive  and 
the  variety  of  plants  great.  "Anything  put  into  tlie 
ground  will  grow,"  says  Mrs.  Stone. 

Tlie    nieteorologieal    observations,    taken    at     Las 
Paimas,  are  given  by  Melland  as  follows: 
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Shade  temperatures. 
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*  Total. 

The  small  diurnal  range  of  temperature  is  to  be 
especially  noted,  as  well  as  the  slight  variations  from 
one  month  to  another.  The  rainfall  is  very  incon- 
siderable, and  there  is  the  small  number  of  forty- 
nine  days  upon  which  any  rain  fell.  Each  day  gave 
an  average  of  over  five  hours  and  a  half  of  sunshine. 
The  relative  humidity  greatly  decreases  as  one 
ascends  into  the  mountain  regions. 

The  following  observations  for  Orotava  are 
condensed  from  various  observers: 


.Months  ol 
winter. 


Xovember. 
December, 
•tanuary . . . 
February. . 
March 


Average 

temperature, 
degrees. 


Average  for 
winter. 


66.97 
65.05 
62.88 
61.1 
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Mean  daily  j  sunshine, 

/a°g«'       I      hours 
degrees.      !  jj^^ 


Relative 
humidity, 
per  cent. 


11.8 
11.2 
11.2 
12.1 
11.9 

11.6 


Hrs.  Min. 


5  48 

5  42 

5  47 
7  32 

6  12 


67.3 
63.2 
61.5 
68.6 
66.9 

65.5 


The  temperature  of  Orotava,  .says  Gihon  (Trans- 
ictions  of  the  American  Climatological  Association, 
1889),  never  falls  below  50°  F.  or  rises  above  82°  F., 
and  attains  the.se  extremes  only  on  rare  occasions. 

"The  February  of  Orotava,"  continues  the  same 
writer,  "is  the  June  of  London,  the  May  of  Paris,  and 
the  April  of  Rome,  Nice,  and  Cannes."  In  Orotava 
storms  are  unknown,  and  linen  garments  may  be 
worn  the  entire  year.  "  Here,  if  anywhere,"  to  again 
[UOte  Gihon,  "reigns  perpetual  spring,  without  fogs 
md  frosts,  where  the  .sap  never  dies,  where  rain 
seldom  falls,  winds  and  storm  are  scarcely  known, 
ind  burning  heat  is  never  felt." 

From  observations  taken  at  Las  Paimas,  it  is  seen 
that  the  six  warmest  months  are  from  June  to 
N'ovember,  with  a  mean  temperature  of  7L7°  F.; 
uid  that  the  six  coldest  months  are  from  December 
')  .May,  with  a  mean  temperature  of  63.5°  F.  Sep- 
:cmber  and  October  are  the  hottest  months,  with  a 
uean  temperature  of  73.5°  F.;  but  they  differ  from 
:he  coldest  month,  February,  by  onlj'  13.5°  F. 
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The  mountain  climate  of  the  Canaries,  at  an 
altitude  of  from  1,300  to  5,000  feet,  difler.s  from  that 
on  the  coast  by  increa.sed  dryncs.s — tiie  relative 
humidity  at  the  village  of  \illa  Fior  (4,300  feet)  for 
the  moiith  of  August  being  thirty-five  per  cent.;  by 
tlie  ab.sence  of  the  nortiierly  trade  winds;  by  the 
absence  of  rain  during  the  summer;  by  a  greater 
range  of  temperature;  by  a  more  invigorating 
atmo.sphere;  and  by  almost  continuous  blue  skies. 
The  summer  is  the  proper  season  for  visiting  the 
highlands,  us  the  climate  is  then  at  its  best.  "  Here," 
says  Brown  (".Madeira  and  the  Canary  Lslands,"  by 
A.  Lander  Brown,  London,  ISOC),  "the  invalid  may 
live  for  months  tinder  a  rainless  blue  sky  and  in  a 
genial  climale,  wandering  among  gorgeous  forests 
and  magnificent  precipices;  below  him  a  vast  sea  of 
billowy  cloud  out  of  which  the  summits  of  the  other 
islands  ri.se,  beckoning  him  to  new  explorations." 
Melland  considers  the  mountain  climate  much  more 
rapidly  curative  in  cases  of  earlj'  phthisis  than  that 
of  the  coast.  In  some  of  the  mountain  stations,  as 
at  Laguna  (1,800  feet)  in  Tenerife,  there  are  good 
accommodations,  and  camping  is  al.so  a  not  infre- 
cpient  method  of  living  in  the  higher  altitudes. 
Orotava  consists  of  the  town,  or  Villa  de  la  Orotava, 
at  an  altitude  of  1,100  feet,  and  tliree  miles  distant 
from  this  is  the  Puerto  de  la  Orotava  on  the  coast; 
it  is  the  latter  locality  to  which  invalidsresort.  Round 
about  these  two  Orotavas  and  including  them  is  the 
famous  Orotava  valley,  which  Huinlioldt  considers 
"  the  loveliest  scene  in  the  world,"  and  of  which  M.  J. 
Leclercq,  in  the  Annuaire  du  Club  Alpin  Fran^aise, 
1S79.  writes:  "I  have  seen  sights  more  varied,  more 
striking,  and  a  more  brilliant  sky:  vegetation  is 
more  thoroughly  green  in  the  celebrated  Cintra 
Valley  in  Portugal,  which  Bryon  considered  the 
most  "delicious  locality  in  Europe;  but  where  can  be 
found  those  mountains  and  classic  beauty,  tho.se 
velvety  tints,  that  soft  and  balmy  atmosphere,  that 
moderate  temperature,  notwithstanding  the  vicinity 
of  the  torrid  zone,  that  charm  impossible  to  de- 
fine?" 

And  of  its  climate  W.  ^'ignal  writes  (Brilish 
Medical  Journal,  1893):  "I  do  not  think  it  possible 
to  find  anywhere  a  more  perfect  climate,  and  as  far 
as  I  know  there  is  none  comparable  to  it." 

From  May  to  August  there  is  no  rainfall  at  Orotava, 
and  the  annual  precipitation  is  thirteen  inches. 
The  average  number  of  rainy  daj's  is  fifty-one;  and 
the  rain  falls  most  frequently  at  night.  The  tempera- 
ture of  sea  water  is  lowest  in  Marcn,  G4°;  and  highest 
in  July,  68°  (Solly,  "Medical  Climatology"). 

In  comparing  the  Canaries  with  Madeira,  the  former 
have  in  common  with  the  latter  the  equability  of 
climate,  but  they  have  a  .slightly  higher  temperature 
and  are  considerably  drier,  the  relative  humidity 
from  November  to  April  at  Orotava  being  (i4.9  per 
cent.,  and  at  Funchal,  Madeira,  during  the  same  time, 
72  per  cent.  The  Canaries,  say  'Weber  and  Foster, 
"have  a  greater  claim  as  health  resorts  than  Madeira 
and  offer  good  accommodations,  but  are  much 
wanting  in  means  of  amu.sement."  The  accom- 
modations at  Las  Paimas  and  Orotava,  and  at  .some 
of  the  other  towns  in  the  islands,  are  good  and  abun- 
dant. The  water-supply  at  Las  Paimas  and  Orotava 
is  brought  from  the  mountain,  and  is  of  good  quality. 
There  is  no  general  drainage  system,  but  eacii  hotel 
has  its  own  private  water  drainage  system;  in  general, 
cesspools  prevail.  The  soil  is  porous  and  dries 
rapidly  after  rain.  Zymotic  di.sea.ses  are  not  common. 
At  Las  Paimas  quite  recently  a  cold-storage  and 
freezing  establishment  has  been  opened,  and  a  build- 
ing estate  developed,  with  villas  suitable  for  residents 
and  visitors.  At  present  most  of  the  invalids  and 
visitors  come  from  England. 

The  di.sea.ses  for  which  the  climate  of  the  Canaries  is 
favorable  are  incipient  phthisis  for  an  arrest,  and 
advanced   phthisis  for  alleviation,  in  cases  of  feeble 
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nutritive  power.  As  Huggard  so  well  puts  it,  "the 
climate  that  makes  that  demand  on  the  assimilative 
powers  generally  to  which  the  organism  can  best 
respond  is  that  which  will  secure  the  highest  resistive 
power  to  tubercular  disease,  be  it  a  cold  or  a  warm 
climate."  Las  Palmas  or  the  port  of  Orotava  in  the 
winter,  and  the  mountains  in  tne  summer — scrofula, 
chronic  bronchitis,  heart  diseases  and  Bright's  dis- 
ease, and  rheumatism. 

While  we  have  a  climate  in  many  respects  similar 
to  that  of  the  Canaries,  in  Southern  CaHfornia,  more 
especially  inland,  and  in  some  portions  of  the  South- 
west, the  novelty  of  the  change,  the  ocean  voyage, 
and  the  variety  and  beauty  of  the  scenery  of  tne 
"fortunate  isles"  may  tempt  some  invalids  to  try 
its  mild,  sunny  climate  and  pure  atmosphere,  and 
enjoy  the  "equability  of  an  island  climate  combined 
with  the  dryness  of  a  continental  one." 

For  a  more  extended  account  of  the  Canaries  the 
reader  is  referred  to:  "  Tenerife  and  Its  Six  Satellites," 
by  Olivia  M.  Stone,  1SS7:  "Madeira  and  the  Canarv 
Islands,"  by  A.  Lander  Brown,  1896:  "The  Canaries 
for  Consumptives,"  by  E.  Paget  Thurstan,  1889; 
"CUmatic  Treatment  in  Grand  Canary,"  bj^  Brian 
MeOand,  in  The  Medical  Chronicle,  Manchester,  Eng- 
land. 1S97;  "The  Canarv  Islands  asa  Health  Resort," 
bv  John  Whitford.  1S90:  "The  Therapy  of  Ocean 
climate,"  by  .\lbert  H.  Gihon,  M.  D.;  in  the  Trans- 
actions of  the  American  CUmatological  Association, 
1889;  "Madeira  and  the  Canary  Islands."  fifth  edi- 
tion, 1898,  by  Samler  Brown;  Huggard,  "Handbook 
of  Climatic  Treatment,"  1906. 

Edward  O.  Otis. 


Cancer,  General  Etiology,  Diagnosis,  and 
Treatment. — For  the  purposes  of  this  discussion 
"cancer"  wQl  be  taken  to  mean  malignant  tumor  and 
not  necessarily  a  malignant  tumor  of  epithelial  origin. 
Many  of  the  characteristics  common  to  all  malignant 
tumors  are  more  important  than  the  differences  be- 
tween them  depending  upon  the  different  histological 
structure  of  the  tissues  comprising  them.  Moreover, 
certain  facts  about  malignant  tumors  of  non-epithelial 
type  throw  light  upon  the  life  history  of  cancers  of 
epithelial  origin.  In  one  sense,  therefore,  the  popular 
definition  of  cancer,  that  is,  a  malignant  tumor,  is  the 
best  one.  But  of  course,  this  definition  does  not 
really  define — for  what  is  "tumor?" 

At  one  time  tumor  meant  any  unusual  sweUtng  and 
the  term  is  still  used  in  this  general  sense  by  medical 
writers,  especially  those  using  the  German  language. 
Gradually,  however,  the  tendency  has  been  to  restrict 
the  meaning  of  the  word.  In  the  first  place,  the  In- 
crease in  bulk  of  any  part  of  the  body,  due  to  the  dis- 
placement of  natural  parts  as  exemplified  by  herniae 
of  all  sorts,  have  been  excluded.  The  same  fate  fol- 
lowed such  masses  as  are  produced  by  the  accumu- 
lation and  "backing  up"  of  any  glandular  secretion 
leading  to  increase  in  the  size  of  the  gland  affected  or 
of  the  reservoir  pro\'ided  for  storage  of  the  secretion. 
As  examples  of  such  masses  may  be  named  the  swollen 
parotid  gland  in  the  obstruction  of  its  duct,  an  en- 
larged gall-bladder,  and,  if  excretions  be  considered, 
an  overdistended  urinary  bladder.  More  difficult  dif- 
ferentiation attended  the  analysis  of  such  Increase  in 
volume  as  is  dependent  upon  inflammation;  this  is 
attended  with  real  increase  of  tissue,  and  Increase  of 
tissue  has  alwaj-s  been  looked  upon  as  one  of  the  ear- 
marks of  timiors.  However,  it  soon  became  evident 
that  such  swellings  must  likewise  be  excluded:  they 
frequently  receded  as  soon  as  Inflammation  was  over; 
they  were  easily  affected  by  various  mechanical  and 
chemical  therapeutic  procedures;  furthermore,  the 
light  thrown  upon  them  by  the  progress  in  our  knowl- 
edge of  infectious  disease  showed  that  In  numerous  In- 
stances the  real  excitants  of  these  swellings  could  be 
isolated  and  could  be  made  to  produce  similar  swell- 


ings in  animals.  In  cases  where  such  isolation  has  so 
far  been  impossible,  analogy  justifies  us  m  thinking 
that  similar  excitants  of  disease  maj-  be  present  but 
have  j'et  escaped  discovery  because  of  the  limitation 
of  our  physical  means  of  Investigation.  Finally, 
niimerous  instances  of  physiological  and  pathological 
hypertrophy  have  been  excluded  from  our  considera- 
tion of  tumor;  for  example,  the  pregnant  uterus,  the 
hj-pertrophied  heart,  the  enlarged  thyroid  gland,  the 
functionating  breast. 

All  these  then  are  not  tumors.  The  latter  cannot  be 
defined  at  the  present  state  of  our  knowledge  of  them, 
but  they  may  be  described  as  persistent  masses  of 
atypical  and  newly  formed  tissue ,  of  unk  no  wn  etiology , 
usually  developed  from  a  single  starting-point;  in- 
dependent of  the  general  piuposes  of  the  organism  of 
which  they  are  part,  and  therefore  subserving  no 
useful  function;  capable  to  a  great  degree  of  increasing 
in  size  at  the  expense  of  the  surrounding  structures 
and  of  the  body  welfare  in  general. 

This  description  Is  certainly  Imperfect  and  its 
imperfections  are  due  to  our  ignorance  of  the  causes 
of  tumors.  The  difficulty  is  perhaps  best  Illustrated 
by  considering  the  history  of  tiiberculosis.  The 
many  descriptions  characterizing  this  disease  went 
b}^  the  board  as  soon  as  its  Infectious  nature  and 
its  excitant  were  demonstrated.  Tuberculosis  now 
simply  means  the  phenomena  caused  by  the  lodgment 
and  growth  of  tubercle  bacilli  in  the  organism  together 
with  the  consequences  of  such  growth.  This  defini- 
tion is  ample  and  exclusive  and  there  is  no  necessity 
for  recounting  what  the  phenomena  of  tuberculosis 
are;  they  differ  with  the  localization  of  infection,  with 
the  age  and  condition  of  the  patient,  with  the  duration 
of  the  disease  and  finally  with  the  treatment  pursued. 
Tumors,  on  the  other  hand,  are  known  to  us  only  by 
their  phenomena  and  there  is  no  unifying  factor  such 
as  a  common  etiology  to  group  these  coniiitions  under 
a  simple  definition.  For  all  we  know  the  phenomena 
which  we  call  cancer  disease — die  Krebskrankheit  of 
the  Germans — are  really  common  to  different  con- 
ditions and  there  may  be  cancer  diseases  as  different 
from  each  other  as  chancroid  and  chancre,  for  in- 
stance, which  at  one  tune  were  likewise  gathered  in 
one  group  of  venereal  sores. 

Malignancy  distinguishes  cancers  from  other  tumors 
and  the  term  must  not  be  confounded  with  the  mere 
gravity  of  the  affection  so  far  as  prognosis  is  concerned. 
The  latter  depends  very  much  upon  the  site  of  the 
tumor  and  not  merely  upon  its  character.  A  per- 
fectly benign  tumor  may  mean  speedy  death  to  the 
patient  If  It  is  situated  in  the  brain,  for  instance,  and 
is  not  accessible  to  operation.  Tumors  of  whatever 
character  pressing  upon  the  respiratory  passages  may 
likewise  be  of  very  grave  import.  On  the  other  hand, 
a  malignant  tumor  like  epithelioma  may  spread  so 
slowly  as  to  be  quite  compatible  with  good  health  and 
fair  comfort  of  the  patient  for  many  years.  Williams 
names  the  following  characteristics  of  malignancy: 
(1)  Persistence,  with  a  tendency  to  softening  and 
necrosis;  (2)  an  infiltrating  mode  of  growth  so  that 
the  margin  of  the  tumor  Interpenetrates  and  destroys 
the  surrounding  structures;  (3)  dissemination,  by 
which  is  meant  the  power  of  the  primary  tumor  to 
form  secondary  tumors  like  itself:  (a)  in  the  vicinity 
of  the  primary  "tumor,  (6)  in  the  adjacent  lymph  glands, 
etc.,  (c)  in  distant  parts  of  the  body,  such  as  the  liver, 
lungs,  bones,  etc.;  (4)  recurrence,  or  the  power  of  the 
tumor  to  grow  again,  even  after  the  most  drastic 
attempts  to  ensure  its  complete  destruction  by  the 
knife,  fire,  caustics,  etc.;  and  (5)  cachexia,  or  a  certain 
Impairment  of  the  general  health  with  wasting.  A 
few  remarks  upon  the  etiology  of  cancer  must  precede 
the  discussion  of  these  cUnical  phenomena  of  the 
disease. 

Specl\l  Etiology. — The  special  etiology  of  cancer 
is  closely  bound  with  etiology  of  tumors  ui  general 
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and  is  not  within  the  limits  of  the  present  discussion 
(see  article  Tumors,  in  this  Handbook).  Here  it  need 
only  be  stated  that  the  various  theories  regarding  the 
causation  of  cancer  may  be  gathered  under  two 
general  headings:  the  parasitic  theories,  and  the 
theories  of  cell  autonomy.  It  has  been  abundantly 
proved  that  parasites  may  have  a  certain  etiological 
relation  to  cancer;  inflammatory  reaction  produced 
by  them  has  frequently  enough  been  seen  to  pass  on 
into  auilignant  disease.  But  neither  bacteria,  yeasts, 
nor  protozoa  of  any  nature  have  been  proved  to  be  the 
inunediate  excitants  of  malignant  disease,  and  it  is 
almost  unquestioned  that,  whatever  the  primary 
causative  agent,  the  growth  of  cancer  and  the  phe- 
nomena of  cancer  are  due  to  the  multiplication  of 
cancer  cells.  Any  assumed  parasite  must  have  more 
intimate  relations  to  these  cells  than  any  micro- 
organism known  to  us  at  the  present  time. 

The  theory  of  cell  aulono/ny  assumes  that  cancer 
cells  are  simply  tissue  cells  that  have  thrown  off  the 
subtle  control  of  the  organism,  which  nuisli  be  active  in 
every  physiological  cell  or  group  of  cells,  and  have  as- 
sumed the  unlimited  capacity  for  growth  which  charac- 
terizes embryonal  cells.  In  the  present  state  of  the  the- 
ory, Cohnheim's  hy]3othesis  of  embryonal  rests,  Rib- 
bert's  of  misplaced  adult  cells,  etc.,  are  looked  upon  as 
only  partial  truths,  for  while  numerous  cases  of  cancer 
may  be  explained  by  these  assumptions,  the  great  ma- 
jority do  not  need  them  to  explain  the  limitless  capac- 
ity for  growth  of  their  constituent  cells.  That  prop- 
erty is  inherent  in  the  cells  of  the  organism,  and  the 
development  of  cancer -is  due  not  to  an}-  newly  as- 
sumed character,  but  rather  to  an  "open"  assertion  of 
latent  powers.  It  may  be  stated  that  the  theory  of 
cell  autonomy  has  found  most  supporters  among  lab- 
oratory workers,  men  who  are  supposedly  most  con- 
versant with  the  properties  of  animal  cells  and  tissues. 
In  one  sense  it  is  a  less  hopeful  theory,  for  it  means 
that  the  problem  of  cancer  is  really  the  problem  of  life 
and  gro'n'th  of  tissues  in  general  and  our  knowledge  of 
that  subject  is  still  in  its  infancy.  The  theory  of 
cancer  parasite,  on  the  other  hand,  leaves  open  the 
possibility  of  the  discovery  of  such  a  parasite  either  as 
a  result  of  chance  or  as  a  result  of  the  fairly  complete 
methods  that  have  been  developed  with  the  growth 
of  our  knowledge  of  infectious  disease.  Fair  consid- 
eration, however,  shows  that  the  theory  of  cell  au- 
tonomy explains  and  unifies  the  various  apparently 
conflicting  clinical  and  pathological  phenomena  of 
cancer  better  than  anj-  other  assumption,  and  it 
therefore  should  be  accepted  as  a  working  hypothesis; 
such  consideration  may  save  in  the  future  the  labo- 
rious efforts  made  by  numerous  investigators  in  the 
past  who  could  see  no  other  cause  for  cancer  but  a 
special  cancer  parasite. 

While  the  renewed  interest  in  cancer  research  has 
not  been  rewarded  by  the  discovery  of  a  cause  for 
cancer,  numerous  points  in  the  etiology  of  malignant 
disease  have  been  recently  elucidated  and  we  shall 
now  turn  to  their  consideration. 

Increase  of  Cancer. — Everybody  is  conversant  with 
the  fact  that  the  last  few  decades  have  witnessed  a 
remarkable  decrease  in  deaths  from  infectious  dis- 
eases and  from  affections  of  infancy,  while  on  the  other 
hand  the  degenerative  diseases  of  the  heart,  arteries, 
kidneys,  and  the  nervous  system,  as  well  as  a  few  of  the 
diseases  of  metabolism  have  increased  in  incidence. 
At  first  sight  it  would  seem  easy  to  decide  whether 
cancer  is  likewise  on  the  increase  but  a  consideration 
of  the  many  points  of  difference  between  statistics  of 
cancer  several  decades  ago  and  at  present  leads  us  to 
grant  that  while  increase  in  cancer  has  probably  taken 
place,  the  support  of  such  conclusion  is  far  from 
amounting  to  very  strong  proof. 

Autopsy  statistics  have  almost  everywhere  shown 
an  increase  in  the  relative  number  of  cancer  autopsies 
as  compared  to  the  total  number  of  cases.  Buday 
gives  the  following  table : 


Statistics  of 

Year  or 
period. 

I'cTiirit- 
age  of 
cancer- 
bodies  to 

total 
number. 

Remarks. 

Orth  (Berlin) 

1875 

1885 
1907 

4.9 

7.0 
14.11 

Percentage    of    total 
number  of  bodies. 

Lex  (Heidelberg).:  1870-1879 
I  1900-1907 


6.57     !  Percentage    of     total 
9.13     I     number  of  bodies. 


Reick  (Munich).     1854-1863  i 
I  1894-1903  I 


7.0 
13.5 


Pereentage  of  bodies 
of  persons  over  15 
years  old. 


Steinhau,s  (Brus-  '  1888-1897 
scls).  1898-1907 


8.6 
9.07 


Fcilchenfeld 1895-1900 

Redlich !   1900-1905 


13.24 
13.00 


Percentage  of  bodies 
of  persons  over  20 
years  old. 


Percentage  of  bodies 
of  persons  over  20 
years  old. 


Buday      (Koloz-     1870-1888 
var).  1889-1905 


8.0  Percentage   of    bodies 

9.91      I     of    persons    over    20 
years  old. 


Thus  it  is  seen  that  with  the  exception  of  Redlich's 
figures  which  show  a  small  drop,  most  of  the  statistics 
show  a  well  marked  rise  in  the  percentage  of  bodies 
with  cancer  coming  to  autopsy.  But  the  rise  in 
figures  could  well  be  explained  by  the  fact  that  cancer 
patients  are  much  more  apt  to  seek  treatment  in  the 
hospitals  nowadays  than  a  few  years  ago.  Orth, 
however,  thinks  tliat  even  if  every  allow-ance  is  made, 
the  autopsy  statistics  show  a  moderate  increase  in 
incidence  of  cancer. 

General  mortality  figures  give  a  somewhat  similar 
picture.  In  the  United  States  the  mortality  from 
cancer  per  100,000  living  increased  from  9  in  ISoO,  to 
29  in  1880,  to  33  in  1890,  and  to  43  in  1900.  The 
absolute  figure  of  deaths  for  1909  as  given  by  the  in- 
complete reports  of  the  census  of  1910  is  in  round 
numbers  75,000,  which  shows  an  increase  of  about 
8,000  over  the  mortality  in  1908.  In  the  year  1909, 
cancer  stood  the  sixth  in  the  list  among  the"  causes  of 
death,  tuberculosis,  pneumonia  (all  kinds),  heart 
disease,  nephritis,  diarrhea  and  enteritis  being  the 
only  causes  exceeding  the  toll  claimed  by  malignant 
disease. 

The  mortality  statistics  in  England  show  that  in 
1840,  the  cancer  death  rate  per  million  living  was  177; 
in  1870,  424;  in  1890,  828;  in  1905,  885  (Williams). 
Statistics  of  other  lands  show  similar  increases,  except 
that  such  increases  do  not  appear  to  be  as  great  [in 
the  last  few  years  as  in  previoiis  decades.  This  is 
especially  true  of  Denmark  and  Switzerland,  in  which 
increase  in  cancer  mortality'  just  about  keeps  even 
with  general  increase  in  population.  This  fact  is 
noteworthy  as  these  two  countries  have  paid  care- 
ful attention  to  the  correctness  of  their  statistical 
publications. 

There  are  many  who  consider  that  any  such  increase 
as  seems  apparent  from  the  above  is  well  explained  by 
the  great  saving  of  life  because  of  diminution  of  death's 
in  infancy,  and  at  any  age,  from  infectious  diseases, 
so  that  more  persons  now  reach  the  "cancer  age"; 
because  of  the  increased  correctness  of  diagnoses; 
because  of  better  kept  mortality  statistics  in  almost 
all  lands.  Williams  states,  however,  that  the  saving 
of  Iffe  is  true  only  of  precancerous  age;  that  the  diag- 
nosis of  cancer  early  in  its  development  may  be  diffi- 
cult, but  it  is  not  very  hard  to  recognize  it  later  and  as 
a  cause  of  death;  that  improved  statistics  have  likewise 
diminished  supposed  "cancer"  deaths    by  excluding 
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various  indefinite  terms  as  fibroid,  polypus,  etc.,  which 
previously  were  included  under  cancer. 

W.  B.  Coley  thinks  likewise  that  any  attempts  to 
explain  away  increase  of  cancer  are  far  from  convinc- 
ing. He  thinks  that  actual  deaths  from  cancer  are 
much  higher  than  the  reported  deaths,  because  of 
the  strong  prejudice  against  the  word  "cancer  "  among 
laymen,  which  leads  physicians  to  name  intercurrent 
affections,  etc.,  as  causes  of  death  in  cancer  patients. 
In  the  United  States,  statistics  of  "inaccessible 
cancer,"  which  should  show  most  increase  because  of 
improvement  in  diagnosis,  show  relatively  less  increase 
than  deaths  from  easily  diagnosed  causes.  In  the 
period  1868  to  1888  deaths  from  cancer  of  the  stomach 
increased  22  per  cent,  in  males  and  44  per  cent,  in 
females,  while  in  the  same  period  the  death  rate  from 
cancer  in  general  went  up  50  per  cent.  He  states  that 
the  death  rate  from  cancer  is  rapidly  approaching  that 
of  tuberculosis. 

It  may  be  hoped  that  the  next  few  years  will  see 
this  controversy  settled,  for  the  later  governmental 
statistics  are  fairly  uniform  and  therefore  comparable, 
while  the  other  modifying  factors,  better  diagnoses, 
decreased  mortality  in  youth,  etc.,  will  have  been 
fairly  stationary  in  their  effects.  ]Meanwhile,  it 
would  seem  that  the  weight  of  evidence  is  on  the  side 
of  those  who  claim  that  a  moderate  increase  in  cancer 
has  been  gradually  taking  place. 

Age. — C.  P.  White  has  analyzed  4.125  cases  of 
cancer,  observed  in  the  General  Hospitals  of  London, 
with  reference  to  the  influence  of  age  on  the  incidence 
of  cancer.  Such  figures,  of  course,  do  not  give  the 
incidence  of  the  disease  in  the  community  in  general. 
On  the  other  hand,  they  are  free  from  gross  errors,  due 
to  mistakes  in  diagnosis  and  to  incomplete  statements 
in  death  certificates  which  frequently  name  a  fatal 
intercurrent  affection  without  naming  coexisting  can- 
cer and  fail  to  separate  sarcomata  from  carcinomata. 
The  latter  point  is  important  as  the  age  relations 
of  the  two  varieties  of  cancer  are  very  different.  Of 
the  cases  analyzed,  1,928  were  in  male  patients  and 
2,197  in  female  patients.  Curves  based  on  these 
figures  show  a  rise  in  the  incidence  of  carcinoma  at 
about  the  age  of  twenty-five;  this  is  followed  by  a  slow 
and  then  a  more  rapid  climb,  the  maximum  being 
reached  at  fifty  in  the  females  and  at  fifty-five  in  the 
males.  After  the  latter  age  a  rapid  descent  takes 
place. 

On  the  other  hand,  907  cases  of  sarcoma,  of  which 
516  were  in  male  and  391  in  female  patients,  analyzed 
in  the  same  manner,  show  quite  a  different  result. 
The  curve  of  incidence  starts  at  a  fairly  high  point 
because  of  the  frequency  of  congenital  tumors  and  of 
tumors  of  early  life  of  sarcomatous  nature.  It  drops 
rapidly  during  the  first  half  of  the  second  decade  of 
life,  and  then  rises  during  the  period  of  adolescence. 
From  that  time  on  it  remains  high  with  moderate 
fluctuations,  and  finally  descends  rapidly  after  the  fifth 
decade  of  life  is  passed.  The  high  starting-point, 
that  is,  the  great  number  of  congenital  tumors,  may 
be  erroneous,  according  to  White,  because  of  the 
many  teratomatous  and  mixed  tumors  diagnosed  as 
sarcomata. 

Williams  quotes  the  general  mortality  figures  in 
England  and  Wales  for  the  year  1900  which  show  that 
the  maximum  mortality  from  cancer  is  attained  for 
both  sexes  during  the  decennium  fif  ty-fi  ve  to  sixty-five ; 
ninety-five  per  cent,  of  the  total  deaths  occurring  after 
the  thirty-fifth  3'ear.  and  eighty-six  per  cent,  after 
the  forty-fifth  year.  He  remarks,  however,  that  such 
age  distribution  cannot  be  regarded  as  anything  char- 
acteristic of  cancer  for  a  simUar  tendency  is  present 
with  many  other  diseases  because  of  the  simple  in- 
creased liability  to  death  with  advance  in  age.  Dr. 
Ogle  ha,s  studied  the  relation  between  cancer  deaths 
and  total  deaths  and  has  constructed  a  table  showing 
the  ratio  of  total  deaths  to  one  of  cancer  which  in  part 
is  as  follows: 


Age  periods. 

Total  deaths  to  one 

of  cancer. 

25  to  35 

71 

35  to  45     - 
45  to  55-    . 

55  to  65 

65  to  75 

75  and  upward.  - 

24 
14 
14 
21 

48 

This  table  shows  the  striking  reduction  of  the 
ratio  of  general  deaths  to  those  due  to  cancer  from 
255  to  1  between  the  ages  of  twenty  and  twenty-five, 
to  14  to  1  between  the  ages  of  forty-five  to  sixty-five. 

\  study  of  age  incidence  in  cancer  brings  out  one 
ver_v  interesting  point  that  is  somewhat  opposed  to  the 
common  belief  in  the  matter.  Namely,  the  very  aged 
are  relatively  much  less  prone  to  the  disease  than  their 
juniors,  while  in  extreme  old  age  cancer  is  very  rare 
indeed.  Williams  states  that  of  1,087  centenarians 
only  5  died  of  cancer,  or  1  in  217;  of  202  other  indi- 
viduals ninety  years  of  age  and  upward,  there  was  not 
a  single  instance  of  malignant  disease;  in  622  persons 
between  eighty  and  ninet.v  years  old  there  were  only 
fourteen  instances  of  it.  In  these  sets  of  figures 
mortality  from  cancer  in  the  females  was  somewhat 
higher  than  in  males.  Williams  lays  special  stress 
on  these  and  similar  tabulations,  for  according  to  him, 
they  show  that  cancer  is  not  a  disease  of  senility,  how- 
ever general  may  be  the  opposite  belief.  "The  special 
feature  in  the  age  incidence  of  malignant  disease  is 
its  connection  with  decline  in  reproductive  activity 
and  not  in  its  fancied  relation  to  senility." 

Not  only  mmierous  eases  of  congenital  tumors  have 
been  reported  but  it  is  probable  that  many  cancers  of 
early  life  are  of  prenatal  origin.  .Such  tumors,  nat- 
urally, have  much  to  do  with  errors  of  development 
and  their  localization  is,  therefore,  quite  different 
from  most  tumors  of  adult  life;  the  eye,  kidney,  testis, 
prostate,  and  bones  are  the  most  frequently  affected 
structures.  Most  of  the  tumors  of  early  life  are 
sarcomatous  in  nature;  some  of  the  congenital  tumors 
are  teratomata,  while  others  are  of  mixed  connective 
tissue  and  epithelial  elements,  the  former  usually  pre- 
dominating. Indeed,  carcinoma  is  a  very  rare  disease 
before  puberty,  the  rectum  being  the  only  organ  that 
is  not  infrequently  affected  by  a  tumor  of  this  nature. 
Malignant  disease  of  the  stomach  is  very  rare  in  child- 
hood. Women  up  to  the  age  of  twenty  are  almost 
exempt  from  cancer  of  the  breast ;  of  500  patients  with 
cancer  of  the  breast  observed  by  Williams,  the 
youngest  was  twenty-four  years  old  at  the  time  of 
onset.  CJross  had  one  patient  twenty-one  years  old 
among  1,622  cases;  Bryant  observed  a  patient  twenty 
and  one-half  years  old,  and  Henr}-  saw  one  twenty-one 
years  old. 

The  facts  brought  out  in  reference  to  the  influence 
of  age  upon  the  incidence  of  cancer  are  assumed  to  be 
of  great  importance  by  Williams  and  his  comment 
deserves  to  be  quoted  in  exlenso:  "  We  learn  from  the 
foregoing  facts,  that  while  the  forces  of  growth,  de- 
velopment and  reproduction  are  in  greatest  activity 
— during  the  periods  of  prenatal  life,  infancy,  child- 
hood, adolescence,  and  adult  age — the  tendency  to 
malignant  tumors  of  any  kind  is  exceedingly  small. 
In  both  sexes  the  disease  begins  to  be  fre(|uent  as 
soon  as  the  period  of  perfection  has  been  attained,  i.e. 
after  the  thirty-fifth  year;  during  middle  age  and  the 
decline  of  life  the  proclivity  to  it  increases  until  about 
the  sixty-fifth  year,  after  which  it  becomes  relatively 
less  frequent,  and  increasingly  so  as  age  advances. 
The  principles  that  govern  the  age  incidence  of  malig- 
nant disease  in  general  apply  also  to  its  various  local 
manifestations  in  both  sexes.  That  some  parts  of 
tlie  body — such  as  uterus,  ovary,  and  mamma — are 
attacked  earlier  than  others,  mav  be  ascribed  to  the 
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fact  that  the  former  attain  maturity  earlier  than  the 
latter.  Thus  the  liability  to  malignant  disease 
waxes,  as  the  developmental  and  reprc)ductive  activi- 
ties wane We  have  thus  an  illustration 

of  the  universal  biological  law,  that  growth  varies 
according  to  the  sur]>lus  of  nutrition  over  expenditure. 
So  long  as  the  surplus  exists — that  is  to  say,  while 
nutrition  is  relatively  high — simple  continuous 
growth  is  maintained;  biit  when  nutrition  is  relatively 
low — that  is  to  say,  when  it  is  nearly  equalled  Viy 
expenditure — new  centers  of  development  are  apt  to 
arise  and  growth  tends  to  become  discontinuous." 

Sex. — The  influence  of  sex  on  the  incidence  and 
localization  of  cancer  is  very  marked,  women  being 
more  liable  to  the  disease  because  of  the  frequency 
with  which  their  reproductive  organs  are  involved. 
In  speaking  of  the  influence  of  age  upon  cancer  we 
liave  noted  ttiat  C.  P.  White's  charts  show  the  greatest 
incidence  in  females  at  fifty  and  in  males  at  fifty-five. 
Vet  if  the  tumors  of  the  breast,  iiterus,  and  ovaries 
are  omitted,  the  age  of  greatest  incidence  in  the  fe- 
males approaches  that  of  the  male,  so  that  the  curves 
of  incidence  are  almost  superimposed.  The  mere  in- 
cidence of  cancer,  too,  is  much  higher  in  the  fenujle 
sex.  the  sex  ratio  in  mortality  figures  usually  showing 
a  proportion  of  1  to  l.."?  or  1  to  1.5.  That  numerous 
factors  enter  into  those  proportions  making  them 
only  approximately  correct  is  shown  by  the  great 
ditferences  in  the  statistical  estimation  of  the  incidence 
of  cancer  in  the  two  sexes.  Thus  for  every  100  deaths 
from  cancer  in  males,  there  occurred  in 

United  States 171 .0  deaths  in  the  female  sex  (1900). 

Sweden 153.  8  deaths  in  the  female  sex  (1S90-1S98). 

England 147. 0  deaths  in  the  female  sex  (1901-1905). 

Italy 127.8  deaths  in  the  female  sex  (1904). 

Hungary 124.7  deaths  in  the  female  sex  (1901-1904). 

Ci  ermany 123.0  deaths  in  the  female  sex  ( 1 907) . 

Austria 121.0  deaths  in  the  female  sex  (1895-1898). 

Switzerland 100.2  deaths  in  the  female  sex  (1901-1906). 

It  is  noteworthy  that  Germany,  Austria,  and  Switzer- 
land, countries  in  which  statistical  stiidies  have  been 
most  accurate,  show  least  difference  in  the  incidence 
between  the  two  sexes.  Collective  investigations  of 
living  cancer  patients  on  a  certain  date  have  likewise 
shown  a  higher  incidence  among  the  females,  one 
reason  for  this  being  probably  the  ease  with  which 
cancer  of  the  female  reproductive  organs  may  be 
recognized  as  compared  with  the  f  recjuent  cancer  of  the 
stomach  in  the  male.  Among  the  general  statements 
on  this  question  is  an  interesting  one  of  Crile's  who 
says  that  in  the  United  States  one  woman  in  eight 
who  reaches  her  thirty-fifth  year  dies  of  cancer. 

Heredily. — Heredity  in  disease  has  received  a  new- 
aspect  since  the  confirmation  of  the  discoveries  made 
by  Mendel  in  the  last  century  and  quite  unnoticed  at 
the  time.  It  is  generally  believed  now  that  Weismann 
is  right  in  claiming  that  acquired  characteristics  are 
not  inherited.  In  applying  this  idea  to  cancer  we 
should  not  look  for  inherited  tendency  to  cancer  in 
families  in  the  members  of  which  examples  of  the 
acquired  type  of  cancer  have  occurred,  the  term 
acquired  being  applied  to  such  instances  of  the  disease 
as  are  clearly  connected  with  some  causal  factor,  such 
as  chronic  irritation.  Several  instances  of  such 
cancer  in  the  s.ame  lamily  may  be  explained  rather 
by  the  existence  of  the  same  environment  and  there- 
fore of  the  same  causative  factors  than  by  inheritance 
of  the  tendency  to  malignant  disease. 

On  the  other  hand,  families  in  which  cancer  appears 
spontaneously,  so  far  as  our  present  knowledge  of  the 
etiological  factors  is  concerned,  are  the  ones  whose 
history  should  be  carefully  studied  with  the  view  of 
ascertaining  any  unusual  tendency  to  malignant 
disease.  The  trouble  with  numerous  statistics  having 
to  do  with  heredity  in  cancer  is  that  these  two  clearly 
different  types  have  not  been  distinguished  in  taking 
the  family   history  of  cancer  patients.     Surely  the 


fact  that  several  progenitors  of  a  patient  suffering 
from  a  cancer  of  the  lij)  having  undoubted  connection 
with  the  habit  of  smoking  a  clay  pipe,  or  of  a  chimney- 
sweep suffering  from  cancer  of  the  scrotum,  have  died 
of  cancer  of  the  breast  or  of  the  internal  organs  proves 
nothing  whatever  about  the  influence  of  heredity  on 
cancer.  (Jn  the  other  hand,  several  instances  in  one 
family  of  cancer  of  apparently  spontaneous  origin 
affecting  perhajjs  the  same  organs  should  go  far  to 
prove  that  heredity  in  such  a  family  plays  an  unmis- 
takable role,  because  such  an  occurrence  may  be 
looked  u[)on  as  a  spontaneous  variation  or  mutation, 
the  inheritability  of  whicli  has  recently  been  proved 
by  the  researches  of  de  Vries  and  others. 

Of  the  numerous  exam])les  of  cancer  in  families, 
only  two  well-known  examples  need  be  mentioned. 
Broca's  case  of  Madame  Z.,  of  whose  twenty-six 
de,scendants  who  attained  or  exceeded  the  age  of 
thirty,  fifteen  died  of  cancer;  and  the  cases  of  cancer 
of  the  stomach  in  the  Bonaparte  family,  Napoleon, 
his  father,  his  brother,  and  two  of  his  sisters  all  having 
died  of  cancer  of  the  stomach.  In  these  instances 
the  tendency  to  cancer  may  be  looked  upon  as  a 
dominant  characteristic  in  the  Mendelian  .sense. 
Such  data  are  fair  presumptive  evidence  of  the  heredi- 
tary influence  in  cancer,  and  such  influence  must  be 
accepted  as  probable  though  requiring  nmch  elucida- 
tion by  newer  investigations. 

Trauma. — History  of  repeated  or  single  injury  is 
frequently  given  by  cancer  patients  but  such  testi- 
mony is  due  more  to  the  unconscious  attempt  on  their 
part  to  account  for  the  appearance  of  the  disease, 
their  minds  refusing  to  recognize  an  apparently  cause- 
less affection,  than  to  any  real  relation  between  trauma 
and  their  cancers.  On  the  other  hand,  numerous 
medical  observers  believe  in  the  importance  of  trauma 
in  cancer,  and  certain  statistics,  especially  in  the  case 
of  sarcoma,  bear  out  such  a  relation  fairly  well.  Thus, 
Coley  has  noted  a  definite  history  of  trauma  in  22.5  of 
970  cases  of  sarcoma,  or  in  twenty-three  per  cent,  of 
the  cases  observed  by  him.  The  fact,  too,  that  in 
fifty-tw'o  per  cent,  of  these  eases  the  tumor  developed 
within  the  first  month  after  injury  makes  Coley  believe 
that  "acute  traumatic  malignancy"  is  an  actuality. 
Samuel  Gross  obtained  a  history  of  previous  injury 
in  nearly  fifty  per  cent,  of  his  (165)  cases  of  sarcoma  of 
the  long  bones.  Carl  Lowenthal  on  the  basis  of  very 
abundant  material  thinks  that  the  conclusion  that 
external  injury  may  undoubtedly  give  rise  to  the 
development  of  tumor  is  quite  justified. 

Of  250  cases  of  carcinoma  observed  by  Coley  82  or 
32.8  per  cent.,  gave  a  history  of  trauma;  of  them, 
cancers  of  the  breast  had  a  history  of  a  single  ante- 
cedent injury  in  4.3  per  cent,  of  cases.  McWilliams 
says  that  of  the  69  patients  with  cancer  of  the  breast 
in  the  Presbyterian  Hospital  of  New  York  in  whom 
records  on  that  point  were  complete,  29  or  44.6  per 
cent,  gave  a  history  of  a  distinct  antecedent  trauma. 
Numerous  other  statistical  studies  confirm  these 
statements  especially  with  reference  to  the  role  of 
trauma  in  the  causation  of  sarcoma. 

On  the  other  hand,  Roger  Williams  denies  any  such 
relationship  between  cancer  and  trauma,  maintaining 
that  if  any  existed,  cancers  should  be  much  more  fre- 
quent among  men,  who  suffer  very  much  from  trau- 
mata, than  among  women,  who  are  more  exempt,  while 
the  opposite  is  the  actual  fact.  In  case  of  the  breast, 
too,  the  nipple  and  the  areola  are  most  exposed  to 
injury  and  yet  the  greatest  numbers  of  cancers  of 
the  breast  have  the  glandular  tissue  for  the  starting- 
point.  Moreover,  the  head  and  the  extremities  are 
more  subject  to  injury,  yet  cancers  of  these  parts  are 
much  rarer  than  of  the  trunk  and  of  the  internal 
organs.  Williams  brings  out  the  point  that  cancers 
usually  hitve  a  single  starting-point,  while  if  trauma 
were  an  effective  cause,  cancers  with  multiple  points 
of  origin  should  be  frecjuent.  Experimental  attempts 
to  produce  cancer  by  inflicting  single   severe  or  re- 
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peated  slight  injuries  have  not  been  successful.  He 
concludes  that  injury  very  frequently  simply  calls  the 
attention  of  the  patient  to  a  cancer  Tvhich  has  been 
graduaDy  and  silently  developing. 

So-called  "acute  traumatic  malignancy"  is  sup- 
posed to  exist  when  a  very  recent  injury  is  followed 
by  the  development  of  cancer.  Most  of  the  published 
cases  of  this  nature  involve  fractures  with  the  develop- 
ment of  sarcoma;  it  must  be  remembered  that 
sarcoma  is  not  an  infrequent  cause  of  "pathological" 
fractures  of  bones,  so  that  occasionally  the  relation 
raa,}'  have  been  the  reverse  from  what  is  supposed 
by  the  assumption  of  acute  traumatic  malignancy. 
Moreover,  malignant  disease  in  conjunction  with 
fractures  is  very  rare  in  comparison  to  the  great 
number  of  fractures;  sureh",  more  instances  of  malig- 
nancy should  be  encountered.  Other  instances  of 
"acute  traumatic  malignancy,"  however,  involve 
accidental  and  rare  forms  of  injury  and  the  above 
objections  do  not  hold  for  them.  Legally,  the  possi- 
bility of  a  causal  relation  between  injury  and  malig- 
nant disease  has  been  accepted  in  countries  in  which 
pensions  and  indemnities  for  injuries  are  included  in 
government  insurance  schemes. 

The  whole  question  of  the  relation  of  trauma  to 
cancer  is  not,  then,  settled  and  there  are  ardent 
advocates  on  both  sides.  Wolff  concludes  a  survey 
of  the  literature  on  the  influence  of  trauma  upon  the 
appearance  of  cancer  with  the  following  statements: 
"Acute  trauma  can  never  change  normal  cells  into 
cancer  cells  and  lead  to  malignant  overgroT^'th  of  the 

same The  possibility  exists,  however,  that 

acute  trauma  may  act  as  the  exciting  factor  in  the 
development  of  cancer,  if  it  has  affected  pathologically 
changed  cells,  or  embr\onal  cells,  or  organs,  or  cells 
that  have  assumed  embryonal  characteristics  later  in 

life On  the  other  hand,  clinical  experience 

teaches  us  that  a  latent  cancer  may  become  manifest 
after  injiu-y  or  an  already  evident  cancer  may,  after 
an  injury,  run  a  more  malignant  and  rapid  course." 
Chronic  Injuries. — A  more  important  etiological 
factor  in  the  causation  of  cancer  is  to  be  found  in  the 
effects  of  small  but  constantly  repeated  injuries  either 
of  physical  or  chemical  nature.  A  most  Interesting 
instance  of  this  relation  is  shown  in  the  so-called 
kangri  cancer  in  Kashmir.  Neve  states  in  a  recent 
communication  that  of  the  1770  malignant  tumors 
removed  at  the  Kashmir  Mission  Hospital  in  the  last 
twenty-five  years  1189- were  epitheliomata  and  of  the 
latter  848  were  located  on  the  thighs  or  abdomen, 
because  of  the  irritation  caused  by  the  kangri,  a 
portable  fire  basket  carried  by  the  people  under  their 
clothes.  When  the  native  is  sitting  down,  this  basket 
rests  against  the  insides  of  the  thighs  or  the  front  of 
the  abdomen.  Other  portions  on  the  anterior  surface 
of  the  body  exposed  to  the  action  of  heat  occasionally 
developed  cancer  but  the  proportion  of  these  cases  was 
small.  Scars  from  burns  were  frequent  starting-points 
of  the  epitheliomata. 

The  relation  between  chronic  ulcers  of  the  stomach 
and  cancer  of  that  organ  wUl  be  discussed  in  the 
special  article  on  diseases  of  the  stomach,  but  it  may 
be  stated  here  that  recent  examinations  of  ulcers 
removed  at  operation  showed  a  much  higher  percentage 
of  malignant  degeneration  that  was  thought  probable 
a  few  j-ears  ago.  Of  course,  chronic  irritation  by  the 
passage  of  food  and  chemical  irritation  by  the  gastric 
juice  and  the  food  are  the  possible  etiological  factors 
in  this  instance  as  well  as  the  chronicitj-  itself  of  such 
ulcers. 

Chemical  Irritants. — Clinical  observations  have  long 
ago  shown  that  certain  substances  with  which  workers 
in  different  trades  come  in  contact  in  the  course  of  the 
work  hold  a  certain  causal  relation  to  the  development 
of  cancer. 

Soot. — Percival  Pott  noted  as  long  ago  as  1775  that 
chimney  sweeps  are  frequently  affected  by  a  disease 
of  the  scrotum  which  he  recognized  as  cancerous  in 
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nature.     Later  observers  showed  that  the  scrotum  was 
not  the  exclusive  site  of  the  affection  but  that  other   t 
parts  that  come  into  constant  contact  with  soot  are  i 
apt  to  be  attacked,  e.g.  the  back  of  the  hand.     The    ' 
role  of  soot  is  shown  by  the  great  diminution  of  this 
"chimney  sweep's  cancer"  since  the  introduction  of 
different  construction  of  chimneys  and  different  ways 
of  cleaning  them  of  accumulated  soot. 

Workers  in  tar  or  paraffin  are  frequently  affected 
by  chronic  skin  diseases  which  in  many  instances 
undergo  malignant  degeneration.  Thus, "five  out  of 
twenty  tar  workers  recently  examined  by  Schamberg 
showed  evidence  of  beginning  or  well-developed  cancer. 
The  irritating  properties  of  tobacco  juice  and  smoke 
have  been  blamed  for  the  f requeue j'  of  cancers  of  the 
lip  and  mouth.  That  tobacco  alone  cannot  explain 
all  such  cases  is  seen  from  the  occurrence  of  cases 
among  non-smokers  and  the  fact  that  cancers  of  the 
lip,  tongue,  and  mucous  membranes  of  the  mouth 
were  known  long  before  tobacco  came  into  general 
use.  It  is  quite  probable  that  the  chronic  injury 
caused  by  bad  teeth  may  play  a  role  in  some  of  the 
cancers  of  the  mouth.  The  heat  transmitted  by  the 
pipe  stem  as  well  as  the  slight  trauma  caused  by  the 
rough  claj-  of  the  pipe  may  add  to  the  injurious  effects 
of  the  purely  chemical  irritants  in  tobacco. 

Of  late,  experimental  evidence  of  the  probable 
action  of  chemical  irritants  has  been  brought  forward 
by  the  demonstration  that  certain  chemicals,  especi- 
ally aromatic  amido  derivatives,  are  capable  of 
stimulating  the  growth  of  epithelium  sufficiently  to 
enable  it  to  invade  the  subjacent  connective  tissues. 
Hutchinson  long  ago  made  the  observation  that 
arsenic  taken  internally  seems  to  have  the  power  of 
predisposing  toward  cancers  of  the  skin  especially  on 
the  hands  and  soles  of  the  feet.  Writing  as  late  as 
April,  1911,  he  repeats  that  his  observations  have 
been  fully  corroborated  with  time  and  states  that  he 
considers  the  use  of  the  drug  dangerous  unless  the 
clearest  indication  exists  for  its  emplojTnent.  The 
newer  arsenic  derivatives  atoxyl,  salvarsan,  etc.,  have 
not  been  used  for  a  sufhciently  long  time  to  show 
whether  they  share  this  alleged  dangerous  property 
with  the  older  forms  of  arsenical  medication. 

Physical  Agents. — It  has  long  ago  been  observed 
that  constant  exposure  to  wind  and  ireather  and  es- 
pecially to  sunlight  seems  to  favor  the  development  of 
cancerous  affections  of  the  skin.  Thus  Thiersch 
pointed  out  the  frequency  of  facial  cancers  in  peasants. 
Sailors  have  been  shown  to  be  subject  to  a  disease  of 
the  skin,  xeroderma  pigmentosum,  which  is  marked 
by  atrophy  of  the  skin  with  increase  of  pigment;  in 
a  number  of  individuals  this  affection  goes  on  until 
it  reaches  a  chronic  eczematous  character  which  may 
then  assume  malignant  properties.  Because  of  the 
numerous  examples  of  this  primary  affection  in  several 
members  of  the  same  family  it  may  be  assumed  that 
there  exists  some  internal  factor  favoring  its  develop- 
ment, while  the  malignant  nature  ma.v  be  superim- 
posed on  that  because  of  the  effects  of  constant  ex- 
posure to  sunlight. 

Of  wider  interest  is  the  role  of  i-rays  in  the  causation 
of  cancer.  Short  exposure  to  the  rays  may  leave  no 
obvious  effects  on  the  skin;  longer  exposures  result 
in  epilation  temporary  or  permanent,  erythema,  vesi- 
cation, ulceration,  and  finally  gangrene,  depending 
upon  the  duration  and  the  degree  of  application. 
Incurable  dermatitis  foOows  repeated  exposures  for 
short  periods  such  as  were  frequent  in  the  case  of  the 
early  workers  with  the  rays,  tsefore  they  recognized 
the  dangers  attendant  upon  their  use.  Indolent  and 
intractable  ulceration  frequentlj'  follows  in  the  wake 
of  this  dermatitis  and  the  final  result  may  be  malig- 
nant degeneration  of  the  tissue  with  the  development 
of  epitheliomata.  Several  of  the  pioneer  workers  in 
the  field  have  lost  their  lives  from  the  consequences 
of  this  affection  and  a  number  have  had  to  suffer  am- 
putations of  their  hands  or  arms. 
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Ulcers,  Scars,  and  Fist  ulw. — Chronic  ulcerative  proc- 
esses seem  to  afford  favorable  ground  for  the  devel- 
opment of  cancer.  Usually  an  ulcer  of  long  dura- 
tion, the  healing  of  which  is  prevented  by  some  con- 
stitutional cause  or  a  local  condition,  continues  to 
show  aljundant  granulation  tissue  which  serves  as  an 
irritative  moment  to  the  surrounding  epithelium. 
Gradually  the  epithelial  edges  show  much  prolifera- 
tion of  tissue,  as  evidenced  by  induration  and  finally 
a  slowly  growing  epithelioma  results.  Occasionally, 
a  chronic  fistula  depending  upon  simple  suppurative 
or  tuberculous  osteomyelitis  shows  similar  change,  its 
edges  undergoing  malignant  degeneration.  The  con- 
stant irritation  of  the  discharge  may  here  be  looked 
upon  as  the  traumatic  influence  favoring  the  appear- 
ance of  cancer.  Scars  sometimes  behave  in  the  same 
fashion:  simple  increase  in  the  scar  elements  leads  to 
hypertrophy  of  the  resulting  structure  and  the  forma- 
tion of  a  keloid,  while  multiplication  of  the  epithelium 
and  its  invasion  of  the  granulating  or  scar  tissue  and 
the  neighboring  structures  leads  to  the  appearance  of 
an  epithelioma.  Sears  of  burns  are  most  apt  to  un- 
dergo the  latter  kind  of  transformation.  Occasionally, 
ojferative  scars  develop  into  malignant  tissue,  cases 
having  been  published  showing  the  involvement  of 
laparotomy  scars,  of  scars  of  operation  for  hernia,  of 
amputation  stumps  and  scars  following  operation  on 
bones. 

Ncevi. — It  has  long  been  recognized  that  nsevi  are 
prone  to  undergo  malignant  degeneration  and  the 
advent  of  Cohnheim's  ii.vpothesis  of  the  relation  of 
embryonal  rests  to  cancer  further  strengthened  the 
conclusions  derived  from  clinical  observations.  Me- 
chanical injury  of  long  duration  seems  again  to  be 
the  actual  factor  exciting  the  transformation  of  these 
benign  structures  into  malignant  tumors.  Ribbert 
thinks  that  niBvi  possess  certain  cells  which  are  con- 
cerned with  the  elaboration  of  pigment  and  it  is  these 
cells  that  are  probably  responsible  for  the  malignant 
change  in  the  structures.  Tumors  developing  from 
pigmented  moles  are  usually  extremely  malignant 
because  they  very  readily  lead  to  the  formation  of 
metastases  in  various  parts  of  the  body.  These 
metastases  are  pigmented  just  as  the  original  tumors. 

Precancerous  S t a te s. — Leucoplakia. — Numerous 
affections  have  been  so  often  observed  to  precede  the 
development  of  cancer  that  a  certain  causal  relation- 
ship between  them  has  been  established.  These  con- 
ditions are  usually  termed  precancerous.  Perhaps 
the  most  important  one  is  leucoplakia,  or  hyperplastic 
change  in  the  surface  epithelium,  most  frequently  and 
typically  observed  in  the  mucous  membrane  of  the 
tongue  and  mouth.  The  chief  etiological  factors  in 
the  development  of  this  affection  seem  to  be  syphilis 
and  the  use  of  tobacco.  Numerous  cases,  however, 
have  no  such  etiology.  Fournier  has  investigated 
321  cases  of  this  affection  and  has  found  that  97  or 
30  per  cent,  have  eventually  ended  in  cancer.  Of 
219  cases  of  lingual  and  buccal  cancers,  tabulated  by 
Williams,  47  or  about  22  per  cent,  showed  preexisting 
lesions  of  leucoplakia.  The  latter,  however,  is  a 
chronic  affection  and  its  cancerous  degeneration  does 
not  usually  take  place  untU  the  age  period  fifty  to 
sixty  is  reached. 

Paget' s  Disease  of  the  Nipple. — This  is  a  chronic  af- 
fection of  the  nipple  and  the  neighboring  skin  which 
is  said  finally  to  change  into  epithelioma.  Most 
observers,  however,  claim  that  the  disease  is  cancerous 
from  the  start  and  resembles  eczema  in  appearance 
only.  Its  appearance  in  elderly  women,  the  indura- 
tion of  the  edges,  and  persistence  in  spite  of  the  usual 
therapj'  are  quoted  to  prove  its  cancerous  nature.  In 
any^case,  it  has  nothing  to  do  with  the  causation  of 
the  usual  type  of  breast  cancer. 

Lupus. — We  have  seen  that  chronic  ulcers,  scars  of 
accidental  injury  and  of  operations,  fistulae,  etc.,  fre- 
quently  become   sites   of   cancers.     Occasionally,    a 


specific  affection  of  chronic  nature  may  prepare  the 
soil  for  the  appearance  of  cancer.  This  is  most  often 
the  case  with  lupus  of  tuberculous  nature,  and  the 
usual  explanation  is  found  in  the  constant  irritation 
of  the  skin  produced  by  the  disease  itself,  aided,  per- 
haps, by  the  various  therapeutic  measures  adopted. 
Usually  cancer  develops  in  the  scars  left  by  the  pre- 
ceding lupus,  but  occasionally  it  starts  from  the  active 
nodule  itself.  Sequeira  states  that  epitlielioma  de- 
velops in  about  two  per  cent,  of  old  cases  of  lupus;  it 
rarely  occurs  unless  the  disease  has  been  in  progress 
for  twenty  years.  He  thinks  that  prolonged  treat- 
ment with  i-rays  especially  tends  to  produce  malig- 
nant change  in  lupus. 

Other  Diseases  and  Cancer. — Tuberculosis. — 
Some  attention  has  been  given  to  the  relation  of  can- 
cer to  other  diseases  and  of  these  tuberculosis,  syphilis, 
and  erysipelas  deserve  discussion.  In  the  beginning 
of  this  century  some  of  the  foremost  medical  observers 
denied  the  possibOity  of  coexistence  of  cancer  and 
tuberculosis,  because  of  the  alleged  refractory  be- 
havior of  the  body  affected  by  one  specific  disease 
toward  any  other  affection.  Hunter  in  England  and 
Rokitansky  in  Vienna  were  the  chief  defenders  of  this 
theory;  when,  however,  cases  of  coincident  tuberculo- 
sis and  cancer  became  to  be  frequentlj-  reported,  the 
latter  modified  his  views  slightly,  claiming  that 
tuberculosis  appeared  only  when  cancer  has  reached 
the  ulcerative  and  necrotic  state,  and  vice  versa,  the 
body  being  then  free  of  .one  or  the  other  specific 
"dyscrasia."  These  views  have  proved  to  be  unten- 
able, for  cancer  has  been  observed  in  all  stages  of 
tuberculosis,  and  indeed,  even  to  develop  occasionally 
on  the  basis  of  a  tuberculous  lesion;  a  combination 
of  cancer  and  tuberculosis  is  said  by  several  modern 
observers  to  occur  in  from  nine  to  twenty  per  cent, 
of  cases  of  cancer. 

Roger  WOliams  thinks  that  there  is  a  close  relation 
between  cancer  and  tubercle.  According  to  him,  a 
large  proportion  of  cancerous  patients  are  the  sur- 
viving members  of  tuberculous  families,  and  those 
who  survive  the  peculiar  kind  of  degeneracy  associated 
with  the  tuberculous  predisposition,  are  at  a  later 
period  of  life  especially  prone  to  cancer.  On  the  other 
hand,  he  grants  that  a  certain  antagonism  exists 
between  active  tuberculous  and  cancerous  manifesta- 
tions, the  special  causative  factors  which  favor  the 
one  being  inimical  to  the  other. 

These  views  are  interesting  but  it  must  be  remem- 
bered that  "tuberculous  predisposition"  is  a  very  in- 
definite factor.  Because  of  the  great  prevalence  of 
tuberculosis  in  the  community,  it  is  very  difficult 
to  state  which  famOies  are  subject  to  such  predispo- 
sition, and  which  show  simply  accidental  cases  of 
tuberculosis.  Moreover,  as  Moak  has  pointed  out, 
tuberculosis  and  cancer  show  a  great  difference  in  age 
incidence,  most  cases  of  tuberculosis  being  fatal  before 
fifty,  and  most  cases  of  cancer  after  fifty.  On  the 
whole,  the  few  data  may  be  used  in  support  of  either 
interpretation  of  the  relation  between  cancer  and 
tubercle,  and  this  has  been  the  case,  to  judge  from  the 
literature.  It  may  be  doubted  whether  any  definite 
conclusions  are  possible  with  our  present  ignorance 
of  cancer  etiology;  experimental  work  with  animal 
neoplasms  and  their  transmissibility  to  tuberculous 
individuals  should  throw  some  light  on  the  subject. 

Many  authors  defend  the  thesis  that  tuberculous 
infiammation  may  act  as  a  local  predisposing  factor 
toward  the  development  of  cancer.  Lubarsch  thinks 
that  it  may  act  simply  as  a  chronic  and  continuous 
trauma;  Ribbert  points  out  the  stimulation  of  tissue 
and  especially  of  epithelium  caused  by  tuberculosis; 
Wolff  thinks  that  scar  formation  commonly  seen  in 
very  chronic  tuberculosis,  may  act  as  the  predisposing 
moment.  The  frequence'  of  cancerous  degeneration 
of  lupus  scars  has  already  been  mentioned. 

Syphilis. — -The  older  observers  of  cancer  have  fre- 
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quently  thought  that  syphilis  has  some  causal  rela- 
tion to  cancer.  Esmarch  among  them  has  pomted 
out  that  syphilis  favors  overgrowth  of  connective 
tissue  and  thus  predisposes  to  the  connective-tissue 
type  of  malignant  disease,  that  is,  sarcoma.  Many 
cases  of  carcinomatous  degeneration  of  late  s}"philitic 
lesions  have  been  reported;  these,  of  course,  may  be 
interpreted  as  showing  sunple  local  predisposition  to 
cancer  common  to  all  scar-forming  diseases. 

On  the  other  hand,  a  few  ^Titers  claim  that  there 
exists  a  marked  antithesis  between  cancer  and  s\-philis. 
Both  these  diseases  are  common  in  the  community 
and  coincident  appearance  of  them  should  be  rather 
frequent.  Williams,  however,  states  that  of  IGo 
consecutive  female  breast-cancer  patients  not  a  single 
one  presented  undoubted  signs  of  having  had  syphilis; 
and  of  160  uterine  cancer  patients  only  one  presented 
signs  of  having  had  sj-phUis.  Williams  thinks,  in 
accordance  with  his  general  conception  of  cancer 
etiology,  that  the  probable  immunity  of  syphilitics  is 
due  to  the  depraved  nutrition  and  lowered  vitality  of 
the  subjects  of  this  disease.  It  must,  of  course,  be 
remembered  that  within  the  last  decade  it  has  been 
shown  that  s\-philis  in  the  female  may  run  a  com- 
pletely hidden  course  and  not  leave  its  "signature,"  as 
Ricord  termed  it.  There  has  been  no  extensive 
examination  of  cancer  patients  with  the  help  of  the 
Wassermann  reaction  from  this  point  of  view,  and 
such  a  one  would  be  very  desirable.  The  percentage  of 
sj-phUitic  patients  in  tlie  hospitals  Ls  fairly  accurately 
estimated  by  means  of  this  reaction  and  this  compared 
with  like  results  in  cancer  patients  would  throw  light 
upon  the  alleged  immunity  of  sj-philitic  patients. 

Erysipelas. — It  has  always  been  the  tradition  that 
occasionally  an  attack  of  erysipelas  in  the  coiu-se  of 
a  cancer  may  lead  to  a  temporary  or  even  permanent 
disappearance  of  the  tumor.  This  is  especially  the 
case  with  tumors  of  sarcomatous  nature.  Busch 
reported  three  such  cases  as  far  back  as  1866,  and 
Bruns  in  ISSS  was  able  to  collect  sixteen  cases  of 
same  nature;  five  of  these  were  sarcomata  and  three 
of  them  disappeared  permanently  after  a  sharp  attack 
of  erysipelas.  CarcLnomata,  on  the  other  hand,  while 
disappearing  for  a  time  always  recurred  sooner  or 
later.  Bruns  thought  that  inoculation  with  erysipelas 
for  therapeutic  purposes  is  justifiable  in  cases  of 
inoperable  cancer. 

Recently.  Rovsing  confirmed  the  above  observa- 
tions, having  himselif  seen  the  disappearance  of  in- 
operable sarcomata  after  an  attack  of  erysipela.s  in 
two  instances.  One  patient,  who  was  thus  cured  of 
a  large  recurrent  osteosarcoma  of  the  scapula  viith 
infiltration  of  the  surrounding  muscles  was  found  to 
be  well  seventeen  years  later.  Rovsing  has  also  seen 
an  epithelioma  of  the  Up  disappear  after  an  erysipelas; 
and  has  observed  temporary  recession  of  carcinoma- 
tous tumors  in  other  instances.  He  says  that  artificial 
inoculation  with  erysipelas  has  been  attempted  but 
has  been  given  up,  first,  because  it  did  not  take  very 
readily  and,  secondly,  because  it  proved  to  be  fatal 
to  several  patients  as  its  severity,  of  course,  could  not 
be  controlled.  Other  observers  do  not  consider  that 
erysipelas  exercises  any  specific  influence  upon  ma- 
lignant disease,  the  modifying  element  being  the  fever 
accompanying  the  disease.  Williams  draws  upon  his 
large  experience  in  the  Middlesex  Hospital  where  he 
has  often  seen  cancer  patients  attacked  with  erysipelas 
but  has  never  noticed  any  consequent  marked  amelio- 
ration of  symptoms,  much  less  anything  approaching 
a  cure.  He  thinks  that  diagnostic  mistakes  are  the 
probable  explanation  of  the  fairly  numerous  reported 
cases  in  which  erysipelas  is  alleged  to  have  proved 
salutary  in  cancer.  Mere  arrest  or  regression  of  the 
tumor  he  attributes  not  to  any  specific  agencj-  of  the 
toxins  of  erysipelas  but  to  the  not  unusual  effect 
of  an  intercurrent  disease,  especially  one  accompanied 
by  fever  and  leading  to  marked  enfeeblement  of  the 
patient. 
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W.  B.  Coley  has  collected  thirty-eight  cases  of 
erysipelas  occurring  in  the  course  of  malignant  dis- 
ease, accidentally  in  twenty-three,  inoculated  in 
fifteen.  Seventeen  of  these  were  cases  of  sarcoma, 
seventeen  carcinoma,  and  four  not  positively  diag- 
nosed. Of  the  carcinomata,  three  cases  are  alleged 
to  have  been  permanently  cured  and  thirteen  were 
temporarily  improved.  Of  the  seventeen  sarcoma 
cases,  seven  or  forty-one  per  cent,  were  well,  that  is,  had 
no  recurrence,  from  one  to  seven  years  after  the  at- 
tack. Ten  showed  improvement,  the  tumor  ha\ing 
disappeared  to  be  followed  by  a  recurrence.  Coley 
concludes  that  inoculation  with  erysipelas  is  very 
difficult  and  its  effects  cannot  be  controlled.  This 
has  led  him  to  use  the  toxins  of  the  streptococcus 
derived  from  cases  of  erysipelas,  first  alone  and  then 
in  combination  with  the  toxins  of  Bacillus  prodigiosus 
in  the  treatment  of  sarcoma.     (See  under  Treatment.) 

General  Clinical  Phenomena. — The  physical 
characteristics  of  cancer  that  are  open  to  determina- 
tion by  clinical  methods  are  so  varied,  because  of  the 
differences  in  the  anatomical  tj-pe  of  tumors,  in  their 
age  and  their  localization  in  the  organism  that  only 
a  few  points  can  be  mentioned  in  a  discussion  of  cancer 
in  general.  Such  characteristics  as  can  be  elicited  by 
the  usual  clinical  methods  of  inspection,  palpation 
and  occasionally  auscidtation,  will  be  discussed  in  the 
special  articles  on  diseases  of  the  various  organs  of 
the  body.  However,  there  are  a  few  traits  common 
to  cancer  in  general  and  some  of  them  will  find  men- 
tion in  this  section. 

Cancers  may  be  circumscribed  or  diffuse.  Among 
malignant  growths  sarcomata  are  more  frequently 
circumscribed  than  carcinomata.  Such  tumors  may 
be  round  or  oval,  may  have  smooth  surfaces  or  be 
nodular,  maj"  be  uniform  to  palpation  or  consist  ot 
several  masses  joined  together.  '  If  the  surface  of 
the  tumor  shows  numerous  projections  with  fairly 
small  bases,  a  papillary  structure  results.  If  the 
bases  of  the  projections  are  fairly  wide  and  they  are 
of  considerable  size,  a  "cauliflower"  growth  results. 
The  word  polyp  is  used  to  describe  tumors  that  are 
connected  with  the  mother  tumor  or  other  tissues  by 
a  long  pedicle.  Such  polyps  may  be  single  or  multiple. 
The  word  is  usually  applied  to  smaller  tumor  masses, 
the  larger  being  simplv  called  pedunculated  growths. 
Carcinomata  usually  s"how  a  diffuse  growth,  because 
of  the  much  greater  tendency  to  infiltrate  surrounding 
tissues  than  is  seen  in  sarcomata.  The  latter  may 
even  show  a  pseudocapsule,  thus  simulating  benign 
tumors. 

In  size,  cancers  differ  very  widely,  although  sar- 
comata usually  appear  larger  because  of  their  circum- 
scribed mode  of  growth.  Carcinomata  occasionaUy 
shrink  so  much  because  of  connective  tissue  in  them 
that  a  part  affected  may  be  smaller  than  the  normal 
organ,  as  instanced  very  frecjuently  in  scirrhus  cancers 
of  the  breast.  Very  large  tumors  are  more  frequently 
non-malignant  than  malignant,  if  externally  situated; 
internal  cancers  maj'  reach  very  large  size. 

Cancers  vary  almost  as  much  in  consistency  as  in 
size,  the  amount  of  fibrous  tissue,  the  tj-pe  of  tumor, 
the  rate  of  growth,  the  presence  of  necrosis  being  the 
various  modifying  elements.  Deep-seated  tumors 
usually  feel  hard  as  any  fairly  circumscribed  tissue 
feels  under  the  soft  overhing  parts.  The  skin  over 
sarcomata  may  be  unchanged  or  slightly  inflamed. 
It  may  be  tense  and  very  thin  so  as  to  show  the  large 
underlying  veins.  It  may  be  attached  to  the  tumor 
in  its  later  stages.  The  capUlaries  of  the  skin  are 
frequently  injected  and  the  neighboring  veins  usually 
dilated.  Occasionally  the  tumor  breaks  through  the 
skin  and  forms  a  rapidly  growing  projecting  mjiss. 
This  occurrence  is  usually  followed  by  extensive 
ulceration  and  infection  of  the  tumor  which  ends  in 
necrosis  and  hemorrhage.  The  course  of  sarcomata 
is  varied;  some  are  very  rapidly  growing  and  result 
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fatally  in  a  fi'W  luciiitlis  after  the  unset  of  the  dis- 
ease (tonsillar  tumors.  lyni|ili-no(ie  tumors).  Tumors 
originating  in  the  faseiie,  periosteum,  and  bones  are 
usually  slower  in  Rrowth.  iSareonuita  form  metastases 
early  but  usually  not  in  neighboring  lym])h  nodes. 
'  The>  spread  through  the  blood-vessel-s,  mas.se.s  of  eells 
entering  the  thin-walled  vessels  and  being  carried  as 
iMuboli. 

Carcinoinata  are  usually  more  intimatel.v  eonnected 
with  surrounding  structures  than  sarcomata,  because 
of  the  greater  procliv  ity  to  inhltrating  growth.  They 
are  therefore  little  movable  on  the  underlying  struc- 
tures, and  the  skin  beccjmes  early  attached  to  the 
surface  of  the  tumor.  The  skin  is  usually  changed  in 
color,  being  reddish  brown,  very  frecjuently  ciuite 
thin,  and  ulcerated.  Carcinomatous  ulcers  are 
characterized  by  having  hard,  stiff,  overlianging 
edges.  The  bases  of  the  ulcers  are  likewise  firm, 
uneven,  and  covered  by  serosanguineous  fluid  or  thin 
pus.  Usually  a  few  local  extensions  may  be  felt 
through  the  surrounding  skin,  some  of  them  attached 
to  the  original  tumor  by  strands  of  cancer  tissue, 
others  ajijjarently  free,  the  results  of  "disconnected 
growth."  The  regional  lymph  nodes  are  early  in- 
volved, though  they  may  be  enlarged  only  because  of 
simple  inflammation.  They  quickly  enlarge,  become 
fixed  to  surrounding  structures,  and  may  rapidly 
overshadow  in  size  the  original  tumor. 

We  have  named  in  our  discussion  of  the  definition 
of  cancer  the  several  clinical  features  that  nuiy  be 
looked  upon  as  characteristics  of  malignancy  but  of 
thc.se  persistence  is  really  a  feature  of  all  tumors,  malig- 
nant and  benign.  More  characteristic  is  infiltration 
of  surrounding  structures,  which  is  almost  universal 
in  epithelial  tumors  but  not  so  common  in  sarcomata. 
Vet  some  kind  of  infiltration  takes  place  in  certain 
inflammatory  lesions  and  still  more  strikingly  in  the 
growth  of  the  trophoblast  and  the  development  of  the 
placenta;  the  latter  process  sometimes  actually  goes 
on  to  an  extent  which  results  in  the  formation  of  a 
malignant  tumor,  deciduoma  malignum,  a  tumor,  the 
study  of  which  is  .still  recent  and  may  throw  much 
light  tipon  the  growth  of  tumors  in  general. 

Dissemination  is  another  property  which  is  partly 
shared  with  tumors  by  the  trophoblast.  Clinically 
it  is  of  the  greatest  importance.  Such  dissemination 
takes  place  by  the  transportation  of  tumor  cells 
through  lymph  channels  and  leads  to  the  spread  of 
malignant  disease  through  the  regional  lymph  nodes. 
Because  of  the  many  badly  formed  blood  spaces  or 
vessels  in  the  tumor  its  substance  often  breaks  through 
them  and  cancer  cells  are  then  carried  into  the  general 
circulation,  leading  to  distant  metastases  or  to  general 
dissemination  of  the  disease.  Clinically,  the  three 
stages,  that  is,  the  primary  tumor,  the  appearance  of 
regional  l.vmph-node  infection,  and  thirdly,  general 
di.ssemination  of  the  disease,  are  important:  the  first 
is  most  favorable  for  complete  cure  by  surgical 
operation;  the  second  necessitates  wide  excision  of  the 
original  tumor  and  the  removal  of  all  regional  lymph 
nodes,  recurrences  being  frequent;  the  third  stage  is 
hopeless,  for  the  tumor  has  reached  the  inoperable 
stage,  the  whole  organism  being  involved. 

It  is  probable  that  cancer  cells  reach  the  lymph  or 
blood  circulation  early  in  the  life  of  the  tumor,  but 
the  earlier  emboli  are  destroyed  by  the  tissue.  Per- 
haps the  growth  of  the  tumor  itself  prepares  the  body 
for  the  dissemination  of  cancer,  robbing  it  of  some 
fine  protective  mechanism. 

Frequently  metastatic  tumors  grow  more  rapidly 
than  the  original  tumor,  and  this  fact  should  not  be 
lost  sight  of  in  looking  for  the  organ  affected  by  the 
primary  growth.  According  to  Tillmanns,  metas- 
ta.ses  are  most  fre(|uent  in  the  lymph  nodes,  liver, 
lung,  pleura,  peritoneum,  kidney,  bones,  and  spleen, 
in  the  order  named,  thiuigh  of  course  the  earliest 
structure  involved  usually  depends  upon  the  site  of 
the  original  growth. 


.\notlier  form  of  dissemination  (jf  tumors  is  seen 
in  serous  surfaces,  where  snuill  parts  detached  from 
ulcerated  parts  of  intraabdominal  tunujrs  are  simply 
grafted  on  the  i)eritoneal  surface.  \  few  of  the  favor- 
ite sites  of  metastases  should  be  mentioned,  being 
important  from  the  standi)oint  of  diagnosis.  Metas- 
ta.ses  in  the  bones  nuiy  lead  to  spontaneous  fractures; 
if  the  vertebra:  are  involved  the  signs  may  sinmlate 
tuberculous  disease  of  the  spine.  Occasionally,  if  the 
marrow  is  involved,  myelocytes  appear  in  the  Ijlood 
in  moderate  numbers.  This  occurrence,  in  the  pres- 
ence of  an  anemia,  may  be  fairly  diagnostic  in  obscure 
ca.ses.  Jireast  cancers,  cancers  of  the  prostate,  and 
cancers  of  the  thyroid  gland  are  most  apt  to  result  in 
metastases  of  the  bones.  The  heart  and  blood-ves- 
sels are  very  seldom  affected  by  jjrimary  cancers 
but  are  not  infrecjuently  seats  of  secondary  growths. 
Strangely  enough  such  involvement  of  the  heart 
rarely  produces  very  marked  clinical  symptoms. 
Harel.v,  a  nuilignant  nodule  nuiy  be  situated  so  that 
condviction  is  interfered  with  and  some  type  of  ar- 
rhythmia results.  The  valves  are  almost  never  af- 
fected by  secondary  growths. 

Recurrence. — By  recurrence  is  meant  the  reappear- 
ance of  malignant  disease  in  the  locality  occupied  by 
the  primary  tumor,  in  the  immediate  neighborhood, 
in  the  regional  lymph  nodes,  or  in  the  distant  parts  of 
the  bod.v,  after  operative  or  other  interference  that 
has  apparently  insured  the  destruction  of  the  disease. 
Local  recurrences  are  best  observed  in  mannnary 
cancer  where  they  present  themselves  as  small  nodides 
in  the  scar  or  in  its  immediate  neighborhood  from  a 
few  weeks  to  several  years  after  operation.  The  inci- 
dence of  such  recurrence  is  very  much  influenced  by 
the  stage  of  cancer  at  the  time  of  operation,  advanced 
cancer  being,  of  course,  more  liable  to  recur,  and  espe- 
cially by  the  nature  of  the  operation,  recent  thorough 
methods  of  removal  having  very  much  diminished 
the  probability  of  recurrence.  This  fact  tends  to 
confirm  the  usual  explanation  of  recurrence  b.v  the 
assumption  that  a  few  cancer  cells  are  left  at  the 
extirpation  and  "take  root"  in  the  same  favorable 
soil  that  resulted  in  the  primary  disease.  The  latter 
had  one  starting  point;  at  this  time,  however,  the 
disease  possesses  many  new  centers  which  serve  as 
nuiltiple  foci  for  further  spread  of  the  tumor.  Some 
of  the  foci  may  be  explained  by  the  assumption  of 
inoculation  d\iring  operation,  as  for  example  the  fre- 
quently seen  nodules  in  the  stitch  wounds  or  in  the 
operative  .scar. 

Recurrence  usually  takes  place  early  after  the  op- 
eration. Williams  has  calculated  that  sixty-fotir  per 
cent,  of  all  mammary  cancer  recurrences  take  place 
within  the  first  six  months  after  operation,  and  aliout 
two-thirds  of  these  appear  within  the  first  three 
months.  The  new  cancer  centers  may  be  followed  by 
second  or  even  third  recurrences  after  operative  re- 
moval; occasionally  even  more  numerous  recurrences 
have  been  observed,  though  usually  the  disea.se  is  either 
destroyed  by  the  repeated  operations  or  the  patient 
succumbs  to  involvement  of  distant  parts  of  the  bod}'. 

Recurrence  in  the  lymph  nodes  or  in  the  distant 
organs  must  be  explained  by  the  assumption  that 
dis.semination  of  the  disease  has  taken  place  even 
before  the  operation.  Examples  of  very  late  recur- 
rence, many  years  after  the  operation,  have  forced 
the  assumption  of  a  possible  latenc}'  of  cancer  cells; 
thus,  a  pigmented  cancer  of  the  liver  appearing  many 
years  after  the  extirpation  of  the  primary  disease 
affecting  one  eye  is  best  explained  by  such  an  hypothe- 
sis. Late  local  recurrence,  on  the  other  hand,  may  be 
interpreted  as  a  result  of  continuation  of  the  same 
conditions  as  have  led  to  the  appearance  of  the 
primary  malignant  disease. 

Changes  in  the  Blood. — The  blood  in  cancer  shows 
changes  characteristic  of  a  secondary  anemia.  The 
red  corptiscles  are  usually  moderately  or  markedly 
diminished,  depending  upon  the  stage  of  the  disease, 
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though  such  diminution  very  rarely  reaches  the  very 
low  figures  common  in  primary  pernicious  anemia. 
Nucleated  red  blood  cells  are  fairly  common  in  ad- 
vanced stages  of  the  disease;  they  are  usualh'  of  the 
normoblastic  variety,  megaloblasts  being  very  rarely 
met  with.  Small  red  cells  (microcytes)  as  well  as 
irregularly  shaped  cells  (poikilocytes)  are  fairly  fre- 
quent. Blood  platelets  are  apparently  either  normal 
in  numbers  or  increased. 

The  hemoglobin  is  markedly  diminished,  even  out 
of  proportion  to  the  diminution  of  the  red  blood  cells. 
Leucocytes  are  usually  moderately  increased,  poly- 
nuclear  cells  showing  a  relative  as  well  as  an  absolute 
increase.  An  important  feature  is  the  absence  of  the 
usual  physiological  "  digestive  leucocytosis"  in  a  great 
many  cases  of  cancer;  this  feature  is  so  frequent  as  to 
be  of  some  diagnostic  importance.  Myelocytes  are 
more  frequent  in  cancer  than  in  any  other  disease 
except  the  primary  affections  of  the  blood.  They  may 
reach  very  high  percentages  with  the  occurrence  of 
metastatic  growths  in  the  bones  so  that  the  blood 
picture  may  resemble  very  closely  that  of  a  myeloid 
leukemia. 

The  most  marked  anemia  occurs  with  cancer  of  the 
stomach  and  the  blood  picture  may  appear  very  much 
like  that  of  a  primary  pernicious  anemia.  There  are 
several  points  of  difference,  however,  one  being  the 
low  color  index  in  cancer  anemia,  another  the  usual 
increase  in  leucocytes,  with  relative  or  even  absolute 
increase  in  the  polynuclear  forms.  In  pernicious 
anemia  the  leucocytes  are  either  normal  or  diminished 
in  number,  whOe  the  13'mphocytes  may  show  a  slight 
relative  or  absolute  increase. 

In  general  the  grade  of  anemia  in  cancer  depends 
upon  the  site  of  the  tumor,  the  stage  of  the  disease, 
the  rate  of  its  growth,  and  also  upon  the  character  of 
the  tumor.  A  tumor  which  presses  upon  or  infiltrates 
important  structures  will  lead  to  anemia  quicker  than 
cancers  elsewhere;  thus,  tumors  of  the  gastrointestinal 
tract  are  accompanied  bj'  most  marked  changes  in 
the  blood.  A  slowly  gro-ning  cancer  of  the  breast 
may  result  in  but  little  change  in  the  blood,  while  a 
rapidly  growing  small-celled  sarcoma  may  lead  quickly 
to  a  very  marked  anemia. 

The  anemia  of  cancer  is  due  to  the  mechanical 
interference  with  the  physiological  processes  of  the 
body;  to  the  absorption  of  the  products  of  necrosis 
and  infection  which  frequently  takes  place  in  tumor 
tissue;  and  perhaps  to  some  specific  products  of  the 
metabolism  of  cancer  cells,  which  maj-  have  a  direct 
destructive  effect  upon  the  blood.  Numerous  sub- 
stances of  such  nature  have  been  described  but 
it  can  hardly  be  said  that  their  relation  to  the  anemia 
of  cancer  has  been  proved  beyond  reasonable  doubt. 

Changes  in  the  Urine. — No  specific  changes  in  the 
urine  accompany  the  appearance  and  growth  of  cancer 
in  the  body.  At  one  time  the  diminution  in  excretion 
of  urea  was  looked  upon  as  fairly  significant,  but  such 
diminution  depends  more  upon  the  modified  diet 
taken  by  cancer  patients  in  the  advanced  stages  of 
the  disease  than  upon  any  effect  of  the  disease  itself. 
Forced  feeding  with  nitrogenous  food  stuffs  usually 
leads  to  increase  in  excretion  of  urea.  Progressive 
"demineralization, "  much  the  same  as  has  been  noted 
by  the  French  writers  in  tuberculosis,  has  likewise  been 
observed  in  cancer.  The  diminution  of  chlorides  in 
this  connection  may  simply  be  a  sign  of  involvement 
of  the  kidneys  or  a"  change  in  the  diet  of  the  patient 
and  not  anything  characteristic  of  cancer.  Some 
workers  have  pointed  out  that  the  urine  of  cancer 
patients  is  much  more  toxic  for  animals  than  normal 
urine;  the  standards  of  toxicity  of  the  urine  and  the 
means  of  measuring  it,  however,  are  not  at  all  accepted 
generally. 

Of  more  interest  is  the  authenticated  observation 
that  so-called  "colloidal"  nitrogen,  or  nitrogen  pre- 
cipitated by  alcohol,  is  increased  in  cancer.  This 
type  of  urine  nitrogen  is  apparently  increased  in  all 


affections  in  which  much  colloidal  substance  passes 
into  the  lymph  or  blood;  tiiis  occurs  with  cancer,  but 
likewise  with  cirrhosis  of  the  liver,  pleurisy  with 
effusion,  suppurative  processes,  etc.  The  determina- 
tion of  colloidal  nitrogen  may,  however,  be  of  some 
diagnostic  importance;  a  negative  finding  may  be  of 
special  value  in  obscure  cases  of  disease. 

Cancerous  Cachexia. — The  sum  total  of  the  effects 
of  cancer  upon  the  animal  organism,  consisting  of 
pallor,  emaciation,  loss  of  appetite,  and  ending  in 
marked  asthenia  is  included  under  the  term  cachexia. 
This  condition  is  most  frequent  with  cancer,  yet  it  is 
not  at  all  a  specific  manifestation  of  this  disease. 
Numerous  other  illnesses  produce  a  state  which  in 
general  resembles  cachexia,  as  for  example,  constant 
repeated  hemorrhages,  chronic  suppurative  processes, 
etc.  Yet  the  condition  is  of  general  clinical  import- 
ance because  it  is  associated  with  cancer  more  fre- 
quently than  with  any  other  affection.  There  are  two 
views  held  in  explanation  of  it,  one  supposing  that 
the  tumor  per  se  is  responsible  for  the  impaired  nutri- 
tion of  the  organism,  another  tracing  it  to  the  appear- 
ance of  degenerative  changes  in  the  tumor  with  the  . 
consequences  of  absorption  of  the  resulting  septic  or 
necrotic  material. 

The  cachectic  symptoms  do  not  precede  cancer  as  had 
been  supposed  at  one  time,  when  the  cancer  diathesis 
or  dyscrasia  was  supposed  to  be  an  actual  condition. 
It  often  disappears  with  removal  of  the  tumor  and 
may  recur  with  the  appearance  and  growth  of  metas- 
tases; it  need  not  be  accompanied  by  fever  or  any 
other  signs  of  septic  absorption.  It  is  accordingly 
dependent  upon  the  local  disease  itself  and  not  upon 
any  general  condition  of  the  body  predisposing  to 
cancer  or  developing  with  its  gro'niih.  Numerous 
other  authors  consider  it  due  to  a  special  cancer  toxin 
which  they  interpret  as  a  product  of  the  metabolism 
of  cancer  cells.  The  more  acceptable  view,  however, 
traces  the  appearance  of  cachexia  to  the  proneness 
with  which  cancer  cells  undergo  degeneration.  On 
the  other  hand,  cachexia  is  most  manffest  in  cancers 
of  the  gastrointestinal  tract  and  here  the  explanation 
lies  in  the  more  marked  absorption  of  toxic  mater- 
ial from  the  degenerated  tissue  and  also  the  interfer- 
ence with  the  functions  of  digestion.  Such  rapid  ca- 
chexia is  especially  to  be  contrasted  with  the  fre- 
quently very  moderate  changes  in  the  general  health 
coincident  with  a  large  tumor  of  the  breast;  as  soon, 
however,  as  internal  metastases  appear  and,  in  ad- 
dition to  their  liabDity  to  degeneration,  attack  di- 
gestive organs,  cachexia  very  quickly  develops. 

Clinically,  cancer  cachexia  is  marked  by  pallor,  the 
skin  being  waxy  in  appearance  with  a  peculiar  lemon 
tint.  While  striking  in  appearance,  such  pallor  is 
met  with  in  primary  pernicious  anemia,  in  cirrhosis 
of  the  liver,  and  in  other  states  accompanied  by  severe 
anemia.  Emaciation  is  most  marked  in  cancers  of 
the  esophagus  and  of  the  stomach,  where  starvation 
has  as  much  to  do  with  it  as  the  effects  of  absorption 
of  toxic  substances.  Indeed,  many  women  with 
cancers  of  the  breast  show  little  emaciation  to  the 
last  and  while  they  appear  waxy  and  pale  they  retain 
the  "panniculus  adiposus"  very  well.  Loss  of  appe- 
tite, "dyspepsia,"  general  muscular  weakness,  are 
other  clinical  evidences  of  cachexia. 

Contagiousness  of  Cancer. — Everyda}'  clinical  obser- 
vation speaks  against  contagiousness  of  cancer  and 
therefore  throws  doubt  on  the  authenticity  of  the 
few  cases  in  which  cancers  are  alleged  to  have  been 
transferred  from  one  individual  to  another.  In  the 
existence  of  so  many  possibilities  of  direct  contagion 
as  is  afforded  by  the  intimate  contact  with  cancer 
patients  entered  into  by  the  relatives,  nurses,  and  doc- 
tors, certainly  numerous  instances  of  such  transfer 
should  have  been  observed.  Williams  appeals  to  his 
experience  at  the  Middlesex  Hospital  during  which  he 
has  never  noticed  anything  that  could  be  possibly 
construed   as    evidence   of   the   communicability   of 


602 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Cancer,  K(IoIok)',  Dlafcnoiils, 
and  Treatment 


malignant  disease.  The  wards  were  crowded,  pa- 
tients not  suffering  from  cancer  were  occasionally 
inadvertently  admitted,  yet  "in  a  period  extending 
iiver  twenty  years  not  a  single  instance  is  known  in 
which  a  nursing  sister,  probationer,  nurse,  ward  ser- 
vant, surgeon,  or  any  one  engaged  in  attendance  on  the 
cancer  patients,  ever  acquired  the  disease."  Several 
experimental  attempts  made  by  surgeons  to  inoculate 
themselves  have  been  unsuccessful,  the  most  recent  of 
these  being  those  of  Nicholas  Senn  and  of  Wickham. 
Pregnancy  associated  with  uterine  cancer  is  not  very 
rare,  yet  authentic  cases  of  cancer  of  the  penis  ac- 
quired by  sexual  intercourse  have  not  been  discovered; 
of  one  hundred  and  eighty  husbands  who  had  marital 
relations  with  their  wives  who  were  siibjects  of 
uterine  cancer,  not  a  single  one  had  acquired  the 
disease  (Bossi).  Behia,  however,  defends  the  possi- 
bility of  contagion;  "cancer  a-deux"  or  cancer  in  two 
persons  that  live  in  close  relation  with  each  other  is 
fairly  common,  according  to  him.  He  has  collected 
nineteen  cases  of  carcinoma  of  the  penis  in  men  whose 
wives  were  subjects  of  uterine  cancer. 

Of  late  the  contagiousness  of  cancer  has  again 
become  the  object  of  attention,  as  the  recent  studies 
of  disease  seemed  to  show  that  certain  districts, 
villages,  or  even  houses,  show  more  extensive  preva- 
lence of  cancer  than  the  immediate  neighborhood. 
Believers  in  the  parasitic  etiology  of  cancers  have 
been  especially  inclined  to  attach  much  significance 
to  such  observations,  correctness  of  which  cannot  be 
always  imputed.  However,  in  our  ignorance  of  can- 
cer etiology  as  a  whole,  mere  prevalence  of  the  disease 
in  any  district  cannot  be  given  much  weight  in  proving 
its  infectious  nature.  It  may  be  that  some  etiological 
factors  of  which  we  are  quite  ignorant  are  at  work 
in  such  districts,  whether  it  be  nutrition,  occupation, 
other  diseases,  or  any  other  causative  factor. 

In  order  not  to  make  it  appear  that  contagiousness 
is  completely  excluded  by  the  available  data  it  maj- 
be  worth  while  to  communicate  several  observations 
supporting  such  possibOity.  White  has  recently 
reported  five  cancer  cases,  four  of  them  fatal,  in  pa- 
tients who  were  all  blood  relatives  or  lived  in  close 
contact  with  one  another  (husband  and  wife);  all 
had  been  infected  within  five  years.  Rovsing  is 
inclined  to  accept  direct  contagion  as  a  possibOity. 
In  his  own  famUy  a  seventy-year-old  uncle  died  of  an 
ulcerating  osteosarcoma.  His  young  daughter  who 
attended  him,  developed  universal  sarcomatosis  and 
died  in  two  years.  Rovsing  thinks  that  cancer  houses 
are  an  actualit}';  in  one  house  several  physicians  in 
turn  developed  sarcoma  and  died  in  the  course  of  a 
year  or  two. 

Numerous  attempts  have  been  made  to  inoculate 
lower  animals  with  cancers  from  human  individuals 
and  success  has  been  claimed  in  a  few  instances.  There 
is  no  doubt,  however,  that  the  vast  majority  of  such 
inoculations  ended  in  failures  and  the  few  reported 
successes  are  not  beyond  criticism.  Higher  monkeys 
were  used  by  Metchnikoff  and  Griinbaum  in  several 
attempts  to  transfer  human  cancer,  all  of  them  ending 
in  failure.  Since  animal  cancers  have  become  the 
subject  of  much  research  only  a  few  instances  suggest- 
ing contagion  have  been  adduced.  Uniform  environ- 
ment, inbreeding,  constant  irritation  or  trauma 
(tumors  of  the  breast  in  female  mice  used  for  breeding) 
may  well  explain  such  isolated  instances. 

Diagnosis. — Such  diagnostic  points  as  are  involved 
in  the  recognition  of  cancer  of  special  regions  are 
discussed  in  this  Handbook  under  the  diseases  of  the 
various  organs.  It  has  always  been  the  endeavor, 
however,  to  find  some  m,eans  of  recognizing  the 
existence  of  cancer  in  the  body  without  reference  to 
its  location  or  to  any  special  symptoms  due  to  involve- 
ment of  the  individual  organs.  Especially  during 
the  last  decade  many  sj'stematic  efforts  have  been 
made  to  arrive  at  the  diagnosis  of  cancer  per  se.     It 


must  be  acknowledged  that  none  of  the  signs  thus 
foimd  has  proved  pathognomonic;  many,  however, 
have  a  corroborative  value  and  several  are  still  on 
trial. 

Precipitins. — Specific  precipitins  in  the  serum  of  can- 
cer patients  have  been  sought  for  by  many  workers. 
Animals  were  prepared  by  injecting  them  with  serum 
of  cancer  patients  with  the  hope  that  the  serum  of 
such  animals  would  show  specific  precipitation  with 
the  serum  of  cancer  patients.  While  this  was  occasion- 
ally the  case,  no  uniform  results  of  value  have  been 
obtained.  Kelling,  who  believes  that  cancer  is  due 
to  the  development  in  the  body  of  embryo  cells  of 
other  species  of  animals,  whose  tissues  are  taken  as 
food,  has  attempted  to  obtain  precipitins  with  the 
extracts  of  such  tissue.  He  claims  to  have  obtained 
positive  results  in  sufficient  numbers  to  support  his 
theory,  especially  with  extracts  of  eggs  and  chicken 
meat.  Kelling's  hypothesis  has  received  no  verifica- 
tion elsewhere. 

Maragliano,  Stumm,  Weil  and  Braun,  and  others, 
have  experimented  with  the  precipitin  formation  in 
the  diagnosis  of  cancer.  It  may  be  stated  that  up  to 
the  present  time  no  diagnostic  significance  can  be 
attached  to  the  results  obtained  by  the  use  of  precipi- 
tin reaction. 

Meiostagmin  Reaction. — This  name  has  been  applied 
by  Aseoli  to  the  lowering  of  surface  tension  which 
occurs  in  a  mixture  of  specific  antigen  and  a  corres- 
ponding serum,  after  a  two-hour  inoculation  in  a 
thermostat.  Roughly,  the  procedure  consists  of  ex- 
tracting some  specific  organism  or  diseased  tissue  and 
then  adding  to  it  the  serum  of  the  patient  to  be 
tested.  The  tension  is  tested  by  estimating  the  num- 
ber of  drops  in  a  certain  amount  of  the  mixture  before 
and  after  incubation,  the  stalagmometer  of  Traube 
being  used  for  the  purpose.  If  a  lowering  of  the 
tension  has  occurred  the  number  of  drops  in  the  same 
amount  of  fluid  will  be  increased  after  inoculation. 
Aseoli  claims  that  this  will  almost  alwa3's  occur  with 
a  serum  containing  specific  antibodies  for  the  antigen 
used;  with  Izar  he  has  obtained  positive  results  in 
sjTjhilis,  tuberculosis,  typhoid  fever,  echinococcus 
disease,  and  lately  with  cancer. 

Aseoli  obtained  positive  results  in  fifty-eight  out 
of  sixty-two  cases  of  malignant  diseases  using  antigen 
made  from  rat  sarcoma.  Encouraging  results  were 
obtained  bj'  d'Est*  who  saw  increase  in  the  number 
of  drops  in  twelve  cases  of  cancer  while  eight  non- 
malignant  tumors  gave  a  negative  reaction,  and 
by  Micheli  and  Cattoretti  who  likewise  obtained 
almost  uniforml}'  positive  results  in  cancer.  Later 
reports  have  not  been  as  encouraging:  Kelling  ob- 
tained positive  results  in  only  forty-seven  per  cent, 
of  his  cases,  while  Stuber  of  Bier's  clinic  in  Berlin  could 
get  no  trustworthy  results  whatever.  Aseoli  and  his 
coworkers  have  in  a  way  acknowledged  that  their 
first  reports  were  too  rosy,  for  thej'  have  introduced 
several  radical  changes  in  the  technique  as  first 
described. 

The  reaction  has  been  tested  in  the  wards  of  the 
Mount  Sinai  Hospital,  New  York  City,  by  Bernstein 
and  Simons,  and  they  report  unfavorably  upon  it, 
having  never  obtained  what  thej'  would  "consider  a 
positive  result.  The  test,  however,  is  still  in  its  in- 
fancy and  the  very  favorable  results  obtained  by  some 
European  workers  show  that  it  may  be  of  value.  A 
final  judgment  cannot  be  passed  upon  it  at  this  time. 

Leucodiagnosis. — This  is  a  term  applied  by  Achard 
and  coworkers  to  a  method  of  diagnosing  various 
conditions  by  the  examination  of  the  leucocytes. 
These  authors  claim,  that  the  presence  of  certain 
cellular  elements  in  the  organism  confers  upon  the 
leucocytes  the  property  of  reacting  to  the  products 
of  such  elements.  They  think  that  the  reaction  is 
in  every  case  specific  for  such  cellular  substances, 
whether  they  be  physiological  or  pathological  prod- 
ucts.    The  test  is  made   with  an  extract  of  cancer 
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tissue.  Leucocytes  of  normal  persons  seem  to  lose 
their  phagocytic  properties  when  mixed  with  such 
extracts,  while  leucocytes  from  persons  suffering  from 
cancer  are  not  affected  by  the  extract.  The  phago- 
cytic properties  are  tested  by  the  use  of  an  emulsion 
of  yeast  to  which  is  added  a  little  of  the  extract  of 
malignant  tissue  and  a  drop  of  blood  from  the  patient. 
The  authors  report  that  of  forty-nine  cases  of  cancer 
all  gave  a  positive  reaction  while  of  twenty-four  nor- 
mal persons  all  were  negative  to  the  test. 

Hemolytic  Tests  for  Cancer. — Weil  writes  that 
several  years  ago  Lang  showed  that  in  advanced  cases 
of  cancer  the  red  blood  cells  show  a  marked  resistance 
to  the  lytic  power  of  anisotonic  salt  solution.  It  was 
later  found  that  a  severe  anemia  with  the  presence  of 
nucleated  red  cells  could  be  produced  in  animals 
experimentally  by  the  injections  of  well-known  chem- 
ical substances  (e.g.  saponin)  that  act  as  hemohsins. 
The  red  blood  cells  of  such  animals  showed  marked 
resistance  to  hemolysis  as  compared  with  normal 
cells.  Such  an  anemia  resembles  cancer  anemia  \ery 
much  and  because  of  the  increased  resistance  of  the 
red  ceUs  in  the  animals  used  for  experiments  outlined 
above  and  in  human  cancer  cases,  it  seemed  fair  to 
assume  that  such  resistance  is  in  both  cases  due  to  a 
similar  cause,  namely,  to  the  presence  of  an  hemolysin 
in  the  blood.  This  seemed  even  more  reasonable 
when  it  is  remembered  that  cancer  tissue  has  been 
shown  to  possess  hemolyzing  properties  and  the  serum 
of  cancer  patients  likewise  may  show  increased  hemol- 
yzing power.  Weil  in  this  country  showed  that  serum 
of  dogs  with  experimental  lymphosarcoma  was  mark- 
edly hemoh'tic  for  the  red  blood  cells  of  normal  dogs 
but  not  for  the  red  blood  cells  of  other  tumor-bearing 
dogs.  The  reaction  was  so  constant  that  it  seemed 
possible  to  diagnose  cancer  from  examination  of  the 
serum  for  hemolytic  properties.  Crile  adopted  the 
method  for  human  cases  and  his  first  reports  were  very 
favorable.  Weil,  however,  states  that  twenty-six 
per  cent,  of  non-cancer  patients  examined  by  him  gave 
the  type  of  the  reaction  which  was  tj'pical  for  tumor- 
bearing  dogs,  while  only  fifty-sis  per  cent,  of  proved 
cancer  cases  gave  a  siniUar  reaction.  Of  course  this 
excluded  the  reaction  from  any  pathognomonic  sig- 
nificance, though  it  may  have  some  corroborative 
value.  ScientificaUj-  the  reaction  is  of  great  interest 
and  our  knowledge  of  it  is  not  at  all  complete. 

The  presence  of  isolysins  has  been  shown  in  forty- 
two  per  cent,  of  the  cases  (714)  examined  by  various 
authors,  but  there  are  great  discrepancies  in  individual 
results.  This  may  be  due  to  the  differences  of  tech- 
nique and  to  various  degrees  of  hemoh'sis  taken  as  a 
positive  reaction.  Usually  hemolysins  are  present 
when  the  tumor  is  well  developed  and  when  metastases 
are  present,  and  they  frequently  disappear  after  a  sur- 
gical removal  of  the  tumor.  They  must  be  very  rare 
in  serum  from  patients  with  non-malignant  tumors, 
Krieda  having  found  that  in  seventy-nine  published 
observations  none  showed  their  presence.  On  the 
other  hand,  other  affections  not  infrequently  lead  to 
their  appearance  and  this,  of  course,  vitiates  their 
diagnostic  value;  they  are  especially  often  met  with 
in  tuberculosis,  though  in  that  disease  "reverse  hemol- 
ysis" (Crile)  occurs  frequently  enough  to  be  fairly 
typical.  In  this  type  of  the  reaction  the  serum  of  the 
patient  dissolves  the  red  corpuscles  of  another  indi- 
vidual, but  in  addition  his  red  cells  are  dissolved  by 
the  serum  of  healthy  individuals.  Only  in  advanced 
cases  of  cancer  was  this  reaction  fairly  frequent  and 
in  such  cases  confusion  with  tuberculosis  is  not  very 
probable. 

The  most  disquieting  thing  about  the  reaction  is 
its  frequency  in  normal  individuals,  which  is  much 
higher  than  was  at  first  supposed.  It  was  found  in  19 
cases  out  of  567  examined  by  several  authors;  that  is, 
in  3.5  per  cent.  It  is  probable  that  this  percentage 
would  be  higher  if  the  blood  cells  of  many  individuals 
were  tested  against  the  serum  examined. 
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Cutaneous  Hemolytic  Test. — Elsberg  and  coworkers 
have  found  that  subcutaneous  injections  of  human 
blood  cells  are  in  certain  individuals  followed  by  a  verv 
characteristic  skin  reaction.  In  applying  the  test  to 
patients  they  discovered  that  89. 9  per  cent,  of  those 
that  responded  with  a  positive  reaction  were  suffering 
from  carcinoma,  while  94.3  per  cent,  of  those  that 
gave  no  reaction  were  free  from  cancer. 

This  reaction  has  been  tried  by  several  other  ob- 
servers and  quite  conflicting  reports  have  appeared 
in  the  literature.  Of  coiu-se,  it  is  simply  a  modifica- 
tion of  the  general  hemoh-tic  reaction  but  the  use  of 
the  subcutaneous  method  makes  it  easier  to  carrj- 
out  and  may  perhaps  add  to  its  delicacy.  Risley  tried 
it  in  73  non-malignant  cases  and  it  proved  positive  in 
15,  negative  in  55,  and  doubtful  in  three  of  them.  Of 
27  cases  of  cancer  9  gave  a  positive  reaction,  16  were 
negative,  while  2  were  doubtful.  Risley  concludes 
that  the  test  is  only  suggestive  at  this  time  and  while 
it  has  no  practical  value  it  deserves  careful  study,  for 
some  modification  of  technique  maj'  make  it  of  diag- 
nostic importance. 

Helerolysins. — KeUing,  whose  theory  of  cancer  origin 
has  already  been  mentioned,  has  shown  that  serum  of 
cancer  patients  is  especially  rich  in  heterolysins  or 
substances  that  hemolyze  the  red  blood  cells  of  other 
animals.  Because  of  his  theory  of  cancer  genesis  he 
experimented  with  red  blood  cells  of  hens  and  has 
found  heterolysins  for  those  ceUs  in  119  out  of  265 
cancer  sera,  while  only  11  out  of  320  non-cancer  sera 
showed  a  similar  property.  He  therefore  claims  that 
the  presence  of  such  heterolysins  is  almost  specific 
for  cancer.  Many  authors  have  confirmed  the  fre- 
quency of  such  hemolysins  but  have  shown  that  it 
does  not  hold  for  the  cells  of  hens  alone,  but  is  true 
for  the  cells  of  many  other  animals.  It  seems  proved 
that  cancer  sera  are  especially  apt  to  hemolyze  such 
red  cells  but  the  reaction  has  not  assumed  any  diag- 
nostic importance,  as  such  heterolysins  are  frequent 
in  other  diseases,  and  not  as  infrequent  in  normal 
persons  as  KeUing  attempts  to  show.  The  reaction  is 
of  interest,  however,  as  heterolysins  for  hens'  cells 
were  found  in  fifty  per  cent,  of  cases  (357)  and  for 
sheep's  cells  in  forty-two  per  cent,  of  cases  (100) 
examined  by  various  authors. 

Antitryptic  Test. — This  test  is  based  upon  the  fact 
that  normal  blood  serum  possesses  to  a  high  degree 
the  property  of  inhibiting  the  specific  digestive  action 
of  trypsin.  Brieger  and  Trebing,  following  Markus, 
have  found  that  in  cancerous  patients  this  property 
is  very  much  increased,  and  have  developed  a  simple 
technique  for  testing  the  relative  antitryptic  power 
of  the  serum.  The  technique  roughly  consists  of 
exposing  a  Loffler  plate  to  the  digestion  of  mixtures  of 
tr>"psin  and  of  serum  in  different  proportions,  drops 
of  the  mixture  being  placed  upon  the  surface  of  the 
medium.  Normal  serum  usuaUy  inhibits  any  diges- 
tion of  the  medium  and  consequent  "cupping"  of  the 
surface  in  proportion  of  1  part  of  serum  to  3  parts 
of  1  per  cent,  trypsin  solution,  while  cancer  serum  is 
able  to  inhibit  such  action  in  proportion  of  1  to  10.  and 
even  1  to  20.  Of  the  584  cases  of  cancer  reported 
upon  by  20  authors  the  result  was  positive  in  425 
or  72.77  per  cent.  Pinkus  has  lately  reported  that 
he  obtained  positive  results  in  94  per  cent,  of  98  cer- 
tain cases  of  cancer,  while  other  observers  report  from 
90  to  100  per  cent,  of  positive  reactions. 

There  seems  to  be  no  doubt  that  the  antitryptic 
properties  of  the  blood  are  very  much  increased  in 
cancer.  Moreover,  it  has  been  shown  that  this 
property  diminishes  after  removal  of  the  tumor,  and 
increases  again  with  the  appearance  of  recurrent 
tumors.  Its  dependence  upon  the  existence  of  the 
cancer  seems,  therefore,  to  be  certain.  However,  it 
was  soon  discovered  that  other  diseases  are  accom- 
panied by  the  rise  of  the  antitryptic  property  of  the 
blood,  namely,  pneumonia,  severe  anemia,  exophthal- 
mic goiter,  tuberculosis,  nephritis  with  uremia,  etc.^ 
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iind  it  occurs  as  frc(|ueiitly  as  in  twenty-five  per  cent. 
of  tlie  cases  examined.  Indeed,  tlie  reaction  is  now 
spoken  of  as  a  "cachexia  reaction"  because  it  seems 
til  acconi])any  such  a  condition  whatever  l)e  the 
-.[lecific  di.-;ease  resi>onsihle  for  it.  Vet  a  positive 
result  is  of  some  v;Uue  in  case  otlier  diseases  can  t)e 
excluded;  a  negative  hndiuK  is  likewise  somewhat 
reassuring,  for  non-malignant  tumors  are  not  accom- 
panied by  increase  of  antitrypsin.  The  techniciue  of 
the  reaction  has  been  radically  modified  by  other 
workers  with  it  an<l  its  final  value  is  still  sub  jiidici:. 

Aiia])h!/I(txis. — I'feiffer  and  Finsterer  think  that  in 
the  cour.se  of  cancer  antibodies  develoj)  which  induce 
anaphylaxis  when  injected  into  guinea-pigs.  ( luinea- 
pigs  untreated  or  treated  with  normal  blood  serum 
show  no  reaction  when  injected  with  juice  of  cancer 
tissue.  On  the  other  hand,  guinea-pigs  injected 
I  forty-eight  hours  previously  with  lilood  serum  of 
1  cancer  patients  and  then  injected  with  cancer  juice 
display  severe  anaphylactic  symptoms,  among  them 
the  characteristic  and  easily  determined  anaphylactic 
drop  in  temperature. 

The  authors  conclude  that  the  serum  of  cancer 
patients  contains  anaphylactic  bodies,  and  that  the 
discovery  of  such  bodies  confirms  the  diagnosis  of 
malignant  disease. 

Freund  and  Kaminei-  Reaction. — These  authors  have 
tliought  that  the  irregular  appearance  of  metastases 
in  cancer  patients  probably  depends  upon  the  prop- 
erties of  the  blood  serum  which  may  inhibit  the 
development  of  the  neoplastic  cells  that  reach  the 
lymph  or  blood  circulation.  They  have  therefore 
examined  the  behavior  of  blood  sera  toward  suspen- 
'  sions  of  cells  derived  from  malignant  tissue,  and  have 
found  that,  while  normal  sera  destroy  the  cells,  sera 
of  cancer  patients  have  hardly  any  such  effect.  The 
results  of  the  reaction  were  estimated  ciuantitatively  by 
the  use  of  a  cell-counting  chamber.  Control  experi- 
ments excluded  any  autolytic  processes.  Freund  and 
Kaminer  have  varied  their  experiments  in  many  ways, 
finally  using  simple  extracts  of  cancer  tissue  instead 
of  cell  suspensions.  They  claim  that  cancer  serum 
produces  a  precipitate  when  added  to  cancer  extract 
while  no  such  precipitate  occurs  with  other  sera. 
Methods  employed  Ijy  the.se  authors  are  too  technical 
to  be  discussed  in  this  place  but  the  important  thing 
is  the  claim  that  both  reactions  are  specific  for  cancer. 
Their  conclusions  have  received  some  corroboration 
from  the  few  authors  who  have  tried  the  reactions  in 
the  short  time  since  the  publication  of  the  technique. 

Spontaneous  REC0^•ERT  from  C.\ncer. — The  char- 
;icteristic  features  of  cancer  being  persistence  and 
tendency  to  growth  the  question  of  spontaneous 
recovery  would  seem  to  be  opposed  to  the  very  defini- 
tion of  the  disease.  Yet  cancers  differ  very  much  in 
the  degree  to  which  they  exhibit  the  two  characteris- 
tics mentioned  above,  and  the  chronicity  of  some  of 
the  well-authenticated  cases,  with  marks  of  evident 
regression  of  tumors  in  other  instances,  make  the 
spontaneous  cure  of  cancer  not  per  se  an  impossibilitj-. 
Numerous  instances  of  such  recoverj*  are,  of  course, 
found  in  the  literature  but  only  a  few  are  supported 
tiy  very  strong  evidence.  Borst,  the  author  of  a 
noted  treatise  on  tumors,  thinks  that  all  such  reports 
depend  upon  a  mistaken  diagnosis  in  the  first  place. 
Williams  cannot  cite  a  single  instance  of  "complete 
.spontaneous  cure"  from  his  large  experience. 

Pearce  Gould  reported  a  case  of  a  woman  who  had 
her  left  breast  removed  for  a  typical  scirrhus,  micro- 
scopically diagnosed,  in  1880.  In  1895  she  was 
cachectic  and  showed  ninnerous  recurrent  nodules  in 
the  skin,  metastatic  growths  in  the  axillary  and 
cervical  glands,  etc.  Between  that  year  and  1899  all 
these  growths  gradually  disappeared  and  the  patient 
improved  in  health;  she  was  well  until  1906  since  when 
she  has  not  been  seen.  He  reports  a  similar  instance 
in  which  the  recoverv  from  recurrent  carcinoma  of  the 


breast  took  place  after  .several  years  during  which  the 
patient  appeared  on  the  verge  of  death.  Hutchinson, 
Broca,  and  others  have  reported  similar  ca.ses.  Czerny 
has  lately  shown  that  an  oix'ration  with  jjartial  re- 
moval of  a  cancer  nuiy  be  followed  by  quiescence  for 
years  so  that  spontaneous  recovery  must  be  thought 
as  ])0ssibly  having  taken  ])lace  in  such  case's.  It 
must  always  b(>  rememljered,  however,  that  in  many 
instances  the  very  slow  progress  of  the  disease  leads 
to  the  mistaken  diagnosis  of  spontaneous  c\ire;  this 
was  the  case  with  Hodenpyl's  patient  in  whom  re- 
gression of  many  metastatic  growths  and  general  im- 
provement was  followetl  by  death  from  internal  me- 
tastases not  diagno.sed  during  life.  In  aninud  experi- 
ments, evidence  of  spontaneous  cure  has  been  noted 
by  Ciaylord  and  Clowes  who  reported  a  large  per- 
centage of  spontaneous  recoveries  in  mice  they 
worked  with;  on  the  other  hand,  Bashford  lias  seen 
but  one  case  of  this  nature  in  3,000  mice. 

Treatment. — The  only  logical  treatment  of  cancer 
at  the  present  state  of  our  knowledge  is  an  early 
operation.  The  disease  is  local  for  a  certain  time  of 
its  development,  and  complete  removal  of  the  disease 
focus  is  the  only  method  that  promises  cure  with  any 
degree  of  certainty.  That  such  a  statement  is  correct 
is  shown  by  the  increasing  number  of  cancer  patients 
who  have  successfully  been  operated  upon  and  have 
continued  to  live  without  recurrence  of  the  disease. 
The  proportion  of  such  persons  has  steadily  increased 
with  improvement  in  surgical  technique  and  the 
spread  of  the  conviction  that  to  be  curative  the 
operation  must  be  thorough,  that  is,  it  must  residt 
in  the  removal  of  all  of  the  cancer  tissue  present. 
The  reader  is  referred  to  the  articles  on  the  dis- 
ea.ses  of  special  organs  for  description  of  technique 
and  the  operative  results  recently  obtained. 

It  is  widely  recognized  now,  however,  that  the  old 
limit  of  three  years,  which  was  once  thought  to  be 
sufficient  to  make  sure  that  cancer  has  been  eradicated, 
is  altogether  too  short.  Recurrences  have  taken  place 
anywhere  from  a  few  months  to  twenty  years  after 
operative  removal  of  the  cancer  focus,  and  while  the 
longer  periods  are  rather  rare,  intervals  of  three,  four, 
and  five  years  between  operation  and  recurrence  are 
common.  Moreover,  operation  is  often  done  when 
all  hope  of  total  extirpation  is  gone,  when  the  local 
spread  of  the  disease  has  reached  parts  that  are  in- 
accessible to  the  surgeon,  or  when  metastasis  into 
distant  organs  has  already  taken  place.  Such  cancers, 
of  course,  speedily  recur.  Then,  there  are  the  great 
many  cases  that  come  for  treatment  when  all  hope 
for  a  successful  operation  is  gone,  the  disease  being 
in  such  a  state  as  to  preclude  any  benefit  even  from 
the  extirpation  of  some  troublesome  local  foci.  There 
is  therefore  much  need  for  non-operative  treatment  of 
cancer  and  while  many  methods  have  been  used  in 
the  past  and  have  been  recently  developed,  the  very 
multiplicity  of  them  shows  that  none  are  specially 
successful. 

Drugs. — Little  need  be  said  of  the  drug  treatment 
of  cancer.  An  enormous  number  of  drugs  have  been 
recommended  and  have  been  tried  and  it  may  be  said 
that  none  has  proved  of  value  in  curing  cancer,  ex- 
cept in  so  far  as  some  act  as  caustics  and  mechanic- 
ally remove  the  cancerous  focus.  Arsenic  alone  de- 
serves further  mention  because  such  authorities  as 
Esmarch,  Bilroth,  Czerny,  and  others  have  reported 
favorably  on  its  effects.  It  nuist  he  granted  that  in 
certain  types  of  malignant  disease,  for  instance,  malig- 
nant lymphoma,  arsenic  .appears  to  have  some  deter- 
rent effect  upon  the  rate  of  growth  of  the  tumors.  Of 
late,  fairly  favorable  results  have  been  obtained  with 
such  modern  preparations  as  sodium  cacodylate, 
atoxyl,  salvarsan,  etc.  Any  specific  effect  from  the.se 
preparations,  however,  has  not  been  noticed  by  com- 
[jetent  observers  (see   below,  under   Chemotherapy). 

Drugs,  however,  have  a  legitimate  i^lace  in  the  treat- 
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ment  of  cancer  from  another  standpoint,  namely,  to 
combat  the  numerous  symptoms  developing  during 
the  course  of  the  disease.  To  repeat  a  trite  statement, 
in  cancer  as  in  other  diseases  the  patient  and  not  the 
disease  is  the  subject  of  treatment  and  all  the  me- 
chanical, physical,  and  chemical  therapeutical  methods 
may  find  their  logical  indication  in  the  treatment  of 
patients  suffering  from  cancer.  Special  care  is  needed 
to  alleviate  pain  and  the  use  of  analgesic  drugs  is 
usually  early  called  for.  Reports  from  certain  cancer 
hospitals  give  much  praise  to  the  newer  coal-tar  prod- 
ucts when  used  for  this  purpose.  Finally,  however, 
morphine  is  usually  called  for,  especially  at  bedtime  to 
prevent  a  sleepless  night  when  the  distractions  of 
daj"time  are  not  present  to  keep  the  sufferers'  thoughts 
from  their  disease. 

X-rays. — The  use  of  x-rays  now  holds  a  well-founded 
place  in  the  treatment  of  cancer.  Hundreds  of  obser- 
vations have  shown  that  the  rays  destroy  carcinoma 
tissue  in  the  skin  as  effectually  as  any  other  mechanical 
or  chemical  method.  Rodent  ulcers  are  especially 
suitable  for  such  treatment,  occasionally  in  combi- 
nation with  operative  removal  of  some  portions  of 
the  growth.  The  advantages  of  i-rays  consist  in 
the  painlessness  of  the  method,  in  the  absence  of  the 
ordeal  of  operation,  and  especially  in  the  accessibility 
to  treatment  of  lesions  about  the  orbit,  involving  the 
eye,  where  operative  removal  is  almost  impossible. 
Pusey  states  that  of  111  successive  cases  of  skin 
cancer  treated  by  z-ra}"s,  72  per  cent,  showed  success- 
ful results;  of  cases  not  incurable  by  other  methods, 
practically  100  per  cent,  were  successfully  treated. 

There  is  a  fairly  general  agreement  among  surgeons, 
too,  that  x-ray  treatment  is  of  value  in  the  prevention 
of  recurrence  after  operative  removal  of  tumors.  The 
effects  of  the  raj's  in  cases  of  inoperable  cancer  are  like- 
wise favorable;  pain  is  usually  diminished,  fetor  very 
verj'  much  modified,  sleeplessness  often  disappears,  and 
the  general  state  of  the  patient  improves  very  remark- 
ably. The  rays  of  course  do  not  cure  the  disease, 
but  thej-  certainly  prolong  life  and,  what  is  perhaps 
more  gratifying,  they  make  the  life  of  the  cancer 
patient  more  bearable  because  of  doing  awa3'  with 
the  most  unpleasant  and  annoying  symptoms  of  the 
disease.  It  must  be  granted,  however,  that  the 
mental  effect  of  such  a  generally  known  and  impres- 
sive agent  as  the  x-ray  probably  has  a  good  deal  to 
do  with  the  favorable  constitutional  effects  that  are 
frequently  observed. 

Radium. — Radium  was  discovered  by  the  Cirries, 
husband  and  wife,  in  1S9S  and  because  of  its  wonder- 
ful properties  soon  attracted  general  attention.  Its 
effects  on  the  animal  organism  were  early  studied:  on 
the  skin  exposure  to  it  produces  hyperemia,  falling 
of  hair,  necrosis  of  the  epithelium,  ulceration,  etc., 
effects  which  are  similar  to  those  produced  by  the 
x-rays.  That  it  was  not  an  indifferent  substance  so 
far  as  the  general  organism  is  concerned  was  shown  by 
the  production  of  con\iilsions,  paralyses,  etc.,  in  mice 
exposed  to  its  action,  these  symptoms  finally  ending 
in  death.  Of  importance  is  its  selective  action  upon 
the  reproductive  glands:  it  kills  spermatozoa,  leads  to 
atrophy  of  the  testicles  and  causes  well-marked  atro- 
phy of  the  Graafian  follicles  in  the  ovaries. 

It  was  soon  sho^-n  that  pathological  tissue  of  any 
nature  was  destroyed  by  radium  quicker  than  normal 
tissues.  Apolant  succeeded  in  curing  mice  inoculated 
with  tumors,  by  the  use  of  radium.  Benign  skin 
lesions,  keloids,  wart«,  lupus,  psoriasis,  were  shown  to 
be  quickly  affected  by  its  emanations  and  in  many 
instances  were  satisfactorily  cured. 

Czerny  has  made  much  use  of  it  in  the  treatment  of 
cancer.  According  to  him  cancerous  ulcers  may  be 
healed,  small  tumors  softened  and  made  to  disappear, 
and  the  general  state  of  the  patient's  health  much 
improved  by  the  use  of  radium.  Nahmacher  used  it 
in  hope  of  preventing  recurrences  after  operations  and 
reports  very  good  experiences  with  it  although  from 
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the  nature  of  the  cases  it  is  impossible  to  state  how 
much  good  it  has  done.  Finzi  reports  that  complete 
local  disappearance  took  place  in  twelve  per  cent,  of 
ninety-nine  cases  of  cancer  treated  by  him  with 
radium.  Great  relief  from  symptoms  was  secured  in 
more  than  half  the  cases.  He  thinks  that  every 
local  inoperable  malignant  growth  should  be  treated 
with  radium,  and  especiaUj-  that  every  operation  on 
cancer  should  be  followed  by  exposure  to  radiimi  as  a 
prophylactic  meas\rre  if  the  site  is  an  accessible  one. 

Wickham  who  has  had  a  great  deal  of  experience 
with  radium  and  has  originated  many  ingenious  meth- 
ods of  applying  it,  declares  himself  very  cautiously. 
He  treated  over  600  cases,  in  tliis  fashion,  and  slates 
that  there  is  no  doubt  that  tumors  may  be  arrested 
for  months  by  radium  and  that  occasionally  they  have 
completely  disappeared,  giving  the  impression  of  a 
real  cure.  Radium,  however,  acts  only  on  localized 
lesions  which  are  accessible  or  have  been  made 
accessible  by  operation.  It  diminishes  the  tumors, 
arrests  secretion,  and  diniinishes  pain  in  advanced 
cases,  and  occasionalh-  its  use  may  make  a  previously 
inoperable  cancer  amenable  to  operative  treatment. 
Butlin  recognizes  the  value  of  radium  but  thinks  that 
its  use  is  not  justified  in  any  but  the  smallest-sized 
epitheliomata  and  in  inoperable  cases.  He  has  never 
seen  a  case  in  which  distant  metastases  were  affected 
by  applications  to  the  original  tumors.  Einhorn  has 
treated  cancers  of  the  esophagus  and  of  the  stomach 
by  radium,  having  devised  special  receptacles  by 
means  of  which  the  radium  tubes  can  be  brought 
into  contact  with  the  tumors.  In  cancers  of  the 
esophagus  he  has  seen  improvement  in  most  cases, 
malignant  strictures  often  becoming  passable:  the 
patients  felt  better,  could  swallow  better,  and  suffered 
less  from  pain.  He  saw  some  palliative  effects  in 
the  few  cases  of  cancer  of  the  stomach  he  has  treated 
in  like  fashion. 

Abbe  of  New  York  has  treated  numerous  cases  of 
cancer,  mostly  sarcoma,  with  radium  and  has  obtained 
favorable  results  in  manj"  instances.  As  a  rule 
recession  of  tumors  was  noted  in  most  cases  and  in  a 
few  the  tumor  disappeared  completely.  Thus,  a 
round-celled  sarcoma  of  the  eyelid  disappeared  after 
four  exposures  to  radium,  no  recurrence  being  noted 
in  three  years;  an  extensive  giant-celled  sarcoma  of 
the  jaw  which  disappeared  under  radium,  did  not 
recur  in  the  four  years  of  observation. 

Cancer  A.scilic  Fluid. — In  the  year  1910,  the  late 
Eugene  Hodenpyl  of  New  York  reported  the  case  of  a 
woman  who  suffered  from  numerous  recurrences  in 
and  about  the  operative  scar  after  removal  of  the 
breast  for  cancer;  she  also  had  secondary  tumors  in 
the  other  breast  and  in  the  neck.  She  developed 
metastases  in  the  liver,  which  led  to  the  formation  of 
ascites.  Gradually,  the  recurrent  and  secondary  tu- 
mors disappeared,  the  liver  became  smaller,  and  the 
woman's  general  condition  became  very  much  im- 
proved. She,  however,  had  to  be  tapped  frequently 
to  relieve  her  of  recurrent  ascites.  Hodenpyl  con- 
ceived the  idea  that  the  patient  must  have  developed 
some  antibodies  to  cancer  and  that  the  ascitic  fluid 
perhaps  contained  these  substances.  Experimental 
use  of  the  fluid  was  very  gratifying,  tumors  in  mice 
being  favorablj-  affected.  Hodenpyl  then  tried  the 
fluid  in  human  cancer  patients,  giving  it  subcuta- 
neousl}'  and  intravenously  in  large  amounts.  He  re- 
ported fair  success. 

Hodenpyl's  report  led  to  a  wide  trial  of  ascitic 
fluids  from  cancer  and  other  patients  in  the  treatment 
of  malignant  disease  and  most  of  the  observers  noted 
some  temporary  improvement  in  the  cases  treated; 
Prolonged  trial,  however,  led  to  complete  disappoint- 
ment. Risley  used  several  kinds  of  body  exudates 
and  transudates  in  forty-five  cases  of  cancer  over -a 
period  of  seven  months.  He  concludes  that  cancerous 
ascitic  fluid  has  no  permanent  effect  in  preventing  or 
checking  the  growth  of  cancer  of  active   or  fairly 
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resistant  type,  though  temporary  beneficial  results 
may  be  noted  for  periods  of  from  one  to  five  months. 
The  course  of  the  disease  is  in  no  way  permanently 
retarded.  In  a  small  percentage  of  cases  Risley  saw 
temporary  relief  from  pain,  especially  in  cases  of 
cancer  of  the  uterus.  In  one  patient  with  cancer  of 
the  ovary  her  own  ascitic  fluid  was  used  and  some 
benefit  was  noted. 

Weil  studied  varioiis  ascitic  fluids  and  was  unable  to 
find  by-  any  chemical  or  biological  test  any  antibody 
or  specific  substance  which  diiTerentiated  them  from 
each  other.  It  must  be  concluded  that  while  failure 
has  so  far  followed  the  use  of  the  method  of  treatment 
suggested  by  Hodenpyl,  so  far  as  cure  is  concerned, 
the  unmistakable  though  usually  very  temporary 
improvement  that  has  been  noted  in  many  cases  shows 
that  this  method  should  not  be  abandoned  without 
further  study.  While  it  may  not  lead  to  any  "cure" 
for  cancer  it  may  explain  the  varying  rate  of  rapidity 
with  which  cancer  develops  in  different  individuals. 

It  should  be  noted  that  Hodenpyl's  patient  finally 
died  of  cancerous  metastases,  which  were  not  recog- 
nized during  her  life  but  which  were  discovered  at 
the  autopsy. 

Fidguralion. — This  method  of  treating  inoperable 
cancer  has  been  used  by  de  Keating-Hart  since  1906 
and  recently  has  led  to  a  great  deal  of  discussion,  as 
to  both  its  mode  of  action  and  its  alleged  results.  Al- 
though the  method  is  described  by  many  authors  as 
simple  destruction  of  cancer  tissue  by  means  of  a 
high-frequency  spark  obtained  from  a  special  appa- 
ratus, de  Keating-Hart  claims  that  such  destruction, 
when  it  occurs,  is  harmful  and  is  not  true  fulguration. 
The  latter  consists  of  overstimulation  of  tissue  by  the 
current  which  acts  more  upon  cancer  soU  than  upon 
the  cancer  itself. 

Whatever  the  nature  of  the  method,  it  was  first 
hailed  with  great  enthusiasm.  Czerny  was  at  first  a 
very  warm  advocate  of  the  method,  having  observed 
most  gratifying  results.  He  used  it  in  connection  with 
surgical  removal  of  cancer  tissue,  fulgurating  the 
wound  in  the  hope  of  preventing  recurrence.  Later, 
he  became  somewhat  cooler  toward  this  method, 
though  he  still  grants  that  it  is  of  great  assistance 
and  gives  in  thirty  minutes  results  that  are  equivalent 
to  those  obtained  with  x-rays  or  radium  in  three 
months.  In  general  it  is  granted  that  cancers  treated 
by  the  de  Keating-Hart  method  are  frequently  fol- 
lowed by  local  healing,  where  this  would  not  be 
probable  with  other  methods  of  treatment.  It  should 
be  used  in  cases  where  operation  is  necessarily  in- 
complete, and  some  authors  think  that  it  could  advan- 
tageously precede  treatment  with  the  i-rays  or  radium. 
That  is  it  not  a  "specific"  method  of  treating  cancer 
has  been  further  shown  by  the  fair  success  met  with 
in  using  it  for  the  treatment  of  certain  other  chronic 
affections  (tuberculosis  of  the  skin,  etc.). 

Various  other  methods  of  electrothermic  destruction 
of  cancer  tissue  have  been  tried  in  recent  years  and 
while  some  of  them  have  been  shown  to  be  a  better 
way  of  dealing  with  cancer  tissue  in  places  where  the 
knife  or  the  actual  cautery  is  contraindicated  or  diffi- 
cult to  use,  none  has  been  shown  to  have  any  specific 
merit  in  its  effects  upon  cancer  tissue.  Quite  recently 
de  Keating-Hart  has  experimented  with  the  use  of 
fulguration  and  of  i-rays  on  tissues  the  temperature 
of  which  has  been  artificially  raised,  while  the  skin 
and  any  organ  which  is  to  be  protected  from  the  de- 
structive action  of  the  rays  are  artificially  cooled.  To 
this  method  the  term  thermoradiothernpy  has  been  ap- 
plied. Independent  conclusions  about  its  merits  have 
not  yet  been  reached. 

The  Enzyme  Trealment  of  Cancer. — Under  this  title 
is  understood  the  employment  of  trypsin  and  amy- 
lopsin  which  was  founded  on  certain  embryological 
theories  of  John  Beard  and  for  a  long  time  awakened 
much  hope.  Tr3rpsin  was  foimd  to  have  a  liquefying 
effect  upon  tumors,  and  small  ones  have  been  made 


to  disappear  by  injections  of  the  enzyme.  Most  ob- 
servers, however,  have  reported  complete  failures  so 
far  as  "cure"  of  infiltrating  cancer  or  one  that  has  al- 
ready given  rise  to  metastatic  growths  is  concerned, 
even  when  all  regard  has  been  taken  to  combine  injec- 
tions of  amylopsin  with  those  of  trypsin  as  urged  by 
Beard.  There  exist,  however,  several  favorable  re- 
ports on  Beard's  treatment  of  cancer  and  the  reader  is 
referred  to  that  author's  latest  book  on  the  subject 
(The  Enzyme  Treatment  of  Cancer  and  its  Scientific 
Basis,  by  John  Beard,  London,  1911).  So  far  as  ex- 
tended use  of  these  remedies  is  concerned  a  perusal 
of  the  more  recent  medical  reports  on  the  treatment 
of  cancer  seems  to  show  that  they  have  generally  been 
given  up. 

Opolherapy. — It  may  be  mentioned  in  this  connec- 
tion that  since  the  time  of  Brown-SiSquard  extracts 
of  animal  organs  have  been  used  in  the  treatment  of 
cancer.  The  originator  of  this  form  of  therapy  him- 
self reported  upon  the  good  effects  noted  in  several 
cases  following  the  administration  of  testicular  ex- 
tract, his  pet  preparation.  Beatson  advised  removal 
of  ovaries  in  women  suffering  from  breast  cancer  and 
in  addition  administered  thyroid  substance.  Thyroid 
has  been  quite  extensively  tried  in  the  beginning  of 
this  century  and  has  certainly  shown  a  certain  influ- 
ence upon  the  growth  of  tumors,  especially  upon 
metastatic  growth  in  the  lymph  nodes.  Malignant 
disease  of  the  larynx  has  likewise  proved  somewhat 
susceptible  to  this  preparation,  several  cases  having 
been  reported  where  complete  disappearance  of  the 
tumor  has  taken  place.  Recurrence,  however,  has 
usually  been  noted.  There  are  several  cases  in  which 
the  period  of  freedom  from  recurrence  after  the  treat- 
ment with  thyroid  has  been  several  years.  Extract 
of  thymus  gland  has  likewise  been  used  with  about 
the  same  results  as  with  thyroid  substance.  Von 
Leyden  and  Bergell  have  used  a  proteolytic  ferment 
derived  from  animal  livers  and  have  witnessed  re- 
markable destruction  of  cancer  tissue  under  its  em- 
ployment, that  led  to  untoward  symptoms  of  intoxi- 
cation. They  have  not  obtained  any  very  remarkable 
therapeutic  results. 

Chemotherapy. — The  remarkable  success  of  Ehr- 
lich's  salvarsan  has  led  to  several  attempts  to  discover 
or  prepare  substances  that  would  have  a  specific 
affinity  for  cancer  cells.  The  first  report  of  a  chemical 
of  such  nature  was  published  recently  by  Wassermann 
and  coworkers,  the  substances  examined  being  salts 
of  selenium,  which  have  previously  been  shown  to  be 
very  readily  reduced  bj'  growing  cells.  Cancer  cells, 
because  of  their  increased  growth  energy,  were  found 
to  be  specially  capable  of  reducing  the  salts  and  pre- 
cipitating selenium  in  vitro.  In  the  animal  bod}', 
however,  selenium  proved  to  be  as  destructive  to  the 
cells  of  the  organism  as  to  the  cancer  cells,  and  it 
therefore  occurred  to  Wassermann  to  combine  se- 
lenium with  eosin,  the  latter  having  the  property  of 
being  rapidly  distributed  in  the  body,  thus  reaching 
cancer  cells  before  much  damage  has  been  done 
elsewhere. 

Experiments  with  tumor-bearing  mice  showed  that 
the  selenium  was  deposited  in  the  tumors  and  led  to 
softening,  which  was  followed  by  absorption  of  the 
tumor  masses.  The  mode  of  death  of  the  tumor  cells 
was  shown  by  Hansemann  to  be  very  peculiar,  nucleo- 
lysis  being  the  first  step  in  the  destruction.  The  cura- 
tive and  toxic  doses  of  the  preparation  were,  how- 
ever, found  to  be  very  near  each  other,  and  death  oc- 
curred in  many  of  the  mice  treated;  the  products  of  de- 
struction of  the  tumors  likewise  proved  to  be  very 
dangerous. 

Neuberg  and  Caspar!  have  reported  somewhat 
similar  results  with  other  chemical  substances,  their 
work  being  founded  not  upon  the  increased  growth 
energy  of  cancer  cells  but  upon  the  well-known  tend- 
ency of  these  cells  to  necrosis  and  death.  These 
authors  have  used  colloid  metals,  leading  to  autolysis 
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of  tumors  and  resulting  cure.  Quite  recently  Loeb 
has  shown  that  coUoid  metals  may  be  used  with 
advantage  in  the  treatment  of  human  cancers,  when 
administered  by  the  intravenous  method. 

Serotherapy. — Richet  and  Hericourt  were  among  the 
first  to  apply  the  principles  of  serotherapy  to  cancer. 
Thej^  injected  animals  with  preparations  of  cancer 
tissue  and  then  utilized  the  serum  of  such  animals  in 
the  treatment  of  cancer.  They  witnessed  favorable 
clinical  results:  diminution  of  pain,  better  sleep,  better 
appetite  and  digestion,  and  general  improvement. 
The  tumors  seemed  like'n-ise  favorably  affected,  hemor- 
rhages becoming  rare,  ulcerations  cleaner,  lymph  nodes 
smaller  in  size. 

Since  their  time,  numerous  attempts  have  been 
made  to  produce  an  active  or  a  passive  immunity 
against  cancer.  A  great  variety  of  procedures  have 
been  developed:  sera  of  normal  animals,  supposedly 
immune  to  cancer;  sera  of  animals  immunized  against 
embryonal  tissue,  against  cancer  tissue,  against  vari- 
ous microorganisms  some  supposedly  holding  an 
etiological  relation  to  cancer,  others  ha\"ing  no  such 
relation;  finally  vaccines,  consisting  of  tumor  tissue 
of  the  patient,  of  tissue  of  other  tumors  similar  or 
different  in  character — all  these  and  many  others 
have  been  tried  in  sequence  and  the  literature  of  this 
form  of  treating  cancer  is  becoming  more  and  more 
voluminous.  It  may  be  said  that  almost  all  of  the 
attempts  have  resiilted  in  some  isolated  cases  in  which 
improvement,  local  or  general,  has  been  witnessed;  a 
few  of  the  procedures  have  to  their  credit  one  or  two 
alleged  "cures,"  inoperable  cancers  having  disappeared 
and  not  having  recurred  for  a  certain  period  of  time; 
none  of  them  however  proved  to  be  curative  in  any 
general  sense. 

Great  hopes  were  aroused  for  a  time  when  Jensen 
reported  that  it  was  quite  possible  to  prepare  a  cjto- 
lytic  serum  for  animal  cancer.  He  injected  rabbits 
with  emulsion  of  mice  tumor  and  cured  other  tumor- 
bearing  mice  with  the  resulting  serum.  These  results 
have  been  questioned,  spontaneous  recoveries  being 
not  infrequent  in  cases  of  mouse  tumors.  Vidal  has 
made  a  careful  study  of  cj-tolytic  sera  and  after 
numerous  modifications  of  technique  has  succeeded 
in  effecting  at  least  three  cures  in  cases  of  inoperable 
cancer  in  a  total  of  almost  one  hundred  cases  tried. 
One  of  the  patients  had  an  epithelioma  of  the  tongue 
and  was  alive,  with  cicatricial  contraction  of  the  ton- 
gue, seven  years  after  treatment;  another  case  was 
that  of  cancer  of  the  rectum,  the  patient  being  alive 
seven  years  after  the  conclusion  of  treatment;  the 
third  was  cancer  of  the  breast,  the  patient  living  ten 
years  after  treatment.  Several  other  cases  have  been 
much  benefited,  in  some  operation  becoming  possible 
after  the  use  of  vaccines. 

At  the  present  time  the  study  of  the  role  of  vaccines 
and  sera  in  cancer  therapy  is  going  on  in  the  hands  of 
many  workers  and  their  final  value  will  probably  be 
soon  settled,  especiaUy  as  attention  is  now  being 
directed  to  the  principles  of  all  such  treatment  rather 
than  to  this  or  that  modification  in  the  preparation 
of  the  therapeutic  substances. 

Coley's  Fluid. — In  studying,  over  twenty  years  ago, 
cases  of  sarcoma  at  the  New  York  Hospital,  W.  B. 
Coley  ran  across  a  case  of  very  malignant  round- 
celled  sarcoma  of  the  neck,  four  times  recurrent, 
during  the  course  of  which  the  patient  suffered  two 
attacks  of  erysipelas.  During  these  attacks  the 
tumor  disappeared  entirely  and  the  patient  left  the 
hospital.  Coley  found  him  alive  and  well  in  1891, 
seven  years  afterward.  This  induced  Coley  to  trj- 
artificial  inoculation  with  erysipelas  and  finally  to  use 
the  toxins  of  the  streptococcus  from  cases  of  ery- 
sipelas, first  alone  and  then  in  combination  with  the 
toxins  of  Bacillus  prodigiosus,  in  the  treatment  of 
malignant  disease  and  especially  of  sarcoma. 

In  a  late  review  of  personal  results  and  of  those 
reported  in  the  literature  he  tells  of  having  had  success 
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in  42  cases  of  malignant  disease  out  of  some  500  cases 
treated;  of  these  17  were  round-celled  sarcomata  and 
an  equal  number  of  spindle-celled  sarcomata.  The 
remaining  tumors  were  of  mixed  type  or  were  not 
pathologicallj"  examined,  and  one  was  an  epithelioma. 
Of  these  patients  21  were  well  from  five  to  fourteen 
years  after  treatment,  26  well  from  three  to  fourteen 
years,  and  10  were  weU  ten  to  fourteen  years  after 
treatment.  He  thinks  that  successes  reported  by 
other  authors  add  up  to  about  100  cases. 

Roughly  then,  Coley  claims  to  have  had  success  in 
about  ten  per  cent,  of  cases,  for  he  has  reported 
numerous  successes  since  his  last  comprehensive 
paper  on  the  subject.  One  or  two  of  the  cases  have 
been  malignant  tumors  of  epithelial  nature.  Not- 
withstanding these  reports  it  is  not  exaggeration  to 
say  that  the  profession  in  general  has  been  undecided 
as  to  the  role  of  Coley's  toxins  in  the  treatment  of 
sarcoma.  That  such  attitude  exLsts  is  best  evidenced 
by  the  tone  of  Dr.  Coley's  papers  in  1906  and  again  in 
1907  in  which  he  recounts  the  above  results  and  pleads 
for  recognition  of  the  toxins  as  a  remedy  to  be  tried 
in  the  treatment  of  inoperable  sarcoma  and  in  the 
prevention  of  recurrence  after  operation,  and  even 
before  operative  interference  in  certain  cases.  Of 
course,  the  usual  conservative  attitude  of  the  profes- 
sion toward  cancer  "cures"  in  general  is  one  element 
in  this  attitude  toward  Coley's  toxins,  another  one 
depending  upon  the  change  in  reasoning  which  led 
Dr.  Coley  to  adopt  his  present  method  of  preparing 
toxins.  Starting  from  the  cure  of  malignant  disease 
by  erysipelas,  and  in  this  he  is  supported  by  other 
observations  as  we  have  seen,  he  has  added  to  his 
fluid  the  toxins  of  Bacillus  prodigiosus,  an  organism 
that  is  probably  not  pathogenic  for  human  beings, 
and  therefore  one  that  never  had  am-thing  to  do  with 
spontaneous  cure  of  cancer.  Indeed,  Dr.  Coley  lays 
special  stress  upon  the  use  of  the  mixed  toxins 
especially  accentuating  the  effect  of  Bacillus  prodi- 
giosus which  apparently  is  the  most  important 
element  in  the  fluid.  Of  course,  this  does  not  destroy 
any  evidence  as  to  the  value  of  the  fluid,  only  with  it 
there  disappears  any  logical  connection  between  the 
recovery  seen  after  erysipelas  and  the  use  of  Coley's 
toxins.  The  treatment  becomes  toxin  treatment 
purely  and  there  is  no  special  virtue  in  the  erysipelas 
part  of  the  argument.  As  a  toxin  treatment  Coley's 
fluid  deserves  further  study  for  there  is  no  reason  why 
the  principle  of  such  treatment  should  not  be  carried 
out  as  well  and  better  by  other  combinations  than 
that  de^■ised  by  Coley. 

Doyen's  Vaccine. — This  surgeon  claimed  to  have 
found  the  causative  organism  of  cancer  in  Micrococcus 
neoformans,  which,  according  to  him,  is  constantly 
present  in  malignant  tumors,  both  primary  and  meta- 
static. Cultures  of  the  organism  produced  tumor- 
like structures  in  various  animals.  Doyen  prepared 
vaccines  of  this  organism,  attenuated  by  exposure  to 
heat  and  admixture  with  arsenic,  and  has  recently 
(1904)  claimed  to  have  cured  42  out  of  242  patients 
treated,  and  markedly  benefited  others.  As  usual,  a 
flood  of  conflicting  reports  followed  Doyen's  publi- 
cations. In  France  a  committee  of  the  Society  of 
Surgery  was  entrusted  with  trial  of  the  new  remedy, 
and  its  president,  Delbet,  issued  a  very  adverse  report, 
none  of  the  twenty-six  cases  in  which  Doyen's  vaccine 
was  tried  having  been  benefited.  Recently  Jacobs 
and  Geets  have  applied  Wright's  principles  to  the 
preparation  of  vaccines  from  Doyen's  micrococcus  and 
have  published  fairly  favorable  results.  The  con- 
sensus of  opinion,  however,  seems  to  be  that  any  good . 
effects  of  Doyen's  vaccines  are  due  to  the  various 
hj-gienic  and  medical  means  he  combines  with  his 
treatment,  as  well  as  perhaps  to  the  beneficial  effects 
of  the  toxin  of  his  organism.  Any  specific  relation  of 
Micrococcus  neoformans  to  the  genesis  of  cancer  has 
not  been  shown;  whether  or  not  it  may  be  held  re- 
sponsible for  some  of  the  accompanying  sj-mptoms  of 
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cancer,  such  as  anemia,  cachexia,  etc.,  in  some  cases, 
isjstill  !V  moot  question. 

'Aniimcristcm  (Cancroidin  Schmidt). — This  prepara- 
tion nuist  be  noted  because  of  its  frequent  mention  in 
cancer  literature.  Schmidt  claims  to  have  isoUited  an 
organism  of  protozoan  nature  from  nuilipnant  tumors 
with  whicli  he  has  produced  alleged  tumors  in  animals. 
He  has  also  used  a  culture  of  the  organism  in  the  treat- 
ment of  cancer  and  has  reported  numerous  alleged 
successes.  The  preparation  is  now  on  the  market 
under  the  name  "  Antimeristem."  Other  observers 
have  noticed  some  fleeting  improvement  in  several 
cases  treated  with  this  preparation,  but  all  deny  it 
any  specific  action.  Its  use  may  be  cla.ssed  among  the 
treatment  of  cancer  with  toxins. 

Cultures  of  Blastomycetes. — Sanfelice  has  been  the 
most  enthusiastic  and  consequential  student  of  the 
relation  of  blastomycetes  to  cancer.  He  claimed  to 
have  isolated  the  yeast  species  causative  of  cancer 
(Saccharo7nyces  neoformans)  and  with  it  to  have  pro- 
duced neoplasms  in  animals.  Moreover,  by  injecting 
dead  cultures  of  the  organism  he  has  obtained  fairly 
powerful  protective  and  even  curative  sera.  Wlaeff 
has  prepared  a  serum  of  like  nature  with  which  he 
treated  some  sixty  cases  of  human  cancer;  he  claims 
to  have  cured  several  cases  in  which  dissemination 
had  not  already  taken  place.  Recent  researches  have 
shown  that  blastomycotic  infections  are  not  at  all  rare 
in  animals  and  in  human  beings,  and  they  result  in 
granulomatous  lesions  which  are  strictly  inflammatory 
in  character.  The  yeasts  found  in  tumors  are  proba- 
bly secondary  infections  and  certainly  they  cannot  be 
looked  upon  as  the  cause  of  cancer,  or  even  suitable 
for  the  manufacture  of  any  sort  of  antiserum  for  the 
treatment  of  malignant  disease. 

Conclusion. — It  may  be  concluded  that  the  problem 
of  cancer  has  lost  its  narrow  medical  interest  but  has 
become  of  significance  to  humanity  in  general,  because 
of  both  the  practical  importance  of  the  great  scourge 
and  the  vast  scientific  interest  involved  in  the  dis- 
covery of  its  cause  and  of  methods  of  protection 
against  it.  Recently  marked  advance  has  been 
made  in  dealing  with  the  cancer  problem,  first,  by 
the  establishment  of  cancer  research  institutes  which 
offer  all  the  necessary  surroundings  for  carrying  on 
experimental  study  of  cancer  and  cancer-like  dis- 
eases of  lower  animals,  as  well  as  for  special  exami- 
nation of  the  pathological  material  obtainable  from 
human  cancer  patients;  in  the  second  place,  it  has 
become  imderstood  that  the  physician's  interest  in  the 
cancer  patient  does  not  end  with  the  operation,  but 
that  he  is  to  be  looked  upon  as  suifering  from  a  disease 
of  varied  duration  and  phenomena  which  require  ju.st 
as  careful  observation  as  typhoid  fever  or  tuberculosis, 
for  instance.  This  attitude  has  lessened  the  tendencj- 
of  inoperable  cancer  patients  to  seek  aid  in  the  hands 
of  quacks  and  charlatans,  and  on  the  other  hand  has 
taught  the  physician  that  in  a  chronic  disease  like 
cancer  much  can  be  done  to  alleviate  suffering  and  to 
prolong  life,  however  hopeless  may  be  the  ultimate 
prognosis.  Any  one  who  has  watched  the  mental 
condition  of  inoperable  cancer  patients  undergoing 
treatment  could  not  have  failed  to  notice  the  favor- 
able psychic  effect  upon  such  patients  of  the  con- 
sciousness that  orthodox  medical  science  has  not  given 
them  up,  and  however  baffling  their  illness,  everything 
possible  is  being  done  to  overcome  it.  The  treatment 
of  Inoperable  cases  of  cancer  thus  becomes  a  distinctly 
medical  problem  and  it  may  be  hoped  that  with  time 
the  great  hospitals  that  now  refuse  admission  to  such 
sufferers  will  see  the  way  clear  to  their  accommodation, 
partly  in  the  general  wards  where  intercourse  with 
other  patients  may  lead  them  to  a  more  cheerful  atti- 
tude of  mind,  and  partly  in  special  cancer  wards 
where  all  effort  is  being  made  to  lay  bare  the  mystery 
of  the  nature  of  cancer  and  perhaps  lay  the  founda- 
tion of  future  effective  treatment. 

Many  years  ago — in  1773 — the  Academy  of  Lyons 
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awarded  a  prize  to  one  Bernard  Peyriihe  for  the  best 
essay  on  the  subject  "What  is  Cancer?"  Peyriihe 
said:  "Cancer  is  a  malady  just  as  difficult  to  define  as 
to  cure!"  It  cannot  be  denied  that  notwithstanding 
the  great  amount  of  work  done  since  Peyrilhe's  time 
this  conclusion  is  as  valid  now  as  it  was  at  the  time  it 
was  uttered.  Yet  a  vast  number  of  facts  have  been 
added  to  our  knowledge  of  cancer,  and  the  accelerated 
Icmpn  of  cancer  research  witnessed  in  the  last  ten  years 
justifies  the  belief  that  still  more  important  and  funda- 
mental inforiiuition  may  become  our  property  in  the 
very  near  future.  As  MacCallum  has  said,  "The  last 
ten  years  have  contributed  marvello\is  things.  The 
next  ten  years  may  tear  aside  the  whole  veil." 

B.    MlCHAILOVSKY. 

Cancer,  Pathology. — See  Carcinoma  andSarcoma. 
Cancrum  Oris. — See  Gangrene. 

Canella  Bark.  N.  F. — Canclla  Alba.  Wild  Cin- 
namon. The  bark  of  Canella  winlerana  (L.)  Gaertn. 
(fam.  Canellaceae)  deprived  of  its  corky  layer  and 
dried.  It  is  a  native  of  the  West  India  Islands,  es- 
pecially of  Jamaica,  Cuba,  and  the  Bahamas,  and  also 
of  the  southern  part  of  Florida.  The  bark  of  this 
tree  was  first  made  known  in  Europe  in  the  early  part 
of  the  seventeenth  century,  and  since  then  has  been  in 
continuous  but  very  limited  demand.  It  has  been 
frequently  confounded  with  Winter's  Bark  {Drymis 
tvinteri  Forster),  and  with  Cinnamodendron  corticosum 
Miers.  It  is  now  very  little  used  excepting  in  its  home, 
where  it  is  highly  esteemed,  more  as  a  condiment  than 
as  a  drug. 

It  comes  in  broken  quills,  sometimes  thirty  or  forty 
centimeters  long  and  0.5  cm.  thick  (12  to  15  in.  by  \ 
in.),  but  averaging  much  smaller.  The  outer  surface  is 
roughish  and  bright  buff-colored,  the  inner  smooth  or 
finely  striated,  yellowish  or  creamy  white;  fracture 
short  and  granular,  odor  rather  agreeable,  cinnamon- 
like; taste  pungent  and  bitter.  It  contains  numerous 
large  oil  cells,  especially  in  the  outer  portion. 

The  leading  constituent  is  the  essential  oil,  of  which 
it  contains  from  three-fourths  to  one  per  cent,  and 
which  contains  eugenol  and  cineol;  tannin  is  absent. 
A  considerable  percentage  of  mannite  can  also  be 
separated.  The  bitter  principle  needs  further  study. 
Canella  is  a  stimulant  tonic,  similar  to  other  aromatics, 
over  which  it  appears  to  have  no  other  advantage 
than  the  possession  of  a  bitter  principle.  It  is  not 
poisonous,  and  is  seldom  given  alone,  in  doses  of 
gr.  viu.  to  XXX.  (0.5-2.0).  H.  H.  Rusbt. 


Canities. — This  condition  of  grayrtess  of  the  hair 
may  be  congenital  or  acquired,  partial  or  complete. 

Congenital  canities  usually  occurs  in  the  form  of 
tufts  of  white  hair,  but  may  occur  as  round  patches. 
This  form  of  canities  is  rare.  In  some  families  it  is 
hereditary,  a  white  tuft  of  hair  occurring  in  a  large 
number  of  their  members.  General  congenital  cani- 
ties is  part  of  that  general  absence  of  pigment  that 
is  known  as  albinism. 

Acquired  canities  is  the  form  most  often  seen.  It 
usually  begins  at  about  thirty-five  years  of  age,  but 
in  some  families  and  under  certain  circumstances  it 
may  begin  much  earlier.  Begiiming  in  oarlj'  life, 
it  constitutes  premature  canities;  beginning  at 
middle  life,  it  is  one  of  the  changes  incident  to  grow- 
ing old.  Few  people  reach  fifty  years  of  age  without 
some  gray  hair. 

The  hair  on  the  temples  is  most  often  that  which 
first  changes  color,  though  there  is  no  definite  rule  as 
to  where  the  disease  first  appears.  The  beard  may 
be  first  affected,  but  usually  it  is  affected  secondarily 
to  the  scalp  hair.  The  pubic  and  axillary  hair  may 
escape  all  change  in  color,  though  at  least  they,  too, 
generally  are  affected.  When  once  grayness  begins 
it   is   slowly   or   rapidly   progressive.     Exceptionally 
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and  rarely  the  normal  color  may  return  to  gray  hair, 
just  as  it  is  possible  to  have  a  third  set  of  teeth.  The 
change  in  color  takes  place  first  at  the  root  of  the  hair. 
As  the  pigment  becomes  more  and  more  deficient 
the  color  of  the  hair  slowly  changes  from  graj'  to  a 
creamy  or  snowy  white.  In  most  cases  the  change  in 
color  is  the  only  change  that  the  hair  undergoes 
Alopecia  may  set  in,  but  it  bears  no  definite  relation 
to  change  in  the  color  of  the  hair. 

Too  many  well-authenticated  cases  are  now  on 
record  to  allow  of  doubt  as  to  the  sudden  occurrence 
of  canities — over  night  in  some  cases.  Such  instances 
are  almost  always  in  relation  to  severe  mental  shock, 
such  as  the  reception  of  some  fearful  intelligence. 

Ringed  hair  is  a  peculiar  and  rare  form  of  canities 
in  which  the  hairs  are  marked  by  alternate  rings  of 
white  and  normal  color.  The  diameter  of  the  hairs 
is  unchanged.  The  white  rings  are  narrower  than  the 
colored  ones.     Very  few  of  these  cases  are  on  record. 

Etiology. — Canities  is  due  to  an  interference  with 
the  pigment  formation  in  the  hair  papilla.  Metch- 
nikoff  believes  that  the  loss  of  pigment  is  due  to  the 
phagocytic  action  of  certain  cells  which  he  designates 
as  pigmentophages.  These  are  round  or  oval  cells 
with  prolongations.  When  the  hair  begins  to  turn  graj' 
certain  cells  of  the  medulla  become  mobile,  penetrate 
into  the  cortex  of  the  hair,  and  there  absorb  by  means 
of  their  prolongations  the  pigment  granules.  They 
then  descend  with  the  absorlaed  pigment  into  the  mat- 
rix pass  through  the  epithelial  layers  of  the  bottom 
of  the  follicle,  and  into  the  adjacent  connective 
tissue.  The  gray  color  is  the  combined  result  of  a 
deficiency  of  pigment,  the  presence  of  air  bubbles 
between  the  cells  of  the  cortex,  and  the  essential 
color  of  the  hair.  When  the  hair  is  white  there  is 
no  longer  an}'  pigment  in  the  hair.  The  occurrence 
of  sudden  blanching  of  the  hair  is  due  to  the  entrance 
of  air  bubbles  between  the  cortical  cells.  That  air 
between  the  cells  is  one  factor  in  causing  a  gray  color 
is  shown  by  placing  a  gray  hair  under  the  receiver  of 
an  air  pump  and  exhausting  the  air.  It  will  be  seen 
that  the  hair  regains  its  normal  color  to  a  greater  or 
lesser  extent. 

Age,  heredity,  nervous  shock  or  strain,  neuralgia, 
injury  to  the  scalp,  and  all  debilitating  diseases,  are 
predispo.sing  causes  of  canities.  There  is  no  adequate 
explanation  for  the  occurrence  of  ringed  hair. 

TRB.4.TMENT. — Nothing  can  be  done  for  most  ca.ses 
of  canities.  If  it  is  due  to  some  removable  cause  the 
color  may  return  when  the  cause  is  removed,  but  no 
promise  of  this  should  be  made.  Jaborandi  and  acetic 
acid  seem  to  have  some  influence  on  the  color  of  the 
hair,  and  may  be  tried,  the  first  internaUy  and  the  last 
externally.  Hair  dyes  should  never  be  advised. 
Once  used  they  must  be  persisted  in.  Many  of  them 
are  harmful,  especially  those  containing  lead. 

George  T.  J.\ckson. 


Cannabis  Indica. — Indian  Cannabis.  Indian 
Hemp.  The  dried  flowering  tops  of  the  pistillate 
plants  of  Cannabis  saliva  Linne  (fam.  Moracece)  de- 
prived of  thick  stems  and  large  leaves,  and  containing 
not  more  than  ten  per  cent,  of  mature  fruits. 

Cannabis  saliva  is  indigenous  to  Central  Asia,  but 
has  been  cultivated  throughout  Europe  and  America 
for  its  valuable  fiber,  from  which  hemp  is  manu- 
factured, and  for  its  seeds  and  their  oil.  It  is  a  large, 
very  variable,  annual  herb,  with  an  upright,  slender, 
usually  branching  stem  from  one  to  three  meters  high 
(3  to  10  feet).  In  the  female  plant,  the  flowers  are 
in  small,  erect  spikes,  each  in  the  axil  of  an  upright, 
pointed  bract,  consisting  of  a  single  one-seeded,  two- 
styled  carpel  enveloped  in  a  broad,  spathe-like,  one- 
leaved  perianth.  Fruit  (the  hemp  seed  of  commerce), 
a  roundish-pointed  achenium  containing  a  single 
pendulous,  oily  seed. 


The  plant  contaiiis  a  large  amount  of  resin,  which 
exudes  upon  the  surface,  more  particularly  upon  the 
flowering  branch.  This  resin  becomes  most  abundant 
at  the  beginnLng  of  fructification,  and  as  the  fruit 
forms  it  diminishes  in  a  ver\'  marked  degree.  .'.iUnder 
cultivation,  any  such  loss  of  resin  is  prevented  by 
eliminating  the  male  plants  or  by  gathering  the  tops 
before  the  fruit  begins  to  form.     Intemperate  climates 


Fig.   11S8.— Pistillate  Inflorescence  of  the  Hemp  Plant. 
(Baillon). 

the  plant  is  deficient  in  resin,  and  for  medicinal  pur- 
poses that  which  is  grown  in  India  and  Southern  Asia 
is  very  superior. 

Indian  hemp  is  collected  in  three  forms:  first,  the 
flowering  tops  of  the  female  plant,  known  as  "gunjah," 
secondly,  the  leaves,  "bhang,"  which  are  used  for 
smoking;  and,  thirdly,  the  resin,  "chiirrus,"  or 
"charus,"  which  enters  into  the  composition  of 
"hashish,"  and  is  also  used  for  smoking. 

The  tops  as  the.v  reach  us  consist  of  compressed 
masses  of  branches  and  leaves  with  flowers,  and  at 
times  with  specimens  of  immature  fruit,  the  whole 
matted  together  by  the  resinous  secretion.  The 
leaves  and  bracts  bear  external  oleoresin  glands,  and 
one-celled  curved  hairs,  which  are  very  characteristic 
and  serve  to  identify  the  plant.  The  bases  of  these 
hairs  are  enlarged  and  frequently  contain  cystoliths. 
The  tops  have  a  greenish-brown  color,  a  narcotic  odor, 
and  a  slightly  acrid  taste.  The  medicinal  value  of  the 
plant  varies  greatly  and  is  very  uncertain.  This,  in  a 
measure,  is  due  to  climatic  influence  and  the  period 
of  collection;  but  it  is  also  accounted  for  by  the  time 
that  has  elapsed  since  the  plant  was  collected  and  by 
its  mode  of  preservation.  Experiments  have  shown 
that  the  plant  diminishes  in  strength,  after  a  period 
of  six  months,  when  exposed  to  the  air;  whfle  control 
specimens,  which  are  kept  in  air-tight  bottles,  still 
remain  active.  A  gradual  oxidation  of  the  resin  is 
the  supposed  cause  of  the  change. 

Our  knowledge  of  the  active  principles  of  the  plant 
remains  very  uncertain.  The  resin  as  originally 
separated  by  T.  and  H.  Smith,  of  Edinburgh,  in  1846, 
and  named  cannabin,  is  still  accepted  as  representing 
the  active  principles,  and  is  almost  entirely  employed 
for  medicinal  purposes.  It  forms  the  solid  extract  of 
the  Pharmacopoeia,  and  the  fluid  extract  and  tincture 
are  alcoholic  solutions.  In  1857,  Personne  described 
cannabene,  a  volatile  oil,  which  for  some  time  was 
thought  to  be  the  active  ingredient.  It  has,  however, 
proved  to  be  an  impure  sesquiterpene,  and  of  no  thera- 
peutic value.  An  alkaloid  resembling  nicotine  has 
been  found  at  different  times,  but  it  never  has  had 
the  characteristic  action  of  cannabis. 
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Fig.  1189. — Staminate  Inflores- 
cence of  the  Hemp  Plant.  (Baillon). 


Cannabis  indica  was  very  thoroughly  studied  by 
Professor  Marshall  and  his  assistants,  in  his  labora- 
tory at  Cambridge  I'liiversity.  As  an  outcome  of 
their  investigations  there  was  produced  a  red  oil  to 
which  they  gave  the  name  of  cannahinol,  and  the 
chemical  formula  CisH:iO;.  This  they  considered 
to  represent  the  active  properties  of  tlie  plant,  but  the 
comparative  therapeutic  value  of  the  compound 
is  as  yet  uncertain. 

Cannabis  indica  is  much  used  by  the  natives  of 
India,  Arabia,  and  neighboring  countries  as  an  in- 
toxicant.    For  this  purpose  the  dried  leaves  and  the 

resin  are  smoked,  either 
uncombined  with  other 
ingredients  or  mi.\ed 
with  tobacco.  In  Ara- 
bia the  resin  is  combined 
with  opium  and  other 
narcotics  to  form  the 
well-known  "hashish." 
In  some  instances  a  de- 
coction is  made  from  the 
leaves  and  employed  as 
a  beverage  to  induce  the 
intoxication.  The  effect 
produced  is  an  inebria- 
tion of  an  agreeable 
character,  exciting  the 
individual  to  sing  and 
laugh.  There  are  pleas- 
ant and  often  gorgeous 
visions  and  hallucina- 
tions, with  a  sense  of 
ecstasy,  and  more  or 
less  delirium,  terminat- 
ing in  a  deep  sleep.  The  sleep  may  be  cataleptic  in 
character,  the  muscles  being  slightly  contracted  and 
the  limbs  pliable.  Later  observers  have  described  a 
condition  resembling  hypnotism.  During  the  intoxi- 
cation the  sexual  propensities  of  the  individual  are 
stimulated,  which  has  established  its  reputation  as  an 
aphrodisiac. 

The  craving  for  this  stimulant  is  very  prevalent 
among  the  Asiatics,  and  many  who  are  addicted  to 
its  use  are  more  or  less  continually  under  its  influence. 
The  effect  produced  by  cannabis  indica  varies 
according  to  the  mode  of  administration.  When  the 
fumes  are  inhaled  it  is  a  stimulant  and  intoxicant. 
Its  effect  begins  early,  and  if  but  a  small  amount  is 
used,  it  passes  off  in  half  an  hour  or  more.  If  it  is 
taken  into  the  stomach  its  action  is  slosv,  an  hour  or 
two  elapsing  before  the  drug  is  absorbed.  In  this 
way  its  stimulating  effects  are  much  less  marked,  and 
its  depressant  and  narcotic  action  is  more  evident. 
As  an  anodyne  and  antispasmodic  it  is  classed  by  many 
as  ranking  next  to  opium.  In  large  doses  it  produces 
the  same  effect  as  when  inhaled.  Experimental  work 
has  shown  that  the  primary  stimulation  rapidly 
passes  and  is  followed  by  depression,  loss  of  reflexes, 
ataxia,  diminished  sensibility,  a  tendency  to  sleep, 
and  stupor,  with  a  certain  degree  of  anesthesia  and 
paralysis.  The  effect  upon  the  heart  and  respiration 
is  not  a  prominent  symptom.  The  early  stimulation 
continues  for  some  time,  and  the  depression  of  respira- 
tion and  circulation  becomes  marked  onJy  as  narcosis 
begins.  The  mode  of  death  is  uncertain,  some 
observers  reporting  that  death  takes  place  from  car- 
diac failure,  while  others  state  that  the  heart  was 
observed  to  beat  after  the  respirations  had  ceased. 
Upon  the  kidneys  it  exercises  no  direct  action,  but 
the  tendency  is  to  increased  excretion  of  urine.  It  is 
stated  that  a  decoction  of  the  fresh  plant  is  an  active 
diuretic.  No  specific  action  upon  the  sexual  organs 
has  been  detected,  excepting  that  accompanying  the 
general  stimulation.  Cannabis  indica  is  not  a  danger- 
ous drug.  The  physiological  effects  may  be  very 
marked,  but  to  cause  death  a  very  large  amount 
would   be   required.     No   authentic   instance   of   its 
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fatal  eflects  has  been  recorded.  In  animals  it  is 
found  that,  of  the  fluid  extract.  Til  x.  (0.0)  will  cause 
marked  symptoms,  but  as  much  as  5'-  (30.0)  is  re- 
quired to  produce  death. 

The  therapeutic  value  of  Indian  hemp  is  due  to  its 
influence  on  the  nervous  system,  and  by  some  it  is 
supposed  to  act  directly  upon  the  cerebral  cells.  Its 
sedative  effect  is  most  valuable  in  functional  disorders 
and  in  pain  not  due  to  inflammation.  It  has  proved 
of  value  in  the  aged  when  the  mental  faculties  are 
weakened  generally  and  when  much  restlessness  and 
sleeplessness  are  prominent  symptoms.  In  doses 
of  gr.  4  to  J  (0.015-0.02)  at  bedtime  a  calm  and  quiet 
slee[j  is  secured,  and  the  same  action  may  be  secured 
for  weeks  without  increasing  the  dose.  In  melan- 
cholia and  chronic  alcoholic  delirium  of  the  aged, 
accompanied  by  depression,  it  has  acted  as  an  ex- 
hilarant,  has  produced  the  desired  sense  of  strength, 
and  has  secured  quiet  and  rest.  In  the  restlessness 
of  general  paralvsis  and  "temper  diseases,"  in  both 
adults  and  children,  it  has  also  been  of  the  greatest 
service. 

In  painful  maladies  it  has  acted  best  in  those  of  a 
functional  character,  such  as  neuralgia  and  migraine, 
either  alone  or  when  combined  with  constitutional 
remedies,  as  iron,  quinine,  and  zinc,  when  such  are 
indicated.  In  neuritis  it  proves  of  ser\-ice  only  when 
given  in  addition  to  mercury,  iodine,  and  other  such 
remedies.  It  has  also  proved  very  serviceable  in  the 
formication,  tingling,  numbness,  and  other  sensory 
disturbances  of  the  elderly  and  gouty. 

It  has  been  very  successful  in  clonic  muscular 
spasms  such  as  the  convulsions  of  children  and  adults 
due  to  reflex  causes,  in  epileptiform  convuLsions  due  to 
organic  disease  of  the  central  nervous  syst«m,  and  in 
cases  of  brain  tunior  accompanied  by  convulsions  and 
other  indications  of  central  irritation.  In  true 
epilepsy  it  has  proved  useless.  In  numerous  cases  it 
has  been  given  for  a  prolonged  period  until  its  full 
physiological  action  was  produced,  and  yet  it  has 
failed  to  influence  the  disease  in  the  slightest  degree. 
It  relieves  the  distress  of  spasmodic  asthma  and  has 
proved  very  ser\dceable  in  spasmodic  dysmenorrhea 
not  associated  with  metritis  or  with  other  inflamma- 
tory affections.  It  has  proved  of  service  in  chorea, 
whooping-cough,  hysteria,  migraine,  and  neuralgia. 
It  has  also  proved  of  particular  usefulness  in  painful 
disorders  of  the  stomach,  when  not  accompanied  by 
organic  changes.  It  has  proved  a  better  sedative 
than  opium,  as  it  exercises  hardly  any  derangement  of 
the  secretions.  Its  beneficent  effects  are  increased 
by  attention  to  the  state  of  the  secretions,  and  by 
the  emplo3anent  of  alkalies,  purgatives,  and  other 
stomachic  drugs  when  such  are  indicated. 

In  administering  this  drug  the  great  drawback  has 
been  the  unreliability  of  the  various  preparations. 
To  obviate  this,  it  is  advisable  to  restrict  one's  prac- 
tice to  the  use  of  a  single  preparation,  beginning  with 
a  moderate  dose  and  gradually  increasing  until  its 
physiological  effect  is  produced.  Notwithstanding 
the  various  active  principles  that  have  been  described, 
the  resin  and  its  preparations  are  much  to  be  preferred. 
Physiologically  standardized  extracts,  both  solid  and 
fluid,  are  now  carefully  prepared,  and  either  these  or 
the  tincture  shoidd  be  employed.  The  dose  of  the 
solid  extract  is  from  gr.  J  to  gr.  i.  (0.015-0.06),  that 
of  the  fluid  extract  is  from  m  ss.  to  TTl  i.  (0.03-0.06). 
The  advantage  of  the  fluid  extract  is  supposed  to  be 
due  to  the  fact  that  only  moderate  heat  is  employed 
during  its  preparation.  The  average  dose  of  the  ten- 
per-cent.  tincture  is  TTl  x.  (0.6).  The  preparations 
should  never  be  added  to  aqueous  solutions  as  the 
resin  immediately  separates  as  an  insoluble  mass. 

Beaumont  Small. 


Cannani,  Johannes   Baptistus. — Born   at   Ferrara, 
Italj',  in  1515.     He  occupies  a  position  of  considerable 
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distinctioa  in  the  history  of  anatomy.  He  was  a 
disciple  of  Brasavola,  and  subsequently  taught 
anatomy  with  great  success  at  the  University  of  his 
native  citj'.  He  was  first  physician  to  Duke  Alphonso 
II.,  and  afterward  served  Pope  Julius  III.  in  the 
same  capacity.  He  died  at  Ferrara  in  1578,  in  his 
sixty-third  year. 

Like  Vesalius,  Cannani  was  careful  not  to  follow 
blindly  the  anatomical  descriptions  given  bj'  Galen; 
instead,  he  went  direct  to  nature  for  information 
with  regard  to  the  relations  of  the  different  parts. 
It  is  from  Amatus  Lusitanus  and  Fallopius,  his  con- 
temporaries, that  we  learn  the  fact  that  Cannani  was 
the  discoverer,  in  1547,  of  the  valves  of  the  renal, 
primitive  iliac,  and  azygos  veins.  A.  H.   B. 


Cannes. — Cannes,  a  winter  resort  on  the  French 
Riviera,  is  picturesquely  situated  in  a  recess  of  the 
Gulf  of  Napoule.  It  is  660  miles  distant  from  Paris, 
120  from  Marseilles,  19  from  Nice,  and  2S  southwest 
of  Mentone. 

It  is  well  protected  on  the  east,  and  partially  so  on 
the  west,  by  an  isolated  mountain  group  called  the 
Esterel.  On  the  north,  however,  the  higher  ridges 
of  the  Alps  are  too  far  distant  to  afford  proper  shelter. 
Like  Nice  it  is  a  windy  place,  the  sharp,  violent,  and 
disagreeable  mistral  (northwest  wind)  prevailing 
frequently  in  February  and  March.  It  is  less  sheltered 
than  Mentone  and  San  Remo,  and  consequently  the 
climate  is  less  equable.  The  general  character- 
istics of  the  cUmate  of  this  resort  are  mildness, 
abundant  .sunshine,  moderate  average  rainfall,  and, 
for  the  seashore,  a  low  relative  humidity.  The  winds 
and  the  lack  of  equability,  particularly  between  the 
sun  and  the  shadeand  the  day  and  night  temperatures, 
are  some  of  the  objectionable  features.  "The 
Riviera,"  says  Burney  Yeo,  "is  a  land  of  sunshine  and 
a  land  of  winds.  It  is  a  land  of  intense,  brilliant  sun- 
shine and  of  cold,  chiUing  shade."  ''The  deceptive 
combination,"  saj's  Lindsay,  "of  brilUant  sunshine 
with  cutting  blasts  is  the  great  climatic  defect  of  the 
Riviera."  The  great  and  continued  popularity  of 
this,  as  well  as  of  the  other  resorts  of  the  Riviera, 
depends  not  .so  much  on  the  intrinsic  excellence  of  its 
climate,  as  on  its  comparative  superioritj'  over  the 
usual  climate  of  the  more  northern  portions  of  the 
Continent  and  of  England.  CUmates  like  pleasures 
are  often  judged  by  comparisons,  and  when,  for  in- 
stance, we  compare  the  winter  climate  of  London  or 
Vienna  with  that  of  Cannes,  the  latter  appears  quite 
superlativeh'  excellent.  But  if  we  compare  the  cli- 
mate of  Cannes  with  that  of  some  re.sorts  on  the  oppo- 


site coast  of  Africa  or  in  Southern  California,  or  with 
that  of  many  of  the  resorts  in  our  Southern  States, 
Cannes  decidedly  suffers  by  the  comparison,  ^'hen, 
on  the  other  hand. one  considers  the  beauty  of  itssitua- 
tion,  the  variety  and  charm  of  its  scenery,  the  richness 
of  its  vegetation,  and  all  the  fascination  incident  to  a 
resort  on  the  beautiful  Mediterranean  coast,  Cannes 
surely  has  few  superiors.  It  is  to  be  borne  in  mind,  say 
Burney  Yeo  and  others,  that  at  Cannes  one  can  avail 
himself  of  two  somewhat  different  climates,  according 
as  he  chooses  a  residence  in  the  neighborhood  of  the 
seashore  or  inland  in  the  valley  of  Cannet,  for  example, 
about  two  miles  distant  from  the  sea,  where  greater 
protection  for  dwellings  and  promenades  is  afforded. 
All  writers  upon  the  latter  climate  refer  to  it  as  "brac- 
ing" and  "exciting,"  with  a  tonic  and  stimulating 
atmosphere. 

The  following  meteorological  table  arranged  from 
Marcet's  personal  observations,  extending  over  a 
period  of  from  two  to  .six  seasons  ("Southern  and  Swiss 
Health  Resorts,"  by  AV.  Marcet,  M.  D.),  will  give  the 
reader  a  means  of  comparing  this  with  other  climates. 
The  data  are  for  the  winter  season,  extending  from 
November  to  AprU  inclusive: 

The  climatic  characteristics  of  the  various  months 
are  summarized  by  Marcet  as  follows:  "In  November 
and  December  the  weather  is  usually  stormy  and  wet. 
January  and  February  are  fine,  with  occasional  visits 
of  the  dry  northwest  winds.  During  these  two 
months  the  air  is  usually  calm  in  the  morning  with  a 
pleasant  light  southerly  breeze  blowing  in  the  after- 
noon, whUe  a  northerly  land  breeze  commences  at  sun- 
set and  is  continued  during  part  of  the  night.  March 
and  April  are  windy  and  .sliowery,  the  winds  showing 
no  particular  regularitj',  although  in  general  easterly 
ivith  wet  weather."  "At  night,"  continues  Marcet, 
"there  is  a  sudden  acces.sion  of  cold  together  with  the 
increase  of  atmospheric  moisture  at  sunset  and  con- 
tinued at  night;  therefore  the  importance  of  the  in- 
valid being  indoors  before  sunset."  Fogs  are  unknown, 
and  there  is  an  absence  of  mist.  Occasionally  the 
temperature  sinks  to  the  freezing-point,  and  snow 
sometimes  faUs.  As  almost  everywhere  else,  occa- 
sionally the  unexpected  happens,  and  a  very  wet  or 
very  cold  season  occurs,  "and  then,"  says  Burney  Yeo, 
"the  sufferings  of  the  visitors  are  verj-  acute,  much 
more  so  than  at  home."  There  is  a  considerable 
amount  of  hme  _in  the  soil,  which  adds  to  the  dis- 
agreeable effect  of  the  dust,  which  is  alwaj-s  an 
annoying  feature. 

Dr".  J.  Henr3^  Bennet  wisely  warns  the  \-isitor  not  to 
expect  perpetual  spring  or  eternal  summer  in  the 
Riviera.     The  Riviera  is  not  Southern  CaUfornia,  and 


Climate    of   Caxnes,  Fhance  ^FAHRENHEIT  Scai.e). 


November,    i    December. 


January. 


February. 


March. 


.\prU. 


Temperature — 

Mean  average  temperature 

Average  daily  range 

Mean  of  warmest 

Mean  of  coldest 

Mean  maximum  sun  temperature. 

Mean  lowest  night  temperature. . . 
Precipitation — 

Average  in  inches 

Wind- 
Prevailing  direction 

Calm  days 

Light  to  fresh 

Stormy  to  gale 

Humidity — 

Average  relative. . 
Weather — 

Fine  days.  .  .  

Overcast . .  -  .  

Rainy 

Temperature  of  sea . 


5.17 


10.7 

12  7 

6  2 

71    L" 

17.5 
2.1 
9.5 

61° 


46.3"' 

12.4 

52.5 

40.1 

91.6 

31.4 

4.51 


11.7 
13.5 


.7% 


18.8 
3.5 

8.8 
57.1° 


48.0° 

12 

54 

42 

96.1 

32.2 

1.69 


12.5 
13 
5.5 

71.7% 

21 

3.8 

6.3 
55.7° 


48.8° 
13.4 
55.5 
42.1 
106 
33.8 

1.46 


S.2 
11.7 


75% 

20 
3.1 
5.3 

55.5° 


51.0° 
13.2 
57.6 
44.4 
114.7 
35.4 

3.42 

W. 
3 
19.2 
8.7 

73.1  Tc 

21.3 

2.6 

7.1 
56.7° 


oo.o- 
12.8 
62 
49.1 
120.7 
41.9 

4.05 

E. 

2.7 

18.5 

8.5 

74.3^c 

18.4 

1.5 

8.6 
59.3° 


50.8° 


20.31 


E.  and  S.E. 
48.8 
88. 9 
41.8 


117 
16.6 
45.6 
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a  cliniatc  .similar  to  that  of  the  latter  region  must  not 
be  expected.  If  the  reader  will  turn  to  the  article  upon 
California,  Soidhern,  in  this  vohunc  and  compare  the 
cliniatic  tables  of  San  Diego  and  Santa  Barbara  with 
that  given  here  of  Cannes,  he  will  realize  the  difference. 
For  instance,  the  average  mean  temperature  for  Jan- 
uary at  Cannes  is  4S°  F.,  while  at  San  Diego  it  is  53.0° 
F.,  and  at  Santa  Barbara  51.2°  F.  Furtlier,  the  rain- 
fall at  these  two  California  coast  resorts  is  only  about 
lialf  of  what  it  is  at  Cannes,  and  the  number  of  fair 
and  clear  days  is  eoiisideral)lj^  greater,  and  there  is  also 
less  wind.  Although  the  relative  humidit.v  is  almost 
exactly  the  same,  the  complete  absence  of  fog  would 
seem  to  indicate  a  comparatively  drier  atmosphere 
at  Cannes. 

It  is  well  to  emphasize  again  the  fact  of  the  winds; 
they  are  the  bete  noir  of  Cannes,  as  indeed  of  the  Riviera 
in  general.  Moreover,  they  seem  to  be  (|uite  incapable 
of  classification.  "They  are  legion,"  says  Burnej' 
Yeo,  and  .Marcet  declares  that  their  direction  is  so 
changeable  that  it  is  not  worth  while  to  record  them 
— they  blow  hot  and  they  blow  cold,  the  sirocco  from 
.\friea  and  the  bise  from  the  Alps.  They  blow  dry 
from  the  west  and  moist  from  the  east. 

As  has  been  previously  mentioned,  Cannes  offers 
not  only  opportunities  for  residence  directly  on  the 
sea,  with  a  purely  marine  climate,  but  also  situations 
inland  .said  to  be  more  bracing  and  less  exciting,  on 
the  Californie  and  in  the  district  of  Cannet,  where 
also  there  is  greater  protection  from  the  winds.  The 
climate  along  the  shore  is  exciting  and  warm;  inland 
it  is  more  bracing  and  less  exciting. 

The  class  of  ca.ses  which  are  suitable  for  the  climate 
of  Cannes  are,  first  of  all,  tuberculous  affections  in 
children.  Grebner  writes  of  the  favorable  results  ob- 
tained here  with  chUdren  affected  with  scrofula,  tuber- 
culosis of  the  bones,  joints,  and  glands,  rachitis,  and 
anemia.  The  Dolfus  Asylum,  a  Cierman  institution 
for  poor  children  from  four  to  fourteen  years  of  age,  is 
situated  here.  The  children  come  at  the  beginning  of 
October  and  remain  until  the  middle  of  May.  They 
.spend  the  entire  day  out  of  doors,  sleep  in  unheated 
rooms  with  open  windows,  and  bathe  in  the  .sea  the 
winter  through.  The  advantage  of  this  location  over 
other  marine  resorts  upon  the  Atlantic  and  North  Sea 
coasts,  for  a  similar  class  of  ca.ses,  is  the  length  of  time 
during  which  the  cure  can  be  continuou.sly  carried  out. 
For  eight  or  nine  months  long  the  children  can  live  out 
of  doors  and  take  the  .sea  baths.  At  first  the  general 
health  improves  and  the  weiglit  increa.ses,  and  later 
the  local  conditions  begin  to  show  improvement. 
Nearly  all  cases  of  anemia,  of  whatever  age  they  are, 
are  said  to  manifest  marked  amelioration  at  Cannes. 
Ca.ses  of  slow  convalescence  from  acute  diseases;  va- 
rious chronic  catarrhal  affections — bronchial  and 
laryngeal — emphysema,  chronic  pleurisy:  certain 
forms  of  chronic  gout  and  rheumatism,  and  diabetes — 
all  these  are  said  to  be  benefited  bv  a  winter  residence 
here.  On  the  other  hand,  this  climate  is  unsuitable 
for  hysteria,  neuralgia,  insomnia,  and  various  other 
nervous  maladies,  and  for  febrile  cases  from  whatever 
cause. 

This  climate,  like  any  other  mild,  sunny  one,  is  also 
favorable  for  the  feeble  from  age  or  other  causes.  As 
to  pulmonary  tuberculosis,  the  writer  does  not  believe 
that  Cannes,  or  the  Rivera  in  general,  is  a  favorable 
climate  for  its  cure.  Certain  stages  of  it,  more  par- 
ticularly the  chronic  condition,  may  be  temporarily 
benefited  and  life  prolonged,  but,  as  Lindsay  says, 
"after  a  prolonged  and  thorough  trial  of  the  Riviera, 
but  few  authorities  report  many  cases  of  cure."  Un- 
doubtedly sanatorium  treatment  in  this  climate  would 
show  better  results,  but  so  many  other  more  favorable 
localities  are  now  known  in  Europe,  for  the  strict  cura- 
tive treatment  of  this  di.sease — .such,  for  example,  as 
Davos,  Arosa,  Leysin,  and  others — that  it  seems  prob- 
able that  the  Riviera  will  not  in  the  future,  as  in  the 
past,  remain  the  Mecca  for  con.sumptives.     Moreover, 


the  profession  is  more  and  more  becoming  convinced 
that  it  is  better  to  establish  .sanatoria  for  consump- 
tives at  liome,  in  the  country  and  locality  where  the 
patients  live;  for  almost  everywhere  a  suitable 
location  can  be  found  where  the  air  is  pure,  where 
there  is  an  ab.sence  of  high  winds  and  dust,  and  where 
a  reasonable  amount  of  sunshine  e.\ists.  Tlic.sc  are 
the  climatic  conditions  which  are  really  essential 
to  a  cure,  althougli  with  them  must  be  united  the 
hygienic  dietetic  r(''gime  which  experience  lias  shown 
to  be  equally  important  if  the  best  results  are  to  be 
secured. 

The  accommodations  are  excellent,  but  are  said 
to  be  expensive.  Most  of  the  hotels,  pensions,  and 
villas  are  surrounded  with  gardens.  "One  great  ad- 
vantage of  Cannes,"  write.s  Dean  Alford,  quoted  by 
Burney  Yeo,  "over  other  Riviera  stations  is,  that  you 
have  actual  forest  scenery  \vithin  fifty  yards  of  your 
hotel."  The  town  is  abundantly  supplied  with  good 
driiiking  water.  The  sanitation  seems  to  be  well  looked 
after  and  the  system  of  supervision  of  apartments  oc- 
cupied by  con.sumptives  is  so  complete  and  thorough 
that  it  will  be  instructive  to  mention  it. 

When  a  physician  has  a  consumptive  patient  occu- 
pying a  room  in  a  hotel  or  villa,  he  notifies  the  pro- 
prietor when  the  room  is  vacated.  The  proprietor 
takes  this  notification  to  the  sanitary  authorities,  who 
di.sinfect  the  premi.ses  and  return  the  original  card  of 
notification  to  the  physician  with  a  note  made  on  it  that 
disinfection  has  been  made,  and  the  physician  then 
is  assured  that  the  room  is  safe  for  occupancy  again. 
In  addition,  there  is  kept,  at  the  mayor's  office,  a  list 
of  the  hotels  and  villas  whose  proprietors  have  agreed 
to  conform  to  all  the  suggestions  made  by  the  pliysi- 
cians  as  to  disinfection  and  renovation.  'Whenever  a 
physician  is  asked  to  recommend  a  hotel  or  apart- 
ment, he  has  this  list,  which  is  public,  to  refer  to. 
This  arrangement  works  for  the  mutual  interests  of 
the  proprietors  and  visitors. 

Edward  O.  Otis. 

Cation  City. — See  Colorado. 

Canquoin,  Alexandre. — A  French  physician  who, 
after  having  received  the  degree  of  Doctor  of  Medicine 
in  1823,  practised  for  some  years  in  Paris  and  then 
settled  in  some  city  in  Burgundy.  His  name  is 
known  to  the  medical  world  simply  because  he  pub- 
lished the  following  two  essaj's  on  a  non-operative 
method  of  treating  cancer:  "  M^moire  sur  un 
nouveau  mode  de  traitement  des  affections  canc^r- 
euses,  etc.,"  Paris,  1835:  and  "Traitement  du  cancer, 
excluant  toute  operation  par  I'instrument  tranchant, 
etc.,  second  edition,  1S3S.  Canquoin  employed  a 
paste  compo.secl  of  zinc  chloride  and  coarse  wheat 
flour,  these  ingredients  being  combined  in  such  a 
manner  as  to  furnish  pastes  of  four  different  degrees 
of  causticity.  While  the  preparation  may  have 
failed  to  exert  a  radically  curative  effect  upon  can- 
cerous growths  it  proved  to  be  a  very  convenient 
and  effective  remedial  agent  in  other  pathological 
conditions.  A.   H.   B. 


Canstatt,  Karl  Friedrich.— Born  in  Regensburg 
(Ratisbon),  Bavaria,  July  11,  1807.  He  received 
the  degree  of  Doctor  of  Medicine  from  the  University 
of  Wifrzb'urg  in  1831.  During  the  following  .seven 
vears  he  devoted  his  energies  to  various  professional 
matters  in  which  he  took  only  a  minor  interest — as, 
for  example,  the  study  of  cholera  in  Paris  and  in 
Brussels:  oplithalmological  work;  and  the  translation 
of  Ciuislain's  Mental  Diseases,  In  1841  he  began  the 
publication  of  his  "  Jahresbericht  iiber  die  Fortschritte 
der  gesammten  Medicin  in  alien  Landern" — a  work 
which  was  carried  on  for  twenty-four  years  (up  to 
1865)  in  a  most  thorough  and  satisfactorv'  manner. 
Every  well-educated   physician   in   Cerman-speaking 
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countries  was  at  that  period  thoroughly  famihar  with 
"Canstatt's  Jahresbericht"  and  considered  it  a  pubh- 
cation  of  great  practical  value.  Although  Canstatt's 
death  occurred  on  March  10,  1S50,  the  Jahresbericht 
continued  to  bear  his  name  up  to  the  time  when  its 
pubUcation  ceased.  One  of  his  favorite  studies  was 
the  pathology  of  old  age,  upon  which  he  published  a 
work  in  two  volumes,  entitled  "  Die  Krankheiten  des 
hoheren  Alters  und  ihre  Heilung,"  Erlangen,  1839. 

A.  H.   B. 


Cantani,  Arnaldo. — Born  in  Hainsback,  Bohemia, 
February  15,  1837.  His  father  was  an  Italian.  He 
received  the  degree  of  Doctor  of  Medicine  from  the 
University  of  Prague  in  1860.  In  1864  he  accepted 
a  call  to  the  position  of  Professor  Extraordinary  of 
Pharmacology  and  Toxicology  in  the  University  of 
Pavia,  Italy.  Three  years  later  (1S67)  he  was  ap- 
pointed Director  of  the  Medical  Clinic  (for  post- 
graduate instruction)  in  the  Ospedale  Maggiore  at 
Milan.  In  1868  he  accepted  the  appointment  of 
Regular  Professor  of  Medicine  and  Director  of  the 
Second  Medical  Clinic  in  Naples.  Two  years  later  he 
received  his  naturaUzation  papers  as  a  citizen  of 
Italy,  and  he  continued  to  make  Naples  his  home  up 
to  the  time  of  his  death,  April  30,  1893. 

Cantani  made  many  contributions  to  medical 
literature,  and  was  esteemed  one  of  the  most  dis- 
tinguished clinicians  of  modern  times.  He  gained 
considerable  reputation,  in  the  earher  days  of  his 
professional  career,  by  translating  Niemeyer's  Pa- 
thology and  Therapeutics,  and  adding  a  large  number 
of  his  own  notes  to  the  Italian  te.xt.  Among  his  most 
meritorious  original  writings  may  be  cited  those 
which  treat  of  diabetes  melhtus  and  of  disorders  of 
metabolism.  A.  H.   B. 


Cantharis. — Russian  or  Spanish  Fly.  This  rather 
inaccurate  name  is  given  to  Cantharis  vesicaloria 
(Linn^)  De  Geer  (Lylla  vesicaloria),  order  Coleoptera,  a 
brilliant  green  beetle,  with  a  long,  cylindraceous  body, 
a  disagreeable  odor,  and  powerfully  irritant  properties. 
It  is  about  an  inch  in  length,  and  from  one-fifth  to  a 
fourth  of  an  inch  in  breadth.  It  has  a  good-sized, 
ovoid,  heart-shaped  head,  filiform,  black  antennae  of 

eleven  joints,  a  dis- 
tinct,  rounded 
thorax,  and  long, 
straight  wing  covers. 
The  legs  are  pro- 
vided with  five  tar- 
sal joints,  excepting 
the  two  posterior 
ones,  wliich  have 
only  four.  The 
wings  are  large, 
brown,  translucent. 
The  odor,  even  when 
the  insect  has  been 
dried  for  a  long  time, 
is  strong  and  charac- 
teristic. The  per- 
fect beetle  appears 
in  great  numbers  in 
its  native  countries, 
about  the  "middle  of 
summer,  upon  poplars,  ashes,  lilacs,  privets,  and  even 
upon  roses  and  several  other  domestic  shrubs,  whose 
leaves  it  devours.  The  acrid  efflu\'ium  emitted  from 
it  can  be  smelled  at  a  considerable  distance,  and  when 
the  insects  are  abundant,  it  is  said  to  be  dangerous  to 
persons  sitting  under  the  trees  where  thej'  are. 

This  beetle  is  a  native  of  Southern  and  Middle 
Europe,  Western  .\sia,  etc.  It  is  abundant  in  Spain, 
France,  Germany,  Italy,  etc.,  and  in  these  countries  is 
collected  for  use.     During  the  middle  of  warm  days  it 
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Fig.  1190. — Blistering  Beetle,  Natural 
Size:  a,  Egga,  somewhat  enlarged;  b,  a 
single  egg,  greatly  enlarged.  (Moquin- 
Tandon.) 


is  very  active  and  alert,  but  in  the  night  and  early 
morning,  benumbed  by  cold  and  wet,  it  is  very  heavy 
and  clumsy.  Advantage  is  taken  of  this  time  for 
collecting  the  beetles,  when  they  can  be  beaten  or 
shaken  from  the  shrubs  where  they  hang  and  caught 
in  sheets  or  bags  held  under  the  boughs.  They  are 
then  kUled  by  boiling  water,  steam,  vinegar,  ether,  or 
some  such  treatment,  and  carefully  dried  by  moderate 
heat. 

The  drug,  as  usually  found  in  the  market,  consists  of 
the.se  bodies,  in  the  entire  state.  Ground,  it  gives  a 
disagreeable-smeUing,  grayish  powder,  sprinkled  with 
bright  metallic  green  specks — the  fragments  of  wing 
cases  and  body.     Taste,  resinous  and  acrid. 

Blistering  beetles  were  known  to  the  ancients,  and 
have  been  used  for  centuries  in  many  different  coun- 
tries, but  they  have  not  been  generally  of  this  particu- 
lar species,  whose  enployment  is  comparatively  mod- 
ern. This,  however,  from  its  abundance,  and  the 
ease  with  which  it  can  be  collected,  has  generally 
supplanted  the  others,  at  least  in  English  and  America 
commerce. 

Composition. — A  great  variety  of  ordinary  anunal 
products,  nitrogenous  tissues,  fat,  oil,  watery  extract, 
etc.,  and  from  one-half  to  more  than  one  per  cent,  of  a 
well-defined,  crystalline,  active  prmciple  named 
cantharidin.  This  energetic  poison  crystallizes  in 
tables  or  flakes,  is  white,  colorless,  and  odorless,  and 
at  first  has  but  little  taste.  It  dissolves  in  25  parts 
of  water,  and  in  upward  of  3,000  of  alcohol;  in  ether 
and  chloroform  it  is  almost  insoluble.  Cantharidin 
is  about  thirty  times  as  active  as  cantharides. 

Action  and  Uses. — Cantharides  is  an  intense  irri- 
tant, when  applied  internally  or  externally ;  taken  into 
the  stomach,  it  causes  heat  and  burning  of  the  fauces 
on  its  way  down,  then  vomiting,  often  of  bloody  mucus, 
intense  pain  and  burning  of  the  stomach  and  bowels, 
diarrhea,  fibrinous  and  bloody  stools,  and  finally 
urinary  distress,  strangury,  bloody  urine,  and  other 
evidences  of  renal  and  vesical  irritation.  The  genit- 
als are  also  excited — priapism  in  the  male,  swelling  of 
the  vulva,  etc.,  in  the  female;  uterine  tenesmus  or 
abortion  may  follow.  Erotic  sentiments  may  be,  but 
are  not  necessarily,  aroused.  A  small,  quick  pulse, 
rapid  breathing,  a  hot,  dry  skin,  headache,  delirium, 
coma,  and  death  may  follow  its  introduction.  Two 
grams  (gr.  x.xx.)  of  powdered  cantharides,  or  five  cen- 
tigrams, (gr.  J)  of  cantharidin,  would  be  a  dangerous 
dose.  Applied  externalh',  cantharides  produces,  after 
a  few  minutes,  redness  and  slight  burning  of  the  skin, 
followed,  in  from  one-half  to  five  or  six  hours,  by  small 
blisters  just  beneath  the  cuticle,  which  rapidly  separate 
it  from  the  skin  and  soon  coalesce  into  one  large  bleb 
over  the  whole  surface  covered  by  the  blister.  A  small 
amount  of  cantharidin  is  absorbed  through  the  skin,  as 
strangury,  hematuria,  etc.,  are  rather  apt  to  follow 
very  extensive  blistering.  This  medicine,  like  most 
active  substances,  has  been  given  in  a  great  variety  of 
conditions — vesical  catarrh,  gonorrhea,  dysuria,  and 
incontinence  of  urine — and  as  a  general  nervous  stimu- 
lant. For  none  of  these  things  is  it  now  in  vogue. 
Externally  applied,  it  is  the  safest,  surest,  and  in  all 
ways  the  best  vesicant  known;  easy,  comparatively 
painless,  and  superficial;  never  leaving  a  scar.  Large 
and  repeated  blisters  were  formerly  used,  with  a  ^^ew 
of  "drawing  off"  serous  effusions  from  the  pleura,  per- 
itoneum, the  joints,  etc.;  but  as  derivative  effects  are 
not  accomplished  in  so  simple  and  direct  a  way,  these 
blisters  are  now  principally  used  as  a  means  of  pro- 
ducing simple  counterirritation. 

Administr.\tion. — If  it  is  desired  to  give  cantharides 
internally,  the  ten  per  cent.  Tincture  (Tinctiira  Can- 
Iharidis,  V.  S.  P.),  in  five-minim  (0.3)  doses  is  a  suitable 
form,  but  the  numerous  cerates  and  liniments  which 
follow  show  how  almost  exclusively  it  is  employed  ex- 
ternally: Ceratum  Canlharidis,  U.  S.  P.,  strength  thirty- 
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two  percent. ;  and  the  Collodium  Cantharidatum,  U.  S.  P. 
(Blistering  Collodion),  containing  sixty  per  cent.,  are 
used  for  blistering.  The  liniment,  of  fifteen-per-cent. 
strength,  formerly  official,  has  been  discarded.  The 
cantharidal  cerate  of  the  Pliarmacopoeia  has  been  al- 
most superseded  by  a  cantharidal  plaster,  prepared 
upon  a  large  scale  by  manufacturing  pharmacists,  with 
a  rubber  basis.  It  is  scarcely  as  uniform  or  quick  in 
its  action  as  the  cerate,  but  on  account  of  its  con- 
venience, its  durability  and  ease  of  handling,  it  is 
likely  to  continue  in  use.  The  tincture  of  cantharides, 
considerably  diluted,  is  a  frequent  ingredient  of  "hair 
renewers"  and  other  cosmetics. 

Allded  Animals. — The  tribe  Canlharidoe  contains 
numerous  poisonous  beetles,  whose  acrid  secretions 
have  been  put  to  use  as  vesicants.  Some  of  these  are 
even  more  irritant  than  cantharis  itself.  C.  viltata, 
our  potato  beetle,  and  other  species  of  Cantharis, 
Meloe,  the  oil  beetles,  several  species  of  Mylabris  (M. 
chiccorii,  the  "Chinese  blistering  flv")  are  examples. 

\V.   P.   BOLLES. 

Caoutchouc. — See  Ruhher. 
Cape  Cod. — See  Nantucket. 

Cape  May. — The  first  point  on  the  New  Jersey  coast 
to  which  people  went  to  enjoy  the  ocean  was  Cape 
May.  As  early  as  the  opening  of  the  last  century 
there  were  stage  lines  and  sailing  vessels  which  made  a 
business  of  taking  visitors  to  this  resort.  For  many 
years  Cape  May  maintained  its  prestige,  and  although 
at  present  other  places  have  outstripped  it  in  the 
number  of  visitors  and  display  of  fashion,  there  is  no 
other  place  on  the  New  Jersey  coast  that  possesses  so 
nearly  an  insular  climate. 

Cape  May  occupies  the  extremity  of  the  peninsula. 
The  ocean  lies  to  the  east  and  south,  while  the  broad 
Delaware  Bay  stretches  to  the  west  and  northwest. 
Thus  nearly  every  breeze  is  from  the  water,  and  at  the 
"Point"  a  land  breeze  is  a  rarity.  Cape  May  City  is 
built  on  an  island  three  miles  east  of  the  point  and 
faces  the  southeast.  The  underlying  soil  is  gravel 
with  sand  under  the  gravel  beds;  the  water  supply  is 
now  obtained  from  artesian  wells  on  the  mainland 
and  piped.  The  new  sewerage  system  drains  in  a 
large  central  pipe  the  contents  of  which  are  pumped 
by  electrical  power  into  Delaware  Bay,  three  and  one- 
half  miles  away;  it  is  probably  the  best  system  on 
the  coast.  Water  supply  and  sewerage  are  difficult 
problems  at  the  seaside,  and  particularly  on  the  low 
and  narrow  outlying  strips  of  land  on  which  many 
resorts  are  situated.  The  position  of  Cape  May,  at  a 
latitude  below  39°  and  nearly  surrounded  by  water, 
gives  it  an  equable  climate  and  one  of  considerable 
humidity.  The  relative  humidity  in  1912  ranged 
from  72. S  per  cent,  in  November  to  86  per  cent,  in 
March.  Tfte  average  for  the  year  is  80.8  per  cent.;  it 
is  thus  higher  than  that  of  Philadelphia  (74  per  cent. 
at  8  A.M.  and  67.8  per  cent,  at  8  p.m.),  and  that  of  At- 
lantic City  (78  per  cent,  the  mean  at  8  a.m.  and  at  8 
P.M.).  The  mean  annual  temperature  in  1912  was 
53.2°  F.  or  0.8°  F.  higher  than  that  of  Atlantic  City. 
While  temperatures  as  high  as  92°  F.  may  occur  in 
summer,  the  record  for  1912,  the  air  is  quickly  cooled 
as  a  late  afternoon  breeze  from  the  ocean  sweeps  land- 
ward. The  nights  are  usually  cool  and  afford  a 
grateful  relief  from  the  accumulated  heat  of  the  cities, 
where  brick  dwellings  radiate  heat  long  after  the  sun 
has  set. 

Comparing  Cape  May  with  Atlantic  City  it  is  found 
that  there  were  in  1912  four  fewer  clear  days  at  Cape 
May,  and  8.5  inches  less  rainfall.  The  average  mean 
annual  rainfall,  however,  at  Cape  May  is  40.85  inches 
against  40.93  at  Atlantic  City.  The  mean  daily  range 
of  temperature  was  13.1°  F.  at  Cape  May  and  13.4°  at 
Atlantic  City.     While  the  maximum  at  Cape  May  was 


92°,  at  .\tlantic  City  it  was  91°  in  1912,  the  minima 
being  2°  and  1°  respectively.  The  climate  is  strictly 
a  marine  climate. 

The  new  Cape  May  Real  Estate  Company  has  thus 
far  spent  over  three  and  one-half  million  dollars 
in  the  making  of  a  harbor  (now  threo-fif  tlis  completed) 
of  500  acres  in  extent  with  an  average  depth  of  forty 
feet.  The  United  States  Government  considered  this 
project  of  such  importance  that  it  appropriated  one 
and  one-half  million  dollars  for  the  building  of 
jetties,  now  completed,  to  the  entrance  of  the  (Cold 
Spring)  harbor.  The  dredging  material  from  this 
operation  has  been  pumped  in  and  filled  the  lowland 
in  the  vicinity  of  Sewell's  jioint  and  one  part  of  this 
unclaimed  land  is  now  occupied  by  a  million-dollar 
hotel  and  cottages  costing  as  much  as  thirty  and 
thirty-five  thou.sand  dollars  apiece.  The  new  Cape 
May  Yacht  Club  building  cost  thirty-five  thousand 
dollars. 

Cape  May  is  well  provided  with  hotels  and  cottages. 
It  is  freer  from  the  objectionable  crowds  that  throng 
other  resorts,  and  the  general  tenor  of  Cape  May  is 
aljove  that  of  most  places  on  the  New  Jersey  coast. 
It  is  comfortably  reached  in  one  and  a  half  hours 
from  Philadelphia. 


Climate  of  Cape  May,  N. 

J.,  Latitude, 

38°  56 

;     LONGITDDE, 

74°  58'.     Period  of  Observation,  Twentt  Yeass 

b 

3 

1 

4 

3 

•-3 

i 

V 

>- 

Temperature       (Fahrenheit 

i 

scale) . — 

Average  or  normal 

34.1° 

40.8°     73.4° 

69.0° 

53.6° 

Average  daily  range 

11.8 

12.6     110.7 

10.7 

13.1 

Mean  of  warmest 

41.2 

47.7     |80 

75.3 

29.4 
58 

35.1      69.3 

64.6 
92 

Highest  or  maximum 

65 

91 

Lowest  or  minimum 

1 

9 

55 

42 

Humidity — 

Average  relative  in  1912.  . 

82.0% 

86.2% 

80.3% 

82.8% 

80.8% 

Precipitation — 

Average  in  inches 

4.22 

5.14 

3.30 

4.46 

40.85 

Wind- 

Prevailing  direction 

W. 

N.W. 

S. 

E. 

S. 

Average    hourly    velocity 

14.3 

16.4 

10 

11.7 

13.4 

in  miles. 

Weathei— 

Average  number  of  clear 

20 

19.2 

23.7 

21.4 

248.7 

and  fair  days. 

Average  number  of  cloudy 
days  in  1912. 

78 



Cape  May  beach  is  unexcelled  on  the  coast;  it  is 
broad  and  hard,  and  its  descent  below  the  water  line 
is  very  gradual.  The  beach  is,  as  a  rule,  a  safe  one 
for  bathing,  and  at  the  bathing  hour  in  midsummer 
presents  a  most  animated  and  beautiful  sight.  There 
are  times  when  continued  easterly  or  northeasterly 
winds  roll  up  heavy  seas,  and  it  requires  a  certain 
degree  of  vigor  to  venture  into  the  surf.  Only  the 
most  robust  can  enjoy  the  breakers  at  such  times. 
It  should  be  borne  in  mind  that  far  more  accidents 
happen  to  bathers  of  experience  and  overconfidence 
than  to  those  who  indulge  moderately.  After  storms 
the  gradual  declivity  of  the  shore  may  undergo  some 
alteration,  and  bathers  during  a  flood  tide  sometimes 
find  to  their  consternation  that  between  them  and 
the  shore  there  is  a  gully  of  deeper  water  than  they  are 
prepared  to  encounter.  This  is  an  occasional  source 
of  trouble,  and  even  experienced  bathers  should  never 
be  out  of  reach  of  the  bathing  master  and  his  boat. 

The  chief  advantages  of  Cape  May  as  a  resort  are 
for  those  who  have  insomnia,  neurasthenia,  or  who 
are  convalescing  from  acute  respiratory  affections. 
Children  always  do  well,  and  It  is  a  good  place  for 
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those  in  advanced  life  who  wish  the  sedative  effect  of 
the  sea  air.  It  cannot  be  recommended  for  tuber- 
culous affections  of  the  lungs,  but  the  climate  is 
suitable  in  chronic  tuberculous  disease  of  the  bones. 

Gut  Hixsdale. 


Capon  Springs. — Hampshire  County,  W.  Va. 
Post-office. — Capon  Springs.     Hotel  and  cottages. 

Access. — Via  Baltimore  and  Ohio  RaUroad  to  Capon 
Road,  Virginia,  and  by  the  Southern  Railway  to 
Strasburg,  ^'irginia.  The  springs  are  reached  by  easy 
conveyance  from  either  Capon  Road  Station  or 
Strasburg. 

This  well-known  resort  is  situated  four  miles  from 
the  base  of  the  Great  North  Mountain  at  an  elevation  of 
1,800  feet  above  tidewater.  The  scenery  here  is  varied 
and  pleasing,  and  the  climatic  conditions  during  the 
season,  from  June  first  to  the  end  of  October,  are  all 
that  could  be  desired.  The  average  summer  tem- 
perature is  about  65°  F.,  the  mercury  seldom  ranging 
above  75°  F.  The  room}-  main  hotel  called  the  Moun- 
tain House  has  a  large  annex  connected  by  a  covered 
passage.  There  are  besides  a  number  of  picturesque 
cottages.  The  rooms  are  large,  cool,  and  airy  vrith 
modern  furnishings.  Following,  are  anal3"ses  of  the 
two  springs. 

Two  specimens  were  submitted,  both  cleai-,  color- 
less and  -n-ithout  perceptible  taste  or  smell.  Spring 
Xo.  1,  "Capon  Spring."  Spring  No.  2,  "Beauty 
Spring."  They  may  he  considered  as  essentially 
the  same.  Both  show  distinct  alkaline  reaction  to 
test  paper,  which  becomes  more  marked  after  boil- 
ing and  allowing  the  precipitated  carbonates  of  cal- 
cium and  magnesium  to  subside. 

One  Imperial  GiLLOX  Contains 


Solids 


No.l  Xo.2 

Capon  Spring     Beauty  Spring 

Grains  Grains 


0.591 

0.631 

Lithium  carbonate 

1.738 

1.667 

Calcium  carbonate 

S.323 

8.355 

Magnesium  carbonal'' 

1.441 

1.269 

Ferrous  carbonate.  .  - 

0.041 

0.052 

Manganous  carbonate 

Trace 

Trace 

Sodium  chloride 

0.056 

0.054 

Potassium  sulphate.  . 

0.170 

0.163 

Strontium  sulphate.  . 

Trace 

Trace 

Calcium  sulphate. . . . 

0.593 

0.408 

Calcium  phosphate. . 

0.002 

0.002 

Calcium  fluoride 

Trace 

Trace 

Alumina ^ 

0.018 

0.015 

Silica 

0.707 

0.672 

Nitrates 

Trace 

Trace 

Organic  matter. 

Trace 
13.702 

Trace 

13.288 

Carbon  dioxide 

Oxygen 

Nitrogen. . 


Cubic  inches  at  60°  F.  and  30  in. 

Pressure  per  Imperial  gallon. 

8.57  7.81 

1.76  1.69 

3.68  3.71 


14.01 


13.21 


There  is  also  an  iron  spring  and,  ne&r  by,  sulphur 
springs.  The  waters  have  been  found  useful  in  ca- 
tarrhal conditions  of  various  organs,  pleuritic  exu- 
dations, dyspepsia,  diseases  of  the  liver,  affections  of 
kidney  and  bladder,  scrofula,  rheumatism,  gout,  and 
diabetes  mellitus. 

The  bathing  establishment  is  modern  and  up-to- 
date,  and  baths,  hot,  warm,  or  col  dmay  be  bad.  The 
swimming  pool  is  very  fine  being  ninetj-  feet  long, 


forty-eight  feet  wide,  and  from  four  and  one-half  to 
nine  feet  deep. 
The  Capon  Springs  water  is  used  commercially. 

Emm.\  E.  Walker. 


Capric  acid,  CioHooO:;,  occurs  in  butter  and  other 
fats  as  a  glyceride.  It  is  a  voieselr  acid  and  belongs 
to  the  saturated  fattv  acid  saltie.  F.  P.  U. 


Caproic  acid,  C6H12O6.  is  a  volatile  acid  belonging  to 
the  fattv  acid  series  that  occurs  in  butter  as  a  glvceride. 

F.  "p.  T-. 


Caprylic  acid,  CsHieO^,  is  found  in  butter  and  other 
fats  as  a  glyceride.  It  is  a  volatUe  acid  grouped  under 
the  saturated  fatty  acid  series.  F.  P.  U. 


Capsicum. — Cayenne  Pepper.  African  Pepper. 
Red  Pepper.  The  dried  ripe  fruit  of  Capsicum 
fastigiatum  Blume  (fam.  Solatiacece)  deprived  of  its 
calyx.     (U.  S.  P.) 

The  species  of  the  genus  Capsicum  are  variously 
estimated  by  different  botanists  at  from  two  to  ninety. 
So  extensively  have  they  varied,  and  the  varieties 
hybridized,  that  hundreds  of  forms  are  now  recog- 
nized. The  genus  is  probably  wholly  native  to  trop- 
ical America,  but  has  become  everywhere  cultivated 


Fig.  1191. — Capsicum  Fastigiatum  Blume. 

and  naturalized  in  warm  countries.  The  plants  bear 
cultivation,  as  annuals,  in  temperate  regions  also, 
and  constitute  one  of  the  important  food  plants  of 
the  world.  Owing  to  its  intensely  hot  taste,  the 
fruit  is  to  be  regarded  as  a  condiment  rather  than  as  a 
nutrient  food.  Tliis  is  true  even  in  the  tropics, 
where  the  amount  consumed  at  a  meal  is  often  con- 
siderable, and  a  matter  of  great  astonishment  to  .stran- 
gers. Cultivation  has  now  developed  varieties  known 
as  "sweet  peppers,"  which  are  wanting  in  acridity 
and  pungency,  and  which  can  be  eaten  like  tomatoes 
and  other  vegetables. 

The  fruits  of  the  many  species  and  innumerable 
cultivated  varieties  vary  in  size  from  that  of  a  large 
pea  to  the  two  fists,  in  form  from  spherical,  or  much 
broader,  to  long-tapering,  and  in  color  from  yellow 
through    scarlet    to    purple.     They    are    eaten   both 
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fresh  ami  dried,  and  if  carefully  dried  do  not  lose 
any  of  their  jxinfiency.  The  ofHeJal  fniit  is,  however, 
of  very  uniform  appearance,  and  is  thus  described: 
oblong-conical,  from  ten  to  twenty  millimeters 
(?  to  •  in.)  long,  with  a  brownish-red  or  orange, 
shining  membranous  and  translucent  pericarp,  enclos- 
ing two  cells,  and  coi\taining  Hat,  reniform,  yellowish 
seeds,  attached  to  a  thick  central  placenta. 

Even  the  medicinal  article  is  considerably  subject 
to  siibstitution  bj-  other  varieties.  All  these  are 
readily  recognized  by  their  form  and  size,  except 
when  ground,  when  such  recognition  becomes  a 
matter  of  extreme  difficulty,  the  color  of  the  powder, 
which  is  of  a  deep  orange  red  in  the  C.  annuum, 
lighter  in  the  genuine,  and  the  smaller  size  of  the  cells 
of  the  latter,  rendering  the  only  assistance.  The 
powder,  especially  of  the  commercial  article  sold  for 
table  use,  has  also  been  greatly  subject  to  adulteration 
with  other  substances,  particularly  colored  sawdust 
and  cornmeal.  Large  quantities  of  the  latter  svib- 
stance,  finely  ground  and  suitably  colored,  have  been 
sold  for  this  purpo.se.  The  entire  absence  of  tannin 
and  starch  from  genuine  capsicum  is  an  important 
characteristic  in  this  connection,  and  the  ash  should 
not  exceed  five  or  six  per  cent. 

Composition'. — Besides  the  active  constituent,  cap- 
saiciti,  capsicum  contains  some  fat,  wax,  resin, 
minute  amounts  of  volatile  oil  and  alkaloid,  and  a 
large  amount  of  coloring  matter. 

Capsaicin  (CsHhO^)  dissolves  in  alcohol  and  fixed 
oils,  as  well  as  in  ether.  It  is  so  excessively  acrid  as 
to  be  a  most  dangerous  substance  to  handle.  It 
can  be  obtained  in  the  form  of  colorless  crystals. 
It  should  exist  in  capsicum  in  the  proportion  of  about 
one-fiftieth  of  one  per  cent.,  and  its  estimation  is  the 
only  sure  means  of  ascertaining  the  quality  of  the 
ground  drug. 

"Capsicin"  is  merely  a  soft  extract,  consisting 
chiefly  of  resin  and  fixed  oO,  and  of  very  indefinite 
strength. 

Action  axd  I'ses. — Externally,  capsicvim  is  a 
powerful  counterirritant,  capable  of  blistering  if 
suitably  applied.  Internally,  its  recognized  effects 
are  due  entirely  to  its  direct  and  reflex  stimulating 
action.  This  action  is  seen  directly  in  increased 
movement  and  secretion  throughout  the  alimentary 
tract,  and  in  increased  renal  secretion,  and  reflexly 
in  increased  spinal  and  cerebral  activity.  Its 
aphrodisiac  action  is  both  local  and  spinal. 

Advantage  is  taken  of  these  properties  for  the 
production  of  ordinary  carminative  and  laxative 
effects,  but  more  especially  for  its  use  as  a  stomachic. 
Mild  cases  of  dyspepsia  and  habitual  indigestion 
can  be  greatly  benefited  by  its  moderate  use,  its 
eliminative  tendency  aiding  the  stomachic  effect. 
In  extreme  cases  of  habitual  indigestion,  especially 
that  of  alcoholism,  it  is  frequently  the  only  available 
agent.  Its  mental  effects  in  such  cases  are  often 
quite  as  notable  as  its  stomachic.  It  is  often  of  great 
service  in  controlling  the  obstinate  diarrhea  of  aged 
people.  Its  use  is  of  assistance  in  overcoming 
narcotic  habits.  It  has  been  suggested  that  the 
alkaloid  of  the  drug  may  be  partly  responsiVjle  for 
the  cerebral  effects.  As  a  diuretic,  it  is  not  ordinarily 
to  be  recommended,  as  its  irritating  effects  are  apt 
to  be  too  pronounced.  Throughout  the  tropics  it  is 
confidently  recommended  both  as  a  prophylactic 
and  as  a  curative  agent  against  malaria,  and  it  is 
freqiiently  so  prescribed  in  temperate  regions  also. 
The  statement  is  generally  made  that  red  and  black 
pepper  have  equivalent  actions,  but  the  statement 
is  not  warranted.  The  irritant  effect  of  black  pepper 
upon  the  mucous  membrane  of  the  stomach  is  much 
greater  in  proportion  to  its  stomachic  effects  proper 
than  is  the  case  with  red  pepper,  while  the  irritation 
of  the  urethra  is  greater  with  the  latter.  The  infusion 
is  very  serviceable  as  a  gargle  in  asthenic  cases  of 


sore  throat.     A  marked  benefit  results  even  from  its 
internal  use  in  tonsillitis. 

The  dose  of  capsicum  is  gr.  j.  to  v.  or  po.ssibly 
gr.  X.  (0.06-0.3-0.6).  The  ten-per-eent.  tincture 
is  most  commonly  employed,  the  average  dose  of  the 
I'harmacopa'ia  being  eight  minims.  The  oleoresin 
is  given  in  doses  of  grs.  J  to  i.,  and  the  fluid  extract, 
TTl  i.  to  X.  There  is  a  plaster  which  contains  about 
0.2.5  gram  (gr.  iv.)  of  the  oleoresin  of  capsicum  spread 
evenly  upon  a  surface  ten  centimeters  (4  in  )  square. 

The  stronger  preparations  of  capsicum  are  to  be 
regarded  as  ordinary  irritant  poisons. 

Henuy  H.   Rusby. 


Captol  is  a  condensation  product  of  tannic  acid  and 
chloral.  It  is  a  dark-brown  powder,  soluble  in  warm 
water  and  in  alcohol,  and  claimed  to  be  free  from  any 
of  the  disagreeable  effects  of  its  components.  It  is 
used  in  the  form  of  the  compound  spirit  as  a  hair 
wa.sh  and  stimulant  to  the  scalp  in  cases  of  excessive 
dandruff.  The  formula  for  the  compound  spirit  of 
captol  is:  Captol,  2;  chloral  hydrate.  2;  tartaric  acid, 
2;  castor  oil,  1;  alcohol  (65  per  cent.)  to  make  1,000. 

W.  A.  Bastedo. 


Carabafia  Mineral  Spring. — The  spring  from  which 
this  water  is  obtained  is  situated  in  Carabafia,  Spain,  a 
short  distance  from  Madrid.  The  place  itself  is  not  a 
resort  of  more  than  local  reputation,  but  the  waters 
are  well  known  and  extensively  exported.  The  main 
constituents  of  the  water  are  sodium  sulphate,  mag- 
nesium sulphate,  and  sodium  chloride,  hence,  like 
many  other  of  the  bitter  waters,  it  belongs  to  the  class 
of  .saline  cathartics,  and  is  applicable  in  cases  requir- 
ing a  cathartic  of  this  kind,  such  as  intestinal,  hepatic, 
and  gastric  disturbances  where  constipation  exists. 
The  water  is  very  carefully  prepared  for  exportation 
and  especial  care  is  taken  to  render  it  free  from  all 
contamination.  Edw.ird  O.  Otis. 


Caramel. — A  black,  semi-liquid  substance,  brown 
when  diluted,  into  which  sugar  is  converted  by  depriv- 
ing it  of  two  molecules  of  water,  through  the  appli- 
cation of  a  temperature  of  400°  to  420°  F.  It  is  not 
medicinally  active,  and  is  used  as  a  coloring  agent, 
chiefly  for  liquids,  and  especially  for  brandy  and 
whiskey,  also  for  leather.  Hexhy  H.  Rusby. 

Caraway. — See  Carum. 

XHj 
/ 
Carbamic  acid,  C  =  0     is  not  known  as  the  free 
\ 
OH, 
acid,  but  as  its  ammonium  salt.     L'rea  may  ije  con- 
sidered as  the  amide  of  carhamic  acid.     Carbamic 
acid  is  said  to  be  a  normal  constituent  of  urine.     It  has 
been  discus.sed  chiefly  from  its  relation  to  urea  and  the 
possibility  that  it  may  be  an  intermediate  stage  in  the 
formation  of  the  latter  from  ammonium  salts. 

Frank  P.  Underbill. 

Carbamide. — See  Carhamic  acid  and  VTca. 

Carbo. — The  essential  constituent  of  charcoal  is 
the  element  carbon,  which,  as  it  occurs  in  charcoal, 
presents  itself  as  a  black  substance,  insoluble,  infusible, 
odorless  and  tasteless.  The  medicinal  virtues  of  car- 
bon reside  solely  in  the  singular  absorbent  property 
of  this  element.  As  represented  by  the  substance 
charcoal,  carbon  tends  strongly  to  absorb  and  hold 
fast  gases  and  many  organic  princ  pies,  notably 
alkaloids  and  odorous  and  coloring  matters.  And  in 
the  ca.se  of  such  of  these  bodies  as  are  oxidizable,  the 
fact  of  their  retention  in  the  meshes  of  the  charcoal 
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mass  leads  to  their  ultimate  chemical  transformation 
by  oxidation.  Charcoal  thus  operates  indirectly 
as  an  oxidizing  agent,  and  so  is  practically  available 
as  a  decolorizer,  deodorizer,  detergent,  and,  so  far  as 
noxious  products  of  zymotic  processes  are  concerned, 
also  as  a  disinfectant.  Charcoal  is  used  by  the  phar- 
macist to  decolorize  and  to  separate  organic  principles, 
and  by  the  physician  to  deodorize  and  hasten  oxidation 
in  the  contents  of  receptacles  for  excreta,  to  deodorize 
foul  discharges,  and,  given  internally,  to  absorb  and 
hold  the  substance  of  vegetable  poisons,  such  as  alka- 
loids, until  their  evacuation  can  be  determined,  and, 
by  absorption  and  secondary  chemical  conversion,  to 
dispose  of  the  noxious  products,  fluid  and  gaseous,  of 
fermentation  of  the  ingesta  in  a  dyspeptic  stomach. 

Charcoal  is  official  in  the  United  States  Pharma- 
copoeia in  the  following  forms: 

Carbo  Animalis,  Animal  Charcoal.  Under  this  title 
is  recognized  the  common  so-caUed  animal  charcoal 
or  hone-hlack,  which  is  derived  as  a  black  pulverulent 
residue  from  the  heating  of  bone  to  redness  in  a  closed 
vessel.  Animal  charcoal  occurs  in  "dull  black, 
granular  fragments,  or  a  dull  black  powder,  odorless, 
nearly  tasteless,  and  insoluble  in  water  or  alcohol. 
When  ignited,  it  leaves  a  grayish  or  yellowish-white 
ash,  amounting  to  about  8-5  per  cent,  of  the  original 
weight  of  the  portion  taken,  which  should  have  been 
previously  dried  at  120°  to  125°  C.  (248°  to  257°  F.) 
to  a  constant  weight.  "  (U.  S.  P.) 

Animal  charcoal  is  official  as  the  basis  for  the  follow- 
ing preparation: 

Carbo  Animalis  Purificatus,  Purified  Animal  Char- 
coal. Animal  charcoal,  in  Xo.  60  powder,  is  digested 
with  diluted  hydrochloric  acid  on  a  water-bath  for 
many  hours,  and  the  undissolved  residue  then  freed 
from  the  acid  by  thorough  washing  with  water,  dried, 
and  put  up  in  well-stoppered  bottles.  Bj'  this  pro- 
cedure the  calcic  salts,  which  form  so  large  a  pro- 
portion of  the  weight  of  crude  animal  charcoal,  are 
dissolved  out,  and  the  carbon  is  thereby  obtained 
practically  pure.  Purified  animal  charcoal  is  "a  dull 
black  powder,  odorless,  tasteless,  and  insolub'e  in 
water,  alcohol,  or  other  solvents."     (U.  S.  P.) 

Probably  because  of  a  peculiarity  of  its  texture, 
animal  charcoal  decidedly  surpasses  wood  charcoal  in 
the  property  of  decolorizing  and  of  separating  and 
holding  vegetable  principles.  It  is,  therefore,  the 
form  of  charcoal  most  used  by  the  pharmacist,  and 
should  be  selected  also  b}'  the  physician  where  the 
purpose  is  to  withhold  swallowed  vegetable  poisons 
from  absorption.  But  in  this  application  it  should 
be  remembered  that  the  action  of  the  charcoal  is,  so  to 
speak,  mechanical  only,  and  the  use  of  the  same,  there- 
fore, should  be  merely  accessory  to  measures  to  secure 
evacuation.  The  charcoal  should  be  given  freely,  by 
the  spoonful,  in  suspension  in  water,  until  from  half 
a  tumblerful  to  a  tumblerful  shall  have  been  taken. 

Carbo  Ligni,  Charcoal.  Under  this  title  is  recog- 
nized officialh'  "  charcoal  prepared  from  soft  wood  and 
very  finely  powdered."  When  well  prepared,  wood 
charcoal  contains  but  a  verj'  small  percentage  of 
mineral  matter,  and,  therefore,  may  be  regarded  as 
practicallj'  all  carbon.  For  medicinal  purposes  it  is 
pulverized,  and  j'ields  an  exceedingly  fine,  light, 
black  powder,  odorless,  tasteless,  and  insoluble. 
Upon  exposure  it  attracts  moisture,  and  it  is  in  best 
condition,  therefore,  when  freshly  made.  It  should 
be  kept  in  tightly  closed  receptacles. 

Wood  charcoal  possesses  in  high  degree  the  property 
of  absorbing  gases  of  certain  kinds,  and  notably  the 
foul-smeUing  products  of  zymotic  processes.  For 
deodorizing  purposes  it  may  be  relied  upon  to  absorb 
and  effect  the  decomposition  of  from  fiiteen  to  twenty 
times  its  bulk  of  gas.  It  thus  makes  a  good  applica- 
tion to  pri^'y  vaults  or  cesspools,  a  pailful  of  powdered 
charcoal,  as  freshly  made  and  as  well  preserved  from 
damp  as  possible,  being  thrown  into  the  receptacle 
once  or  twice  a  week.     To  wounds  or  sores  yielding 
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offensive  discharges  charcoal  may  be  appUed  by  dust- 
ing upon  the  surface,  by  strewing  upon  the  face  of  a 
poultice,  or  by  quilting  the  powder  between  two  layers 
of  cotton  wadding,  such  quUt  being  then  used  as  the 
wound  dressing.  In  dyspepsia,  with  acidity  and 
flatulence,  relief  often  may  be  secured  by  administer- 
ing powdered  charcoal  in  quantities  ranging  from 
half  a  teaspoonful  to  a  tablespoonful.  It  should  be, 
if  possible,  freshly  made,  and  is  more  effective  if  taken 
drJ^  Otherwise  it  is  given  mixed  with  water  or  milk. 
Charcoal  should  not  be  taken  in  large  doses  too  fre- 
quently, for  under  such  circumstances  considerable 
mechanical  irritation  has  been  known  to  follow.  In 
mUd  dyspeptic  cases,  quite  small  doses,  such  as 
gr.  ij.-v.  (0.13-0.3)  may  be  all-sufficient,  and  such 
quantities  may  be  taken  without  objection. 

A  sample   of  charcoal   that  has  lost   potency  by 
keeping  recovers  the  same  on  being  recalcined. 

Edward  Cubtis. 

R.  J.  E.  Scott. 


Carbohydrate  may  be  defined  as  a  substance  con- 
sisting of  carbon,  hydrogen,  and  oxygen.  The 
relation  of  hydrogen  to  oxygen  in  the  carbohydrates 
is  usually  the  same  as  that  found  in  a  molecule  of 
water,  namely,  2  :  1,  hence  the  name.  The  carbohy- 
drates include  such  substances  as  the  sugars  and 
starches  and  they  form  one  of  the  three  great  classes 
of  organic  foodstuffs.     See  Alimeitt. 

F.    P.    UXDERHILL. 

Carbolic  .\cid. — See  Phenol. 

Carbon=dioxide  Snow. — Frozen"  C.\rbon"  Dioxide. 
The  application  of  freezing  by  means  of  liquid  air  was 
introduced  as  a  therapeutic  measure  by  Dr.  A.  C. 
White  in  1SS9.  This  agent  is  obtained  with  difficulty 
and  then  only  from  laboratories. 

In  1905,  Dr.  W.  A.  Pusey  introduced  carbon-di- 
oxide snow  as  a  substitute  for  the  above,  as  it  has  the 
advantage  of  being  readily  obtainable,  cheap,  easily 
handled,  and  equally  efficacious. 

Carbon  dioxide  is  a  colorless,  almost  odorless  gas, 
much  heavier  than  air.  It  can  be  liquefied  under  a 
pressvu-e  of  about  fiftv  atnaospheres.  The  liquid 
(sp.  gr.  0.94  at  0°  C.)  bo'ils  at  -79°  C,  and  is  readUy 
converted  into  a  snow-like  solid  by  the  cooling  pro- 
duced by  its  own  evaporation. 

The  temperature  of  carbon-dioxide  snow  varies 
from  -110"  F.  for  the  solid  stick  to  -70°  F.  for  the 
looselv  packed  snow;  that  of  liquid  air  from  —  418°  F. 
to  -  295°  F. 

The  carbon  dioxide  of  commerce  is  a  liquid  and 
is  prepared  under  a  pressure  of  1,200  to  1,500  poxinds 
to  the  square  inch.  It  comes  in  iron  cylinders  that 
range  in  capacity  from  four  and  one-half  to  fifty 
pounds. 

The  twenty-pound  cylinder  is  the  one  usually 
employed  in  medicine.  This  is  five  inches  in  diameter 
and  fifty-one  inches  in  length.  It  is  continued  up- 
ward for  five  inches  by  a  valve  which  has  a  circiilar 
orifice  on  its  side.  To  prevent  leakage  a  cap  screws 
over  the  outer  edge  of  this  orifice  which  is  one  inch 
in  diameter.  The  actual  orifice  of  this  outlet  is  one- 
eighth  of  an  inch.  A  stem  in  the  end  turned  by  a  key 
regulates  the  flow  of  the  gas. 

One  method  of  obtaining  the  snow  for  thera- 
peutic use  is  to  remove  by  a  wrench  the  cap  from  the 
outlet  valve,  and  to  bind  around  it  by  a  bandage  the 
open  mouth  of  a  small  chamois  skin  bag.  The  stem  is 
screwed  upward  by  a  key  and  the  snow  is  loosely 
collected  in  the  bag. 

The  snow  is  now  moulded  in  cylinders  five  to  six 
inches  in  length  and  one-fourth  to  one  inch  in  diame- 
ter as  the  exigency  of  the  case  demands.  It  is  packed 
into  a  solid  stick  of  ice  by  a  plunger  that  accurately 
fits  the  cylinder. 
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This  procedure  has  been  generally  discarded  and 
he  snow  is  at  once  obtained  in  the  solid  form.  For 
;lus  an  improvised  and  thorouglily  practical  receptacle 
s  made  by  covering  witlx  chamois  skin  a  piece  of 
jlotting  paper  four  to  five  inches  wide  and  six  to  eight 
aches  long,  and  rolling  this  into  a  cylinder  one  inch 
n  diameter  so  as  to  fit  accurately  over  the  outlet 
i-alve.  An  excess  of  chamois  is  left  to  fold  over  and 
■lose  the  distal  end.  A  fine-meshed  piece  of  wire 
letting  or  newspaper  can  replace  the  blotter.  This  is 
low  bound  firmly  to  the  outlet  valve  by  a  roller 
mndage  which  is  also  bound  around  the  receptacle  to 
cinforce  it.  The  more  bandage  used  the  greater  the 
ire.ssure  that  can  be  exerted  and  the  harder  is  the  re- 
iulting  snow  crayon.  The  material  which  confines 
he  carbon  dioxide  should  have  small  enough  meshes  to 
etain  within  them  in  a  frozen  state  the  first  snow 
Irawn,  so  that  the  snow  subsequently  drawn  will  be 
'aught  under  pressure.  This  pressure  must  not  be  so 
■onhning  as  to  destroy  the  collector. 

The  best  collector  is  made  of  two  metallic  half 
•ylinders  so  hinged  that  when  closed  a  tube  is  formed. 
The  distal  end  of  this  container  is  closed.  The  metal 
■ontainer  has  small  perforations  and  is  lined  with 
•hamois  skin.  One-half  of  the  cylinder  has  an  excess 
)f  chamois  which  is  wound  around  the  outside  of  the 
•ylinder  to  hold  the  halves  firmly  together,  and  also  to 
■einforce  this  device.  This  complete  appliance  is  six 
nches  long  and  has  an  inside  diameter  of  one  inch. 
Its  proximal  end  screws  over  the  outlet  valve.  The 
ron  cylinder  is  placed  horizontally  on  a  chair  or  saw- 
)uck  so  that  the  vent  is  downward  and  a  little  lower 
han  the  other  end.  Snow  cannot  be  satisfactoril}' 
Irawn  with  the  cylinder  in  the  upright  position.  Turn 
:he  key  .slowly  to  allow  the  snow  to  freeze  in  the  meshes 
)f  the  collector.  Now  turn  the  carbon  dioxide  on 
md  off  more  freely  several  times  until  a  hard  stick  of 
;now  is  obtained.  This  fact  is  determined  in  the  case 
if  the  blotting  paper  device  by  the  cold  and  stony 
lard  feel  of  the  collector.  The  flow  of  carbon  dioxide 
■auses  a  sputtering  sound  and  is  accompanied  by  the 
•scape  of  white  particles  of  snow  from  the  points  of  the 
mperfect  adaptation  of  the  collector.  This  hoar 
rest  is  deposited  on  the  adjacent  part  of  the  valve.  A 
:olid  snow-white  crayon  of  frozen  carbon  dioxide  is 
hus  obtained  which  mu.st  be  handled  with  a  towel  or 
'hamois  to  protect  the  operator's  hands.  Should  the 
noulded  snow  not  be  the  correct  size  or  shape  for  the 
esion,  it  may  be  whittled  with  a  penknife  to  the  de- 
4red  shape.  The  snow  crayon  should  have  an  uniform 
liameter,  for  if  it  were  conical,  a  greater  area  would  be 
rozen  than  was  intended.  The  proximal  end  of  the 
•ollected  snow  is  the  harder  and  this  end  is  to  be  em- 
ployed by  uniform  pressure  over  the  lesion. 

The  time  of  application  varies  from  five  to  ninety 
seconds,  depending  upon  the  character  of  the  lesion,  the 
)ressure  exerted,  whether  over  a  bony  prominence 
ir  on  a  child's  skin.  The  time  of  application  is  to  be 
iccurately  recorded  bj-  a  watch  in  order  to  guide  us  in 
uture  work.  Depending  on  the  time  and  pressure 
'mployed,  the  result  is  a  mere  erythema  to  a  freezing 
)f  the  tissues  to  a  depth  of  three-sixteenths  of  an  inch. 

The  effects  of  a  moderate  application  to  the  skin  are 
I  complete  freezing  of  the  area  covered  and  a  slight 
irea  of  frozen  tissue  around  it.  The  area  covered  by 
he  snow  becomes  temporarily  depressed,  snow-white 
ind  cold.  The  border  is  red  and  raised,  but  less 
lard  than  the  area  treated.  The  treated  area,  after 
jne  to  three  minutes,  dependent  on  the  amount  of  pres- 
sure and  time  employed,  thaws.  The  depression  and 
•vhiteness  disappear,  the  corresponding  area  becomes 
lark  red  and  raised  above  the  surrounding  surface. 
This  area  somewhat  resembles  a  wheal.  After  about 
six  or  eight  hours  it  is  covered  by  a  tense  bulla  which 
s  surrounded  by  a  red  halo.  This  bulla  should  not 
36  opened  but  left  untouched  without  a  dressing. 
\fter  a  few  days  it  desiccates  and  a  dry  black  scab 
orms  which  gradually  contracts  and  falls  off  after 


two  or  three  weeks.  The  resultant  scar  when  only 
the  tops  of  the  papillse  are  destroyed  is  a  delicate, 
white,  smooth,  almost  imperceptible  one;  even  deeper 
destruction  cau.ses  a  smooth  superficial  white  opaque 
connective-tissue  scar.  The  intense  cold  is  in  itself 
an  anesthetic  so  the  patient  during  the  application 
suffers  scarcely  at  all,  but  for  an  hour  or  so  after,  there 
is  a  sensation  similar  to  a  frost  bite.  The  solid  stick 
wrapped  in  a  towel  can  be  transported  and  keeps  about 
two  hours. 

The  effect  of  this  agent  is  due  to  a  coagulation  or 
thrombosis  in  the  smaller  blood-vessels  causing  an 
inflammation  and  an  obliteration  of  their  lumen, 
thereby  shutting  off  the  blood  s\ipply  to  the  part 
treated.  It  also  causes  an  inflammatory  effusion  of 
lymph  and  leucocytes,  which  stimulates  or  increases 
the  normal  resistance  of  the  part  to  disease  processes. 
The  leucocytes  by  a  phagocytic  action  destroy  the 
diseased  cells,  and  the  lymph  serves  to  flush  the  parts 
and  promote  the  removal  of  the  debris  by  absorption. 
The  agent  has  no  effect  on  bacteria. 

Carbon-dioxide  snow  destroys  the  ravages  of  lupus 
erythematosus  and  leaves  an  inconspicuous  scar.  This 
disease  extends  from  the  periphery,  therefore  the  appli- 
cation of  snow  should  extend  at  least  one-fourth  inch 
beyond  the  lesion  treated.  In  this  disease  and  in  other 
extensive  lesions  to  be  treated,  it  is  better  to  avoid 
covering  an  area  of  over  one  square  inch  with  the  snow 
mass,  but  to  wait  for  a  week  or  more  until  the  reac- 
tion has  subsided  and  then  attack  a  new  area. 

The  flat  vascular  nevns,  nevus  flammeus  or  port- 
wine  mark,  yields  successfully  to  this  therapeutic 
agent.  An  application  of  sixty  to  ninety  seconds  is 
required.  One  application  often  suffices,  though  two 
or  three  treatments  may  be  necessary. 

The  deep-seated  venous  nevois  is  best  treated  not  by 
entirely  destroying,  as  this  causes  a  marked  scar,  but 
rather  by  repeated  light  applications  to  cover  up  the 
blue  color  gradually  by  a  contractile  and  opaque  con- 
nective-tissue formation. 

The  ordinary  mole  or  hypertrophic  nevnjs  can  gen- 
erally be  removed  by  one  treatment. 

Tattoo  marks,  warts,  pigmentary  nevi,  and  chloasma 
yield  to  this  treatment.  Senile  keratosis,  and  very 
superficial  epitheliomata  can  thus  be  treated,  but  in 
the  case  of  the  latter  more  radical  measures  may  be 
advisable.  Andrew  J.  Gilmour. 


Carbon  Disulphide. — CSj.  This  body,  commonly 
called  by  the  older  chemical  title  bisulphide  of  carbon, 
is  official  in  the  United  States  Pharmacopceia  as 
Carbonei  Disulphidutn,  Carbon  Disulphide.  It  is  thus 
described.  "A  c  ear,  colorless,  highly  refractive 
liquid,  very  diffusive,  having  a  strong,  characteristic, 
but  not  fetid,  odor,  and  a  sharp,  aromatic  taste. 
Specific  gravity  1.256  to  1.257  at  25°  C.  (77°  F.). 
Soluble  in  526  parts  of  water  at  25°  C.  (77°  F.);  very 
soluble  in  alcohol,  ether,  cMoroform,  fixed  and  vola- 
tile oils.  Carbon  disulphide  vaporizes  rapidly  at  the 
ordinary  temperature,  is  highlv  inflammable,  boils  at 
46°  to  47°  C.  (114.8°  to  116.6°  F.),  and,  when  ignited, 
burns  with  a  blue  flame,  producing  carbon  dioxide  and 
sulphur  dioxide.  It  should  not  affect  the  color  of 
blue  litmus  paper  moistened  with  water."  (U.  S.  P.) 
Carbon  disulphide  should  be  kept  in  tightly  closed  ves- 
sels and  away  from  lights  or  fire.  The  "strong  char- 
acteristic, but  not  fetid,  odor"  of  the  above  descrip- 
tion, though  "not  fetid"  in  a  perfectly  pure  sample, 
is,  in  the  article  as  commonly  met  with  in  the  shops,  of 
a  rotten-egg  quality,  so  di-sagreeable  and  so  strong  as 
to  constitute  a  practical  bar  to  a  common  medicinal 
use  of  the  compound.  The  high  volatility  and  e.xtreme 
inflammabilit}'  are  also  points  of  inconvenience,  and 
the  latter  quality  one  of  danger  also. 

Carbon  disulpliide  is  a  powerful  agent,  of  the  gen- 
eral type  of  the  volatile  alcohols  and  ethers.  It  is 
locally  irritant  while  yet  specifically  anesthetic,  and. 
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absorbed  into  the  blood,  profound!}-  deranges  the 
nervous  functions  in  the  same  general  manner  as 
chloroform  does.  Habitually  absorbed,  as  may  oc- 
cur by  breathing  the  fumes  in  india-rubber  factories, 
where  the  agent  is  largely  used,  carbon  disulphide  pro- 
duces a  peculiar  form  of  chronic  poisoning,  elaborately 
described  by  Delpech  as  observed  in  Paris  workshops. 
The  poisoning  commonly  begins  by  severe  headache, 
sometimes  accompanied  bj'  an  exhilarant  intoxica- 
tion. Later  follow  depression,  mental  apathy  and 
dulness,  loss  of  memory,  impairment  of  sight,  hearing, 
and  .sexual  desire,  and  a  very  pronounced  loss  of 
muscular  power.  Cramps  and  various  dysesthesias 
are  also  common.  The  poisoning  is  seldom  fatal,  but, 
on  the  other  hand,  after  full  development,  entire 
recover}-  of  health  and  strength  is  unusual.  Treat- 
ment is  upon  general  principles,  the  only  special  agent 
recommended  being  phosphorus,  by  the  use  of  which 
in  small  doses  Delpech  thinks  he  has  abated  the 
failure  of  muscular  and  virile  power. 

Medicinally  the  only  properly  allowable  use  of 
carbon  disulphide  is  as  a  local  application  for  the  relief 
of  surface  pains.  In  this  employment  the  action  is 
like  that  of  chloroform — conjointly  anesthetic  and 
sharply  irritant.  An  appUcation  of  carbon  disul- 
phide causes  for  a  few  minutes  severe  pain,  and  maj' 
or  may  not  be  followed  by  subsidence  of  a  neuralgia. 
The  remedy  may  be  used  in  vapor  by  saturating  with 
carbon  disulphide  a  sponge  at  the  bottom  of  a  wide- 
mouthed  flask,  and  then  pressing  the  mouth  of  the 
flask  to  the  skin.  Carbon  disulphide  has  been  given 
internally  in  doses  of  a  few  drops,  but  in  the  absence 
of  any  unique  therapeutic  powers  such  administra- 
tion is  certainly  not  to  be  recommended. 

Edward  Curtis. 
R.  J.  E.  Scott. 


Carbon,  Oxides  of. — There  are  two  well-known 
oxides  of  carbon,  viz.,  carbon  monoxide  and  carbon 
dioxide,  or  carbonic  anhydride.  They  are  both  in- 
visible gases  at  ordinary  temperatures  and  pressures; 
and  are  of  interest  to  the  physician  from  the  fact  that 
they  are  both  irrespirable  gases  with  wliich  persons 
are  frequently  brought  in  contact,  and  which  fre- 
quentlj-  produce  poisonous  and  even  fatal  results. 
Carbon  dioxide  plays  an  important  role  in  the  physi- 
ology of  the  human  organism.  The  names  used  to 
designate  these  compounds  are  somewhat  variable 
and  confusing,  and,  to  avoid  tlus  uncertainty,  we 
place  all  the  names  commonly  met  with  at  the  head  of 
the  proper  sections. 

Carbon  Dioxide. — Also  called  carbonic-acid  gas  a.nd 
carbonic  anhydride;  fixed  air,  choke  damp.  Chemical 
formula,  CO,.  Specific  gravity  (air  =  l),  1.52;  density 
(hydrogen  =  1 1 ,  22. 

Sources. — When  carbon  is  burned  in  oxj-gen,  or 
with  a  free  supply  of  air,  this  gas  is  formed:  hence  it  is 
a  product  of  the  combustion  of  all  combustible  bodies 
containing  carbon.  It  is  prepared  in  large  quantities, 
by  many  manufacturing  processes,  from  the  combus- 
tion of  coal.  The  burning  of  lime  kilns  sends  large 
volumes  of  this  gas  into  the  air,  partly  from  the  fire 
and  partly  from  decomposition  of  the  limestone 
(CaCOj)  into  hme  and  CO,.  Respiration  is  another 
source  of  the  gas,  and  the  expired  air  may  accumulate 
in  a  tight  room  to  such  an  extent  as  to  become 
poisonous — indeed,  in  some  cases,  to  such  an  extent  as 
to  cause  death.  Expired  air  usually  contains  4.4 
per  cent,  of  CO,,  while  inspired  air  contains  0.04  per 
cent.  Inhaled  air  contains  20.96  per  cent,  of  oxygen 
and  expired  air  but  16.02  per  cent.  Expired  air 
therefore  has  lost  4.94  per  cent,  of  oxygen  and 
gained  4.34  per  cent,  of  CO,.  An  adult  man  exhales 
about  0.7  cubic  foot  (19.8  liters)  of  CO,  per  hour,  or  IS 
cubic  feet  (499  liters)  per  day.  Another  source  of  car- 
bon dioxide  is  the  alcoholic  fermentation  of  saccharine 


fluids.  This  source  is  usually  limited  to  certain  kinds 
of  industries,  such  as  beer,  wine,  alcohol,  and  wliiskey 
manufactories.  In  badly  ventilated  fermenting 
rooms,  deaths  have  often  occurred  from  the  accumu- 
lation of  this  gas.  The  subterranean  heat  of  volcanic 
regions  causes  the  decomposition  of  limestone  as 
above  mentioned,  giving  off  CO,,  which  either  escapes 
through  crevices,  or  accumulates  in  underground 
caverns,  under  pressure,  and  finally  becomes  absorbed 
by  the  water,  and  comes  to  the  surface  in  the  form  of 
effervescing  spring-water,  as  at  the  well-known 
Saratoga  Springs.  The  gradual  oxidation  of  vegetable 
matters,  either  upon  the  surface  of  the  soil  or  buried 
in  it,  generates  a.  considerable  quantity  of  carbon 
dioxide.  The  gas  from  these  various  sources  may 
filter  through  the  soil,  crevices  in  the  rock,  or  coal  bed. 
and  accumulate  in  mines,  wells,  cellars,  etc.,  in  such 
quantities  that  the  miners  are  unable  to  work  in  it. 
It  is  called  by  then  choke  damp,  to  distinguish  it  from 
fire  damp.  It  is  produced  in  mines  by  an  explosion  of 
marsh  gas  (fire  damp),  so  that  if  the  explosion  does  ■ 
not  kill  persons  unfortunate  enough  to  be  in  the  mine  ■ 
at  the  time,  they  may  die  from  breathing  the  CO,  ■ 
developed  by  the  explosion.  The  atmosphere,  as 
will  be  seen,  is  continually  receiving  this  gas  in  abun- 
dance from  the  above  sources.  It  has  been  estimated 
that  the  city  of  JIanchester,  England,  pours  into  the 
air  daily  15,000  tons  of  CO,,  and  London  no  less  than 
SS2,000",000  cubic  feet  per  day,  and  yet  McDougal 
iChem.  News,  vol.  ix.,  30)  found,  as  a  mean  of 
forty-six  analyses  of  the  air  in  Manchester,  only 
0.039  per  cent,  of  COj  while  the  air  four  miles  from 
the  city  contained  0.04  per  cent.  The  constancy  of 
the  amount  of  CO,  in  the  air  is  marvelously  main- 
tained by  the  agency  of  winds,  storms,  rains,  changes 
in  temperature,  solution  in  the  waters  of  oceans  and 
lakes,  and  by  absorption  by  the  leaves  of  vegetation.  | 
The  lowest  percentage  is  found  over  the  ocean,  or  I 
about  0.03  per  cent,  while  on  land  it  is  almost  con- 
stant in  all  countries  at  0.04  per  cent.  The  air  of 
rooms  and  clo.sed  places  frequently  contains  a  much 
larger  proportion  than  this.  A  well-ventilated  room 
should  contain  not  more  than  0.6  part  per  1,000:  but 
owing  to  poor  ventilation  it  frequently  rises  as  high  as 
4  parts  per  1,000  or  more.  Even  in  the  open  air,  the 
amount  depends  somewhat  upon  the  state  of  the 
weather,  season  of  the  year,  etc.  In  still,  foggy 
weather  in  large  cities,  the  amount  present  in  outdoor 
air  may  rise  as  high  as  0.8  part  per  1,000;  or  enough 
to  give  the  air  a  peculiarly  suffocating  effect  upon 
those  who  breathe  it. 

Properties  and  Preparation. — Carbon  dioxide  is  a 
colorless,  transparent,  odorless  gas,  about  one  and  a 
half  times  heavier  than  air,  and  ma}-  be  poured  from 
one  vessel  into  another  like  water.  It  has  a  faintly 
acid  taste.  At  ordinarv  temperatures  it  is  soluble  in 
its  own  volume  of  water,  with  which  it  enters  into 
combination  to  form  carbonic  acid:  CO,-(-H_,0  =  H,- 
CO..  By  increasing  the  pressure,  water  will  absorb  a 
very  large  amount  of  the  gas,  a  large  portion  of  which 
escapes  again  when  the  pressure  is  removed.  The  so- 
called  plain  soda,  or  carbonated  water,  is  a  strong 
solution  of  carbonic  acid  (H,CO,)  in  water,  made 
under  pressure.  The  gas  may  be  expelled  by  heat,  by 
freezing,  or  by  removing  the  pressure.  L'nder  a  pres- 
sure of  fifty  atmospheres  at  15°  C.  (59°  F.),  it  is  con- 
densed to  a  transparent,  colorless,  mobile  liquid,  not 
miscible  with  water  or  fixed  oils,  but  readily  so  with 
ether,  alcohol,  naphtha,  turpentine,  and  carbon  disul- 
phide. ^^'hen  the  pressure  is  removed  from  the  liquid 
it  evaporates  with  great  rapidity,  freezing  a  portion  of 
the  liciuid  into  a  snow-like  solid,  by  the  heat  absorbed 
in  the  evaporation.  (See  Carbon-dioxide  Snow.)  The 
solid  evaporates  very  slowly,  and  may  be  kept  longer 
than  the  liquid.  By  moistening  this  solid  with  ether, 
and  placing  it  under  the  bell-jar  of  an  air  pump,  a 
temperature  of  - 110°  C.  ( -  166°  F.)  may  be  obtained. 
Carbon  dioxide  is  soluble  in  about  one-third  its  own 
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.volume  of  alcohol  at  the  ordinary  temperature  and 
pressure.  Dry  carbon  dioxide  lias  no  effect  upon 
litmus  [lapcr;  hut  if  the  latter  be  first  moistened  it  is 
reddened.  On  dryinR,  the  blue  color  is  restored.  Lime 
water  is  at  first  rendered  turbid  by  CO,,  owing  to  the 
precipitation  of  calcium  carbonate;  but  on  conducting 
the  gas  into  the  turbid  liciuid  for  some  minutes,  the 
precipitate  is  rcdissolved,  and  the  solution  becomes 
clear  again,  owing  to  the  fornuition  of  calcium  bicar- 
bonate, H,_.('a(,C(),)j.  This  process  frequently  takes 
place  in  natural  waters  to  produce  tempurary  hardness. 
so  called,  because  the  calcium,  and  at  times  magne- 
sium carbonate  thus  held  in  solution,  is  precipitated 
by  boiling  off  the  excess  of  carbon  dioxide.  Solutions 
of  caustic,  soda,  potash,  lime,  barj-ta,  etc.,  rapidly 
absorb  CO,  witli  tlie  formation  of  carbonates  of  tlie 
metals.  Such  solutions  are  used  to  dissolve  the  gas 
from  mixtures  containing  it.  The  gas  does  not  sup- 
port either  respiration  or  combustion,  although  this 
property  is  not  peculiar  to  carbon  dioxide.  It  is  not 
combustible.  Sodium,  potassium,  phosphorus,  boron, 
carbon,  iron,  zinc,  and  magnesium,  at  high  tem- 
peratures, decompo.se  it  by  removing  its  oxygen  and 
converting  it  into  either  carbon  monoxide  or  carbon. 
It  is  also  decomposed  by  the  chlorophyl  of  plants 
under  the  influence  of  sunlight  and  moisture,  the 
carbon  combining  directly  with  the  waterto  form  for- 
maldehyde, CO,-fH,0  =  CH,0-t-0,,  while  the  oxygen 
escapes  in  the  free  condition.  The  formaldehyde 
then  readily  pol\-merizes  to  form  dextrose  and  the 
other  soluble  carbohydrates:  6  CH,0  =  C.H,,05. 
Carbon  dioxide  is  usuallj'  prepared  in  the  labora- 
tory by  treating  a  carbonate,  usually  calcium  car- 
bonate or  marble,  with  a  dilute  mineral  acid: 
CaC0,-H2  HCl  =  CaCL -h  H,0 -F  CO,. 

Uses. — The  following  are  among  the  most  important 
uses  of  carbon  dioxide:  Notably,  in  the  manufacture 
of  carbonates  and  bicarbonates,  carbonated  beverages, 
white  lead,  the  decomposition  of  sucrate  of  lime  in 
the  preparation  of  sugar  from  beets,  in  setting  free 
the  hypochlorites  from  chloride  of  lime,  in  bleaching, 
and  in  giving  a  bead  to  beer,  ale,  wine,  etc.  It  is  also 
used  in  the  form  of  snow  in  the  treatment  of  super- 
ficial new  growths.  (See  Carbon-dioxide  Snow.)  It  is 
marketed  in  liquid  form  condensed  in  cylinders. 

Phj/sioloi/ical  Action. — The  physiological  effects  of 
carbon  dioxide  vary  with  the  degree  of  dilution  or 
admixture  with  air.  COj  is  constantly  produced  in 
the  living  tissues  by  oxidation  of  compounds  con- 
taining carbon.  It  is  not  a  poison  in  these  circum- 
stances; on  the  other  hand,  it  serves  as  a  direct  stimu- 
lant of  the  respiratory  center,  and  is  thus  a  regulator 
of  the  depth  and  frequency  of  the  respirations. 

Whenever  the  CO,  increases  in  the  blood,  lymph, 
or  cells  of  the  body,  the  respirations  are  automatically 
quickened,  owing  to  the  stimidation  of  the  respiratory 
center.  Normally  the  arterial  blood  contains  about 
forty  volume  per  cent,  of  CO,.  About  L9  per  cent. 
of  this  is  di-ssolved  in  the  plasma;  IS.S  per  cent. 
exists  as  bicarbonate  of  sodium  or  potassium,  and 
19.3  per  cent,  loosely  combined  with  organic  matter 
in  the  corpuscles  and  plasma.  If  for  anj^  reason  the 
CO,  in  the  blood  falls  below  a  certain  amount,  respi- 
ration ceases. 

Toxicology. — When  inhaled  in  the  p'lre  stale  it  causes 
almost  instant  death  from  spasm  of  the  glottis  and 
apnea.  Even  when  somewhat  d'luted,  there  is  al- 
most immediate  insensibility  and  loss  of  muscular 
power,  and  the  person  drops  as  if  felled  by  a  blow, 
and  usually  dies  without  a  struggle,  unless  immedi- 
ately removed  into  pure  air.  Such  accidents  are  most 
likely  to  occur  from  going  into  deep  wells,  caves, 
mines,  etc.,  where  the  gas,  termed  choke  damp  by 
miners  and  well-diggers,  has  accumulated;  or,  from 
putting  the  head  into  a  fermenting  vat  which  has  been 
closed  for  a  time;  or  from  venturing  too  near  to  the 
mouth  of  a  lime  kiln,  burning  buildings,  or  volcanoes. 

U'hoi  more  largely  diluted,  or,  as  is  most  likely  to 


occur,  when  the  air  is  gradually  poisoned  by  it,  the 
first  feeling  is  a  sense  of  closeness;  then  follow  weight 
or  fulness  in  the  head,  pressure  in  the  temples,  giddi- 
ness, sitiging  in  the  ears,  somnolency,  sometimes 
nausea  and  loss  of  muscular  power.  Death  is  pre- 
ceded by  coma,  with  stertorous  breathing,  rarely 
vomiting  and  convulsions;  the  face  is  usually  of  a 
leaden  hue,  or  pale,  and  the  heart's  action,  at  first 
violent,  finally  stops.  It  is  not  poisonous  when  taken 
into  the  stomach. 

Postmortem  Appearances. — The  body  of  a  person 
killed  by  carbon  dioxide  usually  presents  a  livid,  or 
very  pale,  external  appearance.  The  face  has  some- 
times been  found  swollen  and  distorted,  but  usually 
it  is  placid  and  there  is  no  evidence  of  a  struggle. 
The  body  is  found  in  an  easy,  natural  position,  as 
though  in  a  sleep  at  the  time  of  death.  The  super- 
ficial veins  are  usually  prominent,  and  are  filled  with 
dark  liquid  blood.  There  is  nearly  always  congestion 
of  the  brain  and  its  membranes,  with  engorgement  of 
the  sinuses,  and  congestion  of  the  lungs.  The  blood 
is  usualh'  liquid  and  dark-colored.  When  the  source 
of  the  poisonous  gas  is  from  burning  coals,  the  carbon 
dioxide  is  mixed  with  carbon  monoxide,  and  the  blood 
in  this  case  is  bright  red  instead  of  dark,  and  coagu- 
lates with  difl[iculty.  Putrefaction  of  the  body  after 
carbon-dioxide  poisoning  takes  place  slowly,  and  bo<l- 
il\'  heat  and  rigidity  .are  retained  an  unusually  long 
time.  All  the  internal  viscera  are  usually  found 
congested. 

Injurious  (Non-fatal)  Effects  of  the  Presence  of 
Carbon  Dioxide  in  the  Air  of  Rooms. — Thus  far  we 
have  discussed  the  action  of  carbon  dioxide  upon  the 
economy  when  present  in  the  air  in  sufficient  quantity 
to  cause  death.  "When  the  air  is  not  so  largely  charged 
with  this  gas.  the  symptoms  and  effects  are  less 
marked,  but  may  still  be  sufficient  to  occasion  .some 
distress.  When  the  air  of  a  given  room  or  locality 
contains  more  than  6  or  7  parts  per  10,000,  it  is  to  be 
considered  contaminated  or  impure.  An  adult  man  ex- 
hales about  0.7  cubic  foot  (19  liters)  of  carbon  dioxide 
each  hour  or  330  c.c.  per  minute.  Inhaled  air  con- 
tains about  21  per  cent,  of  oxygen  and  0.04  per  cent, 
of  COj,  while  expired  air  contains  about  16  per  cent, 
of  oxygen  and  4.4  per  cent,  of  CO,,  i.e.  the  exhaled  air 
has  lost  about  5  per  cent,  of  oxygen  and  the  COj  has 
been  increased  one  hundred  times.  This  quantity  will 
raise  the  contents  of  3,500  cubic  feet  of  air  from  0.4  to 
0.6  part  per  1,000  each  hour.  It  is  evident,  therefore, 
that  this  amount  of  air  must  be  supplied  to  each 
adult  man  each  hour,  in  order  to  keep  the  air  he 
breathes  from  having  more  than  0.6  part  per  1,000, 
or  so  as  not  to  add  more  than  0.2  part  per  1,000. 
It  has  also  been  found  that  the  air  of  a  room  cannot 
be  changed  more  than  three  or  four  times  per  hour 
without  causing  draughts.  Hence  (3.500-^4  =  875) 
an  adult  man  should  have  about  900  cubic  feet  of 
space  for  comfort,  when  proper  care  is  had  to  venti- 
lation. When  air  moves  more  than  19  inches  per 
second  a  draught  is  perceived.  If  there  were  no  ven- 
tilation through  walls,  which  is  rarely  the  case,  an 
open  window,  having  an  opening  of  6  square  feet, 
would  allow  3,420  cubic  feet  of  air  to  pass,  when  the 
draught  is  barely  preceptible;  or  enough  for  a  healthy 
adult  man.  Parkes,  in  nis  "Hj'giene,"  p.  161  (Wood's 
Library),  gives  the  following  figures  as  representing 
the  average  amounts  of  COj  given  off  per  hour  by 
persons  of  different  ages  when  in  a  state  of  repose. 
For  adult  males  (say  160  pounds),  0.7  cubic  foot;  for 
adult  females  (say  120  pounds),  0.6  cubic  foot;  for 
children  (80  pounds),  0.4  cubic  foot:  for  a  mixed 
community,  0.6  cubic  foot.  Lender  these  conditions 
the  amount  of  fresh  air  to  be  supplied  in  health, 
during  repose,  ought  to  be:  For  adult  males,  3,500 
cubic  feet;  for  adult  females,  3,000  cubic  feet;  for 
children,  2,000;  for  a  mixed  community.  3.000  cubic 
feet,  per  head,  per  hour.  As  more  CO,  is  evolved 
from  the  body  on  exertion,  these  figures  are  too  low 
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for  workshops,  factories,  mines,  etc.  In  mines  it  has 
been  found  that  6,000  cubic  feet  ot  air  per  hour  is 
necessary  to  lieep  up  the  greatest  energies  of  the  men. 
With  light  work  a  man  weighing  160  pounds  throws 
off  .95  cubic  foot  of  COj  in  one  hour,  while  in  heavy 
work  the  same  man  would  throw  off  1.96  cubic  feet 
per  hour,  This  would  require  for  light  work  the 
delivery  of  4,750  cubic  feet  of  fresh  air  per  hour,  and 
for  heavy  work,  4,800  cubic  feet.  The  amount  of  air 
necessary  for  cattle,  horses,  and  other  large  animals, 
is  estimated  by  Marcker  ("Proceedings  of  Civil  Engi- 
neers," vol.  xii.,  pp.  298  and  308)  as  1  to  1.5  cubic 
feet  per  hour  for  every  pound  of  weight,  or  1,000  to 
1,500  cubic  feet  for  every  1,000  pounds  of  weight. 
For  small  animals  (sheep,  dogs,  cats,  etc.),  150  to 
180  cubic  feet  of  air  per  nour  should  be  supplied  for 
each  100  pounds  weight.  Birds  require  even  more. 
The  following  table,  from  Parkes'  "Hygiene,"  shows 
the  amount  of  contamination  produced  by  one  man 
in  different-sized  spaces  for  one  hour  and  each  suc- 
ceeding hour: 


Table  to  Show  the  Degree  of  Contamixation  of  the  Am  by 
Respiration  (in  Terms  of  CO2),  and  Amount  of  Air  Neces- 
SAKT  to  Dilute  to  a  Given  Standard  of  0.2  per  1.000 
Volumes,  Exclusive  of  the  Amount  Originally  Present 
IN  THE  Air. 

.            .      ,  Ratio  per  1,000    ,           ^     c  ■     \a 

Amount  of  cu-  ,   ^X      /         Amount  of  air   Amount    neces- 

,_.                   ,  of    LUs     from  ^                   ^      j-i   ^ 

Die   space   (=  .     ..           .      nece^ssary  to     sary    to   dilute 

breathing  ..           ,    -  dilute  to  stand-  to     the     given 

.  ,  the  end  ol  one          j     e  n  n  j  .      jj 

space)  tor  one  ,            .,    ..  ard  of  0.2  dur-  standard  e\'tTy 

.          u-  i  hour.  If   there  .        *,       ^       ..  u            /^       ., 

man  in  cubic  i  .         ,  ing  the   farst  hour  after  the 

,    ^  has   been     no  ,  ,  -     . 

feet.  !,■„„„  „f  „:_  hour.                    i  first, 
change  of  air. 


100 
200 
300 
400 
500 


6.00 
3.00 
2.00 
1.50 
1.20 


2.900 
2,800 
2,700 
2,600 
2,500 


3.000 
3.000 
3.000 
3,000 
3.000 


600 

1.00 

2.400 

3.000 

700 

.86 

2.300 

3.000 

800 

.75 

2.200 

3.000 

900 

.67 

2,100 

3,000 

1,000 

.60 

2,000 

3,000 

In  hospital  wards,  where  sick  persons  are  confined, 
ventilation  should  supply  more  air  than  is  required  by 
the  healthy.  This  is  due  not  alone  to  the  CO,  which 
they  give  off,  but  to  organic  emanations  which  per- 
meate the  air  and  give  it  an  unpleasant  odor  and 
closeness.  In  hospital  wards,  Parkes  laj's  down  the 
rule  that  the  quantity  of  air  supplied  should  be  from 
4,000  to  4,500  cubic  feet  per  person  each  hour.  The 
following  table  from  Witthaus  "  Chemistry  "  gives  the 
amount  of  air  which  ougKt  to  be  supplied  to  each 
person  under  the  conditions  anne.Ked: 

Situation.                               Cubic  meters.  Cubic  feet. 

Barracks  (day-time) 35  1,236 

Barracks  (night-time) 70  2,472 

Workshops  (mechanical) 70  2,472 

Schoolrooms 35  1,236 

Hospital  wards 85  3,004 

Hospital  wards  (surgical) 170  6,004 

Contagious  and  lying-in  wards 170  6,004 

Mines 150  5.297 

Jlines  (coal) 170  6.004 

This  table  assumes  that  no  artificial  light  is  used; 
but  even  in  this  case,  the  quantities  given  are  smaller 
than  most  physicians  would  prefer  to  supply.  No 
hospital  ward  occupied  by  a  number  of  persons  should 
supply  less  than  4,500  or  5,000  cubic  feet  of  air,  per 
person,  every  hour,  and  in  the  case  of  most  septic  dis- 
eases, outdoor  air  is  to  be  preferred.  The  amount  of 
COj  in  the  air  is  generally  taken  as  a  measure  of  the 
index  of  the  poUution  of  air,  and  the  fitness  of  an  atmos- 
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phere  to  be  breathed;  or,  as  a  guide  to  the  efiiciencv 
of  ventDation.  The  amount  of  CO,  frequently  found 
in  audience  rooms,  schools,  theaters,  etc.,  varies 
from  6  to  30  parts  in  10,000  parts  of  air,  or  even 
higher.  In  such  crowded  rooms  the  largest  per  cent, 
of  COj  will  be  found  on  the  galleries  or  at  the  ceiling 
while  the  lowest  percentage  will  be  found  at  the  floor! 
In  an  unoccupied  room,  as  the  result  of  diffusion,  the  ! 
CO,  is  uniform  in  all  parts  of  the  room. 

Carbon  Dioxide  from  Gas-lights. — A  burner  which 
burns  3  feet  of  gas  per  hour  (ordinary  size)  produces 
about  2  cubic  feet  of  CO,  per  hour,  and  removes  a 
corresponding  amount  of  oxj'gen  from  the  air.  It 
has  been  calculated  that  each  burner  of  the  usual 
form  (not  Argand)  should  be  supplied  with  from 
4,500  to  5,500  cubic  feet  of  air  per  hour  to  prevent 
injurious  contamination  with  CO^.  Owing,  however, 
to  the  evolution  of  heat  and  watery  vapor,  and  the 
removal  of  oxygen,  a  larger  quantity  than  this  should 
be  supplied  to  keep  the  air  comfortable.  A  cubic 
foot  of  coal  gas  produces  about  from  0.5  to  O.S  cubic  ■ 
foot  of  CO,,  being  rather  higher  for  "water  gas" 
than  for  "coal  gas."  A  burner  consuming  3  feet  of 
gas  per  hour  would  produce  from  1.5  to  2.5  cubic 
feet  of  CO,,  being  a  little  more  than  three  adult  men, 
or  four  average  persons,  would  produce.  Petten- 
kofer  has  determined  that  a  burner  consuming  5  feet 
of  gas  per  hour,  giving  12  candle-power,  gives  off  as 
much  heat  as  8  men,  more  CO,  than  3  men,  and  as 
much  watery  vapor  as  5  men.  Adopting  this  as  a 
basis  of  calculation,  a  3-foot  burner  should  be  supplied 
with  as  much  air  as  3  persons,  or  about  9,000  feet  per 
hour,  to  keep  the  air  in  a  comfortable  condition.  In 
reality,  this  amount  of  ventOation  is  seldom  obtained 
in  a  room  of  ordinary  size.  The  basis  of  calculation 
that  has  usually  been  adopted  is  to  furnish  1,800 
cubic  feet  of  air  for  each  foot  of  gas  burned.  For 
the  same  illuminating  power,  oil  does  not  give  a 
greater  degree  of  contamination  than  gas.  An 
ordinary  lamp  gives  about  the  same  contamination 
to  the  air  of  a  room  as  one  adult  man. 

Tests  for  Carbon  Dioxide. — The  physician  may  be 
called  upon  to  test  the  air  of  rooms,  or  enclosed  spaces, 
for  CO,,  either  for  diagnostic  or  for  medicolegal  pur- 
poses. The  following  simple  tests  may  be  employed: 
A  moistened,  blue  litmus  paper  suspended  in  the  air 
of  the  room  is  at  first  reddened  and  then  bleached  by 
carbon  dioxide.  If  the  amount  of  CO,  exceed  ten 
or  twelve  per  cent.,  and  if  it  have  been  added  to  the 
air,  without  the  removal  of  any  oxygen,  a  candle 
will  usuaUy  be  extinguished.  If  the  CO,  has  been 
produced  by  combustion  or  respiration,  the  candle 
will  be  extinguished  by  five  per  cent.  An  atmosphere 
in  which  a  candle  will  burn  may  be  fatal  to  animals 
or  man.  Lime  water  or  barium  hydroxide  (baryta 
water)  is  rapidly  rendered  turbid  on  pouring  it  from 
one  vessel  into  another  in  an  atmosphere  rich  in  CO,. 
A  piece  of  filter  paper  dipped  in  lime  water  colored 
red  with  phenolphthalein  is  bleached  white  by  COj, 
the  rapidity  of  the  bleaching  depending  upon  the 
amount  contained  in  the  air.  Or  the  same  colored 
solution  may  be  poured  into  a  bottle  filled  with  the 
air  of  the  space  as  follows:  Fill  a  quart  bottle  with 
water,  and  pour  it  out  slowly  in  the  room  whose  air 
is  to  be  tested,  or,  better,  siphon  it  out,  using  a  piece 
of  rubber  tubing  as  a  siphon.  One  cubic  centimeter 
of  thoroughly  saturated  lime  water  colored  pink  with 
phenolphthalein,  should  be  decolorized  by  1.6  liter 
(1.6  quart)  of  outdoor  air,  or  one  cjuart  (roughly)  of 
ordinary  indoor  air.  The  air  of  a  room  should  not 
decolorize  more  than  1  c.c.  for  each  quart.  The 
1  c.c.  (vr\_  XV.)  of  colored  lime  water  may  be  dOuted 
to  15  c.c.  (5  ss)  with  distilled  water  and  poured  into  a 
quart  bottle  of  the  air,  and  shaken  up.  If  the  color 
be  discharged,  add  0.5  c.c,  and  so  on  until  a  per- 
manent color  remains  after  ten  minutes'  shaking. 
Where  proper  appliances  are  at  hand,  it  will  be  much 
more  accurate  to  use  the  following  method: 
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Pettenkofers'  Method  for  Estimating  CO,  in  Air. — A 
glass  globe  or  bottle  holding  about  4  liters  is  carefully 
'  measured  by  filling  it  with  water  and  then  pouring  the 
I  water  out  into  a  suitalile  graduated  measure.  The 
i  bottle  is  now  tilled  by  an  air  bellows  with  the  air  to  be 
'  tested.  Twenty-five  cubic  centimeters  of  barium 
hydro.xide  solution  of  known  strength,  in  comparison 
with  a  ,N^  oxalic-acid  solution,  are  added,  and  the 
bottle  is  tightly  corked  and  allowed  to  stand  for  a 
half-hour,  with  occasioiuil  shaking.  At  the  end  of 
this  time  (he  stopper  is  removed,  a  few  drops  of  phe- 
nolphthalein  solution  added,  and  the  ^^^  oxalic  acid 
run  in  from  a  liurette  until  the  pink  color  is  Just  dis- 
charged. The  oxalic  acid  combines  with  the  unused 
BaOjHj,  but  does  not  decompose  the  barium  carbonate 
formed  by  the  CO2  of  the  contained  air.  If  the 
number  of  cubic  centimeters  of  acid  required  to 
neutralize  25  c.c.  of  the  barium  hydroxide  solution 
put  into  the  bottle  be  known,  or  determined  by  a 
separate  titration,  the  difference  between  this  number 
and  the  number  of  cubic  centimeters  used  in  neutraliz- 
ing the  residual  BaOjHj,  will  represent  the  acid 
equivalent  of  the  CO,  in  the  air  contained  in  the 
bottle,  expressed  in  cubic  centimeters  of   n   acid. 

If  we  make  the  oxalic-acid  solution  by  dis.solving 
i).2S63  gram  of  the  pure  crystalline  acid  in  a  liter  of 
water,  each  cubic  centimeter  will  represent  one  milli- 
gram of  COj.  The  volume  of  one  milligram  of  CO,  at 
15°  C.  (59°  F.)  at  the  average  air  pressure,  is  0.536  c.c. 
At  17°  C.  (62.6°  F.)  the  volume  is  0.5-14  c.c.  At  20° 
0.  (68°  F.)  it  is  0.546  c.c.  At  22°  C.  (71.6°  F.)  it  is 
0.549.  By  means  of  these  figures  the  volume  of  the 
CO3  found  may  easily  be  calculated  by  multiplying 
the  number  of  cubic  centimeters  of  acid  corresponding 
to  the  loss  of  saturating  power  of  the  BaO^H,  solution, 
by  the  volume  of  one  milligram  of  CO,  at"  the  tem- 
perature of  the  room  when  the  sample  was  taken. 
From  the  volume  thus  obtained  it  is  ea.sy  to  calculate 
the  relation  of  this  to  the  air  taken.  Suppose,  for 
example,  that  the  bottle  contains  4,500  c.c.  when 
full.  After  adding  the  25  c.c.  of  barium  hydrox- 
ide it  would  contain  4,475  c.c.  Assume,  also,  that 
the  temperature  of  the  room  at  the  time  of  till- 
ing the  bottle  is  22°  C,  or  71.6°  F.,  and  that  the 
titration  of  the  residual  BaO,H,  in  the  bottle  required 
14  c.c.  of  the  oxalic  acid.  Suppose,  further,  that  25 
c.c.  of  the  BaO,H,  solution  requires  22  c.c.  of  the  acid. 
Then  22—14=8  c.c,  the  acid  equivalent  of  the  CO, 
in  the  contained  air,  and  its  weight  =8  milligrams" 
At  22°  C.  the  volume  of  8  milligrams  of  CO,  is  0.549  x 
8  =4.392  c.c. 

Then  4475:4.392:  :  1,000  :x  =.986  part  of  CO,  in 
1,000  parts  of  air. 

Carbonic  Acid  (HXOj)  exists  only  in  solution.  It 
has  not  yet  been  isolated.  When  an  attempt  is  made 
to  concentrate  it,  the  acid  breaks  up  into  water  and 
carbonic  anhydride  (CO2),  which  escapes  with  effer- 
vescence. The  salts  of  the  acid,  the  carbonates 
and  acid  carbonates  (bicarbonates)  are  well  known. 
Carbonic  acid  is  a  feeble  acid,  and  is  expelled  from  its 
salts  by  most  strong  acids.  The  carbonates  all 
effervesce  when  treated  with  the  mineral  acids,  and 
this  serves  as  a  ready  test.  Some  of  the  metals  are 
dissolved  by  this  acid,  but  with  great  slowness. 
Copper  and  lead  are  corroded  by  it,  and  hence  these 
metals  may  contaminate  "soda  water,"  beer,  etc., 
drawn  through  pipes  composed  of  these  metals. 

Carbon  Monoxide. — Carbonous  Oxide,  Carbonic 
Oxide  (CO).  This  gas  was  discovered  in  1799  by 
Priestley.  It  is  always  formed  when  carbon,  or  com- 
bustibles containing  carbon,  are  burned  with  an 
insufficient  supply  of  air.  It  does  not  occur  free  in 
nature  except  as  the  result  of  certain  manufacturing 
processes.  It  is  produced  by  the  heating  of  coal 
with  certain  ores,  such  as  those  of  iron  and  zinc.  It 
is  always  produced  in  an  ordinary  coal  fire.     The  air 


entering  through  the  grate  produces  at  first  CO,, 
which,  on  coming  in  contact  with  the  glowing  coafs 
above,  is  reduced  to  this  lower  oxide:  2('Oj  +C,  =4C0. 

This  gas  is  the  one  which  is  frequently  .seen  burning 
with  a  blue  flickering  flame  at  (he  surface  of  the  coals 
in  an  open  grate  fire.  The  gas  may  be  prepared  for 
experimental  purposes  by  passing  carbon  dioxide 
throiigh  an  iron  tube  loosely  filled  with  charcoal, 
heated  to  redness,  or  by  heating  in  a  flask  a  mixture 
of  oxalic  and  sulphuric  acids.  In  the  last  method 
the  gas  is  mixed  with  an  equal  volume  of  CO,,  which 
may  be  ab.sorbed  by  passing  it  through  wash'  bottles 
containing  milk  or  lime. 

Properties. — Carbon  monoxide  is  a  colorless,  trans- 
parent, odorless,  tastele.ss  gas,  which  may  be  liquefied 
by  a  pressure  of  35.5  atmospheres  at  —139°  C. 
(  —  282°  F.),  or  at  ordinary  pressures  at  a  temperature 
of  -190°  C.  (-374°  F.). 

The  density  of  the  gas  is  14  (H  =  1),  and  the  specific 
gravity,  0.9678  (air  =  1),  or  nearly  that  of  air. 

It  is  but  slightly  .soluble  in  water  or  alcohol.  It 
dissolves  in  hot  caustic  potash  (KOH)  solutions,  with 
the  formation  of  potassium  formate  (KOCOH).  It 
also  unites  directly  with  potassium,  oxygen,  and 
chlorine. 

It  dissolves  readily  in  a  solution  of  a  cuprous  salt  in 
ammonium  hydroxide;  consequently,  ammonio-cup- 
rous  chloride  is  used  in  the  analysis  of  mixtures  of 
gases  to  absorb  the  CO  when  present. 

It  burns  readily  in  air,  with  a  blue  non-luminous 
flame,  the  sole  product  of  the  combustion  being  carbon 
dioxide.  At  high  temperatures  it  has  a  very  strong 
affinity  for  oxygen,  and  will  take  it  from  many  of  the 
metallic  oxides.  It  is  by  its  agency  that  iron  ores 
are  reduced  to  the  metallic  state  in  the  blast  furnace. 
The  diffusive  power  of  the  gas  is  much  greater  than 
that  of  carbon  dioxide,  CO,,  and  cast-iron  plates, 
when  red  hot,  allow  it  to  diffuse  through  them  with 
comparative  ease.  In  this  way  a  small  quantity  of 
the  gas  finds  its  way  into  the  air  of  rooms  heated  by 
stoves,  and  especially  by  ordinary  hot-air  furnaces. 

Sources. — The  most  frequent  sources  of  carbon 
monoxide,  likely  to  produce  it  in  poisonous  or  danger- 
ous quantities,  are  open  charcoal  or  stove  coal  fires, 
defective  stove  pipes  or  furnace  flues,  and  the  escape 
of  illuminating  gas,  especially  the  variety  known  as 
water  gas,  which  usually  contain  from  twenty-five  to 
thirty  per  cent,  of  this  gas. 

A  frequent  cause  of  fatal  poisoning  by  this  gas  is 
an  open  charcoal  fire.  This  is  sometimes  used  with 
suicidal  intent,  especially  in  some  European  coun- 
tries. Leblanc  gives  the  following  analj'sis  of  the 
air  of  a  confined  space  in  which  charcoal  was  burnt, 
and  which  proved  rapidly  fatal  to  a  dog:  Oxygen, 
19.19  per  cent.;  nitrogen,  76.62  per  cent.;  carbon 
dioxide,  4.61  per  cent.;  carbon  monoxide,  0.54  per 
cent.;  marsh  gas,  0.04  per  cent. 

In  this  case,  however,  the  poisonous  effects  might 
not  be  due  alone  to  the  carbon  monoxide,  for  4.6  per 
cent,  of  carbon  dioxide  in  an  air  containing  1.4  per 
cent,  less  oxygen  than  normal  air  would  form  a 
poisonous  atmosphere. 

Another  source  of  carbon  monoxide,  and  one  which 
is  frequently  overlooked,  is  from  escape  of  the  gas 
through  defective  flues,  or  even  through  the  red-hot 
walls  of  the  flues  or  pipes  of  stoves  and  hot-air  fur- 
naces. The  gas  thus  finding  its  way  into  rooms  fre- 
quently gives  rise  to  headache,  dizziness,  loss  of 
appetite,  nausea,  debility,  and  bronchial  irritation, 
which  last  effect  is  sometimes  very  severe.  Indeed, 
severe  cases  of  capillary  bronchitis  in  children  have 
been  traced  to  an  escape  of  poisonous  gases  from  a 
defective  flue.  The  ordinary  hot-air  furnace,  in  com- 
mon use  at  the  present  day,  is  the  cause  of  a  consider- 
able and  undetermined  amount  of  chronic  poisoning, 
and  is  on  this  account  open  to  very  serious  objection. 
From  ordinary  stoves,  when  the  draught  is  rendered 
imperfect   by   the   downward   direction  of   the  pipe 
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before  entering  the  chimney,  carbon  monoxide  and 
other  gases  frequently  escape  into  the  room. 

Perhaps  the  most  frequent  source  of  fatal  quantities 
of  this  gas  in  the  air,  especially  in  large  cities,  is  the 
escape  of  illuminating  gas.  From  thoughtlesslj' 
blowing  out  the  gas,  or  accidentally  turning  the 
stopcock,  or  ha\nng  it  turned  by  children,  as  occurred 
to  a  number  of  persons  coming  under  the  care  of  the 
writer,  or  from  accidental  leakage  of  pipes,  the  gas 
may  find  its  waj-  into  a  room  in  sufficient  quantities 
to  give  fatal  results.  Even  in  waking  hours,  when 
the  gas  escapes  slowly,  the  odor  does  not  seem  to  be 
a  perfect  safeguard.  (For  a  further  discussion  of  this 
subject,  see  article,  Gas,  Uluminaiing.) 

Physiological  Action. — Carbon  monoxide  is  a  very 
poisonous  gas,  entering  the  blood  and  combining 
with  the  hemoglobin  of  the  red  corpuscles  and  ex- 
pelling the  oxygen.  When  the  blood  is  pretty 
thoroughly  saturated  with  this  gas,  death  is  usuaUj-, 
if  not  always,  the  result. 

The  blood  of  persons  poisoned  with  this  gas  retains 
its  bright  cherry-red  color  for  a  long  time  after  death, 
both  in  the  body  and  out  of  it,  and  in  the  veins  as 
weU  as  in  the  arteries. 

Properly  diluted,  the  blood  shows  in  the  spectro- 
scope two  absorption  bands  situated  between  the 
lines  D  and  E,  but  slightly  nearer  E  than  the  similar 
bands  of  oxyhemoglobin  (see  Fig.  1192). 
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Fig.  1 1 92. — 1 ,  Absorption  Bands  of  Oxyhemoglobin  tHoppe) : 
2,  Absorption  Bands  of  CO.  Hemoglobin,  showing  Displacement  of 
the  Bands  (Hoppe).  The  same  appearance  is  seen  in  the  blood  of 
persons  poisoned  by  charcoal  fumes  or  coal  gas.  3,  Absorption 
band  of  reduced  hemoglobin,  t.e.  it  is  Xo.  1,  "with  a  drop  of  ammo- 
nium sulphide  added  (Hoppe);  4  and  5,  the  same  as  Xos.  1  an<l3, 
according  to  Hensen. 

These  bands  do  not  readily  disappear  when  the 
blood  is  treated  with  ammonium  sulphydrate,  i.e. 
the  blood  resists  the  action  of  reducing  agents.  In 
ordinarj'  arterial  blood,  reducing  agents  change  the 
spectrum,  so  that  the  two  bands,  seen  in  1  dis- 
appear, and  one  broad  band,  represented  in  3, 
makes  its  appearance.  Vogel  has  proposed  to 
employ  this  peculiar  behavior  of  hemoglobin  as  a 
means  of  detecting  CO  in  the  air. 

The  process  consists  in  shaking  the  mixture  of  gases 
with  a  drop  of  blood  diluted  with  2  or  3  c.c.  of  dis- 
tilled water,  and  obser\-ing  the  spectrum  of  this  blood 
solution.  This  method  is  said  to  detect  2.5  to  i  parts 
per  1,000,  of  this  gas  in  the  air. 

Blood  charged  with  carbon  monoxide,  in  the  ab- 
sence of  oxygen,  resists  the  action  of  putrefaction  for 
a  long  time.  The  CO  may  be  expelled  from  blood  by 
allowing  any  inert  gas  to  bubble  through  it,  or  by 
placing  it  in  a  vacuum.  The  verj-  poisonous  character 
of  CO  is  explained  by  the  beha\-ior  of  the  hemoglobin 
of  the  blood  toward  it. 

Toxicology. — The  poisonous  action  of  carbon  mon- 
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o-xide  has  been  known  since  1S02,  when  Guyton  Mor- 
veau  first  observed  it.  Leblanc  and  Dumas'  experi- 
ments show  that  air  containing  1  per  cent,  of  the  gas 
wUl  kill  a  dog  in  one  minute  and  a  half.  Dr.  Letheby 
found  that  air  containing  0.5  per  cent.  kiUed  birds  in 
three  minutes.  One  per  cent,  of  the  gas  in  air 
renders  it  fatal  to  most  animals,  and  0.5  per  cent,  to 
some,  even  if  the  oxygen  is  normal  or  in  excess  of 
normal. 

•Symptoms  of  Acuts  CO  Poisoning. — The  symptoms 
of  carbonic-oxide  poisoning  are  singularly  persistent. 
The  first  subjective  symptoms  are  dizziness,  excruci- 
ating headache,  debility,  and  a  feeUng  of  prostration; 
nausea  and  vomiting  are  not  uncommon;  con\-ulsions 
are  frequently  seen  in  experiments  upon  lower  animals, 
as  well  as  in  human  beings  poisoned  by  it.  This  gas 
seems  to  act  as  a  narcotic  poison,  death  usually 
occurring  by  coma.  The  face  is  usually,  though  not 
always,  Mxid,  and  the  pupils  are  dilated.  When  the 
severer  symptoms  are  well  marked,  the  chances  of 
recovery  decrease  with  the  length  of  time  the  patient 
has  been  exposed  to  the  gas.  When  the  time  of  ex- 
posure has  exceeded  eight  hours,  and  coma  has  set  in, 
the  prognosis  is  very  unfavorable.  If  the  time  is 
less  than  eight  hours,  and  the  coma  is  not  too  pro- 
found, there  is  reason  to  hope  for  recovery.  Thig 
statement  is  based  upon  experiments  upon  the  lower 
animals,  and  the  histories  of  a  number  of  recorded 
cases.  Much  will  depend  upon  the  amount  of  gas 
breathed;  but,  other  things  being  equal,  the  longer  the 
blood  is  exposed  to  the  gas,  and  the  more  thoroughly 
it  becomes  saturated  with  CO,  the  more  permanent 
is  the  injury,  and  the  less  chance  there  is  for  recovery. 
The  characteristic  postmortem  appearances  are:  the 
bright  red  color  and  persistent  fluidity  of  the  biood, 
and  hyperemia  of  the  brain  and  meninges.  The  heart 
is  usually  nearly  empty  and  flaccid. 

Chronic  Poisoning. — The  symptoms  of  chronic 
poisoning  with  carbon  monoxide  are  somewhat 
different  from  those  of  acute  poisoning.  In  this  case 
the  amount  of  gas  is  small  and  the  time  of  exposure  is 
long.  The  hemoglobin  absorbs  the  CO  ver\-  slowly, 
while  it  also  absorbs  oxygen  freely.  Under  these 
circumstances,  a  part  of  the  CO-hemoglobin  is  decom- 
posed, but  a  part  of  it  remains  in  tlie  blood.  The 
symptoms  are  generally  vague,  inconstant,  and  very 
often  overlooked  or  attributed  to  other  causes.  The 
chief  symptoms  are  malai.=e,  anemia,  anorexia,  and 
disorders  of  digestion.  There  is  frequently  a  dry, 
irritative  cough.  These  symptoms  are  sometimes 
mistaken  for  those  of  malaria,  and  probably  are  bene- 
fited by  the  tonic  eflfect  of  quinine.  The  person  never 
feels  well,  but  he  seems  better  when  in  the  open  air. 
Indeed,  fresh  air  and  change  of  residence  are  the  best 
and  only  treatment.  The  symptoms  are  such  as  to 
suggest  chronic  malarial  infection.  The  origin  of  this 
form  of  poisoning  is  usually  from  leaking  gas  pipes 
either  in  the  house  or  in  the  ground  near  the  house, 
whence  the  gas  reaches  the  dweUing  by  diffusion 
through  the  soil. 

The  treatment  of  cases  of  poisoning  by  CO  is, 
briefly  fresh  air,  cold  affusions,  stimulants,  and 
artificial  respiration  when  demanded.  Even  with  all 
these,  death  wiU  result  in  those  cases  in  which  the 
exposure  has  been  of  long  duration,  and  the  coma 
pronounced,  i.e.  when  the  blood  has  become  nearly 
saturated  with  the  gas.  In  such  cases  the  only  treat- 
ment likely  to  prove  eflicient  is  transfusion,  or  dis- 
placing the  poisoned  blood  with  pure  blood,  or,  after 
withdrawing  a  portion  of  blood  the  injection  intra- 
venously of  physiological  salt  solution.  Good  results 
have  been  obtained  by  this  method  of  treatment,  and 
it  should  be  given  a  trial.  Eli.\s  H.  B.\rtlet. 


Carbon  Tetrachloride. — Tetrachloromethane,  CCl,. 
This  body  is  a  colorless,  thin,  ethereal  fluid,  of  a 
pleasant  aromatic  chloroform-like  odor,  insoluble  in 
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water  but  miscible  freely  with  alcohol  and  ether.  It 
has  been  tried  as  a  general  anesthetic  and  lias  been 
found  to  operate  after  the  general  niani\er  of  chloro- 
form, but  with  such  a  depressing  effect  upon  heart 
action  that  it  is  little  likely  ever  to  come  into  practical 
use.  It  is  said  to  have  twice  the  toxicity  of  chloro- 
form. l'h)WARr>  CuuTis. 

R.  J.  K.  Scott. 


Carbonic-acid  Water. — "Soda  xmtcr."  Carbonic- 
acid  water  is  the  pro(iuct  of  the  solution  of  carbon  di- 
oxide (carbonic-acid  gas)  in  water.  In  such  solution 
there  is  a  chemical  union  between  the  gas  and  the 
water,  molecule  for  molecule,  producing  the  body 
carbonic  acid  proper  (H.Cl),),  wliicli  is  known  only  in 
.solution.  .\t  tlie  ordinary  pressure  of  the  atmos- 
phere water  dissolves  al)out  one  volume  of  carbon 
dioxide,  but  will  take  up  increa.sed  quantities  under 
artificial  increase  of  pressure  in  direct  proportion  to 
the  pressure.  The  carbonic-acid  water  of  commerce 
contains  from  five  to  ten  volumes  of  gas  forced  to 
dissolve  by  pressures  varying  from  five  to  ten  atmos- 
pheres. Such  supercharged  solutions  appear  as  color- 
less aqueous  fluids,  effervescing  briskly  on  release  from 
confinement,  from  spontaneous  evolution  of  the  excess 
of  carbon  dioxide.  The  reaction  is  acid  and  the  taste 
pleasantly  acidulous  and  pungent.  For  obvious 
reasons  commercial  carbonic-acid  water  must  be 
kept  strongly  confined  in  well-stoppered  vessels,  and 
special  care  is  necessary  that  there  be  no  exposed  sur- 
face of  lead  or  copper  in  the  storing  vessel,  else  con- 
tamination of  the  water  with  tho.se  metals  will  result. 
A  carbonic-acid  water  charged  with  five  volumes  of 
gas  was  formerly  official  in  the  United  States  Pharma- 
copoeia, but  was  dismissed  in  the  revision  of  ISSO. 

Carbonic-acid  water  is  valuable  medicinally  as  a 
drink,  and  as  a  vehicle  for  medicines.  As  a  drink  its 
virtues  are  that,  like  all  acids,  it  tends  to  excite  the 
secretion  of  saliva  and  buccal  mucus,  and  so  to  relieve 
thirst  more  permanently  than  plain  water,  and  that 
it  is  peculiarly  grateful  to  the  stomach,  tending  to 
expel  flatus  and  allay  nausea.  As  a  vehicle  for  medi- 
cines, carbonic-acid  water  is  especially  adapted  for 
the  solution  of  mawkish  .salts,  such  as  the  purgative 
salts  and  alkaline  carbonates,  bromides,  and  iodides. 
Not  only  is  the  disagreeable  taste  thus  disguised,  but 
the  salt^  whatever  it  be,  is  much  le.ss  liable  to  upset 
the  stomach. 

It  is  almost  needless  to  say  that  all  effervescing 
drinks — mineral  waters  and  sparkling  wines  or  malt 
liquors — owe  their  effervescence  to  carbonic  acid 
formed  by  the  solution  in  the  liquid  of  carbon  dioxide 
under  pre.ssure.  Edwahd  Curtis. 

R.  J.  E.  Scott. 


Carbo-sapol  is  a  mixture  of  50  parts  of  carbolic  acid, 
25  parts  of  yellow  soda  soap,  and  125  parts  of  potash 
or  soft  soap.  These  substances  are  lieated  together 
on  a  water  bath  vmtil  they  form  a  clear  solution. 
Carbo-.sapol  is  miscible  with  water  in  all  proportions, 
and  has  a  strong  antiseptic  action.  The  combination 
of  soap  with  carbolic  acid  makes  it  decidedly  useful 
for  cleansing  the  skin  before  an  operation,  or  for 
soaking  the  hands.  A  one-per-cent.  solution  may 
replace  creolin  or  lyso!  as  a  vaginal  or  intrauterine 
douche.  It  may  be  used  for  instruments  in  one-  to 
five-per-cent.  solution,  and  the.se  must  be  rinsed  off 
before  they  are  employed,  as  the  soapy  solution 
makes  theiii  slippery.  W.  A.  B.\stedo. 


Carbuncle. — Carbunculus  simplex  seu  benignus  is 
III  inflammation  of  the  skin  and  connective  (cellular) 
Lissue  of  a  greater  or  le.s.ser  degree  of  .severity,  accom- 
panied bj'  the  loss  of  a  certain  amount  of  tissue,  and 
■xhibiting  a  tendency   to  mortification  of  the  skin: 
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it  commences  in  the  subcutaneous  struct  ures  and  works 
its  way  tlirough  the  planes  of  connective  tissue,  as 
well  as  toward  the  surface.  It  is  this  latter  tendency, 
and  the  con,sci|uent  much  larger  size  of  the  carliuncle. 
and  the  multi|)licity  of  I  he  jxilnts  of  sui)|)Uralion  which 
distinguish  the  carl)unc)e  from  the  boil.  Carbuncles 
are  chiefly  situated  on  the  nape  of  the  neck,  and  on  the 
back  or  buttock,  but  they  may  al.so  occur  on  the  ex- 
tensor surface  of  the  forearm,  on  the  scalp  or  face, 
or  in  other  locations. 

The  syiniitoms  belonging  to  carbuncle  are  of  a  much 
graver  character  than  those  attending  furuncle,  and 
are  accompanied  by  more  or  less  significant  signs  of 
constitutional  disease,  such  as  fever,  headache,  anor- 
exia, etc.,  and  by  more  or  less  .serious  impairment  of 
the  general  healtli.  These  symptoms  become  intensi- 
fied until  the  local  di.sea.se  is  manifested  by  increased 
heat,  redness,  and  swelling  of  the  part,  accom- 
panied by  a  feeling  of  deep,  and  at  times  ill-defined, 
induration. 

Etiology. — Carbuncle  is  cau.sed  by  the  infection  of 
the  site  of  the  disease  by  a  bacterial  germ,  which 
gains  admission  to  the  subcutaneous  tissues  through 
.some  wound  of  the  skin,  such  as  a  minute  scratch,  a 
slight  abrasion,  or  pos.sibly  by  finding  its  way  down- 
ward through  the  follicle  of  a  cutaneous  hair,  without 
previous  injury  of  the  skin.  The  organisms  most  fre- 
quently found  in  the  pus  of  a  carbuncle  are  the  Staphy- 
lococcus jn/ogenes  aureus  and  albus.  A  state  of  general 
debility  places  the  tis.sues  in  a  condition  to  furnish  a 
favorable  soil  for  the  growth  of  the  bacteria.  Certain 
constitutional  disea.ses,  such  as  diabetes,  are  frequent- 
ly accompanied  by  carbuncle.  Carbuncle  is  rarely  ob- 
served in  childhood.  It  is  most  frequently  seen  in  per- 
sons over  forty  years  of  age.  It  first  appears  as  a 
minute  papule  on  the  surface  of  the  skin,  which  is  usu- 
ally the  .seat  of  considerable  irritation.  From  this 
point  the  area  of  commencing  inflammation  gradually 
enlarges,  extending  laterally,  and  involving  also  the 
deeper  tissues  of  the  part,  until  a  cone-shaped  area  of 
the  tissues  is  involved  in  the  process.  Warren  ex- 
plains the  peculiarities  of  carbuncular  inflammation 
by  reference  to  the  anatomy  of  the  skin  in  the  regions 
most  frequently  the  seat  of  the  disease.  He  says 
"The  skin  in  this  region  is  extremely  thick  (neck, 
back,  etc.),  it  forms  a  mass  of  dense  fibrous  tissue,  well 
calculated  to  sustain  burdens,  or  to  protect  a  compara- 
tively defen.seless  portion  of  the  body.  Communica- 
tion with  the  adipose  layer  is  by  oblique  columns  of 
fatty  tissue  which  extend  upward  from  below.  These 
columns  are  found  beneath  each  hair  follicle.  They 
contain  besides  loose  connective  tis.sue,  fat  cells  and 
vessels  suspended  midway  iti  the  shaft.  At  the  point 
where  these  columns  open  into  the  parts  immediately 
below  this  dense  sheet  of  cutis  are  found  broad  bands 
of  fibrous  tissue,  extending  obUquely  down  into  the  sub- 
cutaneous structures,  finally  to  be  attached  to  the  fas- 
cia, beneath  which  lie  the  muscles  and  form  a  dense 
network  which  holds  firmly  in  place  the  tough  hide  to 
which  they  are  attached."  When  further  developed, 
the  carbuncle  presents  a  broad,  flattened  .surface  of 
round  or  oval  outline,  elevated  to  a  greater  or  lesser  de- 
gree above  the  surface  of  the  surrounding  skin,  which 
is  of  a  bright  or  dull  red,  or  sometimes  of  a  tawny 
color,  and  which  is  very  tender  to  the  touch. 

Course  of  the  Disease. — When  the  inflammation 
has  involved  an  area  of  a  certain  diameter,  its  periph- 
ery becomes  fixed,  and  it  rarely  afterward  progresses 
beyond  this  boundary.  Soon  a  .slight  elevation  of  the 
epidermis  is  noticeable,  which  speedily  ruptures  and 
gives  exit  to  a  clear  gelatinous  or  seropurulent  dis- 
charge, which  quickly  dries  and  forms  crusts  about  the 
orifice  of  exit.  This  is  not  accompanied  by  ameliora- 
tion of  the  ))ain,  redness,  heat,  or  swelling,  nor  does  it 
check  the  progress  of  the  disease. 

The  distress  becomes  gradually  more  intense,  until 
it  reaches  a  stage  when  it  can  be  compared  to  nothing 
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but  a  violent  burning  pain  located  deep  in  the  tissues, 
and  accompanied  by  throbbing  owing  to  the  fact 
that  the  skin  is  held  firmly  to  the  fascia  bj'the  fibrous 
bands  already  described.  The  dense  cutis  vera  does 
not  yield  to  the  pressure  from  below;  the  disease 
therefore  advances  from  one  columnar  interspace  to 
another  and  thus  gradually  implicates  the  deeper 
tissues.  The  pus  makes  its  way  to  the  surface  through 
the  points  of  least  resistance,  these  points  being  the 
columme  adiposae,  and  thus  the  carbuncle  becomes  the 
.seat  of  numerous  small  openings  scattered  irregularly 
over  its  surface.  After  a  time  the  center  of  the  car- 
buncle usually  becomes  gangrenous. 

By  necrosis  of  the  overlying  skin,  the  center  of  the 
carbuncle  thus  becomes  an  open  crater.  This  stage 
is  often  accompanied  by  a  notable  relief  from  the 
pain. 

Irregular  fragments  of  sloughing  connective  tissue 
or  aponeurosis  are  often  separated  during  the  process 
of  healing,  and  appear  at  the  orifices  upon  the  sum- 
mit of  the  carbuncle,  where  they  may  be  extracted 
by  operative  measures.  When  the  necrosed  tissues 
are  retained  beneath  the  skin,  they  frequently  give 
rise  to  abscesses  in  the  periphery  of  the  original  seat 
of  disease,  and  thus  increase  the  severity  of  the  local 
lesion  and  augment  the  danger  to  the  patient,  as  well 
as  enlarge  the  surface  to  be  subsequently  healed. 
The  change  of  the  livid  color  at  the  border  of  the 
induration  to  a  yellowish  hue  is  an  indication  that 
the  disease  has  reached  its  limit  in  extent. 

When  the  gangrenous  tissue  has  been  entirely 
eliminated,  the  process  of  repair  commences.  This 
is  generally  .slow  and  in  some  cases  is  not  completed 
on  account  of  exhaustion  of  the  healing  power  of  the 
system. 

In  the  milder  cases  there  may  be  little  or  no  fever; 
but  large  carbuncles  are  usually  associated  with 
considerable  cachexia. 

The  cour.se  of  the  disease  varies  according  to  the  age 
and  condition  of  the  patient,  and  the  means  employed 
in  its  treatment.  The  average  duration  of  the  dis- 
ease is  considered  by  competent  authorities  to  be 
from  one  to  two  months. 

Di.\GN'osis. — In  its  early  stages  it  may  be  impossi- 
ble to  differentiate  carbuncle  from  the  ordinary  furun- 
cle. The  furuncle  is  quite  superficial,  affects  only  a 
limited  amount  of  tissue,  may  be  located  upon  any 
part  of  the  body,  is  not  accompanied  by  grave  consti- 
tutional symptoms,  is  developed  quickly,  is  not  limited 
to  any  particular  period  of  hfe,  and  is  reUeved  by  spon- 
taneous opening  or  by  surgical  incision.  The  carbun- 
cle, on  the  contrary,  is  situated  in  the  deeper  tissues, 
especially  in  parts  like  the  neck,  back,  scalp,  etc.,  in 
which  are  broad  aponeurotic  e.xpansions.  It  usually 
occurs  in  patientsalready  the  subjects  of  diminished  vi- 
tality from  other  causes,  and  should  excite  suspicion 
of  diabetes,  alcoholism,  or  marked  uric-acid  diathesis. 
Carbuncle  is  accompanied  by  grave  and  often  alarm- 
ing constitutional  symptoms,  bj'  high  fever,  and  by 
e.xtreme  restlessness;  it  is  the  seat  of  great  and  con- 
tinuous pain,  which  is  not  relieved  by  the  formation 
of  an  opening.  The  inflammation  "extends  a  con- 
siderable distance  beneath  the  surrounding  tissues, 
and  is  sometimes  followed  by  exten.sive  gangrene  of 
the  superficial  structures  or  lay  phlegmonous  inflam- 
mation of  the  adjacent  parts,  and  is  generally  a 
disease  of  advanced  life. 

Carbuncle  may  be  confounded  with  commencing 
erysipelas,  and  with  a  simple  phlegmon  of  the  sub- 
cutaneous connective  tissue;  but  these  diseases  lack 
the  localized  character,  the  surrounding  induration, 
the  punctated  surface,  and  the  extensive  sloughing  of 
a  circumscribed  portion  of  connective  tissue.  Phleg- 
mon is  more  boggy  and  diffused  than  is  commencing 
carbuncle,  the  pain  and  fever  are  not  so  marked  or 
constant,  and  the  course  of  the  symptoms  is  more 
rapid.     Erysipelas  is  accompanied  by  intense  febrile 
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reaction,  a  more  diffused  swelling  of  the  skin,  vivid 
redness,  and  a  clearly  marked  boundary  of  the  disease 
with  lines  of  inflammation  over  the  lymphatic  chan- 
nels and  infiltration  of  the  lymphatic" glands.  There 
is  usually  no  tendency  on  the  part  of  a  carbuncle  to 
e.xtend  beyond  its  original  limit. 

Carbuncle  often  presents  a  striking  similarity  to  an- 
thrax (malignant  pustule),  and  might  sometimes  be 
mistaken  for  this  maladj-,  during  its  early  stages,  at 
the  time  when  a  small  phlyctenular  elevation  of  the 
epidermis  upon  an  indurated  and  swollen  base  is  the 
only  visible  variation  from  the  normal  condition. 
But  carbuncle  is  rarely  accompanied  by  the  glandu- 
lar enlargement,  by  the  peripheral  or  extended  edema, 
or  by  so  profound  signs  of  constitutional  disturbance 
as  is  the  more  grave  disease.  Aside  from  these 
points  in  diagnosis  is  the  important  fact  that  malig- 
nant pustule  is  observed  chiefly,  if  not  exclusively, 
among  those  who  have  been  in  some  way  brought  in 
contact  with  some  substance  containing  the  infection. 
The  dried  hides  of  animals,  particularly  tho.?e  received 
from  South  America,  frequently  contain  the  virus  of 
malignant  pustule,  and  constitute  a  source  of  in- 
fection to  curriers,  tanners,  and  others  emploj-ed  in 
their  manufacture;  and  in  persons  following  these 
occupations  any  form  of  boil  or  carbuncle  should  be 
regarded  with  suspicion  untO  anthrax  can  be  excluded. 

Pathology. — Carbuncle  may  be  regarded  as  the 
manifestation  of  a  septic  invasion  of  the  affected  tis- 
sues with  subsequent  coagulation  necrosis  and  gan- 
grene of  the  infected  structures,  accompanied  if  not 
preceded  by  a  depraved  condition  of  the  general 
system.  It  has  been  noticed  that  other  signs  of  a 
constitutional  affection  are  often  present  in  carbuncle. 
Thus  Prout  observed,  in  1S40,  tnat  the  outbreak  of 
the  local  disease  was  frequentlj'  accompanied  by  the 
urinary  symptoms  of  diabetes;  though  it  is  quite 
possible  that  the  diabetic  phenomena  and  the  car- 
buncle may  belong  to  the  outward  manifestations 
of  some  grave  constitutional  affection,  possibly  of 
some  department  of  the  nervous  system. 

Prognosis. — In  speaking  of  the  lesion  of  carbuncle, 
allusion  was  made  to  the  ordinary  furuncle  as  the 
mildest  form  of  this  affection.  In  prognosis  the  same 
relation  holds  true.  The  furuncle  is  superficial  in 
location,  runs  its  course  without  fever,  and  is  uni- 
formly followed  bj'  rapid  recovery,  leaving  a  small 
cicatrix,  which  is  usually  but  slightly  depressed  below 
the  level  of  the  surrounding  skin.  The  prognosis  of 
carbuncle,  however,  depends  upon  three  factors,  viz., 
the  age  and  vigor  of  tne  patient;  the  gravity  of  the 
constitutional  symptoms,  the  amount  of  pain,  etc., 
and  the  degree  of  interference  with  the  process  of 
alimentation;  and  the  situation  and  extent  of  the 
local  disease  and  the  degree  to  which  gangrene  of  the 
skin  or  sloughing  of  the  deeper  tissues  occurs. 

Death  may  occur  from  exhaustion,  or  from  the 
development  of  secondary  abscesses  in  the  vicinity  of 
the  original  carbuncle,  especially  if  these  take  a 
phlegmonous  course.  A  fatal  issue  also  results  in 
some  cases  from  profound  depression  of  the  vital 
powers,  apparently  due  to  the  absorption  of  the  toxic 

Eoison  of  the  disease.  Hemorrhage  and  embolism 
ave  also  been  the  cause  of  death  in  carbuncle. 
When  the  disease  is  situated  on  the  neck  or  scalp, 
septic  meningitis  has  not  infrequentlj'  been  a  fatal 
complication. 

When  the  carbuncle  is  situated  upon  the  neck  it 
may  produce  dyspnea  by  pressure  upon  the  air  pas- 
sages; when  it  is  located  upon  the  chest  or  abdomen 
the  pleura  or  peritoneum  may  become  inflamed; 
when  upon  the  face,  distortion  of  the  features  may 
ensue. 

Tre.\t.ment. — Carbuncle  arises  from  an  infection  of 
the  skin  and  subjacent  tissues  by  a  definite  bacillary 
organism,  and  is  accompanied  by  a  depraved  condi- 
tion of  the  general  health;  therefore  the  first  indica- 
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tion  would  be  to  restore  as  far  as  possible  the  normal 
vigor  of  tlie  system  and  to  bring  about  a  better  nutri- 
tion of  the  body.  Some  authorities  recommend  the 
employment  of  active  emetics,  followed  by  cathartics, 
for  the  purpose  of  increasing  tlie  elimiiiativc  function 
of  the  digestive  canal,  and  possibly,  also,  as  a  means 
of  derivative  action  upon  tne  seat  of  the  disease  by 
assisting  in  the  removal  of  the  toxins  produced  by  the 
bacillus. 

A  careful  regulation  of  the  food,  in  regard  both  to 
quality  and  to  quantity,  is  generally  necessjiry,  and  at 
Mie  sjvme  time  active  tonics  and  stimulants  should  be 
administered.  The  distress  is  frequently  so  great  as 
to  require  the  use  of  anodynes,  and  often  the  degree 
of  febrile  reaction  is  an  indication  for  the  employment 
of  large  doses  of  quinine.  Cod-liver  oil  has  also  been 
found  useful.  If  rapid  exhaustion  supervenes,  the 
administration  of  champagne  has  sometimes  been 
followed  by  great  benefit.  When  convalescence  is 
established',  iron  should  be  given,  a  generous  and 
strengthening  diet  should  be  ordered,  and,  if  possible, 
sea  bathing  or  a  change  of  climate  and  surroundings 
should  be  advi.sed. 

Locally,  the  treatment  must  depend  much  upon  the 
symptoms  belonging  to  each  particular  ca.se.  At 
times  the  application  of  cold  is  of  great  service  in 
relieving  the  pain  and  modifying  the  severity  of  the 
iaflainmation,  but  generally  hot  and  moist  appli- 
cations are  more  comforting  to  the  patient.  These 
may  consist  of  simple  hot  compresses,  which  should  be 
frequently  changed.  At  times  the  local  abstraction  of 
blood  by  means  of  leeches  affords  temporary  relief,  but 
the  bleeding  is  hable  to  be  excessive  in  amount,  and 
may  induce  a  condition  of  collapse. 

The  surgical  treatment  of  carbuncle  should  have 
for  its  object  the  liberation  of  the  sloughing  tissue  in 
the  center  of  the  carbuncle,  and  the  free  exposure  of 
aU  suppurating  parts.  For  this  purpose  many 
methods  of  procedure  have  been  advised,  such  as  the 
circular  incision  around  the  base  of  the  carbuncle; 
the  cauterization  of  the  summit  of  the  swelling  by 
means  of  potash  or  ferrum  candens;  the  crucial  in- 
cision of  the  entire  carbuncle,  the  subcutaneous 
stellar  incision  through  its  substance. 

All  operative  measures  should  be  carried  out  with 
the  strictest  attention  to  antiseptic  precautions. 
The  seat  of  the  disease  should  be  previously  rendered 
as  nearly  aseptic  as  possible. 

The  treatment  by  circular  incision  consists  in  cut- 
ting a  channel  quite  around  the  base  of  the  carbuncle, 
so  as  to  divide  the  skin  and  the  superficial  blood- 
vessels, and  has  for  its  object  the  diminution  of  the 
vascular  supply,  with  the  result  of  relieving  the 
tension  and  reducing  the  febrile  action  in  the  part, 
and  thus  modifying  the  severity  of  the  process  and 
ha.stening  the  recovery.  It  is  more  especially  to  be 
employed  in  the  early  stages  of  the  disea.se  before 
gangrene  has  occurred. 

The  application  of  caustic  potash  or  the  hot  iron  to 
the  summit  of  the  carbuncle  nas  the  aim  to  provide  a 
path  for  the  release  of  the  sloughing  center  of  the 
diseased  part,  and  at  the  same  time  to  avoid  the  un- 
necessary loss  of  blood  from  hemorrhage.  The 
tissue  to  which  the  cautery  is  applied  is  destroyed 
without  bleeding,  and  the  interior  of  the  carbuncle 
is  rendered  accessible  to  direct  treatment.  This 
mode  of  treatment  is  not  often  emplo^'ed,  as  it  is 
painful  in  its  action  and  the  resulting  benefit  is  not 
greater  than  that  from  other  and  less  distressing 
methods.  In  cases  of  great  debility  or  in  aged 
patients,  as  well  as  in  hiild  forms  of  carbuncle,  the 
u.se  of  carbolic  acid  in  dilute  solution,  either  as  a 
lotion  or  on  compresses  as  a  poultice,  is  of  service. 

The  crucial  incision  of  the  entire  carbuncle  from 
base  to  summit  is  doubtless  the  most  useful  and  ef- 
fectual manner  of  expo.sing  the  interior  of  the  swel- 
ling to  view,  and  of  liberating  the  sloughing  center  in 
the    most    rapid    manner.     When   the   operation    is 


completed  the  carbuncle  presents  deep  incisions 
radiating  from  the  center  to  the  periphery.  By 
this  means  the  whole  interior  of  the  di.seased  part 
is  made  accessible  to  direct  treatment  and  the  most 
favorable  conditions  for  rapid  and  complete  recovery 
are  at  once  established.  The  incision  of  the  skin 
over  the  inflamed  part,  however,  may  be  attended 
with  a  con.siderable  loss  of  blood,  w-hich  in  the  debili- 
tated condition  of  many  of  the  subjects  of  this  disease 
is  of  no  small  importance.  To  obviate  this,  and  thus 
to  .save  the  strength  of  the  patient,  the  method  of 
subcutaneous  stellar  incision  has  been  adopted  in 
many  cases  of  extensive  carbuncle. 

This  mode  of  treatment  consists  in  the  internal 
division  of  the  seat  of  disease  into  many  small  sec- 
tions, and  has  for  its  object  the  rapid  and  easy  evacu- 
ation of  the  sloughing  tissues  of  the  center  of  the 
carbuncle  and  the  liberation  of  purulent  matter, 
with  the  avoidance  of  excessive  hemorrhage. 

In  performing  this  operation  the  surgeon  makes  use 
of  a  long  and  narrow  knife,  which  is  inserted  into  the 
perforated  center  of  the  carbuncle  and  carried  directly 
to  the  bottom  of  the  disease.  Its  point  is  then 
directed  outward  toward  the  periphery  of  the  car- 
buncle, and  when  the  external  boundary  has  been 
reached  the  edge  of  the  knife  is  turned  toward  the 
skin,  and  the  tissue  is  carefully  cut  from  below  toward 
the  surface.  The  incision  should  not  be  allowed  to 
reach  the  skin,  but  should  comprise  all  the  diseased 
tissues  below  the  surface.  This  process  should  be 
repeated  in  all  directions  until  the  carbuncle  consists 
of  only  a  superficial  covering  of  sound  skin  overlving 
the  thorougnly  divided  and  broken-up  mass,  which 
should  then  be  removed  by  curetting  or  in  some  other 
effective  manner.  The  hemorrhage  is  usually  very 
slight.  If  the  strength  of  the  patient  is  not  too  much 
reduced,  recovery  is  usually  rapid  and  complete. 

Warren  maintains  that  a  more  severe  form  of 
operation  should  be  carried  out  in  many  cases.  He 
says:  "The  most  radical  treatment  consists  in  total 
excision  of  the  carbuncle.  A  circular  incision  should 
be  made  round  the  edge  of  the  infected  portion  of  the 
skin,  and  all  the  diseased  tissues  should  be  removed." 
Carbuncle  of  the  lip  often  causes  very  grave  symp- 
toms. Evacuation  of  the  contents  and  extirpation 
of  the  infected  tissues  should  be  carried  out,  as  any 
simpler  mode  of  treatment  is  here  usually  insufficient. 
This  should  be  done  from  inside  the  mouth  when 
possible  on  account  of  the  diminished  scar  or  deformity 
thus  secured. 

The  apphcation  of  heat,  preferably  by  dry  or  moist 
compresses,  should  follow  any  operative  measures. 
Should  the  necessity  for  disinfection  arise,  this  may 
be  accomphshed  by  the  use  of  chlorinated  soda, 
which  is  preferable  to  carbolic  acid  on  account  of  the 
somewhat  greater  danger  of  poisoning  by  this  agent 
in  carbuncle  than  in  ordinary  surgery,  owing  to  the 
more  extensive  surface  for  absorption  and  the  age 
and  weakened  condition  of  the  patient.  If  it  should 
become  desirable  to  employ  an  antiseptic,  a  solution 
of  mercuric  bichloride  or  some  other  efficient  agent 
of  this  nature,  may  be  u.sed  in  the  wound. 

The  cicatrix  following  carbuncle  is  generally  more 
or  less  depressed,  and  may  at  times  become  so  re- 
tracted as  to  produce  deformity,  and  occasionally 
to  interfere  with  the  functional  activity  of  parts  or 
organs  (neck,  jaw,  eyelid,  etc.). 

Albert  N.  Blodgett. 


Carcinoma. — Defiiiition. — A  carcinoma  is  a  tumor 
composed  chiefly  of  epithelium  supported  by  a  con- 
nective-tissue stroma,  the  epithelial  portion  of  the 
tumor  having  the  power  of  unlimited  growth. 

The  epithelium  forms  the  dominant  constituent  of 
the  tumor,  the  connective  tissue  acting  merely  as  a 
supporting  framework  carrying  the  blood-  and  lymph- 
vessels.     This    independence    of    the    epithelium    is 
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demonstrated  in  the  metastatic  extensions  of  car- 
cinomata.  in  which  isolated  epithelial  cells  are  trans- 
ferred through  the  lymph-  and  blood-vessels  or  tissue 
spaces,  and  give  rise  to  new  tumors  which  use  the 
local  connective  tissue  as  a  framework  for  their  furtlier 
growth.  Without  the  presence  of  such  a  scaffolding 
to  carry  nourishment  to  the  epithelial  cells,  an  ex- 
tensive growth  of  the  carcinoma  is  impossible,  the 
central  portions  of  the  solid  epithelial  masses  under- 
going an  early  necrosis.  The  results  of  animal  ex- 
periments have  shown  also  that  the  successful  trans- 
plantation of  carcinoma  depends  upon  an  early  and 
active  reaction  of  the  connective  tissue  in  which  the 
graft  is  placed,  with  rapid  vascularization  of  the 
engrafted  fragment.  In  immune  animals  this  stroma 
reaction  does  not  occur,  and  the  epithelium  of  the 
graft  dies  from  lack  of  nutrition.  In  contrast  to  the 
extraordinary  vitality  of  the  cancer  cell  it  should  be 
remembered  that  normal  epithelium  does  not  possess 
the  power  of  indefinite  transplantation,  but  soon  dies 
when  transferred  from  its  natural  surroundings. 


Fig.  1192. — Beginning  .Squamou.-s  Cell  Epithelioma  of  Sldn 
Showing  Downgrowth  of  Tumor  Cells  and  Pearl  Formation. 
X  100. 

While  the  growth  of  human  carcinoma  is  unlimited 
as  compared  to  normal  tissues,  it  is  restricted  bv  the 
available  space  of  the  body  and  the  length  of  life  of 
the  person  bearing  it,  consequently  it  is  only  in  the 
careinomata  of  animals  that  this  extraordinary 
capacity  of  growth  is  to  any  extent  realized.  In 
mice,  for  example,  careinomata  have  been  propagated 
throughout  so  long  a  period  as  ten  years,  and  in  many 
cases  the  tumor  has  weighed  nearly  as  much  as  the 
animal  bearing  it. 

Classification. — Careinomata  are  grouped  ac- 
cording to  the  varieties  of  epithelium  from  which  thev 
arise : 

1.  Squamous-ceU  carcinoma  (Fig.  1192),  from  the 
squamous  epithelium  of  the  skin; 

2.  Basal-cell  carcinoma  (Fig.  1193),  from  the 
Malpighian  layer  or  glands  of  the  skin; 

3.  Cylindrical-  or  columnar-cell  carcinoma  (Fig. 
1194),  from  the  epithelium  of  the  gastrointestinal 
tract; 

4.  Gland-cell  or  glandular  carcinoma  (Fig.  119.5), 
from  the  epithelium  of  the  glandular  organs,  such  as 
the  breast;  and,  finally, 

5.  Choriocarcinoma,  arising  from  the  embryonic 
epithelium  of  the  chorion  (Fig.  119(3). 

An  additional  basis  for  classification  is  obtained  by 
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the  variations  in  the  morphology  of  the  epithelium 
or  of  the  stroma  or  of  both,  which  permit  of  concomi- 
tant subdivisions'of  the  main  type;  for  example,  the 
epithelial  cells  in  careinomata  of  certain  regions,  such 
as  the   intestine  or  ovary,   not  infrequently  secrete 


Fig.  119.3. — Basal  Cell  Epithelioma  of  Face  Showing  Spindle 
Shaped  Cells  to  be  Compared  with  the  Squamous  Cells  in  Figs. 
1192  and  119S.   X  800. 


Fig.  1194. — Carcinoma  of  the  Rectum  (b.^low)  Invadiag  Rectal 
Mucous  Membrane  (abo\'e).  The  rinly  change  produced  by  the 
inrasioQ  of  the  new  growth  is  a  small  amount  of  chronic  inflamma- 
tion.     X  100. 

large  amounts  of  mucus  (Fig.  1197),  which  completely 
alter  both  the  macroscopical  and  the  microscopical 
appearance  of  the  tumor  and  give  rise  to  a  special 
type  of  gelatinous  or  mucous  carcinoma,  the  mucoid 
substances  forming  a  large  portion  of  the  vuluine  of 
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Fig.  1. — Fsammocarcinoma  of  ovary.     X  75. 

Fig.  2. — Epithelial  pearl  from  a  metastatic  nodule  in  a  submaxillary  lymph  node.  The 
primary  growth  was  in  the  tongue.  The  center  of  the  pearl  contains  debris  and  leuco- 
cytes.    X  300. 

Fig.  3. — Scirrhous  carcinoma  of  the  breast  showing  the  firm  fibrous  tissue  of  the  breast  in- 
vaded by  the  cells  of  the  new  growth.     X  50. 

Fig.  4. — Osteoplastic  carcinoma  showing  bone  formation.     X  250. 
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tlie  growth.  Again,  the  deposition  of  lime  salts  in 
certain  tumors  of  the  ovary  and  tho  brain  is  recog- 
nized in  onr  iiomenclaturi'  by  the  term  psammo- 
carcinoina  (IMatc  XX.,  Fig.  1).  If  (he  glandular 
^1  ructures  per.sj.st  in  a  tumor  the  term  adenocarcinoma 
Ml-  malignant  ailenoma  i.s  used,  of  which  the  former  is 
III  he  preferred. 

Another  example  of  a  name  based  upon  the  general 
morphology  of  the  tumor  is  given  by  the  group  desig- 
nated eyUiidromata,  in  which  tlie  pretlonunant  cells 
are  in  all  probability  derivetl  from  the  epithelium  of 
the  skin  or  glands,  but  in  wliich  the  arrangement  in 
long  tubules  containing  hyalin  or  mucous  substances 
gives  rise  to  a  cliaracteristic  morphology  which  aids 
in   the   determination  of   the    nnture  of    the    growth 


^    Fig.  1195. — Glandular  Carcinoma  of  the  Breast.      X  200. 

Plate  XXL,  Fig.  1).  Tumors  in  which  the  epithelium 
more  abundant  than  the  stroma  are  qualified  as 
aeduUary.  On  the  other  hand,  when  the  connective 
issue  dominates,  the  old  name  of  scirrhous  carcinoma 
frec(uently  u.sed;  or,  as  suggested  by  Ribbort,  the 
umors  may  be  called  fibroepithelial,  tliough  the  use 
f  this  term  has  by  no  means  become  common  (Plate 
ex.,  Fig.  8). 

In  general,  it  may  be  said  that  the  main  morpho- 
Jgical  features  in  the  varied  types  of  carcinoma  per- 
ist  to  a  certain  e.xtent  during  the  life  of  the  growth, 
0  that  the  histological  origin  of  the  tumor  may  often, 
hough  not  always,  be  determined  even  from  meta- 
tatic  nodules.  Certain  highly  specialized  cells,  also, 
ontinue  their  functional  activities  at  a  distance  from 
he  organ  in  whicli  they  arise.  The  formation  of 
olloid  material  has  been  observed  in  metastatic 
arcinoma  of  the  thyroid,  and  bile  is  occasionally 
jcreted  liy  cells  of  secondary  nodules  from  a  car- 
inoma  of  the  liver.     Another  striking  example  of  this 


retention  of  morphological  cell  characteristics  may 
be  observed  in  the  artificially  transplanted  tumors  in 
animals,  wlierc  after  hundreds  of  transfers  the  tumor 
still  shows  in  striking  fashion  the  general  appearance 
of  the  primary  growth  from  which  the  first  transplan- 
tation  was   made.      On  the  other  hand,   the  original 


Fig.  119G. — Choriocarcinoma.     The  nodule  from  which  this 
section  was  made  came  from  the  vaginal  wall.      X  180. 


Fia.   1197. — Gelatinous  Carcinoma  of  the  llectum  Showing 
Epithelial  Cells  Distended  with  Mucus.      X  1000. 

type  may  be  wholly  lost  and  the  metastatic  nodules 
bear  little  or  no  resemblance  to  the  primary  tumor. 

Etiology. — With  the  ultimate  forces  which  give 
to  the  cell  of  a  carcinoma  the  power  of  indefinite  pro- 
liferation we  are  still  unacquainted.  All  that  is 
known  is  that  a  group  of  cells  begins  to  grow  beyond 
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the  tissue  limits  normally  prescribed  in  our  anatomical 
experience.  Such  cells  may  show  a  quite  extraordi- 
narj'  rate  of  growth,  surpassed  only  by  the  tissues  of 
theembryo.  It  is  generally  recognized  that  as  the 
body  cells  become  more  highlj'  differentiated  during 
postnatal  life  they  lose  to  a  large  degree  their  vigorous 
proliferative  power  and  their  activities  are  confined 
to  the  replacement  of  injured  or  dead  cells  or  to  the 
secretion  of  specific  substances.  They  do  not,  in 
other  words,  have  the  capacity  of  growing  indefinitely 
in  strange  tissues  after  transplantation.  It  is.  of 
course,  well  known  that  epithelial  cells  can  be  grafted 
on  the  surface  of  the  bodj-,  where  thej-  give  rise  to  a 
perfectly  normal  type  of  ceUs  which  liltimately  form 
skin  and  exercise  all  the  functions  of  the  normal  epi- 
dermic layers.  It  is  possible,  also,  to  graft  pieces  of 
intestinal  or  bladder  mucosa  and  have  the  epithelium 
retain  all  its  qualities,  but  it  is  not  possible  to  dislocate 
this  epithelium  into  another  portion  of  the  body  and 
have  it  continue  to  proliferate  there  for  any  length 
of  time.  The  carcinoma  cell  is  distinguished,  there- 
fore, from  the  normal  cell  by  its  power  to  grow  freely 
even  though  it  be  entirely  removed  from  the  tissue 
or  gland  in  which  it  originated. 

Parasites. — Repeated  attempts  have  been  made  to 
prove  the  existence  of  a  parasite  inducing  the  peculiar 
proliferation  of  the  cancer  cell,  but  none  of  the  sup- 
posed organisms  have  withstood  critical  investigation. 
Moulds  and  bacteria  are  the  organisms  which  have 
been  most  frequently  obtained  from  the  tissues  of 
tumors,  although  spirochetes  have  been  demonstrated 
in  many  cases.  But  pure  cultures  of  these  supposed 
parasites  have  not  given  rise  to  carcinomata  on  rein- 
jection  after  isolation.  The  spirochetes  have  in 
many  cases  not  been  cultivated,  but  when  they  have 
been  they  have  conformed  to  the  parasites  found  on 
any  ulcerating  surface.  The  observation  of  Rous 
that  there  is  present  in  a  sarcoma  of  the  domestic 
fowl  a  virus  capable  of  giving  rise  to  tumors  even  after 
drying  or  passage  through  a  Berkefeld  filter,  simply 
shows,  what  has  long  been  suspected,  that  certain 
growths  which  we  call  sarcomata  should  be  classed 
with  the  granulomata.  Nor  does  Rous'  discovery  in 
an}-  way  point  toward  a  parasitic  origin  for  carcinoma, 
since  opposed  to  it  are  innumerable  unsuccessful 
attempts  to  isolate  an  organism  from  such  neoplasms 
or  to  transfer  them  by  ground-up  tissue  or  by  filtrates, 
and  the  conclusion  now  seems  justified  that  only 
intact  cells  are  able  when  inoculated  to  produce  a 
carcinomatous  type  of  tumor. 

Trauma. — It  seems  probable,  however,  that  chronic 
irritation  of  epithelium  or  of  the  connective  tissue 
which  supports  it  may  be  a  factor  in  inciting  these 
cells  to  take  on  the  quality  which  we  call  malignancy. 
Well  known  examples  of  this  are  epithelioma  of  the 
lip  following  constant  smoking  of  a  short  clay  pipe, 
epithelioma  of  the  tongue  or  cheek  consequent  upon 
the  chronic  irritation  of  a  sharp  fragment  of  a  tooth, 
carcinoma  of  the  bladder  in  paraffin  workers  and  those 
who  handle  aniline  dj-es  extensively,  scrotal  carcinoma 
in  chimnej-  sweeps,  carcinoma  of  the  abdominal  wall 
in  those  inhabitants  of  Kashmere  who  wear  Kangri 
baskets,  carcinoma  following  i-ray  dermatitis,  and 
so  on.  Chronic  inflammatory  or  ulcerative  lesions 
seem  also  to  have  something  to  do  with  the  origin  of 
carcinoma,  as  in  the  relationship  which  undoubtedly 
exists  between  chronic  inflammation  and  carcinoma 
of  the  breast,  the  frequency  of  a  genetic  connection 
between  ulcer  of  the  stomach  and  carcinoma,  and  the 
appearance  of  carcinoma  in  an  hj-pertrophied  prostate. 
As  first  suggested  by  Cohnheim,  the  congenital  dis- 
placement of  epithelium  also  seems  to  exert  a  consid- 
erable influence  upon  the  production  of  tumors,  for 
example,  the  frequencj'  of  carcinoma  in  the  branchio- 
genetic  remnants  of  epithelium  which  occur  in  the 
neck,  the  presence  of  those  as  yet  imperfectly  under- 
stood mixed  or  complex  tumors  of  the  parotid  region, 
in   which    the   predominating   element   is  frequently 


epithelial,  and  the  occurrence  of  carcinoma  in  the 
dermoid  cysts  of  the  ovary.  In  a  general  way,  carci- 
nomata occur  more  frequently  in  regions  where  skin 
and  mucous  membrane  come  into  contact,  as  in  the 
lips  and  the  anus,  or  in  portions  of  the  body  where 
embr^-onic  differentiation  has  been  more  or  less  com- 
plex, as  in  the  lower  third  of  the  esophagus;  and  this 
phenomenon  may  be  due  to  the  proliferation  of  small 
collections  of  epithelial  cells  left  in  these  situations 
during  embrj'onic  life. 

The  development  of  a  carcinoma  following  a  single 
trauma  is  questionable,  but  repeated  and  persistent 
traumatic  irritation  of  anj-  part  of  the  body  seems  to 
offer  opportunities  for  such  development.  It  is  not, 
however,  the  sole  cause  of  malignant  growth,  for  in  a 
large  number  of  persons  a  tumor  never  develops 
upon  the  site  of  chronic  irritation.  Whether  these 
changes  become  effective,  as  Ribbert  thinks,  through 
a  primary  alteration  of  the  connective  tissue,  the 
removal  from  the  normal  epithelial  cells  of  a  certain 
tissue  restraint  under  which  they  usually  exist,  and 
the  escape  from  laws  governing  the  normal  extent  of 
tissue  growth  in  the  body,  or  whether  they  are  depend- 
ent upon  alterations  in  metabolism,  giving  the  cells 
new  powers,  and  enabling  them  to  absorb  nourish- 
ment and  to  grow  in  an  abnormal  way,  is  not  in  any 
sense  settled.  It  is  certain  that  the  cells  of  a  carci- 
noma have  no  greater  resistance  to  destructive 
agents,  such  as  radium  or  x-rays,  than  have  normal 
cells;  indeed,  they  probably  have  less,  so  that  the 
growth  capacity  is  not  merely  heightened  virulence. 
All  that  we  really  do  know  is  that  the  growth,  chem- 
ical composition,  and  metabolism  of  the  cancer  cell 
are  slightly  different  from  those  of  the  epitheUum 
from  which  it  is  derived;  what  causes  this  difference 
is  as  yet  absolutely  unknown. 

Heredity  has  often  been  considered  as  an  important 
factor  in  the  induction  of  a  liability  to  carcinoma,  but 
careful  examination  of  the  statistical  studies  which 
seemed  to  warrant  this  conclusion  shows  that  the 
material  is  entirely  insufficient  for  such  a  deduction 
and  that  the  apparent  hereditary  concentration  of 
carcinoma  in  families,  villages,  or  districts,  is  largely 
due  to  erroneous  diagnoses  and  the  credence  given  to 
lay  reports  as  to  the  cause  of  death.  In  many  of 
these  statistical  reports,  also,  cases  of  carcinoma  and 
of  sarcoma  are  included  without  discrimination,  an 
error  so  obvious  that  it  needs  no  refutation.  The 
fact  that  carcinoma  is  a  disease  of  old  age  and  that 
owing  to  the  prolongation  of  life  in  recent  times, 
following  the  advances  of  preventive  medicine,  the 
number  of  aged  people  in  a  community  is  greater  than 
it  was  twenty  or  thirty  years  ago,  makes  an  increase 
in  the  number  of  cases  of  carcinoma  popularly 
attributed  to  hereditary  influence  quite   reasonable. 

Murray,  working  in  the  laboratory  of  the  Imperial 
Cancer  Research  Fund,  has  applied  the  experimental 
method  in  an  attempt  to  solve  the  problem  of  heredity, 
and  has  found  that  by  persistent  inbreeding  of  can- 
cerous mice  a  distinctly  increased  incidence  of  carcin- 
oma occurs.  He  does  not  regard  this,  however,  as 
deciding  the  question  in  any  final  way,  though  it  is 
probable  that  statistical  errors  have  been  eliminated 
in  the  consideration  of  the  carcinoma  incidence  in  the 
group  of  animals  observed.  Nor  can  the  results  be 
applied  to  man,  as  the  number  of  cases  of  carcinoma 
in  the  ancestrj'  of  the  mice  was  far  greater  than  could 
possibly  occur  in  human  beings.  It  wiU  be  necessary, 
as  Murray  has  pointed  out,  to  have  control  of  a  much 
larger  number  of  animals  before  the  question  can  be 
settled,  even  as  it  concerns  mice;  hence,  the  inad- 
visability  of  applying  the  results  to  man  is  evident. 
Unfortunatelj',  the  difficulties  of  obtaining  accurate 
statistical  information  as  to  the  occurrence  of  carcin- 
oma in  a  community  are  at  the  present  time  almost 
insuperable.  Even  in  selected  hospital  material  it 
is  difficult  to  obtain  a  large  series  of  cases  in  which 
the  nature  of  the  tumor  has  been  demonstrated  by 
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inicroseopioal  examination,  and  it  is  impossible  to 
apply  to  tli«  comnmnity  at  large  conclusions  drawn 
from"  such  a  special  class  of  patients  as  those  who 
enter  a  hospital  for  treatment.  The  final  solution  of 
tlic  heredity  question  in  man,  therefore,  must  be 
postponed  until  our  vital  statistics  are  much  more 
accurate  than  at  present. 

Gnoss  MouPHOLOGY. — Macroscopically  there  is  but 
little  in  the  appearance  of  a  carcinoma  which  is  suffi- 
ciently characteristic  to  distinguish  it  from  tumors 
of  other  types  or  even  from  normal  tissue.  What  may 
be  noted"  is,  first,  that  the  growth  occupies  an  un- 
wonted site  in  the  surrounding  structures;  second, 
that  it  is  as  a  rule  firmer  than  normal  tissue,  owing 
to  the  abundance  of  closely  packed  cpitlielial  cells  or 
to  the  presence  of  a  dense  connective-tissue  stroma; 
tliird,  that  it  has  a  tendency  to  spread  to  other 
portions  of  an  organ  or  tissue,  and,  fourth,  that  it 
forms  metastases  at  a  distance.  No  one  of  these 
characteristics,  however,  is  absolutely  diagnostic  of  a 
malignant  neoplasm,  for,  first,  careinomata  do  occur, 
such  as  difTuse  carcinoma  of  tlie  stomach,  which 
produce  practically  no  alteration  in  tlie  appearance 
of  the  organ;  second,  many  of  the  careinomata  of  the 
intestine,  especially  those  of  the  gelatinous  varieties, 
are  soft  instead  of  hard;  third,  a  tumor  which  shows 
all  the  microscopical  characteristics  of  a  carcinoma 
may  remain  quiescent  for  years;  fourth,  tumors  which 
are"  not  careinomata  may  form  metastases;  and, 
finally,  there  may  be  metastatic  invasion  of  the  re- 
gional lymph  nodes  or  organs  in  certain  conditions 
which  are  probably  of  parasitic  nature,  such  as 
Hodgkin's  disease.  If  a  carcinoma  which  has  been 
removed  from  its  site  is  laid  open,  and  tlie  cut  surface 
scraped  with  a  knife,  the  scrapings  are  often  of  a 
milky  color,  due  to  the  removal  of  large  numbers  of 
cancer  cells  from  the  connective  tissue.  This  phe- 
nomenon, however,  is  occasionally  misleading,  as  it 
occurs  in  some  of  the  round-cell  sarcomata  as  well  as  in 
certain  chronic  inflammations,  especially  those  of  the 
breast.  For  the  final  determination  of  the  nature  of 
a  tumor,  then,  it  is  necessary  to  use  the  microscope. 

Microscopical  Morphology. — Structure  of  the 
Epithelium. — On  microscopical  examination  a  carcin- 
oma is  seen  to  be  made  up  chiefly  of  epithelial  cells 
and  connective  tissue,  with  small  amounts  of  elastic 
tissue  and  fat,  and  also  lymph-  and  blood-vessels. 
The  tumor  may  involve  a  variety  of  other  tissues, 
including  muscle,  bone,  nerve,  glands,  and  normal 
epithelium.  Microscopically,  the  cells  of  a  carcinoma 
as  a  rule  differ  considerably  from  the  normal,  but  this 
difference  is  largely  quantitative  and  by  no  means  con- 
stant or  characteristic  (Fig.  1198).  The  distinctions 
which  may  be  observed  between  normal  quiescent 
epithelium  and  rapidly  growing  epithelium  are  often 
no  greater  than  the  difference  between  a  normal  cell 
and  a  cancer  cell,  but  the  percentage  of  cells  showing 
certain  abnormalities  is  iniinitely  greater  in  a  tumor 
than  in  normal  tissue.  In  general,  it  may  be  said 
lliat  tlie  nucleus  of  a  carcinoma  cell  is  larger,  more 
irregular  in  shape,  and  richer  in  chromatin  than  that 
of  a  normal  cell,  and  that  the  cell  body  is  more  ex- 
tensive. This  is  not  always  true,  however;  nor  is  the 
presence  of  degenerative  products  a  certain  criterion 
of  malignancy.  Tumor  cells  also  often  contain  num- 
bers of  fat  droplets,  lipoid  substances,  hyaline  gran- 
ules, and  glycogen,  while  not  infrequently  leucocytes, 
more  or  less  well  preserved,  may  be  found  in  the  cell 
body,  and  more  rarely  lymphoid  or  plasma  cells  and 
even  red  blood  corpuscles  (Fig.  1199).  Usually  there 
is  a  distinct  vacuole  about  tue  phagocytod  particle. 
Blood  pigment  is  also  occasionally  seen  and  in  a  cer- 
tain type  of  carcinoma  the  cells  may  develop  a  brown 
melanotic  pigment.  A  very  large  amount  of  gelatin- 
ous material  may  distend  or  by  its  pressure  practically 
destroy  the  cells  of  certain  tumors  of  the  intestinal 
tract  (Fig.  1197).     Many  of  these  inclusions  have  been 


described   as    parasites,    especially    those    known   as 
Plimmer  or  Ru.ssell  bodies,  but  at  present  there  is  o 
evidence  that  they  have  anj'thing  to  do  with  the  etiol- 
ogy of  carcinoma  (Fig.  1200). 

The  size  of  the  epithelial  cells  occurring  in  tumors 
varies  greatly;  the  largest  are  seen  in  the  squamous- 
cell  careinomata  of  the;  skin,  the  smallest  in  certain 
of  the  scirrhous  carcinonuita  of  the  breast  and  other 
orgatis,  where  they  reach  a  size;  but  little  greater  than 
that  of  a  leucoc3'tc.  The  cells  of  a  carcinoma  may  lie 
divided  in  incomplete  fashion  only,  and  in  this  way 


Fig.   119S. — Epithelioma  of  the  Thyroid  to  Show  great  Vari- 
ations in  Size  and  Shape  of  Cells  of  New  Growth.     X  800. 

large  syncytial  bodies  with  numerous  nuclei  may  be 
formed.  This  is  best  marked  in  the  choriocarcinoma 
of  the  uterus,  but  occurs  not  infrequently  also  in 
the  squamous-cell  careinomata  (Figs.  1198  and  1201). 
Another  characteristic  change  which  is  especially 
well  marked  in  the  squamous-cell  careinomata  of  the 
skin  is  the  formation  of  horny  masses,  the  so-called 
"peaiis,"  in  which  the  epithelial  cells  undergo  kera- 
tinization  and  degeneration  (Plate  XX.,  Fig.  2);  the 
nuclei  cease  to  take  the  characteristic  stain;  and  the 
cells  become  flattened  out  and  ultimately  form  a  pearl 
with  a  concentric  arrangement  of  dense,  hard,  flat- 
tened plates  about  a  central  mass  of  cells.  Occasion- 
ally a  pearl  undergoes  calcification.  In  addition  to 
the  specific  types  of  degeneration  enumerated  above, 
simple  necrosis  not  infrequently  occurs,  with  the 
formation  of  large  areas  composed  of  cell  ddbris  and 
leucocytes  in  which  calcification  may  ultimately  occur 
(Fig.  1202). 

Structure  of  the  Connective-tissue  Stroma. — The 
amount  of  connective  tissue  lying  between  the  epi- 
thelial cells  of  a  carcinoma  varies  enormously  in 
different  forms  of  this  tumor,  in  different  portions  of 
the  same  growth,  and  in  the  primary  and  metastatic 
deposits.  The  histological  studies  of  inoculated 
carcinoma  in  animals  have  shown  that  the  stroma  is 
derived  from  the  normal  tissue  of  the  body,  and  is 
not  a  specific  portion  of  the  carcinoma  since  it  is 
provided  anew  by  each  fresh  host  into  which  the  tumor 
is  transplanted.  The  best  evidence  of  this  in  liuman 
pathology  is  the  formation  of  large  amounts  of  con- 
nective tissue  in  metastatic  carcinoma  of  the  lymph 
nodes,  where  previous  to  invasion  by  the  tumor  cells 
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there  has  been  onlj-  the  delicate  reticulum  which  forms 
the  stroma  of  adenoid  structures. 

The  stroma  supports  and  furnishes  nutrition  to  the 
carcinoma  cells;  hence,  it  contains  blood-vessels  and 
lymph  channels.  Elastic  tissue  is  present  also,  often 
in  considerably  larger  amounts  than  in  normal 
structures,  ancl  these  fibrils  may  show  pathological 
changes,  swelling  and  staining  in  a  fashion  different 
from  normal  elastica.      Nerves  mav  be  found  but  are 


Fig.  1199. — Phagocytes  Bearing  Blood  Pigment  in  a  Carcinoma 
of  the  Breast.  A  considerable  trauma  had  caused  a  hemorrhage 
from  the  delicate  capillaries  of  the  txmior.  and  the  transuded 
blood  incited  the  phagocytic  action  of  the  connective  tissue 
elements.     X  1000. 

few  in  number  and  are  probably  filaments  normally 
present  in  the  parts  involved.  The  connective  tissue 
may  differ  but  little  from  that  normally  found  in  the 
organ  involved,  or  maj-  undergo  a  series  of  degenerative 
changes.  The  most  frequent  change  is,  perhaps,  the 
formation  of  mucoid  substances,  the  so-called  mu- 
coid or  gelatinous  degeneration  not  uncommon  in 
carcinoma  of  the  breast,  which  is  to  be  carefullj' 
distinguished  from  the  mucous  or  gelatinous  de- 
generation of  the  epithelial  cells  of  the  carcinomata. 
Hyaline  changes  also  may  be  present  to  a  greater  or 
lesser  e.xtent,  and  fatty  degeneration  and  necrosis  are 
not  infrequent,  while  if  extensive  necrosis  occur  the 
connective  tissue  so  affected  may  undergo  calcifica- 
tion. Occasionally,  in  certain  rare  forms  of  carcinoma 
(osteoblastic  carcinoma)  the  stroma  regularly  assumes 
the  function  of  bone  formation  and  nodules  of  more 
or  less  normal  bony  tissue  are  found  scattered  through- 
out the  tumor  (Plate  XX,  Fig.  4). 

In  addition  to  the  purely  degenerative  conditions 
of  the  stroma  there  may  be  extensive  inflammation, 
and  this  reaction  may  be  of  such  an  extent  as  to 
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produce  a  true  granulation  tissue  with  numerous 
fibroblasts,  so  that  the  stroma  resembles  a  sarcoma. 
Generalh',  however,  such  an  appearance  is  produced 
by  the  spread  of  a  carcinoma  into  the  granulation 
tissue  of  an  ulcer,  the  most  frequent  example  occur- 
ring in  the  ulcerating  carcinomata  of  the  cervix  uteri 
where  a  large  amount  of  soft  spongy  granulation 
tissue  may  be  produced,  through  tne  spaces  of  which 
the  cells  of  the  neoplasm  spread.  While  the  stroma 
reaction  is  as  a  rule  more  extensive  in  rapidly  develop- 
ing tumors,  even  in  slow-growing  carcinomata.  such 
as,  for  example,  those  of  the  skin,  there  is  often  a 
verj-  extensive  cellular  reaction  about  the  epithehum 
(Fig.  1203).  These  reaction  cells,  as  a  rule,  are  of  the 
lymphocytic  type,  but  occasionally  large  numbers  of 
plasma  cells  (Fig.  1201)  occur,  spreading  out  along 
the  tissue  spaces.  Rather  frequent  in  some  forms  of 
carcinoma  are  numerous  clasmatocytes.  which  are 
large,  irregular,  branching  cells  filled  with  granules 


Fig.  1200. — Carcinoma  of  the  Caput  Coli.  The  section  shows 
the  spread  of  the  tumor  cells  along  the  lymph  spaces  and  the 
degenerarion  products  inclosed  in  the  epithelial  cells.      X  1000. 

taking  a  basic  stain.  Phagocytic  connective-tissue 
giant  cells  may  also  be  found,  especially  about  masses 
of  necrotic  material,  calcified  particles,  or  remnants 
of  degenerating  tumor  cells,  but  this  phenomenon  is 
infrequent  (Fig.  1205). 

When  a  carcinoma  invades  muscle  tissue  there  is 
usually  some  destruction  of  the  fibers  by  pressure; 
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they  bccoiiu'  small  and  atrophic  and  undergo  hyaline 
degeneration  (Plate  XXI.,  Fig.  :5).  There  may  be,  how- 
ever, some  evidences  of  regeneration  in  the  muscle 
fibers  with  the  formation  of  large  syncytial  masses 
filled  with  nuclei,  or  the  extremities  of  the  fibers  may 
become  clubbed  and  the  nuclei  show  mitotic  figures. 


Fig.  120:. — Epithelial  Tumor  of  Neck  Showing  Giant  Cells. 
X  SOO. 

The  invasion  of  fat  produces  but  little  change 
(Fig.  1206);  usually  only  a  moderate  lymphoid  in- 
flammatory reaction  is  found  around  the  invading  cells 
as  a  response  to  the  irritation,  though  fibrosis  and 
atrophy  may  occur. 


Fig.    1202. — .\lvL^olus  of  Carcinoma  with  Central  Necrosis. 

The  invasion  of  lymph  nodes  sets  up  a  more  or  less 
vigorous  reaction  of  the  connective  tissue,  often  with 
the  formation  of  an  abundant  fibrous  stroma.  The 
blocking  of  the  regional  lymphatics  with  tumor  masses 
may  lead  to  dilatation  of  the  peripheral  node  sinuses 


and  the  afferent  lymph  channels  in  the  pcrinodular  fat 
may  be  greatly  distendetl  with  fluid,  or  both  may  con- 
tain embolic  particles  of  carcinoma(  Plate  XXI.,  Fig.  4;. 
Even  the  mere  presence  of  a  tumor  usually  incites  an 
inflammatory  reaction  in   the  lymph   nodes   through 


Fig.   1203. — Section  from  Early  Epithelioma  of  the  Lip  to  Show 
Subepithelial  Infiltration  in  the  Corium.      X  400. 

which  drainage  of  the  affected  area  occurs,  though  no 
carcinoma  cells  have  entered  the  nodes  themselves 
(Plate  XXI.  Fig.  .5).  This  chronic  inflammatory  re- 
action is  shown  morphologically  by  hyperplasia  of 
the  endothelial  cells  in  the  central   lymph  cords  and 


Fig.  12Q4. — Section  of  Connective  Tissue  near  a  Carcinoma'  of 
the  Breast  to  Show  the  Infiltration  with  Flasma  Cells  in  the 
Region  of  the  Tumor.      X  1000. 

the  peripheral  lymph  sinuses,  and  usually  by  a 
corresponding  reduction  in  the  normal  quantity  of 
purely  lymplioid  tissue.  Occasionally  the  hyper- 
plasia of"  the  endothelial  cells  in  the  sinuses  reaches 
such   an  extent   that  the  cell  masses  somewhat  re- 
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semble  a  carcinoma,  a  condition  which  may  lead  to 
the  erroneous  diagnosis  of  secondary  metastatic  de- 
posits of  carcinoma,  when  the  condition  is  in  fact 
purely  one  of  response  to  irritation.  Somewhat  in- 
frequently  the   stimulative    action  of   the   products 


Fig.  1205. — Connective  Tissue  Giant  Cells  about  Mass  of 
Necrotic  Epithelium  near  Secondary  Epithelioma  of  the  Sub- 
maxillary Lymph  Nodes.      X  375. 

of  metabolism  or  autolysis  of  the  carcinoma  cells 
induces  the  formation  of  small  nodules  of  lymphoid 
tissue  in  areas  in  which  no  such  tissue  is  normally 
present.  Such  lymph  nodules  have  germinal  centers 
and  a  peripheral  meshwork  filled  with  lymphocytes, 


Fig.   1206. — Infiltration  of  Fat  Tissue  by  Carcinoma  Cells. 

such  as  are  characteristic  of  the  normal  lymphoid 
tissue  elsewhere  in  the  body.  The  formation  of  these 
nodules  is  observed  most  frequently  in  the  tissue  of 
the  breast  and  axilla. 

While  as  a  rule  the  cells  of  a  carcinoma  invade  the 
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surrounding  tissue  through  the  lymph  channels,  an 
extensive  involvement  of  the  blood-vessel  not  infre- 
quently occurs,  with  the  result  that  embolic  particles 
of  the  new  growth  are  distributed  throughout  the 
body  and  may  give  rise  under  suitable  conditions  to 
the  formation  of  secondary  tumors.  Such  masses 
may  undergo  necrosis  and  disappear,  but  occasionally 
the  tumor  particle  may  become  coated  with  fibrin 
from  the  blood  stream  and,  thus  protected  from  the 
destructive  action  of  the  blood,  may  develop  a  vas- 
cularized connective-tissue  support  from  the  vessel 
wall  and  extend  as  a  cylindrical  mass  along  the 
lumen. 

When  a  carcinoma  forms  a  metastasis  in  bone,  or 
penetrates  this  tissue  in  the  course  of  its  growth,  it 


Fig.   1207. — Invasion  of  a  Lacteal  Duct  by  Carcinoma  of  the 
Breast.      The  epithelium  of  the  duct  is  still  present.      X  400. 

may  produce  no  effect  or  it  may  cause  either  resorp- 
tion of  the  bone,  which  is  the  usual  phenomenon,  or 
proliferation  with  very  extensive  production  of 
osteoid  tissue.  Both  processes  may  occur  in  various 
portions  of  the  same  tumor,  the  resorption  of  bone 
taking  place  in  the  usual  fashion  by  osteoclasts  or  by 
simple  decalcification  without  erosion,  while  in  other 
portions  new  formation  of  bone  may  be  observed. 
In  the  majority  of  instances,  however,  the  process  is 
in  the  direction  of  a  diminution  of  the  total  amount 
of  bony  substance  present,  and  clinical  evidence  of 
this  is  seen  in  the  frequency  with  which  fractures 
follow  metastases  of  tumors  in  the  shafts  of  the  long 
bones. 

Extension  of  carcinoma  into  the  brain  substance 
produces  very  little  change.  The  tissue  is  simply 
pushed  out  of  place  by  the  new  growth  and  undergoes 
circulatory  alterations  which  result  in  the  formation  of 
a  narrow  necrotic  area  about  the  tumor,  but  no  im- 
portant lesions  occur  at  a  distance  from  the  secondary 
deposit. 

The  invasion  of  nerve  bundles  is  fortunately  very 
rare,  as  this  process  is  exquisitelj-  painful:  but  occa- 
sionally, probably  through  the  medium  of  the  endo- 
neural lymphatics,  tumor  cells  penetrate  a  large  nerve 
trunk  and  cause  atrophy  of  its  fibers  with  consequent 
sensory  disturbances  and  paralysis. 

The  cells  of  tumors  may  invade  normal  skin  or 
gland  epithelium  by  contact,  a  phenomenon  which 
has  frequently  given  rise  to  the  erroneous  opinion  that 
the  normal  epithelium  has,  under  the  influence  of  the 
contact,  become  carcinomatous  (Fig.  1207).  There 
is,  however,  no  real  evidence  that  such  transforma- 
tion can  occur,  and   the  general  opinion  is  that  the 
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Fig.  1. — Cylindroma  of  the  parotid.    Low  power  to  show  the  tubular  arrangement.    X  50. 

Fig.  2. — Early  carcinomatosis  of  axillary  lymph  node  showing  the  invasion  of  the  peripheral 
sinus.    This  was  the  only  area  in  the  node  which  showed  any  carcinoma.     X  250. 

Fig.  3. — Atrophy  of  muscle  fibers  due  to  the  infiltration  of  carcinoma. 

Fig.  4. — Embolus  of  carcinoma  cells  in  a  small  lymph  channel  at  the  periphery  of  a  lymph 
node. 

Fig.  5. — Chronic  hyperplasia  of  peripheral  sinus  of  an  axiUary  Ij'mph  node  in  carcinoma  of 
the  breast.     X  375. 
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caroirioma  starts  from  a  single  center  and  grows  per- 
ipherally. There  is  no  reason  to  doubt,  on  the  other 
han<i.  that  in  exceptional  cases  a  carcinoma  may  be- 
egin  in  several  centers,  more  or  less  distant  from  each 
other,  and  a  study  of  certain  multiple  skin  tumors 
(Janeuay)  has  given  considerable  foutidation  for  this 
belief.  The  simultaneous  origin  of  tumors  of  liiU'erent 
types  in  widely  separated  portions  of  the  body  also 
points  to  this  possibility,  as  when,  for  example,  car- 
cinoma of  the  lip  and  carcinoma  of  the  thyroid  coexist 
in  the  same  person,  or  a  carcinoma  arises  in  one  part 
of  the  body  and  a  sarcoma  in  another.  ]5ut  these 
cases  are  so  extremely  infrcf|ueiit  that  they  suggest 
the  improbability  of  multiple  origin  as  a  general 
phenomenon,  more  than  its  frequency. 

Invasion  of  the  mucosa  of  the  intestine  by  direct  ex- 
tension of  a  tumor  of  this  viscus  does  not  as  a  rule  cause 
any  very  extensive  changes  ^Plate  XXL,  Fig.  4).  The 
structures  of  the  intestinal  mucosa  are  pressed  aside 
by  the  growth,  and  the  mouths  of  some  of  the  glands 
niay  be  closed,  wif^h  consequent  dilatation  from  reten- 
tion of  secretion;  but  no  other  changes  may  be  noted. 
There  maj'  be  edema  of  the  interglandular  connective 
tissue,  however,  sometimes  with  fairly  extensive 
mucoid  changes,  and  a  considerable  inflammatory 
infiltration  of  the  submucosa  and  muscularis  in  the 
immediate  region  of  the  new  growth  may  be  observed 
with  some  regularity.  Metastases  in  glandular  or- 
gans are  common.  Secondary  nodules  in  the  liver 
are  frequent;  in  the  kidney  and  spleen  thej'  are  much 
less  often  seen.  The  changes  produced  by  the  growth 
of  metastatic  nodules  in  such  organs  are  relatively 
slight,  and  apparently  are  due  largely  to  mechanical 
interference  with  the  nutrition  of  the  surrounding 
tissue.  Metastatic  nodules  of  carcinoma  in  the  liver 
frequently  show  necrosis  in  their  centers,  and  when 
protruding  from  the  surface  are  often  umbilicated. 
At  the  periphery  of  the  nodule  the  liver  cells  are 
compressed,  and  necrosis  may  occur  through  the  col- 
lapse of  the  smaller  capillaries  or  their  involvement 
by  tumor  cells,  while  tnere  is  often  a  moderate  small 
cell  infiltration  of  the  neighboring  tissues.  If  a  very 
large  number  of  metastatic  particles  have  been  carried 
to  the  liver  through  the  circulation  there  may  be 
numerous  small  areas  of  necrosis  induced  by  the  block- 
ing of  the  terminal  vessels  with  emboli  of  tumor  cells. 
The  growth  of  a  connective-tissue  stroma  in  metastatic 
tumors  of  the  liver  is  an  insignificant  process  only,  and 
this  is  one  reason  for  the  early  necrosis  of  these  nod- 
ules. Occasionally,  however,  the  secondary  formation 
of  a  considerable  amount  of  new  fibrous  tissue  about 
the  tumor  particles  may  be  seen.  Changes  in  the 
kidney  and  spleen  are  in  general  similar  to  those 
described  in  the  liver,  and  need  not  be  detailed 
here. 

The  lungs  frequently  show  secondary  deposits 
derived  from  emboli  of  tumor  cells  w'hich  have  lodged 
in  these  organs.  Probably  a  large  number  of  these 
disappear  as  a  result  of  unsatisfactory  nutritional 
conditions,  but  occasionally  multiple  tumors  are  pro- 
duced throughout  the  lung,  which,  however,  may  cause 
relatively  little  disturbance.  The  cells  either  group 
themselves  along  the  walls  of  the  alveoli  or  form 
small,  dense,  miliary  nodules  which  may  perforate 
and  grow  freely  on  the  pleural  surface  of  the  lung,  or, 
finally,  the  emboli  may  cause  infarcts  or  may  inter- 
fere in  other  ways  with  the  circulation.  Metastases 
in  the  ovary  are,  curiously  enough,  fairly  frequent 
even  wlien  the  primarj-  carcinoma  is  in  the  breast. 
Secondary  invasion  of  the  ovary  maj'  not  cause  any 
increase  in  size  or  alteration  in  form,  or  it  may  pro- 
duce so  large  a  tumor  that  the  ovary  is  removed  sur- 
gically because  of  the  impression  that  it  is  the  seat  of 
the  primary  grow-th.  Metastases  take  place  in  two 
ways:  1.  Directly  through  the  peritoneal  cavity, 
which,  of  course,  means  either  that  the  primary 
tumor  involves  one  of  the  abdominal  organs  or  that 
metastases  are  present  in  these  organs  and  implicate 


the  peritoneum.  In  such  a  case  free  tumor  cells  are, 
in  all  probability,  carried  by  gravity  to  the  ovary  and 
other  pelvic  organs.  2.  In  another  class  of  cases 
transportation  of  the  emboli  undoubtedly  occurs  by 
way  of  the  blood-vessels. 

Metastases  in  parts  of  the  body  other  than  those 
mentioned  are  infrequent.  The  skin  (Fig.  1208)  may 
show  metastatic  nodules,  especially  in  hypernephroma 
of  the  kidney,  and  metasta.ses  have  been  describ('d  in 
the  tonsils,  the  teeth,  the  heart  muscle,  the  eye,  the 
mamma,  the  uterus,  and  the  suprarenals;  although 
secondary  deposits  in  these  locations  are  rare.  Metas- 
tatic growths  have  been  found  developing  oven  in 
other  tumors,  for  example,  a  metastatic  nodule  from  a 
carcinoma  of  the  prostate  was  found  growing  in  a 
hypernephroma. 


*i  «v'>, 


Fig.   I20S. — Secondary  Invasion  of  Skin  by  Carcinoma  of  Breast. 


Mechanism  of  Metastasis  in  Carcinoma. — One 
of  the  biological  qualities  peculiar  to  malignant 
tumors  is  the  power  of  producing  metastases  at  a 
distance.  Originally  this  appearance  of  secondary 
tumors  was  considered  to  be  due  to  irritation  by 
chemical  products  from  the  primary  growth,  or  to  the 
deposition  of  infectious  particles,  but  careful  micro- 
scopic studies  of  tissues  snowed  long  ago  that  neither 
of  these  views  could  be  accepted,  and  the  general 
opinion  now  is  that  the  metastases  are  due  to  the 
transfer  of  individual  cells  or  masses  of  cells  by  various 
means. 

Lymphatic  Vessels. — The  most  frequent  route  for 
the  distribution  of  a  carcinoma  is  through  the  lym- 
phatic vessels,  and  upon  this  process  there  follows  a 
secondary  involvement  of  the  lymph  nodes  of  the 
region  drained  by  these  lymphatics.  The  factors 
which  cause  the  cells  to  move  along  the  lymphatics 
are  as  yet  somewhat  in  debate,  although  in  all  proba- 
bility the  chief  means  is  the  transportation  of  the 
individual  ceUs  in  the  current  of  the  lymph  stream. 
Serial  sections  have  shown  that  a  single  lymphatic 
trunk  may  show  a  series  of  deposits  throughout  its  en- 
tire course  with  a  final  invasion  of  the  peripheral  sinuses 
of  a  neighboring  lymph  node  (Plate  XXL,  Fig.  2.)  Un- 
questionably the  flow  of  the  lymph,  and,  hence,  the 
transfer  of  the  ceUs,  are  hastened  by  muscular  activity 
as  well  as  by  the  intermittent  pumping  action  of  the 
respiratory  movements  in  those  situations  where  such 
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an  influence  can  play  a  part.  It  has  long  been  known 
that  epithelial  cells  from  a  carcinoma  have  the  power 
of  ameboid  movement  (Carmalt),  and  this  factor  has 
been  repeatedly  insisted  upon  as  important  in  metas- 
tasis; but  whether  the  power  of  independent  motion 
on  the  part  of  the  cells  is  capable  of  transporting  them 
over  long  distances  is  still  in  question.  No  doubt,  the 
individual  cells  wander  short  distances  through  h^mph 
spaces  and  form  the  so-called  regional  metastases 
which  occur  in  proximity  to  the  tumor,  but  distant 
lymphatic  extensions  are  probably  due  chiefly  to 
transportation  by  the  lymph  current.  The  fact  that 
large  cell  carcinomata  of  the  breast  very  rarely  invade 
the  axillary  nodes,  while  a  small  cell  scirrhus  almost 
invariabl}'  does,  is  generally  acknowledged,  and  points 
to  direct  stream  transference,  as  the  cells  may  be 
assumed  to  have  equal  ameboid  capacities.  When  the 
regional  lymph  nodes  are  extensively  invaded  the 
cells  of  the  carcinoma  may  pass  out  through  the  effer- 
ent lymphatics  and  enter  and  involve  the  thoracic 
duct,  or  be  distributed  immediately  through  this 
channel  into  the  general  circulation.  General  dis- 
tribution throughout  the  body,  however,  usually 
occurs  by  direct  invasion  of  the  capillaries  by  the 
tumor  cells  and  deposition  of  particles  in  the  organs  of 
the  body.  Such  generalization  of  a  carcinoma  occurs 
much  more  frequentlj'  than  is  usually  supposed,  and 
may  take  place  at  a  very  early  period  in  certain 
types  of  tumors,  for  example,  eighty  per  cent,  of  car- 
cinomata of  the  prostate,  fifty  per  cent,  of  mammary 
carcinomata,  and  thirty-five  per  cent,  of  thyroid 
carcinomata  (Kaufmann),  are  apt  to  form  bone 
metastases  at  some  stage  of  their  growth;  while 
vascular  involvement  by  the  so-called  hypernephro- 
mata  is  more  frequent  than  lymphatic  transfer. 

Blood-vessels. — If  the  cells  of  the  tumor  are  small 
they  may  pass  through  the  capillaries  of  the  lungs  and 
enter  the  general  circulation;  if  the  cells  or  particles 
of  the  tumor  are  large  they  are  usually  caught  in  the 
capillaries  of  the  lungs  and  either  form  secondary 
nodules  there  or,  as  undoubtedly  happens  in  many 
cases,  undergo  degeneration  and  absorption  because 
the  conditions  are  ill-fitted  for  continuous  prolifera- 
tion. While  the  blood  of  patients  suffering  from 
carcinoma  is,  as  a  rule,  not  so  strongly  cytolytic  for 
the  cells  of  their  own  tumors  as  is  the  blood  of  a 
healthy  person  for  the  cells  of  another  person's  tumor, 
yet  some  destructive  action  probably  occurs  when 
isolated  particles  are  exposed  to  the  blood  stream. 
The  organ  in  which  the  carcinomatous  emboli  are 
deposited  is  also  a  factor  in  their  future  development. 
The  rarity  of  secondary'  nodules  in  the  spleen  as  con- 
trasted with  the  liver  and  lung  points  strongly  to  a 
relative  tissue  immunity  in  this  organ. 

Implanlaiion. — A  third  method  of  transport  is  by 
direct  e.xtension  or  implantation.  This  is  seen  where 
tumors  originate  in  or  involve  secondarily  the  large 
cavities  of  the  body.  The  cells  of  the  tumor  under 
such  circumstances  grow  continuously  over  the 
serous  surfaces  and  form  large  placfues  of  new-  growth, 
often  not  extensively  invading  the  underlying  organs. 
A  very  frequent  example  of  such  implantation  is  seen 
in  tumors  of  the  ovary,  and  may  occur  even  in  some  of 
the  relatively  benign  cystadenomata.  Sometimes 
this  implantation  is  not  in  continuity  but  occurs  only 
at  a  distance;  thus,  a  small  carcinoma  of  the  stomach 
or  gall-bladder  not  infrequently  gives  rise  to  such  an 
extensive  metastatic  involvement  of  the  ovaries  that 
the  primary  tumor  is  overlooked.  This  condition 
has  been  recognized  only  recently  as  explaining  the 
morphology  of  the  so-called  Krukenberg's  tumor  of 
the  ovary,  a  growth  in  which  the  cells  have  the 
usual  capacity  of  those  from  the  gastrointestinal  mu- 
cous membrane,  for  forming  mucus-filled  bodies  which 
Krukenberg  believed  were  characteristic  of  one  type 
of  primary  ovarian  tumor.  Other  types  of  contact 
implantation  are  noticed  occasionally  in  transfers 
from  one  mucous  surface  to  another,  as  when,  for 


example,  carcinoma  of  the  upper  lip  gives  rise  to  a 
similar  tumor  on  the  lower  lip,  or  when  uterine  car- 
cinoma forms  metastases  in  the  vagina,  as  happens  not 
infrecjuently.  Metastatic  involvement  of  the  bladder 
may  occur  by  the  transfer  of  particles  from  the  kidney 
through  the  ureter. 

.\nother  form  of  implantation  metastasis  occa- 
sionally takes  place  after  the  puncture  of  carcino- 
mata involving  the  internal  organs,  for  example, 
the  liver,  ovary,  peritoneum,  and  pleura,  and  follow- 
ing such  a  puncture  a  tumor  may  develop  along  the 
track  by  which  the  cannula  was  withdrawn.  Metas- 
tatic growths  of  similar  origin  have  been  noted  after 
incomplete  operations  on  carcinomata  involving 
organs  in  the  abdominal  cavity,  and  are  especially 
frequent  after  the  removal  of  ovarian  carcinomata, 
when  sufficient  care  has  not  been  taken  to  avoid  dis- 
lodgment  of  tumor  cells  and  their  escape  into  the 
field  of  operation.  Experiments  have  shown  that  an 
animal  which  is  the  subject  of  a  spontaneous  carcin- 
oma offers  a  much  more  favorable  soil  for  the  cells 
of  its  own  tumor  than  for  those  of  a  growth  derived 
from  another  animal.  This  explains  the  very  fre-  L 
quent  and  diffuse  local  recurrences  which  often  follow  I 
the  imperfect  removal  of  a  carcinoma,  and  at  the 
same  time  the  infrequency  with  which  convincing 
cases  of  the  transfer  of  a  malignant  growth  from  one 
person  to  another  have  been  reported. 

While  in  general  it  may  be  assumed  that  metastatic 
nodules  have  the  same  capacity  for  progressive  and 
diffuse  growth  as  the  original  tumor,  this  is  not 
always  so,  especially  when,  after  the  removal  of  the 
primary  growth,  the  patient  recovers  somew-hat  from 
the  malnutrition  caused  by  the  original  tumor.  Un- 
der these  circumstances  the  carcinoma  maj-  entirely 
disappear  from  groups  of  affected  lymph  nodes  or 
may  remain  cjuiescent  for  a  long  period;  examples  of 
inactivity  extending  over  a  period  of  fifteen  years  are 
not  unknown. 

Multiple  Prim-^-RY  C.\rcinom,\t.\. — In  the  skin 
and  the  mucous  membrane  of  the  intestine,  the  devel- 
opment of  multiple  carcinomata  is  not  infrequent.  In 
the  skin  the  condition  is  probably  due  to  the  action 
of  similar  irritative  factors  over  large  areas.  It  is 
probable,  however,  that  multiple  tumors  of  the  intes- 
tine may  often  be  explained  in  a  different  way,  for 
they  frequently  arise  from  multiple  congenital  polypi. 

Less  frecjuent  is  the  occurrence  of  tumors  of  two 
different  types,  as,  for  example,  carcinoma  of  the  lip 
and  carcinoma  of  the  thyroid,  or  carcinoma  of  one 
organ  and  sarcoma  of  another;  though  in  the  uterus 
carcinoma  and  sarcoma  may  occur  together.  A  still 
more  unusual  occurrence  is  the  combination  of  car- 
cinoma and  sarcoma  in  the  same  tumor,  though  a  few 
neoplasms  of  this  type  have  been  observed  in  man. 
There  is,  however,  always  some  risk  in  the  interpreta- 
tion of  the  nature  of  these  so-called  complex  tumors, 
since  the  presence  of  carcinoma  may  give  rise  to  a 
considerable  proliferation  of  the  surrounding  connec- 
tive-tissue stroma  and  the  only  certain  criterion  is 
that  the  mixed  tumor  produces  metastases  of  two 
different  types — sarcoma  in  one  place  and  carcinoma 
in  another.  Observation  of  the  mutation  of  animal 
tumors  during  transplantation,  which  has  been  seen 
in  a  number  of  cases  where  a  carcinoma  after  repeated 
transfers  has  changed  its  type  and  becomes  a  sarcoma, 
has  illuminated  but  not  wholly  explained  the  condi- 
tion. It  is  possible  that  these  neoplasms  are  mixed 
tumors  from  the  start  and  that  under  different  con- 
ditions of  nutrition  either  the  epithelial  or  the 
connective-tissue  cells  predominate  in  the  growth. 
Some  observers,  however,  consider  that  the  change  is 
the  result  of  some  unknown  stimulus  exerted  by  the 
epithelial  portion  of  the  tumor  upon  the  connective 
tissue  of  tne  animal  in  which  the  transformation  has 
occurred,  with  the  ultimate  production  of  a  neoplasm 
of  a  sarcomatous  nature. 
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)  Spontankous  Cure  of  Carcinoma. — While  it  is 
'low  gent-rally  acknowledged  tliat  carcinoma,  both  in 
I  nan  and  in  animals,  can  be  permanently  cured  only 
jy  early  and  complete  excision,  it  is  not  so  generally 
ippreciated  that  occasionally  the  spontaneous  disap- 
learance  of  a  tumor  may  occur.  This  is  not  a  fre- 
iuent  phenomenon,  however,  and  Bashforti  has  esti- 
iiated  that  it  occurs  in  less  than  one  per  cent,  of  mice 
with  spontaneous  tumors.  Propagable  growths,  on 
the  other  hand,  very  often  regress,  and  it  is  to  a  lack 
)f  appreciation  of  tliis  point  that  many  of  the  erron- 
>ous  statements  concerning  the  cure  of  mouse  tumors 
have  been  due.  Possibly,  too,  a  few  of  the  cases  of 
cure  reported  in  man  may  have  been  instances  of 
spontaneous  healing.  Cases  are  on  record  in  which 
carcinoma  of  the  lip  disappeared  spontaneously,  while 
metastatic  nodules  were  still  present  in  a  lymph  node, 
and  the  spontaneous  cure  of  carcinomata  of  the  skin 
lias  also  been  noted.  Very  suggestive  in  this  connec- 
tion is  the  disappearance  of  metastatic  nodules  in  the 
lymph  nodes  occasionalh-  observed  after  the  excision 
of  a  primary  tumor,  and  the  checking  of  growth  in  a 
mammary  tumor  after  removal  of  the  ovaries  is  also 
an  example  of  the  influence  of  diminished  nutrition 
upon  growth,  while  the  occasionally  favorable  action 
(if  radium  and  x-rays  upon  superficial  tumors  in  man 
and  in  animals  shows  that  the  cancer  cell  has  less 
resistance  to  these  agents  at  least  than  the  normal 
cell. 

The  great  difficulty  in  obtaining  a  large  percentage 
of  successful  inoculations  from  a  spontaneous  tumor 
into  animals  not  immune  also  suggests  that  the  cancer 
cell  has  not  the  vitality  of  normal  epithelial  cells, 
since  it  is  alwaj's  possible  to  transplant  normal  epi- 
thelium from  one  animal  to  another  of  the  same 
species.  The  successful  immunization  of  mice  against 
tne  transplantation  of  carcinoma  by  the  inoculation 
of  mouse  fetus  epithelium  is  also  interesting  in  this 
connection,  for,  as  it  is  not  possible  to  inhibit  abso- 
lutely the  taking  of  epidermal  grafts  in  an  animal 
by  the  injection  of  such  fetal  material,  the  cancer  cell 
must  be  either  more  susceptible  than  normal  epithe- 
lium or  less  able  than  a  normal  cell  to  use  the  nutri- 
ment offered  by  the  tissues.  Possibly  another  factor 
may  play  a  part  in  the  regression  of  tumors  after  the 
action  of  radium  and  x-rays,  and  also  following  the  in- 
jection of  certain  substances,  such  as  selenium,  col- 
loidal metals,  or  serum  from  a  cancer  patient.  Radium 
and  x-rays  have,  as  is  well  known,  a  powerful  action 
on  the  blood-vessels  in  inducing  hemorrhage,  end- 
arteritis, and  thrombosis.  After  injections  of  the 
substances  mentioned  above  a  marked  congestion  of 
the  tumor  and  the  surrounding  tissue  is  often  noted, 
and  if  the  reaction  is  severe  there  may  be  a  good  deal 
of  hemorrhage  into  the  neoplasm.  As  the  capillaries 
in  carcinomata  are  very  thin-walled  and  have  no 
vasomotor  nerves,  there  is  no  regulation  against 
possible  overdistention  such  as  exists  normalh*  in  the 
body.  It  is  possible,  then,  that  the  toxic  action  of 
the  substances  mentioned  may  so  injure  the  delicate 
walls  of  the  vessels  that  extravasation  of  blood  may 
occur  with  ultimate  necrosis  of  the  tissue  thus  de- 
prived of  its  nutriment.  The  softening  which  has 
been  observed  during  spontaneous  regression  or 
after  one  of  the  forms  of  treatment  mentioned, 
occurs  in  the  central  portion  of  the  tumor  where  the 
blood  supply  is  most  meager,  and  not  at  the  periphery 
where  the  vessels  of  the  connective-tissue  reaction 
zone  are  relatively  large  and  thick-walled. 

Action-  of  Carcinomata  on  the  Organism  as  a 
Whole. — The  presence  of  a  malignant  epithelial 
tumor,  if  this  be  small  in  size  and  of  slow  growth,  may 
not  interfere  in  the  least  with  the  nutrition  of  the 
patient  nor  immediately  endanger  life.  It  is  well 
known  that  some  of  the  epitheliomata  of  the  skin 
grow  so  slowly  that  they  do  not  assume  serious  pro- 
portions for  ten  or  even  twenty  years.     There  are  on 


record  also  certain  tumors  of  the  breast  with  an  ex- 
tremely prolonged  existence  without  the  formation 
of  metastases  or  extensive  local  involvement.  In 
such  cases  the  body  nutrition  is  only  very  slowly 
altered,  if  it  be  affected  at  all.  Tumors  involving 
important  organs  of  the  digestive  system,  however, 
interfere  rapidly  with  nutrition,  and  the  condition  of 
cachexia  supervenes.  This  is  characterized  by  a 
general  diminution  of  the  boflilj'  powers,  often  with 
a  severe  secondary  anemia  and  a  negative  nitrogen 
balance  as  evidenced  by  continuous  loss  of  weight  or 
more  accurately  by  careful  metabolic  estimations 
and  the  appearance  in  the  urine  of  large  quantities 
of  certain  sulphur-bearing  substances  known  as 
oxyproteic  acids.  Changes  in  the  antitryptic  power 
and  variations  in  surface  tension  of  the  blood  senim 
have  been  found  in  many  cases  but  are  not  character- 
istic of  the  cachexia  of  carcinoma.  The  gastric  juice 
loses  its  free  acid  and  even  its  ferments  in  a  consider- 
able proportion  of  these  cases;  whether  the  pancreatic 
and  intestinal  secretions  are  also  interfered  with  is 
not  as  j-et  definitely  known.  While  it  is  probable 
that  the  chemical  composition  and  the  metabolic 
products  of  the  carcinoma  cell  may  differ  slightly 
from  those  of  normal  cells,  it  has  not  been  possible  as 
yet  to  demonstrate  any  specific  toxic  agent  derived 
from  these  elements.  It  has  been  repeatedly  stated 
that  the  metabolic  products  of  tumor  cells  are  hemo- 
lytic, but  the  power  to  dissolve  red  blood-corpuscles 
is  a  property  which  is  inherent  in  extracts  of  certain 
normal  gland  cells  of  the  body  and  even  the  blood 
serum  of  normal  people  is  frequently  lytic  to  foreign 
red  blood-corpuscles.  In  this  connection,  however, 
it  should  be  remembered  that  verj-  little  or  no  anemia 
may  occur  with  large  and  even  ulcerating  carcinomata 
provided  the  digestive  functions  are  not  interfered 
with.  How  much  of  a  role  is  plav'ed  by  the  psychic 
depression  from  knowledge  of  the  serious  nature  of 
the  disease  it  is  difficult  to  determine.  It  has  often 
been  observed,  however,  that  following  a  very  simple 
surgical  interference  which  does  not  in  the  least  alter 
the  rate  of  growth  of  the  tumor  there  may  be  quite 
a  marked  improvement  in  the  general  condition  of 
the  patient.  Such  an  occurrence  has  often  been 
noted  following  gastroenterostomy  to  relieve  pyloric 
stenosis,  or  colostomy  done  to  remove  obstruction 
due  to  new  growth  of  the  sigmoid  flexure  or  rectum, 
despite  the  continued  growth  of  the  tumor.  This 
change  is  largely  due,  no  doubt,  merely  to  improved 
digestion  and  absorption  of  food  with  consequent 
favorable  influence  of  nutrition.  It  has  not  infre- 
quently been  observed  that  the  gastric  juice  regains 
its  free  acid  and  its  full  ferment  content  after  such  a 
palliative  operation.  .\t  the  present  time,  therefore, 
the  question  whether  the  cachexia  is  due  directly  to 
the  mere  presence  of  a  tumor  must  be  regarded  as 
undecided.  F.   C.   Wood. 
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Carcinoma,  Clinical. — See  Cancer. 
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Carcinoma  of  the  Skin. — In  the  present  article  carci- 
noma is  employed  as  a  comprehensive  term  embracing 
all  the  varieties  which  have  their  starting-point  in  tlie 
surface  epidermis  or  its  appendages. 

The  most  satisfactory  classification  is  based  on  his- 
tological types  which  correspond  approximately  with 
clinical  pictures. 

Cutaneous  carcinomatain  the  great  majority  of  cases 
take  their  point  of  origin  from  the  epidermic  covering 
or  the  sheath  of  the  follicles,  the  glandular  epithelium 
only  exceptionally  proliferating  primarily.  Although 
there  are  many  classifications  based  on  the  micro- 
scopic or  macroscopic  appearances,  relative  mahg- 
nancy  or  genesis,  the  histological  division  of  cutaneous 
epitheliomata  into  two  great  groups,  according  to 
certain  prominent  characteristics  is  the  most  practical, 
namely,  the  prickle-cell  group,  and  the  basal-cell  group 
of  Krompecher.  In  the  former,  the  tumors  are  com- 
posed of  large  cells  which  have  retained  their  prickles; 
they  are  early  destructive,  metastasize,  and  have  a 
general  malignancy.  In  the  basal-celled  group  the 
tumors  are  made  up  of  small  cells  which  possess  no 
prickles  and  have  relatively  large  nuclei;  they  do 
not  as  a  rule  metastasize  and  have  usually  only  a  local 
malignancy.  While  recognizing  the  validity  of  the 
criticism  made  by  Adami  that  all  cells  originate  from 
the  basal  layer,  it  is  nevertheless  a  fact  that  in  the  one 
case  on'y  one  type  of  cell  continues  to  proliferate 
while  in  the  other  differentiation  goes  on.  As  a  rule, 
too,  these  two  types  conform  more  or  less  with  dis- 
tinct clinical  pictures,  though  occasionally  cases  are 
seen  in  which  a  positive  diagnosis  can  be  made  only 
by  the  microscope.  Patients  with  multiple  epitheho- 
mata  sometimes  present  the  two  types  with  not 
sufficient  clinical  differences  to  tell  them  apart. 

An  important  fact  to  be  borne  in  mind  is  that  carci- 
nomata  of  the  skin  are  not  infrequently  multiform  in 
their  manifestation  and  often  have  a  relatively  benign 


Varieties. — Superficial  Epithelioma;  Rodent  Ulcrr. 
— One  of  the  most  frequent  forms  in  which  carcinoma 
of  the  skin  begins  is  as  a  small,  hard,  pearly  gray 
nodule  generally  found  on  the  upper  two-thirds  of  the 
face  in  individuals  over  forty  years  of  age.  These 
nodules  are  often  multiple,  may  remain  for  years  with 
little  or  no  change,  or  even  may  disappear  spontane- 
ously. If  they  are  removed  during  their  primary 
stage  before  ulceration  begins  they  show  only  a  shght 
tendency  to  recur. 

After  a  time  one  or  more  of  these  small  growths  may 
slowly  increase  in  size,  the  center  at  the  same  time 
sinking  in  and  eventually  becoming  fissured  or  excori- 
ated as  the  result  of  scratching  or  other  irritation. 
At  this  stage,  the  new  growth  consists  of  a  superficial 
ulcer  covered  with  crusts  made  up  of  blood  and  secre- 
tions from  the  affected  surface,  and  surrounded  by  a 
hard,  elevated,  waxy  looking  margin  (Fig.  1,  plate 
XXL).  The  central  ulceration  may  heal  but  is 
sure  to  recur,  each  time  becoming  somewhat  larger, 
but  seldom  involving  the  deeper  tissues;  it  has  a  red, 
granular  base,  secretes  but  little  pus,  and  rarely  causes 
pain.  The  floor  and  edges  of  the  ulcer,  consisting  of 
soft  friable  tissue  extending  beneath  the  overlying 
epidermis,  are  easily  removed  by  the  curette.  Instead 
of  extending  in  a  regular  and  progressive  manner  the 
ulceration  may  heal  in  the  center  while  continuing 
to  spread  at  the  margins,  or  one  side  may  cicatrize, 
as  a  result  of  which  gyrate  and  irregularly  outlined 
ulcers  with  new  foci  may  develop  in  the  scar  tissue. 
Such  a  carcinomatous  ulcer  may  generally  be  differ- 
entiated from  syphilitic  or  lupous  ulceration  by  tlio 
presence  of  the  elevated,  waxy,  or  pearly  gray  margin. 

A  frequent  site  of  rodent  ulcer  is  near  the  inner 
canthus  or  the  side  of  the  nose.  The  small  pearly 
nodule,  which  marks  the  beginning  of  the  affection 
breaks  down  in  the  center  and  slowly  spreads,  in- 
volving  the   upper  and  lower  lids  and  at  times  de- 
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stroying  the  eye.  For  many  years  the  characteristic 
rolled  pearly  margin  is  preserved  but  eventually  this 
characteristic  feature  of  the  growth  disappears.  Fig. 
1  illustrates  such  a  growth. 

The  progress  of  tlie  affection  is  excessively  slow 
lasting  ten,  twenty,  or  even  forty  years  before  the 
patient  dies  from  this  or  some  other  malady.  It  may 
eventually,  however,  invade  the  orbit,  ciestroy  the 
greater  part  of  the  skin  of  the  face,  the  malar  bones, 
the  upper  jaw,  and  penetrate  the  skull,  causing  the 
death  of  the  patient  from  hemorrhage,  exhaustion,  or 
the  involvement  of  vital  organs.  Fungating  tumors 
reaching  a  considerable  size  may  spring  up  from  these 
ulcerating  surfaces. 


Fig.  1209. — Rodent  Ulcer  of  the  Inner  Canthus  Involving  the 
Upper  and  Lower  Lids,  and  .Showing  .'Vil  o(  the  Typical  Clinical 
Features  of  the  Ailection. 

In  addition  to  the  early  lesion  in  the  form  described, 
epitheliomata  about  the  face  may  begin  as  brownish- 
red  tubercles,  hemispherical  in  outline,  quite  smooth, 
and  of  medium  consistence.  If  undisturbed  these 
nodules  grow  slowly  for  a  number  of  years,  then, 
under  the  stimulus  of  some  irritant,  increase  more 
rapidly  in  size,  finally  resulting  in  open  ulcers. 

Disseminated  Epithelioma  of  the  "Sebaceous  Type." 
— Multiple  epitheliomata  which  are  met  with  espe- 
ciallv  about  the  face,  sometimes  on  the  hands  and 
trunk,  are  usually  preceded  by  certain  definite 
changes  in  the  skin  to  which  the  name  "senile  kera- 
tosis" has  been  applied  (see  Keratosis  Senilis). 

In  Paget's  disease  of  the  nipple  a  superficial,  moist, 
crusted,  shghtly  scaUng  dermatitis  may  exist  for  a 
number  of  years  as  a  precancerous  condition.  Heal- 
ing cannot  be  brought  about  by  the  ordinary  applica- 
tions and  eventually  a  superficial  or  deep-seated  carcin- 
oma appears  in  or  beneath  the  chronic  dermatitis  (see 
Paget's  Disease,  under  Breast,  Diseases  of).  Superlicial 
flat  epitheliomata  strongly  resembling  typical  Paget's 
disease  of  the  nipple  occur  on  other  portions  of  the 
body.  They  have  an  eroded  granular  center,  a  slightly 
rolled  polycyclic  margin,  and  in  certain  cases  the  same 
histologicalstructure  as  in  true  Paget's  disease. 

Multiple  epitheliomata  at  times  develop  on  old 
patches  of  psoriasis.  The  prolonged  use  of  arsenic 
in  this  and  other  chronic  skin  diseases  may  be  fol- 
lowed by  patches  of  keratosis  and  horn-like  lesions 
especially  on  the  palms  of  the  hands  and  soles  of 
the  feet,  beneath  which  cancerous  ulceration  begins. 
These  malignant  changes  are  usually  multiple,  and 
in  fifty  per  cent,  of  the  cases  recorded  they  developed 
before    the    age    of    forty.     Among    arsenic    miners 
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carcinoma,  beginning  as  arsenic  warts  on  the  fingers, 
has  not  infrequently  been  observed. 

Chimneij-sweeps'  Cancer  of  the  Scrotum. — This  va- 
riety of  cancer,  which  at  one  time  was  often  met 
with  in  England,  has  become  less  frequent  since  the 
enforcement  of  laws  forbidding  sweeps  to  ascend 
flues  (see  Scrotum). 

Tar  and  Paraffin  Cancer. — Volkmann  first  called 
attention  to  the  occurrence  of  cancer  of  the  scrotum 
and  forearms  in  workers  in  coal  tar  and  paraffin. 
The  antecedent  changes  in  the  skin  are  similar  to 
those  met  with  in  chimney-sweeps'  cancer.  The 
follicular  openings  are  occluded,  the  skin  becomes 
dr\-,  thickened,  and  the  seat  of  warty  growths  which 
subsequently  become  maUgnant. 

Chronic  aflections  of  the  derma,  as  lupus,  sj-philis, 
etc.,  seem  to  favor  the  development  of  carcinoma  by 
lessening  or  removing  the  normal  barrier  which  sepa- 
rates the  epithelium  from  the  connective  tissue.  At 
the  same  time  a  constant  irritation  is  exerted  on  the 
epithelial  layer  which  causes  it  to  undergo  hyper- 
trophy and  ultimately  may  lead  to  its  becoming  the 
seat  of  a  mahgnant  growth.  Carcinomata  develop 
from  active  lupus  or  from  its  scar  tissue  so  frequently 
as  to  indicate  more  than  an  accidental  relationship. 
Some  authors  speak  of  lupus-carcinoma  as  a  clinical 
and  pathological  entity. 

SyphiUs  of  the  tongue  is  one  of  the  most  frequent 
precancerous  affections  of  this  organ.  Late  syph- 
ilitic neoplasms,  interstitial  glossitis,  and  leuco- 
keratosis  may  be  followed  by  rapidly  growing  car- 
cinomata. Indifferent  scar  tissue  of  the  skin,  when 
exposed  to  long-continued  irritations,  forms  a  favor- 
able soil  for  the  development  of  a  malignant  tumor. 
The  course  of  such  growths  is  less  rapid  than  when 
they  start  from  the  scar  tissue  of  lupus.  In  the 
latter  case  there  is  nearly  always  more  or  less  active 
tuberculous  disease  and  thus  less  resistance  is  offered 
to  the  epitheUal  ingrowths. 

Papillary  Carcinoma. — In  various  localities  cancer- 
ous ulcers,  like  ulcers  of  any  sort,  may  show  a  marked 
hypertrophic  tendency,  which  results  in  the  forma- 
tion of  cauhflower-Uke  excrescences.  These  arise  from 
a  joint  proliferation  of  the  rete  Malpighii  and  papil- 
lary layer  of  the  corium.  Such  growths  are  com- 
monly encountered  on  the  lips,  penis,  scrotum,  scalp, 
ears,  cheeks,  etc.  In  some  instances  this  papilloma- 
tous proliferation  occurs  in  advance  of  ulceration,  so 
that  the  epitheUoma  begins  with  a  wart-like  out- 
growth, as  mentioned  elsewhere.  These  caulifiower- 
like  growths  are  not  essentially  more  malignant  than 
other  forms,  although  they  may  bleed  readily  and 
discharge  freelj-;  but  in  certain  cases  they  may  attack 
the  deep  structure  in  a  manner  seen  in  non-papil- 
lomatous  forms.  The  tendency  to  proliferate  even- 
tually disappears  and  a  complete  destruction  of  all 
the  involved  tissues  results. 

Xevus-carcinoma. — These  growths  are  so  closely 
identified  with  sarcoma,  especially  the  melanotic 
form,  that  they  are  best  considered  under  the  head 
Sarcomatosis  cutis. 

Deep-seated  or  Xodular  Carcinoma. — The  great 
majority  of  cutaneous  cancers  conform  to  one  or 
more  of  the  types  which  have  been  described  and  are 
in  their  early  stages  more  or  less  superficial.  Many 
preserve  such  a  location  during  their  entire  evolution, 
the  new  growth  ulcerating  as  soon  as  it  develops. 
Others  maj'  early  tend  to  involve  the  deeper  tissues, 
giving  rise  to  distinct  indurations  or  veritable  tumors 
which  invade  the  muscles  or  bones.  The  deep-seated 
or  nodular  carcinoma  is,  therefore,  usually  secondary 
to  a  surface  ulceration,  but  it  may  occur  near  the 
cicatrices  of  former  operations  for  malignant  disease, 
a  group  of  cells  in  the  subcutaneous  tissue  acting 
as  a  focus  for  the  relapsing  growth. 

Metastatic  cancers  of  the  skin  from  visceral  or  breast 
carcinoma  are  usually  first  detected  as  small  subcu- 
taneous nodules  which,  in  exceptional  cases,  may  en- 


large, assume  an  irregularly  rounded  shape,  and  be- 
come firmly  attached  to  the  underlying  tissues. 

Carcinomatous  Lymphatic  Infarction. — This  is  the 
name  given  by  Unna  to  a  sub-form  of  cancer  of  the 
skin.  It  is  generally  described  as  lenticular  carci- 
noma. It  is  met  with,  in  the  great  majoritj-  of  eases, 
in  the  skin  covering  the  female  breast  as  a  develop- 
ment secondary  to  mammary  carcinoma;  it  may 
also  develop  in  the  cicatrix  following  operation  for 
cancer  of  the  gland.  Epithehal  cells  from  the  pri- 
marj-  growth  are  conveyed  by  the  lymph  vessels  and 
give  rise  to  the  formation  of  small  white  or  pinkish 
papules  from  the  size  of  a  small  shot  to  that  of'a  pea. 
Infiltrated  patches  at  times  result  from  the  confluence 
of  numerous  primary  nodules  which  may  or  may  not 
undergo  ulceration. 

When  the  Ij'mphatie  infection  is  active  and  exten- 
sive the  entire  cutaneous  surface  over  the  front  and 
back  of  the  chest  may  be  involved,  the  process  even 
extending  to  the  skin  of  the  abdomen  and  arms. 
In  the  later  stages  the  skin  becomes  hard  and  leathery 
in  consistence  from  the  growth  and  contraction  of 
the  connective  tissue,  producing  the  condition  known 
as  cancer  en  cuirasse. 

The  constriction  produced  by  the  new  growth  may 
be  sufficient  to  interfere  with  respiration  or  may  give 
rise  to  edema  of  the  arm  from  interference  with  the 
lymph  circulation.  A  fatal  result  may  follow  within 
a  few  months  after  such  a  development  occurs,  but  in 
certain  cases  general  infection  is  delayed  for  a  number 
of  years. 

Carcinoma  of  the  Sweat  Glands. — The  most  divergent 
opinions  exist  as  to  the  role  plaj'ed  by  the  sweat 
glands  in  tumor  production.  Certain  pathologists  at 
various  times  have  attempted  to  show  that  many 
small-celled  epitheliomata,  in  which  the  ceUs  grow  in 
tubular  processes,  have  such  an  origin.  It  has,  how- 
ever, been  clearly  demonstrated  that  neither  the 
shape,  size,  nor  arrangement  of  the  cells  furnishes 
sufficient  criteria  on  wTiich  to  base  the  diagnosis  of 
sweat-gland  cancer. 

The  author  of  the  present  article  some  years  ago 
examined  a  tumor  which  had  been  removed  by  Dr. 
Bronson  from  the  anterior  surface  of  the  leg  of  a  man 
thirty-five  years  old,  and  which  proved  microscopic- 
ally to  be  a  carcinoma  originating  in  the  coil  gland. 
The  growth  in  question  was  composed  of  distinct 
lobules,  separated  by  the  ingrowth  of  connective 
tissue;  it  was  soft  to  the  feel,  about  half  the  size  of  a 
small  egg,  and  defined  from  the  surrounding  tissue 
without  being  distincth'  encapsulated.  It  extended 
about  one  incli  below  the  skin,  and  measured  an  inch 
and  a  half  in  its  long  diameter.  An  open  ulcer,  some- 
what larger  than  a  dime,  was  present  over  the  tumor. 
The  cancerous  nature  of  the  new  growth  was  not  sus- 
pected prior  to  the  microscopic  examination. 

Neither  the  duration  of  the  tumor  nor  its  onset  as  a 
surface  or  deep  affection  was  noted. 

Carcinoma  of  the  Lip. — Cancer  of  the  lip,  by  reason 
of  its  frequency,  malignant  course,  and  the  importance 
of  an  early  diagnosis,  demands  a  separate  considera- 
tion. Its  seat  of  predilection  is  the  lower  lip,  at  the 
junction  of  the  skin  and  mucous  membrane  near  the 
median  line.  It  may  occur  near  the  angle  of  the 
mouth.  The  development  of  a  tumor  on  the  upper 
lip  has  been  noted  in  one  or  two  instances.  In  tnese 
cases  contact  with  the  primary  growth  on  the  lower 
Up  may  have  served  as  a  cause.  Cancers  of  the  upper 
Up,  as  a  rule,  occur  at  some  distance  from  the  vermilion 
border  and  are  usually  of  the  rodent  ulcer  or  super- 
ficial type  of  growth.  When  the  mucous  membrane 
is  involved  by  the  extension  of  such  a  tumor  of  the 
upper  lip  its  clinical  course  differs  from  that  of  the 
typical  cancer  of  the  lower  lip.  It  does  not  pene- 
trate deeply  nor  infect  the  lympn  nodes  as  in  the  latter 
case. 

A  number  of  primary  changes  in  the  surface  epithe- 
hum   may  precede   ulceration   or  tumor  formation. 
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Hj-perkeratosis  over  a  limited  area,  followed  bj-  a 
fissure  and  later  bj'  ulceration,  is  often  observed. 
The  ulcer  is  irregular  in  outline  and  surrounded  bj- 
thickened  and  elevated  margins.  The  base  of  the 
ulcer  becomes  indurated  and  the  infiltration  gradu- 
ally extends  to  the  deeper  tissues. 

In  another  case  the  epitheUum  may  become  eroded 
instead  of  thickened  and  covered  by  closely  approxi- 
mated granulations  which  enlarge  until  they  assume 
a  warty  character.     This  papillomatous  growth  may 


^- 


Fig.   1210. — LpittK-honia    ot    the    Lip-       i  h.:-    neu"    growth    is    in 
striking  contrast  to  the  condition  met  with  in  rodent  ulcer. 

spread  laterallj-  until  ahuost  the  entire  lip  is  covered 
with  granulations  before  deep  extension  takes  place. 
Instead  of  the  ragged  ulcer,  a  shallow,  oval  and  regu- 
larly outlined  loss  of  tissue  may  constitute  an  early 
form  of  lip  cancer. 

Changes  in  the  epidermis  may  be  overlooked  and 
the  patient's  attention  may  be  first  directed  to  a  hard 
growth  below  the  surface.  This  soon  ulcerates,  leav- 
ing a  cavit3'  surrounded  b3'  hard  walls  and  base  from 
which  the  degenerated  epithelial  cells  forming  the 
center  of  the  epithelial  "pearls"  may  be  squeezed  out 
as  comedo-hke  bodies.  In  certain  cases  of  epithe- 
lioma of  the  lip  a  projecting  tumor  is  formed  which 
may  last  a  variable  time  before  it  breaks  down  by 
ulceration.     Fig.  1211  illustrates  this  condition. 

In  neglected  cases  the  infiltration  and  ulceration 
involve  the  entire  lower  lip  and  the  floor  of  the  mouth; 
the  teeth  become  loosened  and  all  the  adjacent  tissues 
are  destroyed.  The  submaxiUarj-  and  submental 
lymph  nodes  are  involved,  as  a  rule,  before  such 
extensive  tissue  destruction  occurs.  The  average  du- 
ration of  life  in  untreated  cases  is  from  three  to  five 
years,  death  taking  place  from  sepsis  or  metastasis. 

Cancer  of  the  lower  lip  occurs  in  about  fifty  per  cent, 
of  surface  epitheliomata.  The  male  sex  furnishes  an 
overwhelming  percentage  of  all  cases,  variously  esti- 
mated at  from  eight  to  one  to  twentj'  to  one.  Sta- 
tistics show  that  the  large  majority  of  those  so 
afflicted  are  addicted  to  the  use  of  tobacco,  and  of 
the  few  cases  met  with  in  women  three-quarters  were 
smokers. 

Diagnosis. — The  initial  lesion  of  syphilis  is  often 
mistaken  for  cancer  of  the  Up.  Chancres  of  the  lip 
are  usually  protuberant  with  an  eroded  or  encrusted 
surface;  tliey  develop  rapidlj-  and  very  early  involve 
the  lymph  nodes.  The  initial  sore  of  sj-philis  is  more 
likely  to  be  met  with  in  young  adults,  while  epithe- 
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lioma  is  a  disease  of  later  life.  Numerous  exceptions 
to  these  rules,  however,  are  found. 

Late  ulcerating  syphilides  of  the  lip  have  also  been 
mistaken  for  cancer,  but  these  neoplasms  of  syphilis 
are  usually  multiple,  rapidly  break  down,  or  undergo 
absorption  with  atrophy,  and  lack  the  hard  base  which 
is  always  present  in  cancer. 

In  a  doubtful  case  appeal  should  be  made  to  the 
microscope. 

Prognosis. — The  course  of  carcinoma  of  the  hp  is 
much  more  rapidly  fatal  than  is  that  of  the  flat 
variety  of  epitnelioma  of  the  skin.  An  early  and 
radical  excision  by  the  knife  is  the  onlj'  method  of 
treatment  which  promises  subsequent  immunity  to 
the  patient.  If  the  operation  is  performed  while  the 
affection  is  superficial  the  outlook  is  not  unfavorable. 
Even  in  such  cases  early  operations  sometimes  fail  to 
prevent  general  infection. 

P.vTHOLOGT  AND  MoRBiD  AxATOMT. — In  respect  to 
classification  histologically,  the  typical  feature  of 
squamous-celled  growths  is  the  solid  prolongations  or 
downgrowths  from  the  epidermis,  which  spread  out  in 
different  directions  or  on  section  give  rise  to  masses 
of  alveoli  of  various  shapes  and  sizes  lying  in  a  con- 
nective-tissue stroma.  In  the  characteristic  members 
of  this  group  the  epidermal  characters  are  preserved 
and  resiilt  in  epithelial  pearls. 


P^iG.  1211. — .Squanious-celled  Epithelioma  (Zeiss  8  mm.,  Comp. 
Oc.  4).  Showing  downgrowth  from  the  surface  epithelium  and 
alevoli  with  pearl  formation. 

In  tissue  undergoing  malignancy  certain  changes 
take  place  which  indicate  the  vegetative  activity  of 
the  cells.  These  are  a  smaller  cell  with  oval  or  rounded 
cell  bodj',  clear  cytoplasm  and  a  relatively  large, 
deeply  staining  nucleus;  the  relations  of  the  cells  to 
one  another  become  changed,  thej'  become  crowded 
and  occupy  a  much  smaller  space  than  under  normal 
conditions.  This  is  especially  true  of  the  basal- 
ceUed  tumor  and  it  is  not  so  difficult  to  make  a 
diagnosis  in  these  cases  of  earlj'  epithelioma.  In  the 
squamous-ceUed  type,  however,  particularlj-  those 
which  develop  on  ulcerated  surfaces,  it  is  not  so 
simple  to  say  whether  one  is  dealing  with  tumor 
formation  or  only  atypical  proliferation.  In  chronic 
ulcerations  there  is  a  marked  tendency  for  the 
epithehum  at  the  edges  of  the  ulcer  to  grow  irregularlj' 
downward  and  infiltrate  the  tissue  beneath.  These 
processes  may  become  snared  off  and  sometimes 
develop  pearls,  when  it  is  practically  impossible  to 
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The  colored  pictures  have  been  made  from  photographs  of  the  author's  cases. 

Fig.  1. — Early  stage  of  superficial  epithelioma  of  the  face,  the  so-called  rodent-ulcer  type  of 
the  affection. 

In  this  variety  of  epithelioma  the  new  growth  is  made  up  of  small  epithelial  cells  which 
correspond  to  those  in  the  basal  layer  of  the  epidermis  or  in  the  outer  root-sheath  of 
the  hairs. 

The  growth  began  in  this  case  as  a  small  pearly  gray  nodule  which  slowly  ulcerated 
in  the  center  while  spreading  with  an  elevated  margin.  The  progress  of  this  type  of 
epithelioma  is  exceedingly  slow. 

Fig.  2. — A  more  advanced  stage  of  epithelioma  of  the  skin.  The  growth  here  portrayed  is 
of  eight  years'  duration.  It  began  as  a  wart  which  rapidly  spread  after  the  application 
of  some  caustic.  The  postcervical  lymph  nodes  were  enlarged.  The  microscope 
showed  the  tumor  to  be  a  squamous-celled  epithelioma,  the  prognosis  of  which  is  more 
grave  than  that  of  the  rodent-ulcer  type. 

Fig.  3. — The  tumor  here  shown  was  seen  when  fully  developed  on  the  scalp  of  an  old  woman. 
It  was  attached  by  a  broad  peduncle,  its  margin  resting  on  the  healthy  skin.  The  body 
of  the  growth  was  made  up  of  moist,  warty  vegetations  which  readily  bled  on  slight 
irritation.  Under  the  microscope  the  tumor  was  found  to  resemble  an  alveolar  carcin- 
oma, ihe  connective-tissue  framework  being  rich  in  newly  developed  blood-vessels. 
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FIG.  1.  EARLY  STAGE  OF  RODENT  ULCER  OF  THE  FACE. 
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FIG.     2.    SQUAMOU8-CELLE0    EPITHELIOMA   OF    THE    SKIN. 


FIG.    3.     PAPILLARY    OUTGROWTH    WHICH    DEVELOPED  ON  EPITHELIOMA    OF    THE    SCALP. 
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.  determine  from  the  histology  the  exact  pathological 

.  condition. 

Of  tlie  basal-cellod  epitheliomas  the  rodent  ulcer 
may  bo  taken  as  tlie  type,  as  it  is  tlie  form  most 
frequently  met  with.  Tliese  tumors  are  made  up  of 
an  undifferentiated  type  of  cell,  yet,  contrary  to  the 
rule,  are  the  least  malignant  of  epitlielial  tumors. 
Various  degrees  of  anaplasia  are  met  with  and  a  more 
or  less  spherical,  polygonal,  or  even  spindle-sliaped 
cell  may  be  encountered.  Not  only  the  cellular 
raorpliology  but  the  general  structure  of  these  basal- 
celled  tumors  varies  and  has  led  to  the  recognition 
ofjcertain  well-defined  types.  It  has  been  suggested 
by  Uarier  that  this  varied  arcliitecture  might  be 
explained  as  the  attempt  on  the  part  of  the  basal 
layer  to  functionate,  as  iluring  embryonic  life,  in  the 
production  of  the  appendages  of  the  skin. 


flG.  1212. — Rodent  Ulcer  (Zeiss  S  mm.,  Comp.  Oc.  4).  .^n 
«arly  rodent  ulcer  near  ala  of  nose,  taking  its  origin  from  the  lanugo 
hair  follicles. 

The  picture  of  the  ordinary  rodent  ulcer  differs  a 
great  deal  in  appearance  and  may.  in  one  instance, 
appear  as  a  solid  downgrowth  from  the  surface 
epithehum,  with  little  tendency  to  branch;  in  another 
the  larger  masses  may  show  central  cystic  degenera- 
tion and  peripheral  budding,  or  fine  or  coarser  pro- 
cesses of  cells  bifurcate  throughout  the  cutis.  Tricho- 
epithehoma,  which  develops  from  lanugo  hair  follicles, 
has  a  somewhat  different  structure,  which  may  be  due 
to  an  attempt  on  the  part  of  the  cells  to  differentiate. 
These  growths  clinically  maj'  appear  as  morphea-hke 
lesions,  as  already  described. 

A  frequent  concomitant  of  the  basal-celled  tumor 
is  the  hyaline  or  mucinous  degeneration,  which 
affects  either  the  cells  or  the  connective  tissue,  or 
both.  Degeneration  is  considered  by  some  authori- 
ties, as  Adami,  to  indicate  mahgnancy,  but  in  the  skin 
we  find  the  tumors  most  prone  to  degenerate  are  of 
a  benign  tj-pe.  In  mucinous  or  pseudomucinous 
degeneration  the  cells  appear  indistinct  and  poorly 
differentiated,  in  areas  breaking  down  and  forming 
cystic  cavities  which  contain  the  products  of  degen- 
eration. Aside  from  these  changes  there  may  occur 
a  central  autolysis  of  cells  (Adami)  which  may  be 
due  to  lack  of  nutrition  or  to  metabohc  products  of 
the  tumor  cells  themselves.  Extractives  or  diffusible 
products  in  invo  may  have  the  same  effect  in  pro- 
ducing this  autolysis  as  the  introduction  of  a  vaccine 
irom  a  tumor. 

Sweat-gland    Cancer. — The    case     of     sweat-gland 
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cancer  which  came  under  the  observation  of  the 
writer  and  to  which  reference  has  been  made,  had 
the  following  hi.stological  structure:  Under  a  low 
power  the  derma  was  found  to  be  the  seat  of  numerous 
bands,  masses,  and  gland-hke  arrangements  of  small 
epithelial  cells  which  extended  from  beneath  the 
epidermis  to  the  subcutaneous  connective  tissue. 
They  differed  in  their  arrangement  from  that  met 
with  in  otlier  varieties  of  skin  cancer,  and  suggested 
to  the  observer  an  attempted  reproduction  of  glan- 
dular tissue.  Under  a  higher  amplification  a  com- 
plicated network  was  seen;  it  was  formed  by  the 
interlacement  of  bands  of  epithelial  tissue  enclosing 
cavities  which  were  partially  or  completely  filled 
with  degenerated  cells  or  with  a  homogeneous  sub- 
stance allied  to  colloid  matter.  Cyst-like  ca\ities 
were  found  in  other  parts  of  the  microscopic  field. 
They  were  lined  by  a  single  laj'er  of  columnar  epithe- 
lial cells,  and  presented  a  striking  resemblance  to  over- 
grown sweat  ducts. 

Etiology. — The  epidermis  is  susceptible  to  stimu- 
lation by  a  variety  of  influences.  This  is  seen  in  the 
large  number  of  dermatological  affections  which  are 
accompanied  by  abnormal  prohferation  of  tlie  epi- 
thelium. In  the  majority  of  these  the  prohferation 
remains  within  the  bounds  of  an  inflammatory 
process,  but  not  at  all  infrequently  mahgnancy 
intervenes.  What  is  the  factor  that  gives  rise  to 
the  initial  impulse?  By  the  investigators  interested 
in  this  subject  it  is  beheved  that  this  impulse  is 
stored  up  in  the  nucleus.  So  long  as  a  cell  is  engaged 
in  the  performance  of  its  function  it  uses  up  its 
energy  and  cannot  at  the  same  time  conserve  energy 
for  prohferation  (Adami),  but  with  a  disturbance  of 
function  conditions  are  changed  and  the  vegetative 
powers  of  the  cell  gain  the  ascendant. 

Recapitulating  briefly  some  of  the  factors  which 
stimulate  epidermic  cells,  microorganisms  like  the 
staphylococcus,  or  its  toxins,  maj'  produce  such 
an  overgrowth  that  large  areas  of  skin,  as  of  an  entire 
extremity,  are  converted  into  a  fungating  mass.  This 
is  sometimes  met  with  in  dermatitis  vegetans.  In 
tuberculosis  verrucosa,  in  which  the  tubercle  bacillus 
gains  entrance  through  the  skin,  the  tissue  is  e.xcited 
to  warty  hyperplasia,  whereas  in  the  other  forms  of 
cutaneous  tuberculosis  the  epidermis  is  but  little 
altered.  In  yaws  the  Spirochteta  pertenuis,  which  is 
constantly  found  between  the  epithehal  cells,  pro- 
duces a  lesion  consisting  of  marked  epithelial  hyper- 
plasia, wliich  gives  the  disease  its  peculiar  char- 
acteristics. In  sj-phihs,  leucoplakia  and  condylo- 
mata are  striking  examples  of  epidermic  proliferation. 
The  enormous  f  ungations  aceompanj-ing  blastomycosis 
are  probably  the  result  of  the  reaction  of  the  epi- 
dermis to  the  blastomycetes,  that  being  their  portal 
of  entry.  Molluscum  contagiosum,  common  warts, 
and  Darier's  disease  are  further  illustrations  of  acan- 
thosis; although  the  nature  of  the  respective  stimuli  is 
not  determined. 

Chemical  substances  like  tar  and  paraffin,  arsenic, 
tobacco,  scarlet  red,  etc.,  hkewise  possess  the  power  to 
excite  epithehal  growth.  From  tar  and  its  derivatives 
we  may  have  all  grades  from  a  mild  stimulation  lead- 
ing only  to  overgrowth  of  the  horny  tissue,  as  in  the 
acne  lesions,  to  multiple  mahgnant  tumors.  Between 
these  stages  maj'  be  seen  the  development  on  telan- 
giectatic patches  of  flat  warts  in  which  malignant  trans- 
formation takes  place. 

As  a  result  of  the  prolonged  administration  of  ar- 
senic, certain  changes  are  brought  about  in  the  skin 
which  result  in  pigmentation,  scalj'  patches  and  warts 
or  keratoses,  with  epithelioma  as  a  sequel.  The  in- 
jection of  various  substances  in  the  skin  of  animals  has 
been  followed  by  epitheliomatous  development,  as 
shown  by  the  experiments  of  Fischer  and  Stober  with 
scarlet  red.  Indol,  skatol,  and  other  products  of  in- 
testinal fermentation  injected  into  the  ear  of  a  rabbit 
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by  Stoker  and  Wacker  also  brought  about  a  reaction 
indistinguishable  from  carcinoma. 

Of  the  physical  agents,  light  is  one  of  the  most  im- 
portant factors  in  its  power  to  induce  certain  changes 
in  the  skin  which  lead  to  epithehal  proliferation.  We 
are  largel}'  indebted  to  biological  research  for  our 
knowledge  of  the  potency  of  this  energy  and  its  good 
and  evil  effects.  From  investigation  on  the  elemen- 
tary forms  of  hfe  it  has  been  ascertained  that  the 
properties  of  the  protoplasm  of  these  organisms  may 
be  completely  modified  by  the  action  of  light  energy, 
causing  them  to  assume  new  forms  and  even  so  change 
the  conditions  of  existence  that  an  aerobic  organism 
may  become  anaerobic  under  its  influence.  From  his 
observations  on  the  heliotropism  of  plants,  Sachs 
formulated  the  law  that  light  of  constant  intensity  acts 
continuously  as  a  source  of  stimulation.  A  helio- 
tropic  action  on  the  part  of  animals  in  accordance 
with  that  observed  by  Sachs  was  also  demonstrated  by 
Jaques  Loeb.  The  effect  of  light  on  the  normal  skin 
is  an  erythema,  acanthosis,  and  thickening  of  the 
corneous  layer.  Its  relation  in  the  production  of  pig- 
ment is  too  well-known  to  claim  more  than  passing 
mention.  It  has,  further,  been  demonstrated  that  it 
is  the  short  waves — the  blue  and  ultra-violet  rays — 
which  constitute  the  pernicious  element  in  the  pro- 
duction of  pathological  conditions.  These  actinic  rays 
acting  on  a  senile  skin,  or  that  of  persons  exposed  to 
the  weather,  as  sailors,  are  capable  of  producing  such 
changes  as  telangiectases,  pigmentations,  atrophic 
lesions,  and  warts,  one  or  more  of  which  may  become 
mahenant.  The  telangiectatic  and  pigmented  lesions 
are  the  processes  of  defense  on  the  part  of  the  organism 
to  protect  itself  against  their  injurious  eS'ect.  Dif- 
ference in  susceptibilitj'  is  a  matter  of  every  da}'  ob- 
servation. This  is  seen  in  the  freckUng  of  a  supersen- 
sitive skin  and  in  the  way  different  people  react  to 
sunburn,  it  being  mild  in  one  ca.se  and  intense  in 
another.  In  xeroderma  pigmentosum  changes  are 
found  identical  with  those  met  with  in  the  senile  skin, 
light  exciting  the  same  syndrome  of  symptoms  as  in 
the  aged.  The  primarj'  condition  is  a  congenital 
defect  of  the  skin  either  local  or  due  to  some  internal 
cause  (Loeb)  which  renders  the  integument  vulnerable 
to  the  action  of  Ught  and  brings  about  in  it  a  precocious 
senescence.  The  i-ray  in  its  effects  is  similar  to  solar 
light.  On  the  normal  skin  its  action  is  to  interfere 
with  secretion  and  the  function  of  the  cells,  and  if 
prolonged  it  results  in  degeneration  and  destruction, 
finally  leading  to  new  growth. 

Observation  of  facts  like  these  favor  the  view  that 
the  essential  stimulation  to  epithehal  growth  may  be 
multiple,  in  one  degree  leading  to  a  limited  increase  of 
ceUs  and  in  another  to  lawless  growth,  the  amount  of 
stimulation  or  the  susceptibilitj'  of  the  individual 
determining  the  result.  The  study  of  the  sections  of 
pre-epitheliomatous  changes  in  the  cell  would  favor 
the  view  that  it  is  in  the  cell  nucleus  that  the  first 
effects  are  produced,  probably  in  the  chromatin  loops, 
■which  possess  vegetative  and  specific  function,  as 
suggested  by  Oertel.  With  the  loss  of  the  essential 
secreting  function  there  is  an  exaggeration  of  the 
vegetative  power.  In  the  breast,  for  example,  when 
the  capacity  to  secrete  milk  is  suppressed  the  cells 
may  become  vegetative  and  proliferate,  although  this 
may  happen  in  the  active  stage  of  the  gland.  Simi- 
larly in  the  liver  and  stomach  when  functional  activ- 
ity is  interfered  with  the  vegetative  properties  of  the 
cells  preponderate. 

Skin  cancers  afford  much  evidence  that  they  start 
from  degenerated  cells,  as  in  leucoplakias,  keratoses, 
degenerations  brought  about  by  light,  solar  ray,  and 
x-raj's,  chronic  inflammatory  processes,  etc.  Many 
of  our  dermatological  observations,  therefore,  fit  in 
with  Oertel's  theory  as  we  may  see  cells  proliferate  in 
close  proximity  to  "degenerated  ones. 

Diagnosis. — Superficial   cancer  of  the  skin  is  fre- 
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quently  mistaken  for  late  syphilitic  infiltration  and 
ulceration  or  for  lupus.  These  late  nodular  and  ulcer- 
ative syphilitic  lesions  are  usually  more  rapid  in  their 
evolution  and  involution,  are  frequently  multiple, 
and  lack  the  characteristic  elevated  and  waxy  border 
which  distinguishes  mahgnant  ulceration.  When 
syphihtic  ulcers  or  those  of  lupus  are  complicated  with 
epithelioma  the  diagnosis  is  more  difficult.  Lupus 
generally  develops  early  in  life,  pursues  a  chronic 
course,  and  spreads  on  the  margins  of  the  patch  by 
brownish-red  nodules  deeply  embedded  in  the  skin. 
These  nodules  or  tubercles  are  as  characteristic  of 
lupus  as  the  wa.xy  margin  is  of  superficial  epithelioma. 

Tuberculosis  verrucosa  cutis  might  be  mistaken  for 
papillary  cancer  of  the  fingers  or  hands.  Induration 
about  the  base  of  a  wart  or  cutaneous  horn  should 
excite  suspicion  of  a  mahgnant  change. 

In  case  of  doubtful  diagnosis  resort  should  always 
be  made  to  the  microscope. 

Prognosis. — In  superficial  cancer  of  the  skin  the 
prognosis  is  more  favorable  than  in  any  other  form  of 
the  disease,  as  the  progress  is  slow  and"  the  lymphatic 
system  seldom  implicated.  If  the  growth  is  radically 
removed  in  its  early  stages  there  is  httle  tendency  to 
recur. 

Cancers  from  moles  are  decidedly  malignant,  as  they 
early  involve  the  lymphatics  and  may  soon  be  fol- 
lowed by  a  general  metastasis.  Papillary  cancers  are 
usually  rapidl}'  growing,  and  when  they  infiltrate  the 
deeper  parts,  if  not  removed,  lead  to  a  fatal  issue 
within  from  one  to  three  years. 

Rodent  ulcer  in  its  later  stages  almost  invariably 
returns  after  removal,  though  preserving  its  local 
seat. 

It  is  weU  to  bear  in  mind  that  a  superficial  growth 
may  become  deep-seated  and  pursue  a  rapidly  fatal 
course,  as  in  the  galloping  or  pliagedenic  epitheUoma 
described  by  Besnier. 

Tre.\tment. — Early  and  complete  extirpation  with 
the  knife  is  the  only  method  of  treatment  that  should 
be  employed  in  cancer  of  the  mucous  membrane  of  the 
mouth  or  of  the  hp. 

On  other  parts  of  the  bod^',  as  the  neck,  scrotum, 
etc.,  when  the  skin  is  freely  movable  and  union  by 
first  intention  can  be  secured,  an  excision  offers  the 
most  rapid,  painless,  and  satisfactory  method  of  cure. 
If  the  operation  is  resorted  to  before  the  lymph  nodes 
are  invaded  and  if  the  incisions  are  made  at  a  sufficient 
distance  from  the  morbid  growth,  a  cure  may  be 
looked  for  in  the  majority  of  cases. 

Associated  lymph  nodes  when  invaded  should  be 
removed  in  as  thorough  a  manner  as  possible. 

Partial  removal  of  cancer  of  the  skin,  even  the  most 
superficial,  by  the  knife,  curette,  or  caustics,  accom- 
phshes  no  good  result  and  frequently  stimulates  these 
new  growths  to  increased  activity. 

Superficial  cancers  of  the  skin  are  sometimes  so 
situated  that  a  cutting  operation  is  followed  by  more 
deformity  than  after  the  employment  of  curettage  and 
caustics.  Many  patients  are  so  prejudiced  against 
any  cutting  operation  that  they  will  endure  the 
more  prolonged  and  painful  action  of  caustics  rather 
than  submit  to  the  use  of  the  knife.  Under  these 
circumstances  the  diseased  tissue  may  be  scraped 
away  with  the  dermal  curette  and  some  suitable 
caustic  applied  to  the  resulting  ulcer. 

Numerous  cures  of  cancer  of  the  face  have  been 
obtained  in  this  way  by  the  writer,  the  caustics 
employed,  as  a  rule,  having  been  arsenic,  in  the  form 
of  Marsden's  or  Bougard's  paste,  or  pure  chloride  of 
zinc.  Arsenic  is  perhaps  the  best  of  all  caustics  as 
it  is  more  certain  in  its  action  and  presumably  has 
a  selective  action  on  the  morbid  tissue.  Marsden's 
paste  is  made  by  mi.xing  two  parts  of  arsenous  acid 
with  one  part  of  powdered  gum  acacia  and  sufficient 
water  to  make  the  mixture  of  a  firm  consistence. 
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Robinson,  wlio  has  devoted  mucli  time  and  consider- 
ation to  the  use  of  caustics  in  the  treatment  of  cancer, 
prefers  to  vary  the  strength  and  duration  of  tlic  appli- 
cation according  to  the  cancer  to  be  treated,  lie  uses 
the  paste  in  the  strength  recommended  by  Marsden 
and  soinewliat  weaker,  but  never  uses  less  than  eciual 
parts  of  arsenic  anil  gum  acacia.  The  paste  is  appliecl 
somewhat  beyoiul  tlie  diseased  area  and  is  left  on 
for  from  eiglit  to  twenty  hours  (Robinson).  If  the 
desired  destruction  of  tissue  is  not  obtained  within  the 
shorter  limit  a  second  but  weaker  application  should 
at  once  be  made  until  the  necessary  necrosis  is 
accomplished. 

The  advantages  claimed  for  the  caustic  treatment 
of  cancer  are  the  lesser  degree  of  deformity  which 
results  and  the  greater  certainty  of  reaching  foci  of 
diseased  cells  in  the  lymph  vessels  outside  of  the  parent 
growth.  It  is,  however,  painful,  and  the  separation 
of  the  resulting  slough  is  somewhat  slow. 

Pain  during  the  action  of  the  caustic  may  be  con- 
trolled by  morphine,  and  the  after-treatment  should 
be  conducted  on  the  usual  lines. 

Before  scraping  away  the  morbid  tissue  as  prelimi- 
nary to  the  use  of  the  caustic  agent,  the  parts  may  be 
rendered  anesthetic  by  a  spray  of  chloride  of  ethyl. 
If  this  is  followed  by  the  application  of  tampons  satu- 
rated in  a  five-  or  ten-per-cent.  solution  of  cocaine 
the  slight  surgical  procedure  may  be  rendered 
absolutely  painless. 

Instead  of  employing  destructive  chemical  caustics, 
like  arsenic  and  chloride  of  zinc,  the  Paquelin  or  gal- 
vanocautery  may  be  used  to  complete  the  treatment. 
The  actual  cautery  is,  however,  not  so  certain  to 
reach  all  the  diseased  cells  as  is  the  arsenical 
paste. 

Of  late  years  the  writer  has  largely  used  acid 
nitrate  of  mercurj'  instead  of  the  preparations  of 
arsenic  and  chloride  of  zinc.  The  epithelioma  is  first 
curetted  under  local  anesthesia  and  afterward  a 
sixty  per  cent,  solution  of  acid  nitrate  of  mercury  is 
applied  to  the  raw  surface.  This  forms  a  superficial 
slough  which  requires  from  a  week  to  ten  days  to 
separate.  The  ulcer  remaining  after  the  separation 
of  the  slough  is  treated  with  aristol  under  which  it 
usually  readily  heals.  Should  any  recurrence  of  the 
lesion  take  place  the  same  procedure  is  repeated. 

Patients  who  have  been  operated  on  for  cancer 
should  remain  under  observation  for  one  or  two  years 
or  longer,  and  the  slightest  recurrence  should  imme- 
diately be  removed. 

Radiotherapy. — This  aspect  of  treatment  is  for  ob- 
vious reasons  best  considered  in  connection  with 
radiotherapy  in  general.  If  the  use  of  ^--rays  is 
decided  upon  for  the  treatment  of  epithelioma  better 
results  are  obtained  by  the  single  or  massive  dose 
method  where  the  amount  of  the  rays  can  be  care- 
fully measured. 

Radium  has  given  the  best  results  in  epithelioma 
of  the  edge  of  the  lid,  for  here  it  is  important  to  avoid 
scarring  on  account  of  the  resulting  deformity.  In 
the  early  stages  of  these  epitheliomata  the  application 
of  radium  is  followed  by  disappearance  of  tne  growth 
with  very  little  cicatricial  formation. 

John  A.  Fordyce. 


Cardamom. — Cabdamomum.  In  the  U.S.  Pharma- 
copceia  of  1890,  this  drug  was  defined  as  the  dried, 
nearly  ripe  fruit  of  Elellaria  repens  (Sonnerat)  Baillon 
(fam.  Zingiberacece).  In  the  present  edition  it  is 
defined  as  the  ripe  seeds  of  the  same  plant,  although 
the  name  is  given  incorrectly  as  E.  cardamomum. 
White  et  Maton.  The  cardamom  plant  is  a  tall,  reed- 
like, perennial  herb,  from  six  to  twelve  feet  high. 
The  flowers  and  fruits  are  borne  upon  special  short, 
scaly  stems,  partlj'  prostrate  among  the  bases  of  the 
leafy  culms. 

The  plant  is  a  native  of  southern  India,  where  also  it 


and    more 


Fig.  1213.— Mal- 
abar     Cardamom. 

(Natural  size.) 


has  been  long  in  cultivation.  It  has  been  introduced 
into  other  tropical  countries.  The  cardamoms  of 
commerce  are  mostly  the  jjroduct  of  cultivated  plants, 
which  are  grown  in  the  moist  shade,  either  in  clearings 
of  the  natural  forests  or  in  plantations  of  betel  palms. 
The  fruits  are  gathered  before  they  are  quite  ripe. 
They  are  thoroughly  washed,  partly  with  soap  and 
partly  with  a  solution  of  a  saponaceous  fruit,  and  then 
bleached  for  some  hours.  They  are  fretpiently  rubbed 
between  the  hands  with  a  mixture  of  starch  and  but- 
termilk. The  l)est  are,  however,  the  so-called 
"green  cardamoms,"  simjily  dried  in  the  sun,  and  of 
a  pale  greenish-brown  color.  They  are  ovoid  or  ob- 
long, pointed,  rounded-triangidar,  three-valved,  and 
three-celled  capsules.  The  husk,  when  dried,  is  of  a 
pale  yellowish-gray  or  brown,  flexible,  and  tough. 
Those  which  have  been  starched  have  a  white  and 
almost  chalky  surface.  The  seeds,  five  or  sLx  in  each 
cell,  are  irregularly  compressed,  brown,  and  spicy.  The 
fruits  of  the  best  varieties  are  usually  short,  about  once 
and  a  half  or  twice  as  long  as  broad  (1  to  1.5  cm.  = 
y^  to  1%  in.),  very  plump  and  full.  They  are  commer- 
cially called  "shorts.  Others,  longer 
angular,  are  denominated  "short- 
longs"  and  "longs."  The  larger  and 
longer  cardamoms  are  mostly  the 
produce  of  other  species  of  Elellaria, 
and  are  therefore  unofficial.  Their 
odor  and  taste  are  not  so  pleasant. 
In  selecting  cardamoms,  the  point  of 
chief  importance  is  to  see  that  they 
are  short,  plump,  and  well-filled,  as 
otherwise  the  proportion  of  husk  is 
too  great,  and  the  strength  is  thus 
weakened  through  the  diminution  of 
he  active  portion.  This  difficulty  can  be  avoided  by 
specifying  the  amount  of  the  seeds  instead  of  the 
fruits.  The  seeds  should  constitute  about  seventy 
per  cent,  of  the  weight.  The  seeds  from  unfilled  fruits 
are  themselves  defective,  however. 

Cardamoms  are  also  distinguished,  according  to  the 
countries  or  ports  from  which  they  are  exported,  as 
Malabar,  Aleppo,  Madras,  etc.  The  former  are  the 
most  esteemed. 

The  shelled  seeds  are  often  imported.  They  are 
about  one-sixth  inch  long  and  more  than  half  as  broad 
and  thick,  of  a  pale  reddish-gray,  strongly  tidiercu- 
late  and  heavily  grooved  on  one  side.  A  spurious 
seed  often  intermixed  is  shorter,  more  angvilar,  much 
darker  and  minutely  papillose.  Its  taste  is  more 
bitter,  and  slightly  camphoraceous. 

The  seeds  contain  about  five  per  cent,  of  a  pale 
yeUow  aromatic  oil,  of  complex  composition,  which 
represents  them  in  odor  and  taste.  The  ash  of  carda- 
mom is  rich  in  manganese.  Cardamom  is  a  typical 
aromatic,  and  is  useful  in  all  the  conditions  which  call 
for  articles  of  that  class.  As  an  agreeable  flavor  and 
appetizer,  as  a  stimulant  to  digestion,  and  as  a  carmin- 
ative in  flatulence  and  in  sunple  colic,  it  is  sometimes,, 
but  not  often,  given  alone.  In  combinations,  as  a  plea- 
sant and  useful  adjuvant  and  corrective,  it  is  in  more 
frequent  use,  acting  favorably  with  cathartics,  bitter 
tonics,  stimulants,  etc.  But  the  principal  use  of 
cardamom  is  as  a  condiment  or  household  flavor,  for 
wliich  purpose,  especiallj-  on  the  continent  of  Europe 
and  in  the  East,  it  is  extensively  employed.  It  is  also 
used  in  flavoring  liqueurs,  ancl  in  curry-powder,  etc. 
It  is  less  irritating  than  the  spices  proper,  and  more  so 
than  anise  and  the  milder  carminatives.  The  dose  of 
cardamom  as  an  aromatic  by  itself  would  be  gr.  viij .  to 
XV.  (0.5-1.0).  There  is  a  ten-per-cent.  official  tincture 
which  represents  it  completely.  The  compound 
tincture  contains  two  per  cent,  each  of  cardamom  and 
cinnamon,  one  of  caraway,  five  of  glycerin,  and  one- 
half  per  cent,  of  cochineal,  in  diluted  alcohol,  and  is 
given  in  doses  of  fl.  5  ij.-iv.  (8.0-16.0).  It  also  enters 
into  the  aromatic  powder  and  the  aromatic  fluid 
extract. 
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Oil  of  Card.vmom. — This  term  is  understood  as 
applying  to  the  volatOe  oU,  and  not  to  the  ten  per  cent, 
of  fixed  oil  which  the  seeds  yield.  It  is  yielded  to  the 
extent  of  five  or  six  per  cent.  It  is  of  a  pale  yellow- 
color,  highly  aromatic,  has  a  specific  gravity  of  about 
0.5)00  and  a  rotation  of  +13°.  Its  important  con- 
stituent is  terpinene  (CioHu).  Its  properties  are  iden- 
tical with  those  of  cardamom.  It  is,  however,  chiefly 
used  for  flavoring,  especiallj'  liqueurs. 

Hexrt  H.  Rusbt. 


Garden,  Henry  Douglas. — Born  in  Worcester,  Eng- 
land; date  of  birth  not  known.  In  1S38  he  became  one 
of  the  surgeons  of  the  Worcester  Infirmary,  and  he  held 
the  position  up  to  1S61,  when  he  resigned.  He  won 
for  nimself  a  place  in  the  history  of  medicine  by 
devising  a  mode  of  amputating  the  "thigh  which  neces- 
sitates the  employment  of  only  one  flap  composed 
entirely  of  skin.  In  this  operation  the  femur  is 
sawed  through  the  condyles  just  above  the  articular 
surface.     His  death  occurred  in  1872. 

The  title  of  the  paper  in  which  the  operation  referred 
to  above  is  de.scribed  is  as  follows:  "'  On  Amputation 
by  a  Single  Flap,"  London,  1864.  A.  H.   B. 


Cardiac  Murmurs. — In  arriving  at  a  diagnosis  of 
any  cardiac  condition  that  may  present  itself  one 
must  employ  the  usual  measures  of  physical  diagnosis, 
palpation,  percussion,  and  auscultation,  as  well  as 
inspection.  It  would  be  extremely  difficult  to  ex- 
press an  opinion  as  to  which  of  these  measures  is  the 
more  important  in  heart  diagnosis,  but  in  any  event 
it  behooves  one  who  would  understand  and  intelli- 
gently appreciate  the  condition  existing  within  the 
heart  to  become  thoroughly  familiar  with  all  the  aus- 
cultatory phenomena  connected  therewith. 

The  tones  or  sounds  heard  in  the  cardiac  area  may 
be  divided  into  two  distinct  groups:  (1)  The  normal 
heart  tones;  (2)  the  various  pathological  tones  aris- 
ing in  this  area,  designated  variously  as  murmurs, 
bruits,  adventitious  heart  soimds,  etc. 

The  Normal  Heakt  Tones. — These  are  two  dis- 
tinct, usually  clear-cut,  positive,  sounds  that  occur 
in  connection  with  the  normal  functioning  of  the  heart. 
They  are  spoken  of  as  the  first  or  systolic  sound  and  the 
second  or  diastolic  sound.  The  first  sound  is  normally 
somewhat  prolonged,  low  pitched,  and  rather  dull.  It 
is  more  or  less  booming  in  character,  especially  when 
compared  with  the  snapping  quality  of  the  second 
sound.  The  second  sound  is  sharper,  shorter,  and  of  a 
higher  pitch  than  the  first.  These  sounds  are  well 
simulated  by  a  repetition  of  the  words  "lubb-dubb," 
placing  the  accent  upon  the  last  word.  They  are 
heard  best  in  the  mitral  area,  the  region  of  the  apex 
beat,  which  is  normally  in  the  sixth  intercostal  inter- 
space to  the  left  of  the  sternum  in  the  nipple  line. 
In  some  instances  the  apex  beat  is  both  visible  and 
palpable,  in  others  only  palpable.  The  heart  tones 
are  heard  very  distincth',  however,  over  the  entire 
cardiac  area  and  in  some  instances  of  increased  heart 
activity  are  heard  at  distances  which  surprise  one. 

Each  of  the  heart  tones  or  sounds  is  followed  by  a 
pause,  which,  in  the  normal  heart,  is  quite  distinct  and 
definite;  the  one  occurring  at  the  end  of  diastole  being 
decidedly  the  longer  and  occupying  in  the  cardiac 
cycle  a  little  more  time  than  the  two  sounds  combined. 

The  cause  of  the  heart  sounds  has  been  a  very  fruit- 
ful source  of  discussion  and  many  diverse  views  have 
been  held  and  proclaimed.  It  can,  though,  be  safely 
stated  that  they  are  due  to  two  elements;  the  contrac- 
tion of  the  heart  muscles  and  the  closure  of  the  valves. 
The  diastolic  sound  is  undoubtedly  purely  of  the  val- 
vular origin  while  the  systolic  is  composed  of  both 
elements,  muscular  sound  and  vahiilar  vibrations. 
The  term,  muscular  sound,  used  in  this  connection  is 
not  to  be  confused  with  the  term  as  applied  to  the 
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skeletal  muscles.  In  the  skeletal  muscles  the  sound 
depends  upon  the  number  of  individual  contractions 
which  produce  the  tetanic  condition,  while  the  heart 
muscle  contraction,  on  the  contrary,  is  not  tetanic. 
This  muscle  tone  is  probably  caused  by  the  \'ibrations 
being  transmitted  to  the  thorax  while  the  rigidly 
contracted  apex  of  the  heart  is  held  against  the  chest 
wall.  The  valvular  element  is  the  result  of  the 
sudden  closing  of  the  valves  due  to  a  lessened  pressure 
behind  plus  an  increased  pressure  in  front.  This  re- 
sults in  more  or  less  snapping  together  of  the  valve 
segments,  thereby  putting  the  chordse  tendineae  and 
the  papillary  muscles  upon  a  stretch  and  setting  up  in 
these  elements  more  muscular  vibrations.  Now  de- 
pendent upon  which  of  these  elements,  i.e.  muscular  or 
valvular,  predominates  in  the  first  sound  it  will  be 
either  a  low-pitched,  dull,  comparatively  slow  boom 
or  a  short,  sharper,  higher-pitched  boom,  but  in  no 
instance  becoming  as  short,  sharp,  or  high  pitched  as 
the  second  sound. 

The  second  heart  sound  is  the  result  solely  of  the 
closure  of  the  pulmonic  and  aortic  valves.  It  is 
therefore  possessed  of  the  character  of  a  valve  sound, 
being  shorter,  sharper,  and  higher  pitched  than  the  first 
and  not  partaking  of  a  booming  nature.  There  is  no 
muscular  element  in  the  second  sound.  The  two 
soimds  are  sometimes  illustrated  by  using  a  linen 
handkerchief.  In  simulating  the  first  sound  the  hand- 
kerchief is  grasped  by  the  corners  and  the  edge  sud- 
denly drawn  taut ;  the  second  sound  is  reproduced  by 
using  just  one-half  the  border  and  manipulating  as  in 
the  first  instance. 

As  mentioned  above,  each  of  these  sounds  is  followed 
by  a  distinct  pause.  These  pauses  are  paired  with  the 
sound  which  they  follow 
and  are  consequently  pre- 
ceded by  the  term  sj'stolic 
or  diastolic  as  the  case  ma\' 
be.  The  heart  cycle  is, 
then,  diWsable  in  this  man- 
ner: First  sound  plus  first 
or  short  paitse  equals  sys- 
tole; second  sound  plus  Fig.  1214. — Diagram  Showing 
second  or  long  pause  equals     tUe  Sequence  of  Heart   Sounds 

diastole.       In    a    normal    a°d  Pauses. 

heart  the  beats  and  pauses 

follow  each  other  with  a  regular  sequence  and  each 

occupies  a  definite  amoimt  of  time  in  the  cardiac  cycle. 

It  may  be  readily  seen  in  the  diagram  (Fig.  1214).    It 

will  be  noted  that  the  pause  foUowmg  diastole  is  at  the 

end  of  the  cycle. 

The  systolic  tone  is  best  heard  at  the  apex  and  over 
the  tricuspid  valve.  The  diastolic  tone  being  ac- 
centuated over  the  great  vessels,  aorta  and  pulmonary 
artery.  The  apex  beat,  it  maj'  be  mentioned  here,  is 
systolic  in  time.  The  reason  we  hear  only  two  soimds 
upon  auscultating  the  heart  is  due  to  the  fact  that 
normally  all  the  muscles  and  valves  of  the  heart  act 
only  in  systole  or  diastole.  When  an  extra  systole 
occurs,  as  is  sometimes  the  case,  three  distinct  sounds 
are  then  heard.  There  are  certain  variations  and 
irregularities  in  the  cardiac  rhythm  that  may  be  noted 
in  this  connection. 

Embryocardia. — This  is  a  condition  seen  when,  from 
causes  that  weaken  the  walls  of  the  heart,  there  occurs 
a  distinct  shortening  of  the  diastolic  rest  space  and 
the  cardiac  sounds  follow  each  other  with  a  watch-like 
regularity.  It  is  often  designated  the  "tick-tack" 
heart  from  its  resemblance  to  the  ticking  of  a  watch. 
It  impresses  one  as  very  similar  to  a  fetal  heart  beat. 
The  pause  following  the  first  sound  is  likewise  affected 
at  times,  particularly  in  certain  failures  of  compensa- 
tion. In  this  case  it  is  due  to  an  incomplete  contrac- 
tion of  the  ventricle. 

Reduplication  or  doubling  of  the  heart  sounds  also 
occurs.  It  is  heard  most  frequently  in  aortic  re- 
gurgitation and  is  due  to  any  factor  that  causes  an 
increased  peripheral  pressure.     An  increased  pressure 


FIRST 
PAUSE 


SECOND 
PAUSE 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


f'ardlar  Murmurs 


in  tlio  pulmonic  circulation  will  likewise  cause  at  times 
a  reduplication  to  the  pulin(uuc  second  sound. 

Tliediillop  rhi/lbm  is  heard  as  the  result  of  reduplica- 
tion added  to  a  sliortenini;  of  the  diastolic  pause.  In 
this  condition  one  can  hear  at  the  apex  three  distinct 
sounds  following  each  other  in  such  rhythm  as  to  sug- 
Rest  the  hoofbeats  of  a  galloi>ing  hor.se.  Then  there  are 
four  conditions  that  are  usually  mentioned  together  ii\ 
any  discussion  of  heart  sounds;  tachycardia,  brady- 
cardia, arrhythmia,  and  palpitation. 

Ttichycnrdiit  and  pnlpitntinn  are  both  a  very  much 
quickened  heart  imjiulse.  The  pulse  becoming  very 
rajiid.  The  dilTerentiation  usvuiUy  made  is  that  a 
tachycardia  is  imperceptible  to  the  patient  while  a 
palpitation  is  always  perceptible.  In  fact,  so  much  so, 
as  to  be  in  some  instances  alarming  to  the  patient.  It 
is  a  frequent  manifestation  of  the  various  neuroses. 

Braih/rarilid  is  a  condition  in  which  the  heart  im- 
pulses are  markedly  slowed.  In  some  instances  the 
pulse  falling  as  low  as  forty  or  fifty  beats  per  minute. 
There  are  many  cases  l>oth  of  tachycardia  and  brady- 
cardia perfectly  compatible  with  health,  that  is,  are 
found  as  a  normal  condition  in  people  who,  so  far  as 
can  be  ascertained,  are  perfectly  healthy. 

Arrln/thmiii  is  a  condition  of  irreg\ilarity  in  the  force 
or  rhythm  of  the  heart  beat  and  when  present  in  a 
slight  degree  may  be  physiological.  However,  when 
very  marked  or  constant  it  constitutes  an  aVjnormal 
condition.  It  arises  in  the  course  of  certain  diseases 
and  is  due  to  different  causes.  These  matters  will  be 
discussed  more  fully  later  when  individual  lesions  are 
considered. 

.^DMiNTiTiors  Sounds,  Mi-rmurs,  or  Bruits. — Per- 
sonally, I  prefer  the  term  murmur  which  I  usually 
qualify  with  the  addition  of  the  term  cardiac,  respira- 
tory, friction,  etc.,  as  the  case  may  be. 

The.se  murmurs  are  classed  in  two  groups: 

(1)  Organic  murmurs,  sometimes  designated  val- 
vular or  true;  (2)  Inorganic  murmurs,  also  called 
junctional  or  accidental. 

The  terms  true  and  accidental  are,  to  my  mind, 
rather  vague  when  used  in  this  connection,  for  an 
accidental  murmur,  if  a  murmur  at  all,  must  necessa- 
rily be  a  true  murmur.  So  I  would  discard  them. 
The  term  functional  is  likewise  open  to  some  objection. 
Any  murmur  which  may  occur  is  truly  speaking  a 
functional  murmur  in  that  it  is  directly  dependent  upon 
the  functioning  of  the  heart  in  being  elicited.  How- 
ever, this  may  probalily  be  drawing  too  fine  a  dis- 
tinction and  the  term  has,  through  usage,  been  adopted 
to  refer  to  what  will  be  described  below  as  an  inor- 
ganic murmur.  The  terms  expressing  most  clearly 
one's  meaning  and  less  liable  to  be  confounded  are 
the  terms  organic  and  inorganic;  organic  referring 
to  those  murmurs  whicli  are  the  result  of  definite 
anatomical  changes  in  the  heart  musculature  or  valves; 
and  inorganic  referring  to  the  class  of  murmurs  not 
dependent  upon  an  anatomical  change  and  whose 
causation  will  be  discussed  later. 

Organic  Murmurs. — These  murmurs  result  from 
anatomical  changes  that  allow  the  blood  to  flow  in  a 
reverse  direction  after  having  been  forced  onward — 
regurgitation  or  insufficiency;  from  a  narrowing  of  the 
valvular  orifices  or  a  roughening  and  thus  impeding 
the  normal  onward  flow  of  the  blood — stenosis  or  ob- 
struction. These  conditions  give  rise  to  murmurs  by 
furnishing  the  necessary  conditions  to  set  up  eddies 
in  the  blood  current.  The  accompanying  illustration 
shows  very  well  the  mechanics  involved.  If  we  take  a 
glass  tube  and  dilate  it  in  the  middle  so  that  it  shows  a 
pouch  (Fig.  1215)  and  allow  a  stream  of  water  to  flow- 
in  the  direction  indicated  by  the  arrow  there  will  be 
eddies  set  up  in  the  current  as  shown  by  the  small 
curves.  Fig.  1215  shows  the  mechanics  of  regurgita- 
tion. Fig.  1216.  stenosis,  and  Fig.  1217,  roughened 
valves,  which  is  in  reality  a  stenosis  also. 

Stenosis  or  obstruction  is  the  result  of  an  abnormal 


narrowing  of  the  valvular  orifice  (in  some  in.stances  to 
a  mere  slit)  or  to  a  rovighening  of  the  valves  or  a  de- 
posit \ii)on  the  edges  of  the  valve  .segments.  Thi.s 
latter  condition  not  only  serves  to  impede  the  onward 
flow  of  the  l)lood  stream  but  also  serves  to  embarrass 
the  closure  of  the  valves  and  thus  enters  as  a  factor 
in  regurgitation. 

Regurgitation  or  insutriciency  is  the  effect  of  im- 
perfect closure,  from  either  valve  changes  or  a  dilated 
orifice,  designated  al)Solute  and  relative  respectively. 
By  some  writers  a  .separate  distinction  is  given  to  the 


Fig.  1215. — Diagram  to  Illustrate  the  Production  of  a  Cardiac 
Murmur  Through  Regurgitation  from  the  Aorta  or  in  an  .Aneur- 
ysmal Sac.  The  arrow  shows  the  direction  of  the  blood  current 
and  the  curled  lines  the  audible  blood  eddies.  (From  Cabot's 
Physical  Diagnosis,  Wm.  Wood  &  Co.) 

changes  produced  at  the  aortic  and  pulmonic  valves 
bv  an  increased  size  in  the  vessels  opening  from  these 
orifices.  But  an  enlarged  orifice  is  an  enlarged  orifice 
and  so  produces  a  regurgitation  whether  it  is  caused 
bv  a  distinct,  definite  dilatation  of  the  orifice  itself  or 
is"  pulled  open  by  the  vessel  leading  away  from  the 
opening. 

The  inorganic  or  functional  murmurs  are  those 
which  may  occur  as  stated,  with  no  anatomical  le- 
sion or  pathological  change  in  the  heart  presenting 


Fig.  1216. — Diagram  to  lllustr.ite  the  IToduction  of  a  Cardiac 
Murmur  Through  Stenosis  of  a  Valve-orifice.  (From  Cabot's 
Physical  Diagnosis,  Wm.  Wood  &  Co.) 

itself.  They  are  due  to  two  causes:  (1)  certain 
blood  changes,  and  (2)  an  increase  in  the  rapidity  and 
force  of  the  heart  beat;  the  first  occurring  especially  in 
severe  anemias  where  the  blood  is  markedly  altered, 
the  specific  gravity  being  lowered.  The  murmur  is 
often  spoken  of  as  an  anemic  or  hemic  murmur.  In 
the  second  instance  the  murmurs  result  from  the  vibra- 
tions set  up  at  the  valve  openings  by  the  excessively 
rapid  action  of  the  heart  or  an  increased  force  of  the 
individual   contractions.     These   murmurs  are   more 


Fig.  1217. — Diagram  to  Illustrate  the  Production  of  Cardiac 
Murmurs  Through  Roughening  of  a  Valve.  (From  Cabot's  Phys- 
ical Diagnosis,  Wm.  Wood  &  Co.) 

affected  by  exercise,  position,  and  respiration  than  are 
the  organic  murmurs. 

They  are  almost  always  systolic  and  are  never  mu- 
sical in  quality.  They  are  heard  over  a  limited  area 
and  are  not  transmitted  away  from  heart. 

The  organic  murmurs  are  very  diverse  in  character. 
Thev  are  more  or  less  prolonged  noises  and  thus  con- 
trast very  sharply  with  the  normal  heart  tones  which 
are,  as  stated,  brief,  the  sound  being  sharply  defined. 
Endocardial  murmurs  are  both  systolic  and  diastolic 
in  time  of  occurrence,  dependent  upon  the  situation 
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and  the  nature  of  the  causative  lesion.  They  are 
short  in  some  instances,  prolonged  in  others.  They 
are  heard  best  in  different  areas  depending  upon  the 
valve  from  which  they  arise  and  are  transmitted  in  a 
definit*  direction  and  over  a  definite  area.  They  have 
a  point  of  maximum  intensity,  and  this  is  sometimes 
transmitted  from  the  place  at  which  the  murmur 
actually  arises  to  another  point.  The  murmurs  are 
transmitted  toward  the  axilla,  upward  toward  the 
neck,  down  the  sternum,  or  through  the  thorax, 
differently  caused  murmurs  choosing  different  routes. 
In  character  they  are  generally  blowing  or  puffing. 
They  may  be  rough  or  scraping  in  nature;  at  times, 
musical,  uhistling  or  singing;  intense  or  distant;  harsh 
or  soft;  prolonged  or  short;  crescendo  or  diininuendo, 
i.e.  crescendo  beginning  gradualh"  and  ending  sharply; 
diminuendo  beginning  sharply  and  ending  gradually; 
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Fig.  1218. — Systolic  Murmur.         Fig.   1219. — Late  Systolic 

Murmur. 

or  a  combination  of  the  two,  beginning  gradually  and 
fading  away  gradually,  or  beginning  sharply  and 
ending  sharply.  In  some  instances  these  murmurs 
are  very  difficult  to  elicit  and  in  others  are  so  prominent 
as  to  be  heard  some  distance  away. 

The  most  important  points  to  be  held  in  mind  re- 
garding murmurs  are:  (1)  Time  of  occurrence  (presys- 
tolic, systolic,  late  systolic,  diastolic).  (2)  Point  of 
maximum  intensity.  (3)  Direction  and  area  of 
transmission.  (4)  Effect.s,  upon  murmur,  of  exertion, 
respiration,  and  position.  (5)  Intensity,  quality,  and 
duration. 

1.  Time  of  Occurrence. — This  is  with  relation  to  the 
time  occupied  in  the  cardiac  cycle.  The  cardiac 
cycle,  as  before  stated,  consists  of  the  two  heart  sounds 
and  two  pauses.  A  murmur  is  designated  systolic 
that  replaces  the  first  sound  of  the  heart  or  arises  at 


Fig.  1219. — 1  and  1'.  Heart  Sounds:  2  and  2',  Rest  Periods  or 
Pauses;  3,  Systolic  Murmur;  4,  Late  Systolic  Murmur;  5,  Dias- 
tolic Murmur;  6,  Presystolic  Murmur. 

the  end  of  the  first  sound  or  coincident  ^\ith  the  first 
sound  and  occupies  all  or  a  part  of  the  first  pause.  A 
murmur  arising  in  the  pause  after  the  conclusion  of 
the  first  sound  is  a  late  si/stolic  murmur.  These 
murmurs  are  represented  in  Figs.  121S  and  1219.  A 
murmur  replacing  the  second  sound,  arising  during 
the  second  sound  or  immediately  thereafter  is  known 
as  a  diastolic  murmur.  The  murmurs  arising  late  in 
the  diastolic  pause  are  called  presystolic. 

The  only  accurate  manner  in  which  to  judge  the 
time  of  a  murmur  is,  at  the  moment  of  auscultation,  to 
palpate  the  apex  beat  or  carotid  pulse.  The  apex 
beat  is,  as  already'  noted,  systolic  in  time.  Compari- 
son with  the  carotid,  however,  is  not  as  definitely 
accurate  as  the  apex  comparison.  The  radial  pulse 
is  markedly  less  reliable  than  the  carotid.  In  a  rapid 
heart  Landis  gives  the  delay  in  a  radial  pulse  at  0.22 
of  a  second  and  thus  in  this  instance  the  radial  pulse 
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would  become  more  nearly  diastoUc  than  systolic.  A 
murmur  is  regvilated  in  time  by  the  nature  of  the 
lesion  and  the  valve  at  which  it  occurs.  For  instance, 
a  mitral  regurgitant  murmur  is  systolic  in  time  while 
a  mitral  stenosis  is  diastolic.  The  following  grouping 
is  an  aid  to  remembering  the  time  of  murmurs  at  the 
different  valves: 


Regurgitation 


Systolic 
r  Mitral 
I  Tricuspid 
r  Aortic 
1  Pulmonary 


Diastolic 
.\ortic 
Pulmonary 
Mitral 
Tricuspid 


2.  Point  of  Maximum  Intensity. — The  practical 
import  of  this  is,  like  the  preceding,  one  of  diagnostic 
differentiation.  The  different  lesions  at  the  different 
valves  are  transmitted  to  parts  other  than  those  at 
which  they  arise  and  it  at  times  is  difficult  to  say  just 
where  a  murmur  arises  if  we  do  not  have  the  point  of 
maximum  intensity  to  guide  us.  Each  murmur  has 
an  individual  point  at  which  it  can  be  heard  and 
studied  best.  This  point  is  designated  the  point  of 
maximum  intensity.  It  will  be  discussed  again  in 
dealing  with  the  separate  valve  lesions. 

3.  Direction  and  Area  of  Transmission. — As  just 
mentioned  each  valve  transmits  its  murmurs  along 
definite  lines  and  toward  a  definite  area.  This  fact 
has  been  proven  by  clinical  experience  and  borne  out 
by  postmortem  findings,  and  is  very  helpful  in  enabl- 
ing one  to  decide  whether  he  is  dealing  with  one 
lesion  or  multiple  lesions  that  happen  to  be  synchron- 
ous. In  lesions  of  this  nature  the  points  of  maximum 
intensity  are  also  a  great  aid.  The  area  and  the 
direction  of  transmission  will  also  be  considered  when 
discussing  the  individual  vahiilar  disturbances. 

4.  Effects  of  Exercise,  Respiration,  and  Posture. — Dif- 
ferent postures  wUl  elicit  murmurs  otherwise  inaud- 
ible. For  example  Dr.  Heinrich  Stern  has  found  that 
a  tricuspid  murmur  which  cannot  be  detected  in  the 
erect  or  recumbent  position  will  be  distinctly  brought 
out  by  placing  the  patient  in  a  position  with  the  head 
lower  than  the  body.  On  the  other  hand  murmurs 
readOy  audible  while  the  patient  is  standing  or  sitting 
may  disappear  upon  reclining,  notably  a  presystoUc 
murmur.  Diastolic  murmurs,  as  a  rule,  are  not  as 
much  affected  by  posture  as  systolic.  Exercise  has  a 
tendency  to  increase  the  intensity  of  a  murmur; 
thus  it  viiW  bring  out  a  feeble  murmur  or  a  frank 
murmur  will  be  intensified.  Aside  from  its  diagnostic 
help,  exercise  is  also  of  prognostic  aid.  A  murmur 
becoming  decidedly  more  intense,  harsh,  or  prolonged 
after  moderate  exercise  (brisk  walk  up  and  down  room 
several  times,  sitting-up  exercises,  etc.)  would  point 
toward  a  rather  severe  lesion,  and  one  that  showed 
a  weakening  after  exercise  would  argue  for  a  weak 
heart. 

The  chief  interest  in  respiration  as  it  affects  heart 
murmurs  is  the  beha\'ior  manifested  by  organic 
murmurs  on  one  hand  and  inorganic  on  the  other. 
Organic  murmurs  are  usually  heard  best  at  the  end  of 
expiration,  becoming  less  distinct  as  inspiration  ad- 
vances and  the  expanding  lung  covers  the  heart. 
Inorganic  or  functional  murmurs  are  to  be  heard  best, 
chiefly  at  the  end  of  inspiration.  The  respiratory 
murmur  known  as  the  cardiorespiratory  will  be  dis- 
cussed below  in  connection  with  murmurs  heard  in  the 
precordial  area  not  dependent  upon  the  heart. 

5.  Intensity,  Quality,  and  Duration. — The  intensity 
of  heart  murmurs,  as  with  normal  heart  tones,  is  of 
coursj  relative  and  depends  upon  conditions  without 
the  heart  as  well  as  upon  conditions  within  the  heart. 
In  corpulent  men  with  fat  chest  walls  and  in  women 
T^nth  well-developed  breasts  the  sounds  emanating 
from  the  heart  would  of  course  be  less  distinct  than  in 
a  poorly  nourished  individual.  Edema  of  the  chest 
wall,  emphysema,  etc.,  all  play  a  part  and  these  must 
be  considered  in  any  given  case,  if  present.  The  in- 
tensitv  of  a  murmur  is  of  note  as  to  its  behavior  under 
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given  conditions.  To  illustrate:  a  strong,  lovid  mur- 
mur is  indicative  of  a,  forceful  heat  arising  from  a 
strong  heart,  and  should  a  murmur  of  this  nature 
weaken  it  \isually  iioints  toward  a  weakening  of  the 
heart  and  is  to  be  regarded  seriously.  When  one  is 
definitely  sure  of  a  valve  lesion  and  compensation  re- 
mains good  an  increa.se  in  intensity  usually  means 
progressive  advance  in  the  lesion.  On  the  other  hand, 
in  a  heart  so  weakened  that  the  murmur  may  have 
disappeared  an  increased  intensity  is  to  be  regarded 
as  a  good  sign.  So,  conclusions  to  be  drawn  from 
the  intensity  of  a  murmur  are  to  he  interpreted  with 
an  allowance  for  the  influences  affecting  the  murmur 
and  all  the  circumstances  connected  with  the  ca.se 
upon  which  one  may  be  fortunate  enough  to  obtain 
information. 

QiKilili/. — The  u.sual  murmur  is  blowitig  in  quality, 
somewhat  similar  to  the  letter  "F"  whispered.  They 
may  be  high  pitched  or  low  pitched,  in  the  former 
approaching  the  sound  of  a  whistle  at  times,  and  may 
become  tinisical  murmurs  whose  pitcli  can  be  definitely 
identified.  A  rasping  murmur  is  low,  and  has  a 
distinct  tearing  sound.  The  presystolic  roll  is,  as  its 
name  implies,  a  nuirmur  heard  just  before  systole 
and  described  by  Cabot  as  "rumbling  or  blubbering 
and  maybe  remind  one  of  a  short  drum  roll." 

Duration. — Little  aid  can  be  derived  from  the 
duration  of  a  murmur.  It  may  be  of  any  length, 
occupy  the  whole  of  systole,  of  a  diastole,  or  a  part  of 
either.  A  short  diastolic  munnur  usually  is  of 
serious  import. 

In  addition  to  the  murmurs  foimd  in  and  resulting 
from  the  heart  directly,  there  are  other  varieties  to 
which  it  is  well  to  direct  attention  in  this  connection. 

The  Arterial  Murmurs. — These  are  either  systolic 
or  diastolic,  and  in  the  case  of  systolic  murmurs  are 
usually  heard  in  the  vessels  near  the  heart  and  are 
the  result  of  murmurs  produced  either  in  the  heart  or 
aorta  and  transmitted.  They  may,  however,  arise 
at  or  near  the  point  at  which  they  are  heard  and  are  in 
this  instance  due  either  to  pressure,  to  dilatation  of 
artery,  to  a  roughened  internal  coat,  or  to  blood 
changes  (anemia).  Pressure  nmrmurs  may  be  readily 
produced  by  the  stethoscope:  the  aneurysmal  bruit 
is  an  example  of  the  dilatation  etiology.  Diastolic 
murmurs  are  heard  in  cases  of  severe  aortic  regurgita- 
tion. They  have  been  reported  in  the  femoral  artery 
as  a  double  murmur  in  pregnancy,  lead  poisoning,  and 
mitral  stenosis. 

Venous  Hum. — This  is  a  normal  sound  heard  with 
greatest  intensity  in  the  jugidars  and  best  in  the  right 
just  above  the  clavicle.  This  murmur  disappears  as 
middle  age  is  reached.  It  is  a  continuous  low  hum 
loudest  at  the  time  of  auricular  diastole  and  during 
in.spiration.  It  is  affected  by  posture;  in  some  cases 
disappearing  upon  reclining.  Anemia  intensifies  this 
murmur. 

Arterial  Varix  (communication  of  artery  and  vein 
direct). — In  this  condition  a  systolic  murmur  is  heard 
over  the  entire  area  involved. 

CARDioRESPiRATORy  MuRMUR. — This  is  a  murmur 
heard  over  the  apex  of  the  heart  and  along  the  left 
heart  border.  It  has  no  s]3ecial  diagnostic  value.  It 
is  7iot  transmitted  as  are  the  cardiac  murmurs  heard 
in  this  same  locality.  This  murnuir  is  the  result  of 
the  compression  of  part  of  the  lung  overlying  the  heart 
and  between  the  heart  and  chest  wall.  The  com- 
pression forces  the  air  out  of  the  alveoli  with  a  fine 
blowing  sound  or,  when  the  air  cells  and  bronchioles 
contain  secretions,  with  fine  crackling  rales.  While 
caused  by  the  contraction  of  the  left  heart,  the  sound 
is  not  absolute  in  time  of  occurrence  with  the  heart's 
action.  It  is  heard  diiring  systole  and  after  diastole. 
The  intensity  is  increased  or  decreased  by  the  respira- 
tory rate  and  depth  and  the  posture.  In  each  in- 
stance in  which  it  is  heard  the  murmur  will  probably 


behave  differently,  in  one  ca.se  being  intensified  by 
inspiration  and  in  another  by  expiration.  It  may  be 
intensified  by  firm  pressure  of  the  stethoscope.  In 
addition  there  arc  heard  in  this  area  the  pericardial 
sounds  and  the  plcuropcricnrdial  sounds.  These  are 
not  cardiac  n\>irimirs  and  will  therefore  be  tiiscusscd 
elsewhere.  Suffice  it  to  say  the  pericardial  sound  is 
rough,  grating,  and  irregular.  It  is  a  friction  sound 
rather  than  a  murmur.  It  does  not  occur  with  systole 
or  diastole  but  overlaps  the  soimds  and  comes  into 
the  pauses.  The  pleuropericardial  soimd  is  the  sound 
resulting  from  infiamed  i)leural  surfaces  grating  again,st 
each  other.  In  sound  they  arc  practically  indi.s- 
tinguishablo  from  pericardial  friction  soiinds.  A 
differentiation  between  pericardial  sounds  and  en- 
docardial murmurs  can  usually  be  made  by  remember- 
ing that  the  pericardial  sounds  do  not  correspond 
either  with  systole  or  diastole  and  do  not  constantly 
occupy  any  definite  portion  of  either  period.  Endo- 
cardial murmurs  are  deeper  seated,  i.e.  in  auscultating 
one  does  not  receive  the  impression  of  superficialness 
experienced  in  pericardial  rubs.  Pressure  with  the 
stetho.scope  does  not  affect  cardiac  murmurs  hut 
often  increases  the  intensity  of  a  pericardial  sound. 
The  cardiac  murmurs  are  more  regular  and  do  not 
vary  as  do  the  pericardial  sounds. 

Houston  B.  Hiatt. 

Cardiac  Therapeutics,  General. — See  Heal, 
Functional  Disorders  and  General  Therapeutics  of. 

Cardiography. — Broadly  speaking  this  term  (from 
KapSla,  the  heart.  +  ypd<t>(ii>,  to  write)  is  used  to  des- 
ignate the  art  of  recording  graphically  the  move- 
ments, sounds,  and  differences  in  electrical  potential 
of  the  several  parts  of  the  heart,  the  movements  of 
the  blood-vessels  (arteries  and  veins)  and  other  or- 
gans (liver,  etc.)  influenced  by  heart  action. 

Description  op  Apparatus. — The  sphygmograph 
{(T(ftvyii6i,  the  pulse,  -I-  ypdijxtp,  to  write)  was  the  in- 
strument first  devised  to  record  graphically  circula- 


FiG.   1220. — Dudgeon's  Sphygmograph. 

tory  phenomena.  It  records  the  movements  of  the 
pulse.  The  polygraph  (ttoXw,  manj'  +  ypd<p(iv,  to  write) 
is  somewhat  more  elaborate  than  the  sphygmo- 
graph and  is  used  to  record  simultaneously  the 
movements  of  two  or  more  organs  (heart,  arteries, 
veins,  lungs,  liver,  etc.)  The  ingenuity  of  numerous 
inventors  during  the  last  fifty  years  has  afforded  us 
many  kinds  of  apparatus  hut  a  description  of  a  few 
types  will  serve  to  illustrate  the  main  principles  and 
their  use.  Essentially  each  instrument  consists  of  a 
recording  surface  moved  by  means  of  clock-work,  and 
a  writing  lever,  the  recording  paper  may  be  plain 
white  paper  (Mackenzie,  Marey,  etc.)  or  smoked  paper 
(Dudgeon,  Jacquet,  Marey,  Uskoff,  etc.),  the  writing 
lever  may  be  a  delicate  wire  which  scratches  the 
smoked  paper  (Dudgeon,  Jacquet,  Uskoff,  etc.)  or 
may    carry    an    ink    pen    (Mackenzie,    Marey,    etc.). 
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Some  instruments  are  made  to  be  fastened  on  the 
wrist  and  applied  directly  to  the  pulse  (Dudgeon, 
Marey,  Jacquet),  others  (Mackenzie,  Uskoff)  are 
arranged  to  be  placed  on  a  table  near  the  patient  and 
the  movements  of  the  organs  to  be  recorded  are  con- 
veyed to  the  writing  levers  by  air  pressure  through 
rubber  tubing  connected  with  specially  adapted 
tambours.  Most  of  the  instruments  are  provided 
with  a  time  marker  which 
records  fifths  or  tenths  of  a 
second. 

Dudgeon's  sphygmograph 
is  applied  to  the  wrist  in 
such  a  manner  that  a  spring 
on  its  under  surface  is 
brought  in  contact  with  the 
radial  artery.  The  pressure 
of  this  spring  on  the  arterj' 
is  regulated  by  the  tightness 
of  the  band  which  holds  it 
in  place,  a  further  adjust- 
ment can  be  made  by  means 
of  a  small  wheel  connected 
with  a  cam.  The  move- 
ments of  the  arterj-  are 
transmitted  by  the  spring 
to  the  writing  pen  bj'  means 
of  a  series  of  levers  and  are 
recorded  on  a  strip  of 
smoked  paper  moved  by 
clock  work.  The  Dudgeon 
is  a  simple  and  satisfactory 
instrument  for  recording 
the  movements  of  the  pulse. 
A  few  years  ago  Mackenzie 
modified  the  Dudgeon  by 
attaching  to  it  an  additional 
writing  lever  with  a  connec- 
ting tambour  making  it  ser- 
viceable as  a  polygraph. 

Jacquet's  sphygmocardiograph  is  a  beautifully  con- 
structed polygraph  which  is  provided  with  two  inde- 
pendent clock  mechanisms,  one  to  move  the  smoked 
paper  (with  fast  and  slow  speed  adjustments),  the 
other  to  record  the  time  intervals.  It  is  buUt  to 
be  applied  to  the  wrist,  the  movements  of  the  arterj- 
being  transmitted  directly  bj'  means  of  a  spring  and 
levers  to  a  delicate  writing  point.  In  addition  to 
these  means  for  recording  the  pulse  and  time  intervals 
one  or  two  other  writing  points  connected  with  tam- 
bours are  provided  to  record  simultaneously  other 
movements,  such  as  the  apex  beat,  jugular  pulse,  etc. 


Uskoff's  sphygmotonograph  is  provided  with  four 
writing  levers  wliich  are  kept  in  contact  with  the 
strip  of  smoked  paper  by  the  action  of  gravity.  The 
pulsations  of  the  brachial  artery  are  taken  iip  by  a 
cuff  similar  to  that  used  for  blood  pressure  determina- 
tions and  are  transmitted  to  a  rubber  ball  enclosed  in 
a  glass  bulb,  the  interior  of  this  bulb  is  connected 
.with  a  tambour  to  which  is  attached  a  writing  lever. 


Clinical  Polygraph.  (Dudgeon-Mackenzie.) 


These  latter  movements  are  taken  up  by  suitably 
contrived  apparatus,  cups,  etc.,  and  are  transmitted 
to  the  tambours  attached  to  the  writing  levers  bj- 
means  of  air  pressure  in  rubber  tubing.  The  writing 
points  are  kept  in  contact  with  the  smoked  paper  by 
the  force  of  gravity,  a  considerable  aid  to  the  operator 
since  it  permits  him  to  direct  his  attention  to  the  other 
features  of  the  manipulation. 
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Fig.  1222. — Jacquet's  Sphygmocardiograph.      (Arthur  H.  Thomas  Company.) 


This  sj-stem  is  connected  by  means  of  a  three-way 
cock  with  a  column  of  mercurj'  whose  height  may  be 
recorded  by  an  ingenious  blowing  device  acting  on 
another  writing  lever.  A  third  tambour  with  its 
writing  lever  may  be  used  to  record  the  movements 
of  the  veins,  apex,  liver,  or  respiration,  which  are 
received  by  air  transmission  through  rubber  tubing 
from  a  cup  or  other  device  applied  to  one  of  these 
organs.  A  fourth  writing  lever  records  fifths  of  a 
second.  The  paper  and  time  marker  are  moved  by 
separate  clock  mechanisms.  The  more  recent  modek 
are  provided  with  two  speeds  for  moving  the  smoked 
paper  and  a  special  support  for  a  long  roll  of  ready 
smoked  paper  which  may  be  procured  with  the  in- 
strument. This  is  an  exceedingly  satisfactory  in- 
strument for  ordinarj-  routine  polygraph  work,  the 
adjustment  of  the  brachial  cuff  is  quickly  made  and 
usually  takes  much  less  time  and  attention  than  is 
required  by  the  instruments  attached  to  the  wrist. 
The  attachment  for  recording  the  various  pressures 
I  have  found  of  little  value,  but  the  height  of  the 
mercurial  column  may  be  read  directly  during  the 
adjustment  of  the  brachial  cuff  and  this  affords  a 
simple  means  of  determining  blood  pressure  while 
one  is  preparing  to  take  a  graphic  record  of  the  pulse. 
In  adjusting  the  cuff  for  recording  the  brachial  artery 
the  pressure  is  usually  raised  to  a  point  which  is  the 
equivalent  of  diastolic  pressure  as  this  gives  the 
greatest  excursion  to  the  writing  point. 

Mackenzie's  ink  polygraph  is  snown  in  Fig.  1224. 
It  has  the  great  advantage  over  other  instruments  of 
writing  in  ink  on  a  strip  of  paper  furnished  from  a 
roll.  Bj'  means  of  th  s  instrument  a  long-continued 
record  may  be  taken,  often  an  important  feature 
when  irregularities  occur  at  infrequent  intervals. 
The  paper  and  time  marker  are  driven  by  separate 
clock  mechanisms  and  the  movements  of  the  blood- 
vessels are  magnified  by   the   length  of  the  writing 
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levers.  The  speed  at  wliicli  tlic  paper  moves  nuiy  be 
regulated  at  will.  The  use  (if  ink  does  away  with  the 
necessity  of  smoking  the  paper  and  fixing  the  tracings 
with  varnish. 

Hospitiil  Polygraph. — For  hospital   work   we  have 
found  useful  a  large  Ludwig  kymograpli  mounted  on 


justing  the  length" of  the  steel  rod  of  the  device  for 
making  and  breaking  the  current  (4,  Fig.  1225)j'any 
desired  time  interval,  from  0.2  to  11.02  .second,  may 
be  recore^iMJ.  For  obtaining  aee\irale  and  elaborate 
records  we  liave  found  this  apparatus  very  satisfactory. 
Accessory  Apparatus  for  Polygraph    Work. — There 


Fig.   l'22'.'j. — Uskoff'p  Sphygniotonograph.      (.Vrtliur   H.    'lliuiuas   Company.) 


Fig.   1224. — Mackenzie's  Ink  Polygraph.     (Arthur  H.  Thomas  Company.) 


a  table  which  can  be  wheeled  to  the  bedside.  The 
smoked  paper  can  be  used  on  a  single  drum  as  shown 
in  the  cut  or  a  double  drum  may  be  arranged  to  carry 
a  strip  of  paper  fifteen  feet  long.  The  drums  may  be 
made  to  move  at  any  desired  velocity.  The  time 
marker  is  activated  by  a  dry-cell  battery  and  by  ad- 


are  certain  pieces  of  apparatus,  which,  while  not 
essential  for  the  ordinary  poh'graph  work,  are  help- 
ful and  often  materially  facilitate  the  taking  of 
records.  Among  those  wliich  have  been  found  useful 
are  the  following:  ar?n  rest  which  may  be  attached 
to    the   patient's   forearm,   with   a   handle    which   is 
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received  in  the  palm  of  the  hand;  suitable  adjustments 
permit  of  the  desired  degree  of  extension  of  the  wrist 
so  that  the  radial  artery  is  more  readily  brought 
and  held  in  contact  with  the  receiving  apparatus  of 
the  various  instruments  attached  to  the  wrist.  In 
Fig.  122.5  are  shown  (1)  a  metal  u-heel  for  smoking 
paper;  (2)  a  convenient  form  of  basin  for  varnishing 


(6)  pneumograph  to  facilitate  the  recording  of  respira- 
tory phenomena. 

The  Micrograph. — This  instrument,  devised  by 
Albert  C.  Crehore,  Ph.D..  contains  a  thin  metal  dia- 
phragm similar  to  that  of  a  telephone,  on  one  side  of 
which  there  is  an  air  chamber  connected  by  a  tube 
to  a  tambour  receiver  located  on  any  desired  portion 


FlQ.   1225. — Hospital  Polygraph. 


tracings,  and  (3)  connected  with  this  by  tubing  a 
receptacle  for  holding  the  varnish  when  not  in  use;  (4) 
adjustable  apparatus  for  making  and  breaking  the  elec- 
tric current  in  connection  with  a  time  recorder.  In 
Fig.  1226  are  shown  (1)  various  forms  of  cups  and  re- 
ceiving apparatus,  (2)  receiver  for  brachial  artery,  (3) 
for  apex,  (4)  for  radial,  (5)  Jacquet's  chronograph  and 
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of  the  body.  The  diaphragm  is  free  to  respond  to  all 
vibrations"  transmitted  to  it  through  the  medium  of 
the  confined  air  column.  The  movements  of  the 
diaphragm  are  made  visible  by  employing  the  phenom- 
ena of  the  interference  of  light.  To  the  surface  of 
the  diaphragm  D  (Fig.  1227)  is  attached  a  plane  mirror 
E   polished   on  its   upper  surface    to   make   a   metal 
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Ireflector.  Just  abovo  this  is  placed  a  nlano-convex 
jlens  L,  with  the  phiiio  surface  parallel  to  but  not 
touching  the  surface  of  the  mirror.  A  mercury  vapor 
lamp  is  i)laced  above  the  instrument  and  brings  to 
the  view  of  the  observer  a  series  of  interference  bands 
of  light  between  the  two  reflecting  surfaces.  As  the 
diaphragm  moves,  the  reflecting  surface  E  approaches 
and  recedes  from  the  lens  L,  tlie  concentric  circular 
interference  bands  contract  and  expand  respectively. 
By  tills  means  the  movements  of  the  diaphram  are 
magnified  about  50,000  times.  The  interference 
bands  may  be  recorded  on  a  moving  photographic 
plate  (Fig.  1228).  From  this  negative  a  "pressure- 
time"  curve  can  be  accurately  constructed  by  measur- 
ing the  distance  on  the  plate  of  the  appearance  and 
disappearance  of  the  interference  bands  and  plotting 
these  measurements  (Fig.  1229).  By  using  several 
instruments  simultaneously  and  projecting  their 
images  on  one  plate,  synchronous  curves  of  various 
physiological  events  may  be  recorded.     The  instru- 


lateral  opening  in  the  tube  so  that  only  those  vibra- 
tions which  are  due  to  sound  waves  are  recorded. 

TJxe  plionoscojjco!  Weiss  (Fig.  1230)  is  so  constructed 
that  the  sounds  of  the  heart  are  received  on  a  soap 
bubble,  a  membrane  which  is  said  to  exceed  in  delicacy 
the  most  sensitive  microphone  yet  devised,  the  oscilla- 
tions of  this  membrane  are  transmitted  to  a  delicate 
filament  of  silvered  glass,  bent  at  a  riglit  angle  and 
placed  in  the  center  of  the  soap  bubble.  The  move- 
ments of  this  glass  rod  are  recorded  by  i)hotographic 
apparatus.  By  means  of  this  instrument  the  niormal 
sounds  of  the  heart  and  murmurs  may  be  recorded. 

The  (ierhartz  apparatus  receives  the  sound  waves 
on  a  membrane  of  collodion,  the  movements  of  this 
membrane  are  transmitted  by  a  delicate  needle  to  a 
minute  iron  disc  resting  between  the  poles  of  a  small 
magnet  which  acts  as  a  delicate  means  of  damping 
the  movements  of  the  membrane  to  the  desired  degree. 
To  one  side  of  the  disc  is  attached  an  oscillographic 
mirror  which  reflects  the  raj-s  from  a  small  electric 


Fig.  1226. — Accessory  Apparatus  for  Polygraph  Work.      1.  Receiving  cups;  2,  receivers  for  brachial  or  carotid  artery;  3,  for 
apes;  4,  for  radial;  5,  Jacquet's  chronograph;  6.  pneumograph. 


ment  is  exceedingly  delicate  and  responds  to  waves  of 
sound  as  well  as  to  those  of  motion.  It  is  far  more 
delicate  than  the  polygraph  instruments  which  make 
use  of  writing  levers  and  avoids  the  errors  of  "  inertia" 
and  "fling"  which  are  inherent  in  the  lever  instrument. 

Pho.voc.^rdiggrapht  (0UIT;,  a  sound;  Kap5la,  the 
heart,  +  -ifii^xiv,  to  write)  is  the  art  of  recording 
graphically  the  sounds  of  the  heart. 

Francke's  capsule  offers  one  of  the  simplest  methods. 
The  sounds  of  the  heart  are  taken  up  by  a  cup  fas- 
tened to  the  precordium  and  are  transmitted  b}'  rubber 
tubing  to  the  "capsule,"  which  consists  of  a  cylindri- 
cal metal  tube  slightly  flattened  on  one  side"  at  the 
distal  end;  this  end  is  covered  by  a  delicate  gutfa 
percha  membrane  upon  one  side  of  which  is  mounted 
a  light  quadrilateral  piece  of  gelatin  which  serves  as  a 
support  for  a  small  oscillographic  mirror.  The  mirror 
is  illuminated  by  the  rays  from  a  Nernst  lamp  and 
its  movements  are  recorded  photographically.  Me- 
chanical pressure  effects  are  excluded  by  means  of  a 


light  to  the  photographic  film.  By  proper  adjust- 
ments this  instrument  may  be  used  to  record  pressure 
and  sound  waves  or  sound  waves  alone  (Fig.  1232). 

Other  methods  of  recording  heart  sounds  and  mur- 
murs are.  the  use  of  a  microphone  in  connection  with 
the  string  galvanometer  of  Einthoven  (Fig.  1233),  and 
the  micrograph  of  Crehore  (see  Micrograph). 

Practical  Points  in  Taking  Polygraph  Rec- 
ORD.s. — Much  time  and  annoyance  in  taking  poly- 
grams may  be  saved  if  one  systematically  pays 
attention  to  the  following  apparently  insignificant 
details.  One  should  always  first  examine  his  instru- 
ment to  see  if  all  parts,  particularly  the  tambours,  are 
in  good  working  order;  the  clock  "work  (usually  two 
sets)  should  be  wound.  If  smoked  paper  is  "to  be 
used  an  ample  supply  should  be  prepared  so  that  one 
need  not  interrupt  his  work  for  this  purpose  during 
the  record-taking  period.  For  smoking  the  paper  a 
large  candle,  a  kerosene  lamp,  burning  camphor,  or  a 
gas  burner  fitted  with  a  fantail  may  be  employed. 
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Personally  I  prefer  the  gas  burner  when  practical  as 
by  this  means  the  smoke  is  laid  on  the  paper  more 
evenly  and  less  heavily  than  by  the  other  methods. 
If  the  ink  polygraph  is  used  the  pens  should  be  care- 
fully cleaned  and  fiUed  with  the  writing  fluid. 

The  patient  should  be  placed  on  a  couch  or  bed 
with  clothing  loosened  to  allow  access  to  the  parts 
which  it  is  wished  to  investigate,  he  should  be  in  a 
comfortable  position  so   that  he   may  relax  and  lie 
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Fig.  1227. — The  Micrograph.     (Crehore  and  Meara  in  the  Jour. 

Amer.  Med.  Ass'n.) 

quietly.  In  taking  a  record  of  the  jugular  pulse  the 
shoulders  should  be  slightly  raised,  the  head  some- 
what flexed  forward  and  rotated  to  the  right  and  sup- 
ported by  pillows  so  that  the  sternocleidomastoid 
muscles  may  be  perfectly  relaxed.  When  a  radial 
tracing  is  taken,  the  position  of  the  radial  arterj' 
should  be  marked  with  a  skin  pencil,  this  will  be 
found  to  facilitate  greatly  the  correct  adjustment  of 
the  spring  of  the  instrument  over  the  radial  artery. 


Fig.   I22S.  —  Micrograph  Record. 

The  spring  of  the  instrument  should  rest  immediately 
over  the  arterj^  to  avoid  distortion  of  the  form  of  the 
pulse  tracing,  which  a  lateral  displacement  may  cause. 
If  the  pressure  of  the  spring  on  the  arterial  wall  is 
equivalent  to  the  diastolic  presssure  of  the  patient  the 
movements  of  the  spring  wUl  be  maximal,  if  this  gives 
a  movement  to  the  writing  lever  greater  than  is 
desired  the  excursions  may  be  reduced  by  slightly 
increasing  or  diminishing  the  pressure  of  the  spring 
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(in  polygraph  work  the  time  relations  of  the  various 
tracings  are  usually  of  greater  importance  than  the 
size  of  the  various  waves).  In  adjusting  the  brachial 
cuff  of  the  Uskoff  or  Erlanger  apparatus,  the  pressure 
is  usually  raised  to  a  point  equivalent  to  the  patient's 
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Fig.  1229. — Curve  Obtained  by  Plotting  the  Micrograph  Record 
(Crehore  and  Meara,  Jour.  Amer.  Med.  Ass'n.) 

diastolic  pressure  (in  using  this  instrument  one  some- 
times meets  with  difficulty  in  securing  a  sharp  "foot- 
point"  for  the  waves  of  the  brachial  record).  The 
receiving  apparatus  for  an  apex  tracing  may  be  a 


FlQ.   1230. — Phonoscope  of  Weiss. 

smaU  Mackenzie  cup  or  one  of  the  more  elaborate 
forms  of  the  so-called  "cardiographs,"  which  may  be 
strapped  to  the  chest  wall  or  held  by  an  assistant. 
The  position  of  the  apex  thrust  should  be  marked 
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FiQ.  12.31. — Registration  of  the  Heart  Sounds  in  Man  by  Weiss' 
Method.  The  curve  of  the  carotid  pujse  is  shown  above,  the 
phonocordiogram  in  the  middle,  and  the  time  markings  of  0.01 
sec.  below.  The  curves  are  to  be  read  from  right  to  left.  1,  1, 
First  sound;  2,  second  sound.  (After  O.  Weiss,  Phonokardio- 
gramme.  Jena,  1909.) 

with  a  skin  pencil  and  care  should  be  taken  to  adjust 
the  receiver  to  this  point  (a  receiver  placed  inside  the 
apex  beat  will  often  record  the  sj-stolic  retraction  of 
the  tissues  near  the  apex  giving  the  so-called  "in- 
verted cardiogram").  The  jugular  tracings  are  best 
taken  with  a  Mackenzie  cup  about  one  and  one-half 
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'nches  in  diamotor  and  slightly  flattened  on  one  edge. 
'lie  cnp  i«  placed  over  tlie  lugular  bulb,  just  above 
ii'id  about  one-lialf  inch  to  the  right  of  the  right  .stcr- 


FlQ.    12 


-Gerhart's  Apparatus  for  Recording  the  Sounds  and 
Movements  of  the  Heart. 


The  Inteupuetatio.v  and  SiGNiFirANCE  of  the 
PoLYGKAM. — The  main  facts  of  clinical  importance 
which  have  been  obtained  from  polygraph  studies  of 
the  circulation  have  lieen  derived  from  a 
comparison  of  the  relations  of  auricular  and 
ventricular  activities.  The  value  of  records 
nf  the  apex  beat,  carotid,  bracliial,  or  radial 
arteries  depends  on  the  fact  that  they  repre- 
.scnt  more  or  less  accurately  the  activities  of 
I  he  left  ventricle,  while  the  movements  of 
the  jugular  veins  or  a  pulsating  liver  give  us 
:i  certain  insight  into  the  activities  of  the 
liglit  auricle. 

The  diagram  (Fig.  1234)  indicates  the  internal 
pressures  and  time  relations  of  the  ventricle, 
auricle,  and  ves.sels  of  the  normal  subject. 

In  clinical  work  we  usually  make  use  of 
synchronous  records  of  the  radial  and  jugu- 
lar tracings.  The  principal  waves  of  the 
jugular  tracing  are,  tlie  wave  of  auricular 
systole    (A);    the    wave    synchronous    with 


Fio.    la.'iS. — Record  of  Heart  Sounds  taken  with  Einthoven's  String  Galvanometer. 

(^Johns  Hopkins  Hospital  Bulletin.) 

noclavicular  junction,  the  flattened  edge  of  the  cup 
should  be  parallel  to  the  upper  border  of  the  clavicle 
and  should  be  held  gently  in  position  by  the 
operator's  hand,  which  is  steadied  by  resting  lightly 
on  the  chest  wall;  the  cup  is  provided  with  a  pin-hole 
vent,  which  may  be  covered  by  the  operator's  finger, 
who  can  thus  adjust  the  internal  air  pressure  without 
removing  the  cup.  Any  considerable  pressure  of 
the  cup  over  the  veins  must  be  avoided  The 
receiving  cup  may  be  shifted  about  to  obtain  the 
point  of  maximum  venous  pulsation;  at  times  the 
best  tracings  are  obtained  at  a  point  higher  up  on  the 
neck. 

In  taking  tracings  of  the  movements  of  the  liver 
a  larger  cup  with  a  flattened  edge  should  be  employed; 
the  abdomen  should  be  relaxed  and  the  cup  brought 
in  contact  with  the  under  surface  of  the  liver. 

Records  of  the  left  auricle  have  been  taken  by 
introducing  into  the  esophagus  a  stomach  tube  with 
a  single  lateral  opening  covered  with  a  delicate  rubber 
membrane.  The  tube  must  be  introduced  to  a  point 
which  brings  the  rubber  memlirane  opposite  the 
pulsating  auricle.  In  taking  such  records  a  prelimi- 
nary course  of  training  is  necessary  to  accustom  the 
patient  to  the  use  of  the  tube. 

The  changes  in  air  pressure  produced  in  the  various 
receiving  devices  are  transmitted  to  the  tambours 
connected  with  the  writing  levers  by  rubber  tubing; 
each  of  these  tubes  should  be  provided  with  a  small 
lateral  valve  closed  automatically  by  a  spring  which 
can  be  released  at  any  time  to  regulate  the  internal 
air  pressure. 

When  all  the  levers  are  seen  to  be  correctly  ad- 
justed and  moving  freely  the  time  marker  is  started 
and  finally  the  clock  work  moving  the  paper.  At 
times  when  the  respiratory  movements  distort  the 
jugular  tracing  it  will  be  found  of  advantage  to  have 
the  patient  hold  his  breath  while  the  polygram  is 
being  taken.  From  time  to  time  the  paper  should  be 
stopped  so  that  synchronous  points  on  the  various 
curves  may  be  indicated  for  the  sake  of  subsequent 
measurement.  The  smoked  paper  records  are  fixed 
by  passing  them  througli  a  bath  of  varnish. 


1,  First  sound;  2,  second  sound. 


Fig.  12.^4. — Diagram  of  the  Pressure  Changes  in  the  Cardiao 
Chambers  and  Their  Time  Relations  to  the  Aortic.  Carotid, 
Jugular  and  Electrocardiographic  Curves  and  Heart  Sounds, 
(After  Lewis.) 
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and  probably  due  to  carotid  pulsation  (C) ;  and  the 
wave  (V)  due  to  rising  auricular  pressure  during  the 
ventricular  systole.  The  depression  (X)  is  mainly 
due  to  the  relaxation  of  the  auricle  after  its  systole. 
The  depression  (Y)  is  due  to  the  emptying  of  the 
auricle  after  the  opening  of  the  tricuspid  valve.  The 
closure  of  the  semilunar  valves  is  frequently  marked 
by  a  notch  in  the  ascending  limb  of  the  (V)  wave. 
The  opening  of  the  tricuspid  valve  is  indicated  by 
the  termination  of  the  (V)  wave  (Fig.  1235). 

The  first  step  necessary  in  analyzing  a  jugular  trac- 
ing is  to  locate  the  C  wave.  To  accomplish  this  one 
measures  accurately  with  dividers  the  distance  of  the 
foot   point   of   any  given  radial  wave  from  the  line 


auricular  and  ventricular  activities  and  from  these 
can  be  deduced  certain  abnormalities  in  the  funda- 
mental properties  of  the  cardiac  tissues.  The  poly- 
gram of  the  abnormal  pulse  will  not  be  discussed  here 
as  it  has  been  treated  of  at  length  in  Volume  I  under 
the  heading  ATrhythmia,  cardiac. 

Electrocardiography. — This  is  the  art  of  record- 
ing graphically  the  differences  in  electrical  potential 
of  the  heart  muscle  during  its  activity.  That  every 
contraction  of  a  muscle  is  accompanied  by  certain 
definite  changes  in  electrical  potential  has  been  known 
since  1856,  when  KoUiker  and  Mailer  detected  the 
action  current  of  the  frog's  heart  by  applying  elec- 


Jugular 


Apex 


Radial 


0.2  Second 


Fig.  1235. — Normal  Polygram.     1,  Beginning  of  auricular  contraction;  2.  beginning  of  apex  contraction:  3,  beginning  of  carotid  wave 
4,  beginning  of  radial  wave;  5,  closure  of  semilunar  valves;  6,  opening  of  tricuspid  valves;  E  =  3  to  5,  ventricular  systolic  period. 


marking  the  beginning  of  the  radial  tracing;  one  then 
measures  off  a  corresponding  distance  from  the  start- 
ing place  of  the  jugular  tracing;  at  a  distance  equiva- 
lent to  0.1  second  preceding  this  point  will  be  found 
the  C  wave  (since  the  pulse  wave  requires  0.1  second 
to  travel  from  the  carotid  to  the  radial  at  the  wrist). 
In  the  normal  tracing  the  A  wave  will  be  found  pre- 
ceding the  C  wave  by  0.2  second.  The  V  wave  fol- 
lows the  C  wave  separated  from  it  by  the  depression 
X.     The  depression  Y  follows  the  V  wave. 

Under  various  arrhythmic  conditions  of  the  heart 
there  will  be  found  variations  in  the  relations  of  these 
waves  of  the  jugular  pulse;  these  variations  afford  us 
a  means  of  determining    the    time    relations  of  the 


trodes  to  its  surface.  When  a  wave  of  contraction 
passes  over  a  muscle,  that  portion  of  the  muscle  which 
is  actively  contracting  is  electrically  negative  to  all 
other  parts  of  the  muscle.  It  is  the  object  of  electro- 
cardiography to  detect  those  differences  of  electrical 
Eotential  which  occur  during  the  contraction  of  the 
eart  muscle  and  to  record  them  graphically.  This 
has  been  made  possible  clinically  by  the  genius  of 
Professor  Einthoven  of  Leyden,  to  whom  we  are 
indebted  for  the  construction  of  a  wonderfully  deli- 
cate galvanometer  known  as  Einthoven's  String  Gal- 
vanometer. This  instrument  consists  of  a  powerful 
electromagnet  activated  by  a  storage  battery  of  five 
to  six  amperes  furnishing  about  ten  volts.     Between 
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(he  poles  of  tliis  electromagnet  is  stretched  a  delicate 
filament  of  platinum  or  of  silvered  quartz;  the  di- 
amotor  of  one  of  these  threads  is  from  two  to  four 
microns  (about  half  the  diameter  of  a  red  blood- 
corpuscle)  and  their  resistance  is  about  5,000  ohms. 


Fig.    1236. — Einthoven's    String    Galvanometer.     G,     Galvanometer:    L.    ar 
light;  A  and  B,  systems  of  plug  rheostats.       (Arthur  H.  Thomas  Company.) 


When  a  current  of  electricitj-  passes  througli  this 
string,  at  right  angles  to  the  lines  of  force  of  the  mag- 
netic field  of  the  electromagnet,  the  string  is  de- 
flected to  one  side  or  the  other  according  to  the 
direction  in  which  the  current  passes.     An  arc  light 


connection  with  a  rheostat  is  so  arranged  that  the 
operator  may  send  any  desired  fraction  of  this  cur- 
rent through  the  string  in  either  direction  and  thus 
determine  the  sensitiveness  of  the  instrument  at  any 
particular  moment.  The  tension  of  the  string  may  be 
increased  or  diminished  at  will  bv  means  of 
a  micrometer  screw,  thus  readify  varying 
its  sensitiveness.  The  string  is  usually  ad- 
justed so  that  the  passage  of  one  milivolt  \ 
of  current  causes  a  deflection  of  the  shadow  J 
of  one  centimeter. 

When  a  patient  is  placed  in  the  galvan- 
ometer circuit  by  attaching  suitable  elec- 
trodes to  the  surface  of  the  body,  it  is 
found  that  certain  differences  of  potential 
are  present  which  cause  a  deflection  of  the 
string  (the  so-called  "skin  current."  proba- 
bly due  to  the  glandular  activities  of  the 
body).  In  order  that  the  delicate  differ- 
ences of  potential  of  cardiac  activity  may 
not  be  obscured  by  this  "skin  current,"  it 
is  neutralized  by  introducing  into  the  cir- 
cuit in  the  opposite  direction,  by  means  of 
a  rheostat,  a  sufficient  portion  of  the  cur- 
rent from  a  single  dry  battery  cell  to  ex- 
actly counterbalance  the  "skin  current." 

For  the  purpose  of  enclosing  the  patient 
in  the  circuit  various  forms  of  electrodes  are 
employed,  usually  metal  vessels  containing 
solutions  of  common  salt  in  which  the  ex- 
tremities are  immersed.  -\  more  satisfac- 
tory electrode  devised  by  Dr.  H.  B.  Williams 
is  used  in  our  work  at  the  Presbyterian  Ho.spital.  New- 
York.  It  consists  of  a  large  thin  flexible  sheet  of 
German  silver  covered  with  light  felt;  this  is  moist- 
ened with  hot  salt  solution  and  bound  about  the 
extremities  with  tapes. 


Fig.  1237. — Patient  Prepared  for  Electrocardiography.     Attachments  made  by  means  of  Williams  electrodes  on  arms  and  left  leg. 


passing  through  a  system  of  condensing  lenses  and 
Zeiss  objective  and  projection  oculars,  magnifies  and 
focus.ses  the  shadow  of  the  string  on  a  photographic 
plate  or  film. 

A  Weston  normal  element   furnishing  one  volt  in 


A  Jacquet  timer  recording  fifths  of  a  second  is 
placed  in  front  of  the  camera  so  that  the  time  intervals 
are  recorded  simultaneously  with  the  movements  of 
the  string.  The  photographic  apparatus  which  we 
have  employed  is  made  by  Edelmann;  it  makes  use 
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of  a  200-foot  kodak  film  moved  by  an  electric  motor, 
with  convenient  devices  for  numbering,  exposing, 
cutting  off,  and  removing  the  film  according  to  the 
length  desired.  In  the  Presb3-terian  Hospital  wires 
are  run  from  the  laboratorj'  to  the  several  wards  so 
that  records  are  easily  taken  of  patients  without 
removing  them  from  their  beds.  Records  thus 
taken  at  a  distance  are  known  as  telecardiograms. 

The  patient  under  observation  should  be  warm, 
relaxed,  and  perfectly  quiet,  since  tenseness  of  the 
muscles,  muscular  movements,  shivering,  talking, 
coughing,   etc.,    cause    irregular   movements    of    the 


Fig.  123S. — Photographic  Apparatus  lor  Jiecordmj;  the  Move- 
ments of  the  String  of  Einthoven's  Galvanometer.  (Arthur  H. 
Thomas  Company.) 

string  (these  however  are  usually  easilj'  differentiated 
from  the  movements  due  to  heart  activity). 

The  character  of  the  electrocardiographic  curve 
varies  with  the  parts  of  the  body  from  which  it  is 
derived.  In  routine  w-ork  it  is  customary  to  take 
three  records  from  each  patient  designated  as  follows: 

Lead  I Current  from  right  arm  and  left  arm. 

Lead  II Current  from  right  arm  and  left  leg. 

Lead  III Current  from  left  arm  and  left  leg. 

The  steps  necessary  to  be  taken  in  making  an 
electrocardiogram  are  as  follows: 

1.  Attachment  of  three  electrodes  to  the  patient, 
(right  arm,  left  arm,  and  left  leg). 

2.  The  estimation  of  the  resistance  in  each  of  the 
three  leads. 

3.  The  standardization  of  the  galvanometer. 

4.  The  compensation  of  the  "skin  current." 

5.  The  recording  of  the  movements  of  the  string  of 
the  galvonometer  under  the  influence  of  the  heart 
action. 

6.  The  development  and  printing  of  the  films. 
The  Interpretation  and  Significance  of  the   Electro- 
cardiogram.— When  no  current  is  passing  through  the 


Fig.    1239. — Scheme  of  the  Normal  Electrocardiogram. 

string  of  the  galvanometer,  the  electrocardiogram 
presents  a  base  line  which  shows  the  string  at  rest. 
When  a  current  passes  through  the  string  it  is  de- 
flected and  these  deflections  are  shown  in  the  electro- 
cardiogram as  waves  varying  in  height  and  length. 
The  principal  features  and  the  lettering  of  the  waves 
of  the  normal  electrocardiogram  as  first  suggested  bj' 
Einthoven  are  shown  in  the  diagram  (Fig.  1239i.  The 
wave  P   corresponds   to  the   systole   of  the  auricles. 

G56 


The  waves  Q,  R,  S,  T,  correspond  to  the  systole  of  the 
ventricles;  of  these  waves  R  and  T  are  most  constant 
and  are  the  best  understood:  Q  and  S  may  either  one 
or  both  be  absent  in  the  electrocardiogram  of  the 
healthy  subject.  A  satisfactory  interpretation  of  all 
of  the  elements  of  the  electrocardiogram  is  not  yet 
possible,  but  the  following  summary  indicates  the 
significance  of  the  main  features  as  most  generally 
accepted  at  the  present  time. 

P  =  auricular  sj-stole. 
P  to  R  =  the  time  occupied  in  the  conduction  of  the 

impulse  from  the  auricle  to  the  ventricle  = 

0.12  to  0.17  second 
Q  =  the    first    evidence    of   ventricular   activity 

(probably  portions  of  the  ventricular  muscle 

at  some  distance  from  the  base). 
R  =  activity  of  the  basal  portion  of  the  ventricle. 
S  =  activity  of  the  apical  portion  of  the  ventricle. 
T^final  activity-  of  the  ventricle   (probably  the 

basal   portion   near   the   exit   of   the   great 

arteries). 
T  to  following  P  =  diastolic  period. 
The  electrocardiograms  obtained  from  the  normal  in- 
dividual by  the  three  leads,  as  described  in  a  preceding 
paragraph,  present  somewhat  different  features.  The 
wave  P  is  positive  in  all  leads.  The  P-R  interval 
varies  slightly  in  the  three  leads.  All  the  waves  of 
lead  II.  are  greater  than  those  of  leads  I.  and  III. 
The  wave  R  is  positive  in  all  leads.  T  is  usually  posi- 
tive in  all  leads  but  is  occasionally  negative  in  lead 
III.,  even  in  normal  individuals.  There  is  a  consider- 
able range  of  variation  in  the  electrocardiogram  which 
lies  within  the  limits  of  the  normal.  Among  these 
physiological  variations  may  be  mentioned  a  shorten- 
ing of  the  diastolic  period  in  increased  frequency  of 
the  heart;  a  variation  in  the  amplitude  of  the  R  wave 
synchronous  with  respiration;  increase  in  the  size  of 
the  T  wave  with  increased  exertion;  and  changes  in  Q 
and  S  coincident  with  changes  of  the  position  of  the 
heart  in  the  thoracic  cavity. 

Hypertrophy  of  the  heart  is  shown  in  the  electro- 
cardiogram by  certain  well-marked  features.  As  was 
mentioned  above,  the  normal  heart  shows  Ri.  Ru.  and 
R  in  all  as  positive  waves.  In  hypertrophy  of  the 
left  ventricle  Ri  is  positive  and  relatively  high  and 
Riii  is  negative.  In  hj'pertrophy  of  the  right  ven- 
tricle Ri  is  small  or  negative,  Rm  is  positive  and 
relatively  high. 

Cardiac  Irregiilarilies. — This  subject  is  treated  at 
length  in  another  volume,  hence  in  the  present 
paper  onlj'  a  brief  outline  will  be  given  of  a  few  of  m 
the  features  of  the  electrocardiogram  which  ai4  in  ' 
their  elucidation.  The  electrocardiogram  records  not  i 
only  the  time  relations  of  the  sj'stoies  of  the  auricles 
and  the  ventricles,  but  also  the  algebraic  sum  of  the 
differences  of  potential  of  the  heart  muscle  at  any 
given  moment,  and  certain  other  evidence  from  whicll 
we  are  able  to  determine  the  source  of  impulse  forma- 
tion and  the  direction  in  which  the  impulses  travel. 
These  features  aUow  us  to  draw  certain  inferences  in 
regard  to  the  nervous  control  of  the  heart,  the  rapidity 
of  impulse  formation  and  the  rhythmieity  of  their 
discharge,  the  conductivity  of  the  cardiac  structures 
and  perhaps  of  their  contractility'.  With  such  data  we 
are  frequently  able  to  form  a  very  definite  opinion  in 
regard  to  the  prognostic  importance  of  certain  heart 
irregularities,  to  determine  the  site  of  certain  lesions 
of  the  cardiac  structures,  and  to  determine  the  action 
and  therapeutic  results  of  various  remedies. 

The  accompanying  electrocardiograms  reproduced 
from  records  of  patients  in  our  service  in  the  Presby- 
terian Hospital  and  from  private  practice  indicate  a 
few  of  the  features  of  the  normal  and  abnormal 
electrogirocardam.     (See  Plate  XXIII.) 

CO-MP.\RISOX  OF  PoLYGR.\PHIC  AND  ELECTROCARDIO- 
GRAPHIC Records. — In  comparing  the  value  of  the 
pol3'gram  and  the    electrocardiogram    as    means   of 


EXPLANATION  OF 
PLATE  XXIII. 


EXPLANATION  OF  PLATE  XXIIL 

All  figures  are  reduced  one-third  from  the  originals.  In  the  originals  the  distance 
between  the  horizontal  lines  is  two  millimeters.  In  aU  the  records  the  string  is  adjusted 
so  that  a  millivolt  of  current  deflects  the  shadow  one  centimeter.  The  lower  line,  made  by 
a  Jacquet  chronograph,  represents  fifths  of  a   second. 

Fig.   1. — Normal  E.  K.,  lead  I.,  right  arm  and  left  arm. 
Fig.  2. — Normal  E.  K.,  lead  II.,  right  arm  and  left  leg. 
Fig.  3. — Normal  E.  K.,  lead  III.,  left  arm  amd  left  leg. 
Note. — P  =  auricular  complex. 

Q  R  S  T  =  ventricular  complex. 
P,  R,  and  T  are  positive  waves. 
Q  and  S  are  negative  waves. 
Relative  heights  of  R  in  three  leads. 
Normal  P-R  interval. 
Fig.  4. — Sinus  arrhythmia  probably  due  to  vagus  effect. 

Note. — Variation  in  length  of  P-R  (conduction)  and  of  T-P  (diastolic)  intervals. 
Fig.  5. — At  X  is  shown  a  ventricular  extrasystole  which  had  its  origin  in  the  left  side  of  the 
heart  near  the  apex. 

Note. — Abnormal  form  of  P  wave  in  the  regular  beats.     Absence  of  P  wave  in  the 
extrasystole.     Compensary  pause  after  extrasystole. 
Fig.  6. — At  X  is  shown  an  auricular  extrasystole  with  origin  high  up  in  the  auricle.     The 
upper  line  is  a  pressure  curve  of  the  brachial  pulse. 

Note. — P  occurs  too  early  in  the  rhythm  and  is  followed  by  a  ventricular  complex 
(R  T)  of  normal  form.     Compensatory  pause  after  extrasystole. 
Fig.  7. — At  X  is  shown  a  nodal  extrasystole  which  has  its  origin  low  down  in  the   auricle 
near  the  junctional  tissues.     The  upper  line  is  the  radial  pulse. 

Note. — Reversed  P  wave  followed  by  a  normal  ventricular  complex.     Compensatory 
pause  after  extrasystole. 
Fig.  S. — At  X  is  shown  a  ventricular  extrasystole  which  has  its  origin  in  the  right  side  of  the 
heart  near  the  base.     The  upper  line  is  the  radial  pulse. 

Note. — Absence  of  P  before  extrasystole  which  is  followed  by  a  compensatory  pause. 
Large  excursion  of  waves  of  extrasj'stole  with  relatively  small  effect  on  the  radial 
pulse. 
Fig.  9. — Auricular  fibrillation.     Auricular  fibrillary  waves  shown  at  ff. 

Note. — Complete  irregularity,  absence  of  P  waves  and  normal    ventricular   complex 
(Q  R  S  T). 
Fig.   10. — Tachycardia  and  alternation.      A  series  of  ventricular  extrasystoles.     From  a  case 
of  paroxj'smal  tachj-cardia.     Rate,  222. 

Note. — Everj'  other  wave  varies  in  size.     The  auricle  responds  to  the  ventricle  at  every 
other  beat  (reversed  P  wave). 
Fig.   11. — Auricular  fibrillation  mith  coupledbeats.     Digitalis  effect. 

Note. — Each  regular  ventricular  beat  (R)  is  followed  by  a  ventricular  extrasystole  (X). 
Fig.   12. — Complete  block.     .Auricular  rate,  120.     Ventricular  rate,  54. 
Fig.   13. — Paroxysmal  tachycardia  composed  of  a  series  of  ventricular  extrasystoles. 

Note. — Short  paroxysm,  rate  220.  Reversed  P  every  other  beat.  Sudden  transition 
from  slow  to  rapid  rate.  Abnormal  ventricular  complex  of  slow  rate  (seventy- 
five  per  minute)  with  abnormally  long  P-R  interval.  To  the  right  is  shown  a 
single  ventricular  extrasystole  with  compensatory  pause. 
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Carduus  Benedlctus 


interpreting  the  cliangcs  in  the  anatomical  and 
functional  condition  of  the  heart  we  should  observe 
first  of  nil  tliiit  these  two  methods  record  different 
sets  of  ijheninnena.  The  polygram,  whether  taken 
witli  the  micrograph  or  with  one  of  the  several 
lever  writing  instruments,  is  a  graphic  time-pressure 
curve;  the  electrocardiogram  is  a  graphi<'  jiortrayal 
of  the  variations  of  electrical  potential  during  mus- 
cular activity.  By  both  of  tliese  methods  we  can 
study  the  functions  of  stimulus  production,  irri- 
tability, conductivity,  and  contractility,  but  each 
method  has  certain  advantages  and  is  successful  in 
points  where  the  other  is  inade(|uate.  They  do  not 
portray  the  same  phenomena  and  are  therefore 
supplemental  and  corroborative  rather  than  identical. 
For  this  reason  we  have  adopted  the  scheme  of 
taking  what  we  call  "combined  records,"  i.e.  we 
often  record  on  the  same  film  photographs  of  the 
electrocardiographic  and  "time-pressure"  curves  of 
the  arterial  and  venous  pulses.  The  conclusions 
drawn  from  both  types  of  records  are  remarkably 
in  accord,  thus  strengthening  the  evidence  obtained. 

Of  the  means  at  our  disposal  for  taking  polygraphic 
records,  the  micrograph  is  by  far  the  most  delicate. 
It  registers  not  only  the  gross  movements  of  the 
heart  and  blood-vessels  but  also  such  phenomena  as 
thrills,  heart  sounds,  etc.  It  is  remarkably  free  from 
the  errors  of  inertia  which  beset  the  lever  writing 
instruments.  It  has  the  disadvantages  of  requiring  a 
considerable  degree  of  skill  in  its  manipulation  and  of 
being  moved  from  place  to  place  with  no  small  amount 
of  trouble.  It  is  essentially  a  laboratory  instrument. 
As  a  rule  the  records  obtained  by  this  method  cannot 
be  read  directly  but  must  first  be  plotted,  a  feat  whicli 
requires  a  considerable  expenditure  of  time. 

The  ordinary  lever  writing  polygraphs  have  the 
advantages  of  (jortability  and  of  easy  manipulation 
by  those  who  are  willing  to  devote  a  little  time  and 
patience  to  acquire  the  necessary  skill:  they  are  com- 
paratively inexpensive  in  the  first  cost  and  up-keep. 
They  have  the  disadvantage  of  producing  tracings 
which  may  contain  a  considerable  number  of  arti- 
facts and  errors  of  inertia. 

The  electrocardiograms  are  marvelous  in  their  ac- 
curacy and  wonderfully  free  from  artifacts.  Their 
value  as  precise  records  of  cardiac  phenomena  is 
emphasized  by  the  accuracy  with  which  they  repeat 
the  minute  characters  of  a  given  heart  at  intervals 
of  months  or  even  years.  The  string  galvanometer 
of  Einthoven  is  an  expensive  instrument  which  must 
be  installed  in  a  laboratory.  It  is  not  portable  and 
c&n  be  used  only  for  such  patients  as  can  be  brought 
within  the  sphere  of  its  electrical  attachments.  The 
time  and  skill  necessary  for  its  manipulation  will 
confine  its  operation  to  the  specialist. 

The  polygram  records  directly  certain  volume  and 
pressure  plienomena  and  conditions  in  the  peripheral 
vessels  and  organs  on  which  the  electrocardiogram 
sheds  light  only  by  inference.  The  electrocardiogram 
on  the  other  hand  gives  us  direct  information  in  re- 
gard to  the  position  and  size  of  the  several  parts  of 
the  heart  and  knowledge  of  the  origin  and  course  of 
impulses  through  the  cardiac  tissues,  subjects  which 
the  polygram  elucidates  but  little.  With  the  aid  of 
either  of  these  methods  we  can  study  the  relations 
of  the  activities  of  the  auricles  and  the  ventricles, 
the  length  of  time  required  for  the  transmission  of 
impulses,  and  many  other  features  of  the  functional 
activity  of  the  heart. 

The  efficiency  of  the  heart  is  dependent  on  many 
factors,  prominent  among  these  is  the  sequence  of 
the  contractions  of  its  several  chambers  and  of  their 
individual  fibers.  These  graphic  records  reveal  the 
presence  of  order  or  disorder  in  these  events  and  help 
us  to  discern  the  particular  kind  of  disorder  which 
may  be  present.  The  records  are  of  considerable 
value  in  forming  a  correct  prognosis  and  as  a  means 
of  watching  the  progress  of  cardiac  changes  in  the 
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individual  case;  they  afford  us  direct  indications  for 
treatment  and  allow  us  to  follow  with  precision  the 
effect  of  the  tlierap(uitic  iTicasures  em])loyed. 

'I'he  heart  station  at  the  Presbyterian  Hospital, 
wlu're  the.M'  studies  have  been  made,  was  erect(;d  by 
the  liberality  of  Prof.  Walter  H.  .lames  and  it  has 
been  under  his  direction  and  encouragement  that  this 
work  has  been  carried  out.  His  untiring  enthusiasm 
is  gratefully  acknowledged  as  the  exciting  stimulus 
of  the  studies  here  presented. 

T.  StI  AKT  Haut. 
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Cardiolysis. —  (From  rapofa,  the  heart,  and  Xiiiris, 
a  releasing).  A  term  applied  bv  L.  Brauer,  of  Heidel- 
berg [Arch.  /.  klin.  Chir.,  Berl.;  1903,  Ixxi.,  2.58),  to  a 
method  of  treating  surgically  adhesive  mediastinoperi- 
carditis  by  resection  of  the  regional  costal  cartilages 
and  sternum.  This  operation  was  planned  for  cases 
in  w-hich  external  pericardial  adhesions  fix  the  heart, 
pericardium,  and  great  vessels  to  neighboring  organs, 
as  the  sternum,  posterior  mediastinum,  diaphragm, 
and  lungs.  According  to  the  position  and  firmness  of 
these  adhesions,  the  organs  are  forced  to  follow  the 
movements  of  the  heart,  or  they  interfere  with  the  ac- 
tion of  the  heart,  such  as  emptying  of  the  blood  through 
the  great  vessels.  The  thorax  in  the  entire  cardiac 
area  is  retracted  with  each  systole  in  wade  extent. 

Brauer's  idea  was  that  by  breaking  the  elastic  bony 
ring  of  ribs  the  heart  might  be  relieved  functionally. 
This  does  not  mean  a  severe  operation  with  dissever- 
ance of  extensive  adhesions,  but  only  the  substitution 
of  a  covering  of  soft  parts  for  the  natural  bony  covering 
of  the  heart.  Tliis  was  tried  vipon  several  patients,  one 
of  whom  had  adherent  pericardivun,  broken  compensa- 
tion, ascites,  and  edema.  Segments  of  the  third, 
fourth,  and  fifth  ribs  seven  to  nine  centimeters  in 
length  were  resected.  Recovery  was  uninterrupted. 
The  pulse  soon  became  stronger  and  more  regular,  the 
ascites  and  edema  disappeared,  and  the  patient  could 
do  heavy  work  without  symptoms. 

Brauer  thinks  that  the  suggestion  of  Delorme  and 
Beck  to  dissever  adhesions  is  not  practical  because 
too  severe,  and  because  adhesions  would  form  again 
too  rapidly.  Morbis  Booth  Miller. 


Carduus    Benedlctus. — Also    known    as  Blessed 

Thistle,  Cursed,  Holy,  Bitter,  or  Spotted  Thistle.  It 
is  the  dried  herb  of  Cnicus  benediclus  L.  (Fam.  Com- 
■posilcE.)  This  is  a  large  annual  species  of  thistle, 
native  of  southern  Europe.  It  is  a  largely  used  drug 
in  Europe  and  is  official  in  most  European  Pharma- 
copceias.  It  is  qnite  largely  imported  into  the  United 
States,  for  medicinal  purposes. 

It  is  a  stout  and  coarse  plant,  and  is  mostly  chopped 
up  into  short  pieces  before  being  shipped.  The  stem 
is  frequently  reddish.  The  leaves  vary  from  a  foot 
in  length  and  coarsely  petioled  below,  to  small  and 
decurrent  above,  and  are  ovate,  oblong,  coarsely  and 
sinnately  pinnatifid  and  dentate,  the  teeth  spiny- 
tipped,  the  spines  being  yellow,  as  are  those  terminat- 
ing the   involucral   scales   of   the   heads,   which   are 
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mostly  more  than  an  inch  in  length.  The  plant  is  of 
a  yeliowish-gray  or  whitish-green  color,  a  peculiar 
agreeable  odor  and  a  very  bitter,  slightly  salty  taste. 
The  akenes  bear  an  outer  pappus  of  ten  short  teeth, 
and  an  inner  of  ten  short  and  ten  long  alternating  ones. 
The  active  principle  appears  to  be  the  bitter  glu- 
coside  Cnicin.  The  drug  is  a  good  simple  bitter,  and 
is  also  employed  as  a  stimulating  diuretic,  a  laxative, 
and  an  hepatic  stimulant.  The  dose  should  represent 
thirty  to  sixty  grains  (2.0-4.0)  of  the  drug.  Cnicin 
is  sometimes  given  in  doses  of  five  to  eight  grains 
(0.3-0.5).  Overdoses  may  cause  poisoning  symptoms 
of  emesis  and  catharsis.  H.  H.  Rusby. 

Cargile  Membrane. — A  particularly  thin  gold- 
beater's skin  made  from  the  peritoneum  of  the  ox, 
and  adapted  for  surgical  purposes  by  heat-cumol 
sterilization.  It  was  devised  as  a  substitute  for 
Senn's  omental  graftmg  by  Dr.  Charles  H.  Cargile, 
of  Bentonville,  Arkansas,  who,  in  March,  1900,  sent 
a  specimen  to  Dr.  Robert  T.  Morris,  of  New  ^  ork 
{Medical  Record,  1902,  i.,  p.  773),  who  first  used  it  m 
a  case  of  pvosalpinx  "for  the  purpose  of  ^keeping 
separated  peritoneal  adhsion  surfaces  apart. 

Morris  experimented  on  twelve  rabbits,  and  found 
that  Cargile  membrane  resists  absorption  more  than 
ten  and  less 'than  thirty  days,  and  protects  areas  of 
peritoneal  surface  whose  endothelial  covering  has  been 
impaired.  He  found  it  unnecessary  to  suture  it  in 
place  as  it  adheres  instantly  to  moist  surfaces  and  is 
not  readily  dislodged  afterward.  It  must  not  be 
handled  with  wet  hands  or  instruments.  Morris  used 
it  over  growing  epithelium,  over  exposed  brain,  mak- 
ing a  good  temporary  dura  mater,  and  around  severed 
and  sutured  tendons.  It  has  since  fallen  into  disuse, 
and  in  its  stead  surgeons  are  now  employing  fascia 
lata,  amniotic  membrane,  and  egg  membrane. 

For  further  information  consult:  "An  Experimental 
and  Histological  study  of  Cargile  Membrane,"  by 
Craig  and  Ellis  (Annals  of  Surgery,  190.5,  Ixi.,  No.  6, 
p.  SOI)  who  conclude  that  it  is  not  of  value  to  prevent 
abdominal  adhesions,  but  that  until  absorbed  it  acts 
as  a  foreign  body,  and  therefore  is  an  irritant. 

Morris  Booth  Miller. 


Caris. — A  genus  of  ticks,  family  Argasidce,  with  an 
almost  circular  body,  a  little  larger  in  front  than 
behind.  Conspicuous  transverse  grooves  behind  the 
anus.     Parasitic  on  bats.     See  Aracbnida. 

A.  S.  P. 


Carlsbad  (Karlsbad)  is  one  of  the  most  important 
thermal  stations  of  Europe;  indeed,  its  reputation  is 
world-wide.  It  is  charmingly  situated  in  the  north- 
western corner  of  Bohemia,  some  seventy  miles  from 
Prague,  at  an  altitude  of  about  1,160  feet,  lying  in  the 
narrow  valley  of  the  Tepel  River  among  the  pine-  and 
fir-clad  hills  traversed  by  paths  in  all  directions. 
There  are  many  beautiful"  walks  and  drives  in  the 
woods  covering  the  slopes  of  the  valley,  and  attrac- 
tive excursions  in  the  environs.  "The  valley  in 
which  it  lies  is  shielded  from  the  south  and  east  winds 
by  the  mountains,  but  is  exposed  to  the  winds  from 
the  north  and  we.st,  and  the  climate  is  con.sequently 
somewhat  trying  and  subject  to  sudden  changes  in 
temperature"  (Stedman).  The  native  population 
Is  about  12,000,  and  upward  of  30,000  people  visit 
the  springs  annually. 

These  thermal  waters  are  said  to  have  been  dis- 
covered in  1347,  by  the  Emperor  Charles  IV.,  while 
hunting,  but  Carlsbad  ^yas  known  as  a  health  resort  a 
century  earlier  (Baedeker).  "The  springs  issue 
from  apertures  in  the  rocky  shell  upon  which  most 
of  the  town  is  built,  and  are  sixteen  in  number,  all 
similar  in  their  ingredients,  which  are  principally 
sulphate  of  sodium,  carbonate  of  sodium,  and  com- 


1.86 
.012 
.03 
.009 
.045 
.003 
.108 


mon  salt.  They  are  chiefly  taken  internally.  They 
vary  in  temperature,  the  hottest  having  the  least 
amount  of  carbonic  acid  gas.  Some  of  the  principal 
springs  are  the  following  with  their  temperatures 
(Fahrenheit  scale) : 

"Sprudel,  162.5° — a  steaming  fountain  leaping  up 
at  short  intervals,  and  having  a  capacity  of  four 
hundred  and  fifty  gallons  per  minute;  Felsenquelle, 
13S°;  Schlossbrunnen,  127°;  Muhlbrunnen,  124.5°; 
Theresienbrunnen,  122°;  Marktbrunnen,  118°.  These 
waters  are  classed  among  the  sulphated  alkaline 
waters."  The  following  is  the  composition  of  the 
Sprudel  water,  according  to  the  analysis  of  Ragsky,  as 
given  by  Stedman.      Each  liter  (1.76  pint)  contains: 

Grams.      Grains. 

Sulphate  of  sodium 2  .  372   =  35 .  58 

Sulphate  of  calcium 163   =   2 . 4t 

Chloride  of  sodium 10.30   =15.45 

Carbonate  of  sodium 1 .  361    =  20 .  41 

Carbonate  of  calcium 297   =   4.45 

Carbonate  of  magnesium 124   = 

Carbonate  of  strontium 0008  = 

Proto-xide  of  iron 002    = 

Protoxide  of  manganese 0006  = 

Fluoride  of  calcium 003   = 

Phosphate  of  calcium 0002  = 

Silica 0072  = 

Carbonic  acid  in  one  litre  210 .  59  c.c. 

Although,  as  has  been  said,  the  waters  are  now  used 
chiefly  internally,  there  are  seven  bath  houses  with 
mineral,  mud,  vapor,  hot  air,  and  other  baths,  and 
with  massage  and  Swedish  movements.     The  Kaiser- 
bad  is  .said  to  be  "one  of  the  most  magnificent  bath 
houses  of   Europe."     The  conditions  for  which  the 
internal  use  of  Carlsbad  water  is  beneficial  are  stated 
by  Weber  to  be  the  following:  In  the  first  place,  af-    j 
fections   of   the   liver,   including   catarrhal   jaundice,    | 
frequent  attacks  of  biliary  colic,  ea-rly  stages  of  al-    - 
coholic   cirrhosis,   enlargement   of   the   liver  in  great 
eaters   etc.     Secondly,  habitual  constipation,  hemor- 
rhoidal conditions  iii  robust  persons,  some  cases  of 
chronic  gastric  and  intestinal  catarrh  with  or  without 
diarrhoea,  some  cases  of  dyspepsia,  uric-acid  diathesis, 
chronic    glycosuria   in    fat    people,    and    corpulence, 
which  is  often  combined  with  a  weak-acting  heart. 
Enlargement  of  the  spleen  is  also  said  to  be  benefited 
by  these  waters,  as  are  also  periodic,  frequently  recur- 
ring headaches  connected  with  abdominal  disorders. 
Disturbances  of   the   female   pelvic   organs,    chronic 
congestion  and  enlargement  of  the   uterus,   chronic 
affections  of  the  conjunctiva  and  deeper  structures 
of  the  eye,  and  chronic  aural  catarrh  are  all  hkely 
to  be  benefited  or  cured  by  the  Carlsbad  waters. 

During  the  summer  the  usual  time  for  drinking  the 
waters  is  from  half-past  five  to  half-past  eight  in  the 
morning,  an  interval  of  about  a  quarter  of  an  hour 
being  allowed  after  each  glass  (3  vi-),  and  the  dose 
being  from  two  to  six  glassfuls.  ,      .  . 

In  beginning  a  course  of  treatment  the  spa  physician 
carefully  considers  each  case,  and  regulates  the 
habits  and  diet  of  the  patient.  Probably  the  regu- 
larity in  daily  life  and  diet  has  very  much  to  do  with 
the  improvement  of  the  patient.  The  average  daUy 
programme  of  the  ordinary  Kurgiiste  is  outlined  by 

Weber  as  follows:  ,..,_•»      „i 

"  Rise  early  to  drink  the  water,  and  in  the  intervals 
promenade  to  the  sound  of  the  music;  walk  to  some 
caf^  and  take  breakfast  at  about  9  .a..m.,  consisting  ol 
coffee  or  tea,  roUs,  and  perhaps  boiled  eggs  or  ham. 
At  about  one  o'clock  the  chief  meal  of  the  day  is 
taken;  coffee  and  tea  at  about  4  p.m.,  and  a  light 
supper  in  the  evening."  Those  who  have  been 
ordered  a  course  of  baths  mostly  take  them  in  the 
forenoon.  There  are  a  fine  Curhaus  and  a  good 
theater;  classical  concerts  are  given  regularly;  there 
are  covered  walks;  in  brief,  there  is  almost  every- 
thing which  will  render  the  stay  of  the  invalid  agree- 
able and  pleasant.  There  are  also  good  educational 
facilities. 
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The  season  lasts  from  the  niiclclle  of  April  to  the  end 
of  iSeptcniber  or  October,  although  one  can  take  the 
waters  at  any  season  of  the  year.  Besides  the  amount 
of  water  drunk  at  Carlsbad,  it  is  said  that  about 
3,000,000  bottles  of  the  water  and  110,000  pounds 
of  the  salt  are  exported  annually. 

An  after-cure  is  always  recommended  subsequent 
to  a  course  at  Carlsbad.  Instead  of  returning  home 
immediately,  and  at  once  resuming  his  or  her  usual 
mode  of  life,  the  patient  should  ab.stain  from  active 
work,  adopt  a  simple  diet,  and  live  outdoors  as  much 
as  possible  for  some  weeks. 

Carlsbad  is  reached  by  various  routes  in  about 
thirty-one  hours  (from  London) :  by  Colonge,  Wiirz- 
burg,  and  Nurnberg  or  Bamberg;  by  Paris,  Stutt- 
gart, and  Nurnberg;  or  by  Cologne,  Leipsic,  and 
Dresden. 

For  the  major  part  of  the  above  account  of  Carlsbad, 
the  writer  is  indebted  to  "  Spas  and  Mineral  Waters  of, 
Europe"  (by  Hermann  and  F.  Parkes  Weber,  London, 
1896),  to  which  the  reader  is  referred  for  much 
valuable  information  upon  this  subject. 

Edw.\rd.  O.  Otis. 


Carminatives. — .\  term  (derived  from  Lat. 
carminare,  to  cleanse)  applied  to  medicinal  agents 
which  relieve  flatulence.  They  act  chiefl}'  by  in- 
creasing or  regulating  gastric  and  intestinal  peristalsis 
and  so  preventing  spasm  and  causing  the  expulsion  of 
flatus.  They  are  frequently  added  to  purgatives 
to  prevent  excessive  and  spasmodic  peristalsis,  which 
might  otherwise  result  from  the  drastic  action  of  these 
remedies,  and  so  to  avoid  griping.  When  exhibited 
solely  for  the  relief  of  flatulence  they  are  frequently 
combined  with  an  antacid  such 
as  sodium  bicarbonate.  The 
remedies  usually  classed  as  car- 
minatives are  the  so-called 
stomachics,  aromatics,  spices, 
volatile  oils,  camphor,  chloro- 
form, hydrocyanic  acid,  and  the 
ethers.  These  are  given  singly 
or  combined,  as  in  Dalby's 
carminative  (mistura  carmina- 
tiva  X.  F.),  Parrish's  camphor 
mi.xture  (mistura  camphorje 
aromatica  N.  F.),  soda  mint 
(mistura  sodse  et  menths  X. 
F.),  Godfrey's  cordial  (mistura 
sassafras  et  opii  X*.  F.),  pulvis 
aromatica  U.  S.  P.,  puh-is  crette 
aromaticus  X.  F.,  pul  /is  rhei  et 
magnesisB  aromaticus  N.  F., 
spiritiis  amnionioe  aromaticus 
X.  F.,  elixir  chloroformi  com- 
positum  X.  F.,  etc.      T.  L.  S. 


Carnine,  C-HsX^Os-l-H.O, 
is  one  of  the  substances  found 
in  commercial  meat  extract. 
It  has  also  been  isolated  from 
the  flesh  of  fish  and  from  human 
urine.  Carnine  is  related  to 
hj-poxanthine,  being  trans- 
formed into  the  latter  by  oxidation. 

Fr-vn-k  p.  Uxderhill 


J.  caroba  (Veil.)  D.  C.  They  contain  resinous  and 
slightly  aromatic  constituents,  and  the  crystalline, 
apparently  inactive  body  carohin,  but  nothing  to 
which  any  special  medicinal  properties  can  be  assigned. 
The  drug  liears  a  high  reputation  and  is  largely  used  in 
Brazil  as  a  remedy  for  syphilis  and  syphilitic  disorders. 
This  belief,  which  applies  to  so  many  plants  of  little 
or  no  activity,  doubtless  results  from  the  indefinite 
ideas  which  prevail  regarding  syphilis,  all  sorts  of 
venereal  and  many  other  diseases  being  included  under 
this  name.  The  drug  is  generally  given  in  the  fonn  of 
the  fluid  extract,  in  doses  of  Til  xv.  to  Ix.  (1.0-4.0). 

Henry  H.  Rusby. 


Carota. — Carrot.  The  root  of  Daucus  carota  L. 
(fam.  Umbellifcrce).  This  plant  is  a  native  of  Europe, 
but  freely  naturalized  in  the  L'nited  States  (wild  car- 
rot). The  cultivated  form  is  the  conmion  table 
carrot,  grown  everywhere.  The  fruits  of  wild  carrot 
have  been  used  as  aromatic  diuretics;  the  cultivated 
roots  are  made  into  pulp  as  poultices;  but  neither  have 
any  claim  to  medical  notice.  The  coloring  matter  of 
carrot  root  is  called  carotin.  The  very  small  amount 
of  volatile  oil  consists  of  pinene  and  probablv  cineol. 

H.  H.  Rusby. 


Carotid  Gland. —  (Synonyms:  GangUon  intercaroti- 
cum;  Glandula  carotica;  Glomeruli  arteriosi  inter- 
carotici;  Xodulus  intercaroticus.) 

This  httle-known  organ  lies  in  the  bifurcation  of  the 
common  carotid  artery,  generally  near  the  posterior 
side  of  the  internal  carotid  just  as  it  comes  off  the 
main  trunk.     In  size  it  averages  five  millimeters  in 


Carnitine,  CrHi5X03,  is  a  strong  base,  probably  a 
trimethylamine  derivative,  present  in  commercial 
meat  extracts.  F.  P.  U. 


Caroba. — .\  name  applied  to  the  leaflets  of  several 
species  of  Jacaratida  (fam.  Bignoniacece),  small  trees 
of  Brazil,  especially  of  J .  procera  (Willd.)  Spreng.  and 


Fig.  1240. — Scheme  of  Circulation  and  Structure  of  the  Carotid  Gland,  showing  its  Glomerule- 
like  Character.  (After  Schaper.)  A.  Princioal  artery  with  V,  corresponding  vein;  B,  balls  of 
cells;  C,  capillary  networks;  D,  secondary  nodules;  H,  hilus;  v,  o',  smaller  veins. 

length,  two  to  five  millimeters  in  thickness,  and  three 
milUmeters  in  breadth  (Gomez),  varying  considera- 
bly. Because  of  its  great  vascularitj'  the  color  is 
pink.  For  some  time  it  was  tliought  to  be  an  epi- 
thelial organ  developed  similarly  to  the  thyroid  and 
th3'mus  from  the  branchial  clefts,  but  further  study 
showed  it  to  be  of  entirely  different  origin  and  nature. 
Its  embryonal  origin  is  later  than  the  thyroid  and 
thymus,  and  it  is  in  no  way  related  to  them,  for  it 
arises  directly  from  the  primary  vascular  nnlage, 
and  therefore  is  not  an  epithelial,  but  a  peritheUal, 
structure.     The  first  step    in    its  formation   consists 
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of  a  cellular  tliickening  of  the  external  posterior 
portion  of  the  periphery  of  the  embryonal  carotid. 
At  this  time  the  cells,  of  epithelioid  type,  are  not  dis- 
tinguishable from  the  cells  of  the  vessel  wall  itself, 
and  the  gland  anlage  is  recognized  merelj'  as  a  thick- 


FlG.  1241. — Section  of  a  Lobule  of  the  Carotid  Gland.  X  520.  From  a  man  fifty 
years  of  age.  (After  Schaper.)  a.  Smallest  arteriole:  6,  connective-tissue  reticulum; 
c,  capillaries:  d,  nuclei  of  stroma:  g,  protoplasmic  network:  t,  nuclei  of  gland  cells. 


ening  of  the  cell  mass  at  this  point.  This  entire 
nodule  is  surrounded  by  the  adventitia,  and  over  it 
run  nerve  bundles  from  the  vagus  and  cervical  sym- 
pathetic. Very  early  in  its  development  capillary 
vessels  derived'from  the  common  carotid  at  its  bifur- 
cation enter  the  cell  mass,  and  soon  form  glomerule- 
like  collections,  which  with  the  rapidly  increasing  cell 
growth  soon  distinguish  the  gland  from  the  vessel.  It 
increases  in  size  until  the  third  decade. 

In  the  adult  the  carotid  gland  shows  a  lobular  struc- 
ture. From  the  connective-tissue  capsule,  bands  pass 
into  the  organ,  carrj-ing  many  vessels  and  nerves,  and 
dividing  it  into  lobules,  which  vary  in  number  from 
three  to  twelve.  In  turn  the  lobules  are  composed  of 
small  "ceU  balls,"  which  really  form  the  unit  of  its 
structure.  These  consist  of  a  glomerule-like  tuft  of 
capillaries  that  unite  to  form  a  vein.  Surrounding  the 
capillaries  are  the  cells  of  the  organ,  arranged  in  cords 
or  trabeculae,  although  this  arrangement  is  not  at  all 
evident  in  ordinary  preparations.  The  number  of 
cells  about  individual  vessels  varies  greatly;  some- 
times there  is  quit«  a  wall  of  epithelioid  cells,  with 
finely  granular  cytoplasm,  oval  nucleus,  and  a  nu- 
cleolus, but  often  there  is  but  a  single  layer  of  cells 
about  a  vessel,  or  the  vessels  may  be  separated  merely 
by  a  loose  reticular  interstitial  connective  tissue.  In 
this  reticular  tissue  are  frequently  single  cells  of  the 
same  type.  Often  the  parenchyma  cells  show  a  con- 
siderable degree  of  vacuohzation,  particularly  in  the 
old.  According  to  Gomez  there  are  two  types  of 
parenchyma  cells,  differing  in  the  amount  of  chromatin 
and  the  size  of  the  nucleus.  It  is  said  that  with  age 
the  typical  structure  becomes  less  and  less  evident, 
accompanied  by  more  or  less  disappearance  of  these 
special  cells,  and  increase  of  the  fibrous  tissue.  The 
structure  of  the  carotid  gland  is  quite  similar  to  that 
of  the  coccygeal  gland. 

The  function  of  the  carotid  gland  is  altogether  un- 
known. It  seems  to  have  been  the  subject  of  but 
little  investigation  except  by  histopathologists.  It  is 
undoubtedly  closely  related  to  the  sympathetic  ner- 
vous system,  as  shown  by  the  number  of  ganglion 


cells  and  nerve  fibers  from  the  cervical  gangha,  and 
by  the  presence  of  the  same   cells  with  affinity  for 
chromic  acid  and  its  salts,  the  so-called  "  chroniophile" 
cells  that  are  found  also  in  the  sympathetic  glands, 
adrenals,  and  coccygeal  gland.     In  the  few  recorded 
cases  of  tumors  of  this  gland  there 
have  been  no  symptoms  that  could 
be  considered  indicative  of  any  func- 
tion, and  the  unilateral  resection  of 
the  gland  in  these  cases  has  been  fol- 
lowed   by    no   symptoms   whatever. 
Extracts  from  the  gland  are  said  to 
raise  the  blood  pressure  greatly.        j 

Pathology. — Except  for  tumor 
growths  there  seem  to  be  few  records 
of  pathological  alterations  in  this 
organ,  probably  because  it  escapes 
observation  through  its  location  and 
its  minute  size.  Gomez  found  that 
it  shows  a  sclerosis  in  direct  propor- 
tion to  the  amount  of  sclerosis  in 
the  carotid  artery,  whether  senile  or 
syphilitic;  in  acute  infertiotis  diseases 
it  rarely  shows  parenchymatous  de- 
generation; no  other  lesions  were  ob- 
served in  some  fifty  autopsies. 

Keen  and  Funke  were  able  to  col- 
lect in  the  literature  from  1S91  to 
1906  reports  of  27  cases  of  tumors  of 
the  carotid  gland  which  had  been 
operated  upon,  besides  two  observed 
at  autopsy.  Of  these  27  ca.«es,  17 
were  in  patients  from  13  to  35  years 
of  age.  7  between  36  and  50,  and 
only  2  after  50  years  of  age:  there 
were  14  in  males  and  15  in  females.  These  tumors 
are  characterized  by  their  location  in  the  crotch  of 
the  carotid,  with  which  they  are  so  intimately  con- 
nected that  the  vessel  usuaUy  must  be  hgated  and  cut 
across   in   the  'operation  for  removal  of  the   tumor. 

<•'  Tiff  6 
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Fig.  1242. — Perithelial  Tumor  of  the  Carotid  Gland.  (Afttr 
Paltauf.)  G.  Vessels:  Bl,  blood  extravasation;  a.  hyaline  degenera- 
tion of  cells:  f>,  hyaline  degeneration:  c.  hyaUne  masses. 

Some  of  the  tumors  are  quite  benign  in  character,  but 
frequently  they  are  very  mahgnant:  in  five  cases  me- 
tastasis in  the"  regional  lymph  glands  was  observed, 
and  in  several  of  tlie  patients  operated  upon  a  speedy 
recurrence  followed.    They  usually  produce  few  sub- 
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ioclivL-  syiiiptoMis,  iillliDugh  occasionnlly  hcaduclic, 
lioarscnoss,  anil  iiarrowiiis  of  the  pupil  liavc  been  ol)- 
servod.  Tliey  H"'  •■oininoiily  localizoii  by  a  well-de- 
fined capsule,  diviileil  by  fibrous  septa,  and  the  ciilor 
is  extremely  variable.  The  tumor  is  rather  firndy 
fixed,  beeause  of  its  relation  to  the  carotids,  and  for 
the  same  reason  it  freciuently  transnuts  pvdsation 
which  has  led  to  a  diagnosis  of  aneurysm.  In  the 
otlier  ca.ses  tuberculous  cervical  glands  and  thyroid 
tumor  have  been  suspected.  The  diagnosis  has  usu- 
ally been  made  only  at  operation,  when  the  location 
of  the  tumor  in  the  bifurcation  of  the  carotid  is  quite 
characteristic.  Clinically  this  relation  to  the  artery, 
the  slow  growth  in  the  early  history,  the  elastic  con- 
sistence, and  (he  scanty  subjective  symptoms  are 
suggestiv(!  features. 

The  malignant  tumors  of  the  carotid  gland  testify 
to  its  origin  in  the  perithelium,  for  they  form  quite 
typical  peritheliomas.  The  tumor  is  generally  highly 
vascular,  and  about  the  capillaries  are  layers  of  epi- 
thelioid cells,  with  a  strongly  staining  oval  nucleus, 
and  considerable  finely  gramdar  cytojilasm.  Tlie 
thickness  of  these  walls  .seems  limited  by  distance  from 
blood-supply,  and  the  perithelia!  celLs  tend  to  form 
cords  with  central  spaces  lined  solely  by  the  tumor 
cells.  The  lobidar  structure  of  the  gland  is  retained, 
as  well  as  its  richness  in  vessels  and  nerves. 

H.   Gideon   Wells. 
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Carpenter,  William  Benjamin. — Born  in  Bristol, 
England,  in  1818.  He  received  the  degree  of  Doctor 
of  Medicine  from  the  University  of  I{!dinburgh  in 
1839.  After  practising  for  a  short  time  in  his  native 
city,  and  delivering  lectures  on  medical  jurisprudence, 
he  was  made  Professor  of  Physiology  in  the  Medical 
School  of  the  London  Hospital.  In  1839  he  published 
his  first  book  of  any  importance  ("Principles  of 
General  and  Comparative  Physiology,  etc.");  and 
not  long  afterward  he  published  his  "Treatise  on 
Human  Physiology" — one  of  the  most  clearly  written 
and  most  practical  text-books  on  physiology  in  the 
English  language.  Carpenter  is  also  the  author  of 
many  treati.ses  of  a  popular  character.  He  was 
burned  to  death  on  November  10,  1885,  while  taking 
a  hot-air  bath.  A.  H.   B. 


Carroll,  James. —  Born  in  England  in  1854,  but  came 
to  this  country  in  early  life.  In  1874  he  enlisted  as  a 
private  in  the  U.  S.  Army,  and  was  soon  promoted  to 
be  a  sergeant.  He  was  for  fifteen  years  a  hospital 
steward,  studying  medicine  in  his  leisure  moments.  In 
1891  he  was  graduated  from  the  Medical  Department 
of  the  University  of  Maryland,  and  afterward  took 
postgraduate  courses  in  pathology  and  bacteriology 
at  tlie  .Johns  Hopkins  Hospital.  He  was  then  ap- 
pointed contract  surgeon,  but  in  1902,  in  recognition 
of  his  services  on  the  Yellow  Fever  Commission,  the 
age  limit  was  waived  and  he  was  allowed  to  appear 
for  e.xamination  for  admission  to  the  Medical  Corps, 
and  was  appointed  first  lieutenant  and  assistant 
surgeon.  A  few  years  later  Congress  passed  a  bill 
authorizing  his  promotion  to  the  rank  of  major  and 
surgeon  in  the  regular  army.  Owing  to  his  cardiac 
disabihty,  Dr.  Carroll  was  not  fit  for  active  service, 
and  was  appointed  curator  of  the  Army  Medical 
Mu.seum.     He  died  September  16,  1907. 


Carroll  was  a  member,  with  l,azear  and  .Agramonfe, 
of  the  U.  S.  Army  Commission  in  Havana  created,  with 
Major  Walter  Keeil  as  its  head,  to  study  the  cau.se  and 
mode  of  spread  of  yellow-  fever.  While  .serving  on  this 
Commission  he  voluntarily  submitted  to  the  .sting  of  a 
inosc|uito  which  had  previously  bitten  three  persons 
suffering  from  yellow  fever.  I'our  days  later  he  wa.s 
stricken  with  a  severe  attack  of  (he  disease  from  wliich 
he  finally  recovered — more  fortunate  than  his  colleague 
Lazcar — but  which  left  him  with  a  crippled  heart  that 
caused  his  death.  T.  L.  S. 


Carthamiis. — Snfflover,  AJriciui  or  ili/ir'ti  siiffrim, 
False,  Amirirnn  or  Thistle  saffron,  consists  of  the 
florets  of  Carlhamus  linrtoriiis  L.  (fam.  Caniposita'). 
Although  called  American  saffron,  this  [)lant  is  of 
Oriental  nativity.  It  is  wirlely  cultivated  for  orna- 
ment and  also,  to  some  extent,  for  the  product  here 
describeil.  It  produces  handsome  large  flower  heads, 
of  an  orange-yellow  color,  at  the  ends  (jf  the  branche.s. 
From  these  the  florets  are  plucked  out,  dried,  and 
constitute  the  drug.  They  were  formerly  largely 
iised  for  dyeing  purposes  and  are  still  so  used  to  a 
considerable  extent  in  India.  They  constitute  a  red 
or  deep  orange-red  mass,  of  a  rather  slight  character- 
i.stic  odor  and  an  aromatic  and  bitterish  taste.  The 
individual  florets  are  about  two  centimeters  (;'  in.) 
long,  though  often  broken,  tubular,  and  very  deeply 
divided  into  five  linear  and  nearly  equal  lobes.  The 
stamens  have  long  exserted  coherent  anthers  and  a 
slender  style  which  is  considerably  longer  than  the 
stamens.  The  ovary  should  not  be  present.  The 
principal  coloring  matter  of  safllower  is  deep  yellow 
and  constitutes  one-fourth  or  more  of  the  weight 
of  the  drug.  It  is  known  as  safflor-yellow  (CjiHsoOia) 
and  is  soluble  in  water.  There  is  al.so  a  fraction  of 
one  per  cent,  of  the  red  coloring  matter  carlhamic  acid 
or  carihamin  (CHHif,C>7),  which  is  not  .soluble  in  water 
l)ut  gives  a  beautifid  purple  color  in  alcohol.  The 
latter  coloring  matter  exists  in  commerce  as  a  reddish- 
brown,  somewhat  metallic  powder.  It  is  used  in 
rouge-making.  The  properties  and  uses  of  safllower 
differ  but  little  from  those  of  saffron,  and  its  principal 
use  is  in  fact  the  substitution  of  the  latter. 

H.  H.  RusBY. 


Cartilage. — LTnder  this  name  is  classified  one  of  the 
important  members  of  the  group  of  connective  tissues; 
it  is  characterized  not  so  much  by  the  structure  and 
arrangement  of  its  cells,  as  by  the  peculiar  nature  of  its 
basement  substance.  Cartilage  occurs  in  three  tol- 
erably distinct  forms,  the  difterences  of  which  d&- 
pend  largely  upon  peculiarities  in  the  structure  of  the 
basement  substance.  These  forms  are  called  hyaline 
cartilage,  fibrocartilage,  and  fibroelaslic  cartilage. 

Hyaline  Cartilage. — The  most  abundant  and 
typical  of  these  is  hyaline  cartilage.  This,  in  the 
adult,  is  found  covering  the  articular  surfaces  of 
bone,  forming  parts  of  tJie  ribs  and  of  the  walls  of 
the  trachea  and  bronchi,  and  in  less  considerable 
masses  in  other  parts  of  the  body.  Hyaline  cartilage 
is  translucent  and  of  a  bluish-white  color,  is  firm  in 
consistency,  and  elastic.  Like  other  members  of 
the  connective-tissue  group,  it  consists  of  cells  and 
an  intercellular  or  basement  substance,  commonly 
spoken  of  as  the  matrix.  The  basement  substance 
is  for  the  most  part  quite  homogeneous  in  the  fresh 
condition,  but  it  is  occasionally  very  finely  granular. 
By  suitable  treatment  with  chemical  agents,  it  may 
be  seen  to  contain,  and  almost  to  consist  of,  exceed- 
ingly minute  and  delicate  fibrils,  which  under  nor- 
mal conditions  are  merged  into  a  homogeneous  mass; 
the  same  results  may  also  be  obtained  by  prolonged 
maceration  and  pressure.  The  basement  substanoB 
is  said  by  some  observers  to  be  penetrated  by  minute 
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branching   canals  which  communicate   with  one  an- 

,  other  and   with   the   spaces   in   which   the    cells   lie. 

I   Mucin  and  gelatin,  and  a  rather  indefinite  substance 

called  chondrin,  have  been  obtained  from  the  base- 

.   ment  substance,  but  our  knowledge  of  the  chemical 

nature  of  these  sul:)stances,  and  particularly  of  their 

existence   in   the   cartilage   in  the  natural  condition 

before   being   exposed   to  chemical  manipulation,   is 

stiU  too  indefinite  to  enable  us  to  speak  very  posi- 

•  tively  of  its  chemical  constitution.  The  fibrous  char- 
acter of  the  matrix  and  the  presence  therein  of  mu- 
cin and  gelatin  suggest  that  this  cartilage  is  closely 
related  to  fibrous  connective  tissue. 

The  cells  of  hyaline  cartilage  differ  considerably  in 
.shape  and  arrangement  in  different  cartilages  and  in 
different  parts  of  the  same  cartilage,  depending, 
apparently  to  a  considerable  degree,  upon  the  con- 
ditions of  pressure  to  which  they  are  subject,  as  well 
as  upon  the  intimate  constitution  of  the  basement 
substance  and  the  influences  under  which  its  develop- 
.  ment  transpires.     The  cells,  except  near  free  surfaces 

•  or  where  cartilage  and  fibrous  tissue  join,  are  in  gen- 
eral spheroidal,  ovoidal,  ellipsoidal,  or  some- 
what flattened  at  the  sides,  and  lie  unevenly  distrib- 

-  uted  in  the  basement  substance.  The  cell  body  is 
finely  granular,  or  in  some  animals  contains  delicate 
fibrils,  and  may  enclose  droplets  of  fat  and  pigment 
particles,  or  may  also  contain  glycogen.  The  nuclei 
— of  which  there  may   be  one  or  more — are  usually 

'  spheroidal,  sharply  outlined,  and  contain  more  or 
less  well-marked  networks  of  coarser  and  finer  fibrils 
and  nuclei,  in  which,  during  life,  in  some  animals, 
slow  osciUatory  movements  may  be  seen.  The  carti- 
lage cells  may  lie  singly  in  the  basement  substance, 
but  they  are  more  frequently  arranged  in  groups  of 
two  or  four,  or  more,  and  the  cells  forming  these 
groups  are  apt  to  be  flattened  on  the  sides  which 
abut  on  one  another.  Under  normal  conditions  the 
cartilage  cells  completely  fill  the  spaces  in  the  base- 
ment substance  in  which  they  lie.  But  on  exposure 
to  the  air,  to  water  to  electric  shocks  of  moderate 
intensity,  to  a  variety  of  chemical  agents,  and  under 


Fig.  1243. — Hyaline  Cartilage    from  the  Head  of  the  Femur  of 
a  Frog.     (X  700  and  reduced.) 

certain  pathological  conditions,  they  separate  from 
the  walls  of  the  spaces  and  shrink  into  irregular- 
shaped,  coarsely  granular  masses,  in  which  the  nucleus 
may  be  partially  or  entirely  concealed.  This  shrink- 
.age  may  be  only  partial,  some  portion  or  points 
remaining  adherent  to  the  sides  of  the  cavitie.s,  so  that 
the  shrunken  cells  may  appear  irregularly  stellate  or 
have  festooned  edges.  In  this  shrunken  condition  we 
usually  see  the  cells  of  cartilages  which  have  been 
preserved  in  alcoholic  fluids.  In  some  parts  of  the 
articular,  and  also  in  the  costal  cartilages,  the  ceUs  lie 
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in  large  groups,  or  in  longer  or  shorter  rows.  At  the 
free  surfaces  of  cartilage,  or  where  it  comes  in  contact 
with  the  perichondrium,  the  cartilage  cells  are  usually 
flattened,  and  just  beneath  the  perichondriura^may 
merge  imperceptibly 
into  the  ordinary  flat- 
tened cells  of  the  con- 
nective tissue.  The 
basement  .substance 
immediately  about  the 
cartilage  cells  may  be 
seen,  under  favorable 
conditions,  to  be  more 
transparent  than  the 
rest,  the  more  trans- 
parent zone  being 
sometime  very  thin 
and  sometimes  of  con- 
siderable thickness. 
This  portion  of  the 
basement  substance  is 
called  the  capsule,  and 
is  believed  to  be  that 
part  which  was  last 
formed  around  the 
cartilage  cell.  Some- 
what similar  appear- 
ances may  be  seen  not 
only  around  single  cells, 
but  around  all  groups 
which  have  apparently 
been  derived  from  some 
single  ceU  originally  oc- 
cupying their  position 
in  the  basement  sub- 
stance. These  capsules 
stain  more  deeply  with 
basophil  stains  i  than 
the  rest  of  the  matrix; 
and  the  dark  capsule 
with  its  group  of  ceU.-^ 
therein  form  globular 
masses  which  have  been 
termed  a  "  chondrin 
ball"  (Morner). 

The  basement  sub- 
stance of  hyaline  car- 
tilage may,  under  a 
variety  of  conditions, 
become  infiltrated  with 
salts  of  lime,  and  thus 
assume  to  the  naked 
eye  a  white,  opaque  ap- 
pearance, and  under 
the  microscope  appear 
crowded  with  larger  and  smaller  distinct  granules. 
Under  pathological  condition  i  the  basement  substance 
may  become  fibrillar  as  well  as  calcified.  Cartilage  is 
surrounded,  except  over  the  articular  surfaces,  by  a 
vascular  layer  of  fibrillar  connective  tissue  caUad  "the 
perichondrium.  The  perichondrium  contains  a  vary- 
ing amount  of  elastic  fibers.  The  fibrillated  fibers  of 
the  perichondrium  pass  on  into  the  hyaline  basement 
substance  of  the  cartilage,  into  which  they  become 
gradually  merged.  Although  vessels  from  the  peri- 
chondrium sometimes  penetrate  for  a  short  distance 
into  the  cartilage  tissue,  the  latter  is,  in  general, 
non-vascular. 

Development  of  Hyaline  Cartilage.- — At  a  very 
early  period  hyaline  cartOage,  which  originates  in  the 
mesenchyme,  consists  of  a  congeries  of  rounded  cells 
closely  packed  together,  with  a  small  amount  of 
intercellular  substance  around  each  cell.  The  inter- 
cellular substance  gradually  increases  in  amount, 
and  the  cells  divide;  new  capsules,  i.e.  new  portions 
of  intercellular  substance,  are  formed  around  the  new 
cells,  while  the  old  capsules  are  expanded  and  appear 
to  coalesce  with  those  of  adjacent  cell  groups  to  form 


Fig.  1244. — White  FihrocartUage 
from  the  I^igamentum  Teres  at  the 
Point  where  it  is  Inserted  into  the 
Head  of  the  Femur.  X  650  diam- 
eters. (After  Bohm  and  Davi- 
doff.)  a,  Fibrous  connective  tissue; 
b,  fibrocartilage;  c,  point  of  insertion 
of  the  ligamentum  teres;  d,  hyaline 
cartilage. 
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the  homogeneous  basement  substance.  In  this  way 
the  colls  become  gradually  separated  from  oneaiiother, 
but  may  still  retain  a  grouping  which  indicates  their 
primitive  relations. 

Schleicher  has  shown  that  in  the  division  of  carti- 
lage cells,  while  the  changes  in  the  nucleus  are  in 
general  those  common  to  the  indirect  mode  of  cell 
division  (see  Cell),  the  separation  of  the  body  occurs, 
not  by  a  gradually  deepening  constriction,  as  in  cells 
which  are  surrounded  by  a  tluid  or  yielding  material, 
but  by  the  formation  of  a  partition  out  of  the  intra- 
cellular filaments.  This  partition  finally  becomes 
continuous  with  the  capsule  around  the  new-formed 
cells,  and  thickens  with  their  separation  from  one 
another.  The  exact  way  in  which  the  capsules  and 
intercellular  substance  originate,  whether  by  a  separa- 
tion of  a  portion  of    the    periphery   of   tlie   cells,    or 


Flo.  1245. — Elastic  Cartilage  from  the  Human  Ear.  X  760 
diameters.  (After  Bohm  and  DavidofF.)  At  a,  in  the  immediate 
vicinity  of  the  cartilage  capsules,  a  network  of  elastic  fibres  with 
fine  meshes;  6,  cartilage  cell;  c,  elastic  fibres. 

whether  it  is  simply  formed  under  their  influence,  or 
entirely  apart  from  them,  is  not  certain.  In  the 
further  development,  a  distinction  arises  as  to 
wliether  the  cells  continue  to  proliferate  rapidly,  or 
divide  but  slowly.  In  the  latter  case  each  capsule 
becomes  invested  by  another,  and  so  on  until  there 
is  an  entire  series  of  concentric  capsules,  which 
ultimately  become  a  homogeneous  matrix.  In 
rapid  proliferation  the  daughter  cells  quickly  form 
their  proper  capsules  and  the  ultimate  result  is  the 
same. 

FiBROCARTiLAGE. — This  Variety  of  cartilage  is 
found  in  the  interarticular  cartUages  of  some  of  the 
joints,  such  as  the  knee  and  jaw,  between  the  verte- 
brae at  the  symphysis  pubis,  around  the  tendons  of 
certain  muscles,  and  at  points  where  tendons  are  in- 
serted into  hyaline  cartilage,  as  at  the  junction  of  the 
ligamentuni  teres  with  the  head  of  the  femur.  The 
cells  are  similar  to  those  of  hyaline  cartilage,  but 
the  basement  substance  is  fibrillated,  the  fibrUlie 
being  arranged  in  dense  bundles  or  interlacing  in  all 
directions.  The  cells  are  frequently  arranged  in 
rows  between  the  bundles  of  intercellular  fibers  (see 
Fig.  1244),  and  are  less  uniformly  distributed  than 
are  the  ceils  of  hyaline  cartilage.  This  form  of  carti- 
lage frerjuently  merges,  in  structure,  on  the  one  hand 
into  fibrillar  connective  tissue,  and  on  the  other  into 
hyaline  cartilage.  Asa  rule  the  fibrous  tissue  greatly 
predominates. 

FiBR0EL.\sTic  Cartilage. — This  form  of  cartOage 
(yellow  elastic  or  spongy  cartilage)  is  not  abundant  in 
the  body,  being  found  in  small  masses  in  the  external 
■ear.  Eustachian  tube,  epiglottis,  and  in  some  parts  of 
the  larynx.  It  is  tough,  opacjue,  and  yellowish  in 
.appearance.     The   cells,    which   are    irregularly   dis- 


tributed through  the  basement  substance,  arc  similar 
in  appearance  to  those  of  hyaline  cartilage.  Around 
each  cell  is  a  narrow,  strongly  refract ile,  homo- 
geneous zone  of  ba.sement  substance — the  capsule. 
Outside  of  the  caiisule  the  basement  substance  is 
more  or  less  densely  filled  with  coarser  and  finer 
anastomosing  and  interlacing  elastic  fibers  (Fig. 
124.5).  In  addition  to  the  elastic  fibers  the  basement 
.substance  contains  numerous  large  and  small  granules, 
consisting  of  a  material  similar  in  chemical  and 
optical  properties  to  that  composing  the  elastic  fibers 
— the  so-called  elastic  granules.  Tlie.sc  elastic  gran- 
ules are  unevenly  distributed  througli  the  ba.sement 
substance.  Fibroela.stic  cartilage  is  developed  from 
a  hyaline  form  of  cartilage  by  the  formation,  in 
the  basement  substance,  of  the  characteristic  elastic 
fibers  and  granules.  T.  Mitchell  Phudden. 
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— Cahtil.\ge. — The  organic  basis  of  cartilage  was 
formerly  known  as  chondrigen  and  the  gelatin-like 
substance  obtained  from  it  on  boiling  was  known  as 
chondrin;  but  it  is  now  recognized  that  the  so-called 
chondrigen  is  a  mixture,  containing  the  following  as 
its  chief  constituents. 

1.  Collagen,  resembling  closely  that  of  connective 
tissue. 

2.  .\n  insoluble  albuminoid  substance,  resembling 
elastin  but  richer  in  sulphur. 

3.  A  mucin-like  substance,  known  as  chondro- 
mucoid  and  capable  of  decomposition  into  a  protein 
and  chondroitic  acid. 

4.  Chrondroitic  acid  or  chrondroitin-sulphuric  acid, 
present  in  combination  in  chondromucoid  and  also 
uncombined.  Schmiedeberg  ascribes  to  chondroitic 
acid  the  formula  CnHjvNSOn. 

Of  the  cartilage  cells  little  is  known,  but  they  contain 
traces  of  glycogen  and  fat. 

The  inorganic  constituents  of  cartilage  are  charac- 
terized by  the  abundance  of  sodium  which  in  adult 
mammals  is  principally  combined  with  sulphuric  acid. 
In  mammalian  embryos  and  in  lower  vertebrates  the 
sulphuric  acid  is  largely  replaced  by  chlorine.  In  old 
age  a  gradual  disposition  of  lime  salts  occurs  leading  to 
partial  ossification.  The  composition  of  cartilage  is 
summarized  by  Hoppe-Seyler  as  follows: 


In  1,000  parts. 


Costal      Articular 
cartilage,    cartilage. 


Water 676.6 

Solids '  323.3 

Organic 301.3 

Inorganic 22 . 0 


735.9 

264.1 

248.7 

15.4 


Salts  in  one  hundred  parts  of  ash : 

Potassium  sulphate 26.66 

Sodium  sulphate 44.81 

Sodium  chloride 6.11 

Sodium  phosphate 8.42 

Calcium  phosphate 7.88 

Magnesium  phosphate     4.55 

Bone. — The  bones  of  vertebrates  consist  essentially 
of  an  organic  basis  of  ossein  and  the  so-called  bone 
earths  made  up  of  inorganic  salts.  Elastin,  fat,  pro- 
teins, and  nuelein  are  also  present;  the  latter  two  prin- 
cipally from  the  bone  corpuscles.  Ossein,  a  scleropro- 
tein,  is  identical  'with  or  very  similar  to  the  collagen  of 
connective  tissue.  In  the  bone  earths  calcium  predomi- 
nates in  the  bases,  but  small  quantities  of  magnesium 
are  also  present  and  traces  of  potassium  and  sodium. 
These  bases  are  for  the  most  part  in  combination  with 
phosphoric  acid,  but  some  carbonic  acid  is  found,  and 
traces  of  chlorine  and  fluorine.  The  sulphuric  acid 
mentioned  by  some  writers  is  probably  derived  from 
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some  of  the  organic  constituents  and  does  not  properly 
belong  to  the  bone  earths.  There  is  some  difference 
of  opinion  as  to  how  the  bases  and  acids  are  combined, 
but  according  to  Gabriel  the  simplest  expression  for 
the  composition  of  the  ash  is  Ca3(POi)2+Ca5HP30i3 
4-Aq,  in  which  two  to  three  per  cent,  of  the  hme  is 
replaced  by  magnesia,  potash,  and  soda  and  four  to 
six  per  cent,  of  the  phosphoric  acid  by  carbon  dioxide, 
chlorine,  and  fluorine.  As  age  advances  the  mineral 
constituents  of  the  bone  diminish  somewhat  while  the 
organic  components  are  slightly  increased  (Sappey  and 
N^laton).  This  fact  is  explained  by  the  partial  re- 
placement of  true  bone  tissue  by  enlarged  blood-ves- 
sels and  bone-marrow.  Hoppe-Seyler  gives  the  follow- 
ing composition  for  undried  bone  without  separation 
of  marrow  or  blood:  Water,  50  per  cent.;  fat,  15.75 
per  cent.;  ossein,  12,40  per  cent.;  bone  earths,  21.85 
per  cent.  The  composition  of  the  bone  earths  is  given 
as  follows  by  Zalef sky  in  parts  per  thousand : 


Man.    I     Ox. 

838.9 

10.4 

76.5 

57.3 

1.8 

2.3 

860.9 

10.2 

Calcium  combined  with  COa,  Fl,  and  CI 

COs                              

73.6 
62.0 

2.0 

3.0 

Bone  marrow  is  composed  chiefly  of  fat  (96  per  cent.), 
containing  the  fatty  acids  of  ordinary  adipose  tissue  in 
the  proportion  of  palmitic  acid  22,  stearic  acid  10,  and 
oleic  acid  63  per  cent,  of  the  total  fatty  acids.  Among 
the  extractives  of  marrow  are  lactic  acid,  hypoxanthin, 
and  cholesterin.  Protein  is  present  in  small  quantities, 
especially  in  the  red  marrow  of  the  spongy  bones.  It 
is  principally  in  the  form  of  globulin  and  nucleo- 
albumin,  with  traces  of  albumin.  Red  marrow  differs 
from  ordinary  yellow  marrow  in  containing  less  fat 
but  large  numbers  of  red  corpuscles.  It  also  contains 
several  peculiar  iron  compounds  of  whose  composi- 
tion little  is  known  but  which  are  believed  to  have 
something  to  do  with  the  formation  of  red  corpuscles. 

Teeth. — These  consist  of  crusta  petrosa,  dentine, 
and  enamel.  The  crusta  petrosa  is  a  true  bony  struc- 
ture and  resembles  ordinary  bone  in  composition. 
Dentine  is  very  similar  in  composition,  but  contains 
less  water.  Enamel  is  an  epithelial  structure  con- 
taining scarcely  any  water  but  rich  in  lime  salts.  Its 
organic  constituents  are  very  small  in  quantit.v  and 
differ  from  the  ossein  of  bone  and  dentine  in  not 
yielding  any  gelatin  on  boiling.  The  following  com- 
position is  given  for  the  teeth  by  Hoppe-Seyler  from 
analyses  by  Aeby: 


Constituents. 


Dentine.      Enamel. 


CaioCOj(POOt !     72.06 

MgHP04 -  -75 

Organic  substances 27 .  70 


96.00 
1.05 
3.60 


Wesley  Mills. 
William  S.  Morrow. 


Carum. — Caraway.  The  dried  ripe  fruit  of 
Carum  carvi  L.  (fam.  UmbellifercE).  The  spelling  of 
the  specific  name  "carvi"  is  a  relic  of  the  use  of  but 
one  character  for  both  our  u  and  v.  The  sound  is, 
therefore,  that  of  «,  from  which  comes  the  pronuncia- 
tion carau-ay.  This  is  a  biennial  herb,  with  a  long, 
brown,  tapering,  edible  root,  a  slender,  erect,  branch- 
ing, hollow  stem,  bi-  or  tri-pinnate  leaves,  with  narrow 
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Fig.  1246— Cara- 
way Fruit.  En- 
larged about  four 
times.     (Baillon.) 


linear  segments,  and  small,  compound  umbels  of 
white  flowers.  It  is  a  native  of  Northern  and  Central 
Europe  and  Asia,  and  is  cultivated  and  naturalized 
in  nearly  all  temperate  covintries.  The  dried  fruits, 
usually  separated  into  their  mericarps,  are  from  three 
to  five" millimeters  long  (i  in.),  slender,  slightly  curved, 
tapering  at  each  end,  and  marked  with  five  fine 
yellow  ribs,  alternating  with  dark  brown  intervening 
spaces.  There  is  one  large  oil  tube  between  every  two 
adjoining  external  ribs,  and  two  on  the  ventral  face,  six 
in  all.  The  characteristic  odor  and  taste  are  familiar 
to  nearly  every  one.  The  active  constituent  is 
carvone,  which  constitutes  fifty  to  sixty  per  cent,  of 
its  four  to  seven  per  cent,  of  volatile  oil,  and  which 
can  advantageously  be  substituted  for  the  latter. 
Most  of  the  remainder  is  limonene.  There  is  also 
some  fixed  oil,  resin,  gum,  sugar,  and  tannin.  The 
stimulant  and  carminative  properties  are  those 
of  the  family.  The  odor  and  taste  are  characteristic, 
and  make  of  it  and  its  oil  a  favorite  flavoring.  It 
is  mostly,  used  as  an  ingredient  of 
bread  and  cakes.  The  medicinal  dose 
is  gr.  viij.  to  xxx.  (0.5-2.0).  It  en- 
ters into  the  Compoimd  Tincture  of 
Cardamom,  the  onl_y  official  prepa- 
ration. 

The  so-called  "Black  caraway," 
also  largely  used  by  German  bakers, 
is  not  at  ail  related,  being  the  seed  of 
Xigella.  This  contains,  besides  a 
volatile  oil  of  very  agreeable  flavor, 
and  much  fat,  about  0.5  per  cent, 
of  the  alkaloid  daninsccnine.  The 
seed  closely  resembles  the  deadly 
larkspur  seed. 

Oil  OF  C-AR.AWAY  (Oleum  Cari). — 
A  volatile  oU  existing  in  caraway  to 
the  extent  of  from  four  to  seven  per  cent.  It  has  the 
characteristic  odor,  taste,  and  properties  of  caraway. 
Its  specific  g-avity  is  0.905  to  0.915  at  25°  C.  (77°  F.). 
It  is  soluble  in  an  equal  volume  of  alcohol,  it  con- 
si  ts  of  carvol  and  dextrogj-rate  limonene  (carvene). 
The  dose  is  lU  i.  to  x.  (0.06-0.6),  but  it  is  preferable 
to  use  carvol.  It  enters  into  the  Spiritus  Juniperi 
Compositus,  its  only  official  preparation. 

Carvol  (CioHioO). — A  ketone  which  constitutes 
the  essential  constituent  of  oil  of  caraway,  and  which 
also  occurs  in  oil  of  dill  and  oil  of  spearmint.  It  is  a 
colorless,  or  pale  yellow,  transparent  liquid,  having  a 
specific  gravity  of  0.900  and  boiling  at  224°  C.  One 
cubic  centimeter  diluted  with  the  same  amount  of 
alcohol  should  at  most  assume  only  a  slightly  reddish 
or  violet  tint  on  the  addition  of  a  drop  of  a  very 
dilute  solution  of  ferric  chloride.  It  has  the  odor, 
taste,  and  properties  of  oil  of  caraway,  and  is,  in  addi- 
tion, ciuite  imiform.  It  is  official  in  the  German 
Pharmacopoeia.  The  dose,  if  the  preparation  is 
pure,  is  rai.-v.  (0.06-0.3).  Hen-ry  H.   Rusby. 


Carus,  Karl  Quslav. — Born  at  Leipzig,  Germany,  in 
17S9,  and  educated  in  the  same  city.  After  taking 
systematic  courses  in  chemistry  and  in  medicine,  he 
was  appointed  a  Privatdozent  in  the  University  of 
Leipzig  in  ISl  1.  Up  to  that  time  no  lectures  had  been 
given  at  Leipzig  on  comparative  anatomy — that 
branch  of  medical  science  in  which  Carus  was  partic- 
ularly interested,  and  in  which  he  proposed  to  give 
instruction — and  it  was  therefore  a  source  of  great 
satisfaction  to  him  when  he  discovered,  as  he  soon  did, 
that  his  reputation  as  a  teacher  was  steadily  increasing. 
In  1S14  he  was  made  Professor  of  Comparative 
Anatomj'  at  the  new  medical  school  at  Dresden,  and  in 
1827  he  received  the  appointment  of  Royal  Physician. 
He  died  on  July  28,  1869. 

Of  his  numerous  published  writings  the  following 
deserve  to  receive  special  mention:    "Grundziige  der 
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Caryorrlie&ls 


vergli'iclipndcn  Anatcimic  mid  I'hysioloKic."  Dresden. 
182S;  "Atlas  dor  Kraniciskupir."  Lcijjzip;,  socoiul 
edition,  iJilil;  and  "  Verglcichcndc  I'sycliologio," 
Vienna,  ISOli.  A.  H.  15. 

Carvacrol. — Oxycymol.  Cymoiphenol.  (CsHj.CHa-- 
(CHs.CHj.CH.iltiH).  Tliis  is  one  of  the  active  con- 
stituents of  oils  of  tliynie  and  sninnier  savory,  and 
occurs  also  in  some  other  plants.  It  is  a  thickish 
volatile  liquid,  with  a  spociHc  jsravity  of  atiout  O.ltsl. 
It  has  a  characteristic  odor.  Like  thymol,  with  which 
it  is  associated,  it  is  strongly  antiseptic.  It  is  very 
closely  related  to  carvol,  having  the  same  composition. 

Henry  H.   RtsBV. 

Caryocinesis.— See  Cell  and  Mitosis. 

Caryolysis. — K.^ryolysis.  This  term  denotes  the 
change  (called  also  cliromatoli/sis)  observed  in  the 
nucleus  of  a  necrotic  cell  whereby  its  chromatin  either 
entirely  disappears  or  loses  its  staining  power.  Such 
change  may  be  due  to  a  solution  of  the  nucleus,  to 
chemical  changes  in  the  chromatin,  or  to  its  complete 
destruction.  It  is  the  most  important  microscopical 
evidence  of  necrosis,  and  is  to  be  regarded  as  the  es- 
sential feature  of  this  process.  The  term  is  u.sed 
synonymously  with  chromatolysis,  but  is  gradually 
replacing  the  latter  word. 

Aldred  Scott  Warthin. 


Caryophyllus. — CLO^■Es.  The  dried  flower  buds 
of  Eugenia  aromalica  (L.)  O.  Kuntze  (Fam.  MyrlaceiF). 

Cloves  are  produced  by  a  beautiful,  fragrant,  ever- 
green tree,  with  a  fine  pyramidal  crown  thirty  or  forty 
feet  high,  native  of  the  Molucca  and  Philippine 
Islands,  but  now  known  only  in  the  cultivated  state, 
at  least  so  far  as  the  production  of  cloves  is  concerned. 
The  chief  production  is  in  the  East  Indies  and  ea.stern 
Africa.  The  flowers,  when  expanded,  are  of  a  brilliant 
crimson,  but  the  buds  are  gathered  as  cloves,  before 
the  petals  expand.  The  quality  of  the  product 
depends  largely  upon  the  buds  being  picked  in  exactly 
the  right  stage  of  development,  and  the  best  cloves 
are  carefully  picked  by  hand,  after  which  they  are 
quickly  dried  in  the  sun.  Three  flowers  are  borne 
together  on  a  peduncle  about  a  third  of  an  inch  in 
length,  many  of  wliich  become  mixed  with  the  cloves, 
and  are  regarded  as  an  adulterant.  They  contain 
much  less  oil  than  the  cloves,  and  are  often  distilled, 
under  the  name  of  dope  stalks,  for  their  oil,  which  is  of 
good  quality.  Their  presence  in  ground  cloves  is 
indicated  by  an  abundance  of  stone  cells,  which  are 
wanting  in  cloves.  If  both  stone  cells  and  starch 
are  found,  they  indicate  the  presence  of  the  clove- 
fruits,  called  anthophijlli,  or  mother  of  cloves.  "Ex- 
hausted cloves,"  those  from  which  the  oil  has  been 
removed,  have  also  been  largely  used  to  adulterate  the 
ground  article.  Cloves  are  a  little  over  half  an  inch 
long,  dark  brown,  consisting  of  a  subcylindrical,  solid, 
and  glandular  calyx  tube,  terminated  by  four  teeth, 
and  surmoimted  by  a  globular  head,  formed  by  four 
petals,  which  cover  numerous  curved  stamens  and  one 
style.  Cloves  emit  oil  when  scratched,  and  have  a 
strong  aromatic  odor,  and  a  pungent,  spicy  taste. 

Oleum  Caryophylli. — Cloves  contain  a  large  per- 
centage of  the  official  oil,  which  sometimes  forms  as 
much  as  one-fifth  of  the  weight.  There  are  also  pres- 
ent tannin,  gum,  resin,  etc.;  caryophyllin,  CzoHsjOo, 
which  is  isomeric  with  camphor;  and  eugenin,  none  of 
which  is  of  any  therapeutic  value.  The  properties  of 
the  clove  are  contained  in  the  volatile  oil.  It  is  ob- 
tained by  distillation,  and  is  official  in  all  pharma- 
copoeias. When  first  procured,  the  oil  is  clear  and 
colorless  and  very  fluid;  with  age  and  exposure  it  be- 
comes vellow  in  color,  and  ultimately  reddish  brown. 


It  also  becomes  thicker.  Its  specific  gravitv  should 
be  1.1)40  to  1. (Mil)  at  'i.i"  C.  (77°  F.)  It  is  soluble  in 
e(|ual  vohiincs  of  alcohol,  ether,  and  acetic  acid.  It  is 
slightly  acid  in  reaction.  Oil  of  cloves  is  made  up  of 
eiiyenol,  of  which  the  U.  S.  P.  requires  the  presence  of 
not  less  than  eighty  per  cent.,  by  volume,  eugenic 
acid,  CioHiiOo,  chemically  resenil)ling  phenol  and 
guaiacol,  and  a  terpene,  CisHji,  whicli  is  dejjosited 
when  the  oil  is  kept  for  a  length  of  time. 

Eugenol  is  formed  by  a  jjrocess  of  oxidation  from  oil 
of  cloves,  and  may  also  be  procvireti  from  other  essen- 
tial oils,  as  those  of  ciiuiainon,  pimento,  and  sassafras. 
It  is  an  aromatic,  colorless,  or  brownish,  oily  liquid, 
insohil)le  in  water,  soluble  in  alcoliol,  and  forms  eom- 
[loiuids  of  a  definite  character  with  caustic  alkalies. 
It  posses.ses  antiseptic  properties,  and  has  been  recom- 
mended as  a  febrifuge,  but  is  inferior  to  salicylic  acid, 
quinine,  etc.  Eugenol,  the  action  of  which  is  some- 
what analogous  to  guaiacol,  was  brought  into  promi- 
nence by  Dr.  Koch,  who  suggested  its  administration 
during  the  tuberculin  treatment.  The  dose  is  TTl  xlv. 
during  the  day,  dissolved  in  spirit  and  diluted  with 
water.  Applied  locally  it  has  a  mild  anesthetic 
action. 

Two  derivatives  of  eugenol — benzoyl-eugenol  and 
cinnamyl-engenol — have  been  introduced  and  are  ad- 
vocated for  the  treatment  of  tuberculous  disease. 
Both  of  these  preparations  occur  in  neutral,  acicular 
crystals,  free  from  color  and  odor;  taste,  faintly  bitter; 
slightly  soluble  in  water  and  freely  soluble  in  alcohol. 

The  therapeutic  action  of  cloves  is  due  to  the 
volatile  oil  which  they  contain,  and  is  that  common  to 
all  aromatic  oils.  Externally  it  is  antiseptic,  stimu- 
lant, and,  when  freely  used,  is  a  counterirritant.  It 
also  is  slightly  anesthetic.  It  is  employed  locally 
only  as  a  remedy  for  rheumatic  pains,  sciatica,  and 
neuralgias.  Its  most  common  use  is  as  an  antiseptic 
and  anesthetic  application  to  carious  teeth. 

When  taken  internally  it  produces  a  stimulating  and 
antiseptic  effect  upon  the  mucous  membrane  of  the 
.stomach  and  bowels.  It  also  acts  as  a  carminative 
and  antispasmodic,  checking  fermentation  and  pro- 
moting digestion. 

After  absorption  it  produces  a  general  stimulation 
and  is  excreted  unchanged  by  the  kidneys,  liver,  and 
lironchi.  L'pon  these  tissues  it  exercises  its  antiseptic 
properties,  and  it  is  thought  that  this  is  specially 
directed  to  the  pulmonary  tissues.  It  is  this  local 
action  upon  the  lungs  which,  with  its  carminative  and 
stimulating  effects,  has  encouraged  its  emplo\'ment  in 
tuberculosis. 

The  oil  is  usually  selected  for  administration  in 
from  one-  to  five-drop  doses.  The  average  dose  of 
powdered  cloves  is  four  grains.  That  of  the  oil  is 
three  minims.  H.  H.  Rusby. 


Caryorrhexis. — Karyorrhexis.  The  term  applied 
by  Klebs  to  that  form  of  nuclear  fragmentation  (called 
also  chromatokinesis)  in  which  the  chromatin  becomes 
broken  up  into  small  particles.  It  is  distinguished 
from  caryolysis  in  that  in  the  latter  process  there  is  a 
complete  disappearance  of  the  chromatin,  while  in 
the  former  the  nucleus  is  broken  into  particles  which 
ma}r  be  clumped  on  the  nuclear  membrane  (hyper- 
chromatosis  of  the  nuclear  membrane).  Caryorrhexis 
is  one  of  the  earliest  signs  of  necrosis,  and  is  in  the 
majority  of  cases  a  forerunner  of  caryol3'sis.  The 
latter  may  occur,  however,  without  a  preceding 
caryorrhexis,  the  nucleus  losing  its  staining  power 
without  undergoing  fragmentation.  According  to 
Schmaus  and  Albrecht,  the  disintegration  of  the 
nucleus  in  carj^orrhexis  is  not  due  to  a  rupture  of  the 
nuclear  membrane,  but  is  caused  by  definite  and  fairly 
typical  movements  on  the  part  of  the  chromatin 
elements  in  response  to  certain  influences  acting  from 
without  the  nucleus.  The  transposition  of  the  chroma- 
tin elements  is  usually  preceded  by  a  condition  of 
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hj'perchromatosis  leading  ultimately  to  a  separation 
of  the  chromatin  into  single  particles  which  gradually 
lose  their  staining  power.  The  phenomena  of  caryor- 
rhexis  may  be  observed  in  all  forms  of  beginning 
necrosis  due  to  any  cause,  but  can  be  studied  to  best 
advantage  in  the  necrosing  areas  of  malignant  tumors, 
particularlj'  in  carcinoma. 

Aldred  Scott  W.\rthin. 


Casanthrol.' — A  thick  and  gelatinous  emulsion  of 
neutral  reaction,  composed  of  casein  ointment  and  ten 
per  cent,  of  lithanthracic  extract.  The  latter  consists 
of  those  constituents  of  coal  tar  which  are  soluble  in 
benzol  and  ether.  Casanthrol  is  soluble  in  water  and 
when  applied  to  the  skin  dries  like  a  coat  of  varnish. 
However,  being  pervious  to  water,  it  does  not  prevent, 
but  rather,  if  anj'thing,  tends  to  increase,  the  per- 
spiration. It  is  precipitated  by  mineral  acids,  acid 
salts,  and  calcium  salts;  no  oil  separates  from  it  on 
warming,  and  it  does  not  become  rancid.  Classing  it 
among  his  water-soluble  varnishes  Unna  considers  it  a 
valuable  application  in  chronic  eczema  and  other 
chronic  conditions  of  the  skin.  It  is  said  to  have  been 
used  in  eczema  and  prurigo  with  no  unpleasant  secon- 
dary effects.  It  is  the  strongest  coal-tar  preparation 
which  can  be  employed  in  inflammatorj'  conditions 
of  the  skin;  and  if  desired  it  may  be  used  as  a  vehi- 
cle for  other  drugs.  W.  A.  Bastedo. 


Cascara  .\marga. — Honduras  Bark.  The  bark  of 
Picrmna  vellozii  Engl,  or  of  a  related  species,  or, 
according  to  some  authors,  of  an  undetermined 
species  of  Tariri,  syn.  Picramnia  (fam.  Simaruhacem). 
This  bark  comes  from  Central  America,  and  is  a  very 
highly  esteemed  vegetable  bitter  by  those  who  are 
accustomed  to  it.  There  is,  with  its  strongly  bitter 
taste,  a  peculiar  sweet  and  aromatic  flavor  not  resem- 
bled by  any  i  ther  drug.  It  contains  a  small  amount, 
about  one-half  per  cent.,  of  volatile  oil  and  about 
three  per  cent,  of  the  alkaloid  picramnine.  The 
latter  has  the  peculiar  sweet  and  bitter  taste  of  the 
bark  and  is  probably  its  principal  active  constituent. 
It,  as  well  as  its  salts,  is  amorphous.  It  is  a  simple 
or  slightly  aromatic  bitter  of  unusually  pleasant 
flavor.  Its  use  as  an  alterative  in  syphilis  is  common, 
but  -we  have  no  evidence  of  any  special  properties 
in  this  direction.     The  dose  is  gr.' v.-xv.  (0.3-1.0). 

Hexrt  H.  Rcsbt. 


Cascara  Sagrada. — Rhajnnus  Purshiana;  Chittem 
Bark;  Sacred  Bark.  "The  thick  bark  of  the  trunk 
and  branches  of  Rhamnus  Purshiana  D.  C.  (fam. 
Rhamnacece) ."  (U.  S.  P.)  The  genus  Rhamnus 
and  the  nature  of  its  species  and  their  constituents 
are  discussed  under  Frangula.  The  species  here  con- 
sidered is  a  small  tree  growing  very  abundantly  in 
our  extreme  Northwestern  States  and  northward. 
It  was  introduced  into  the  materia  medica  in  1S7S 
and  encountered  a  remarkable  degree  of  prejudice 
and  opposition,  being  practically  boycotted  by 
many  of  the  most  influential  physicians.  It,  however, 
steadily  increased  in  favor  and  is  at  present  probably 
the  most  largelj-  used  in  professiona'  practice  of  any 
American  drug.  During  its  early  history,  the  bark 
of  a  related  sp>ecies,  R.  californica  Esch.,  growing 
abundantly  in  central  and  southern  Ca'ifornia,  was 
frequently  substituted  for  it,  but  persistent  exposure 
resulted  in  completely  stopping  the  fraudulent 
practice,  so  that  adulteration  and  substitution  are 
now  almost  entirely  unknown.  The  bark  is  taken 
ofif  in  quills,  but  these  are  afterward  broken  up  to 
save  space  in  transportation.  These  quilled  pieces 
are  of  variable  thickness,  up  to  nearly  one-quarter 
of  an  inch.  The  outer  surface  is  rareh-  fissured,  but 
is  more  or  less  warty,  the  warts  being  low  and  broad. 
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The  surface  is  originally  of  a  peculiar  red-purple  or 
purple-brown,  but  becomes  more  or  less  covered  with 
gray  lichens.  These  may  grow  so  as  to  form  a  uniform 
gray  covering  or  a  series  of  gray  patches  of  variable 
size.  Pieces  taken  from  the  base  or  junction  with  the 
root,  are  frequently  thrown  into  transverse  WTinkles 
or  semi-folds.  The  inner  surface  when  fresh  is  hght- 
yellow,  but  exposure  turns  it  gradually  darker  until 
after  two  or  three  years  it  may  be  nearly  black. 
The  fracture  is  sharp  and  of  a  pale  yellow'  There 
is  a  slight  odor  and  a  peculiar  bitter  "and  somewhat 
aromatic  taste.  Preparations  of  the  drug  are  apt 
to  have  a  very  disagreeable  taste  and  numerous 
formulae  have  been  devised  for  avoiding  this  un- 
pleasant feature. 

Composition-. — The  composition  of  cascara  sagrada 
is  very  similar  to  that  of  buckthorn  in  its  general 
nature,  though  certain  differences  are  manifest.  The 
frangulln-like  body  is  not  identical,  and  the  percentage 
of  emodin  is  much  smaller.  There  is  a  much  larger 
amount  of  resin  and  this  is  divisible  into  three  distinct 
bodies.  It  is  not  clear  to  which  of  these  differences 
the  more  regular  and  less  griping  characters  are  due. 
Throughout  the  recent  active  discussion  of  the  pres- 
ence of  emodin,  or  emodin-like  substances  {anthra- 
quinones)  as  active  constituents  of  some  of  our  most 
important  cathartics,  there  has  been  shown  a  disposi- 
tion to  overrate  the  effect  of  such  presence  as  deter- 
mining similarity  of  action.  It  by  no  means  follows 
that  other  constituents  are  to  "be  ignored  in  the 
laxative  effects,  merely  because  the  anthraquinones 
are  thus  active;  besides  which,  we  have  to  reckon 
with  minor  differences  in  the  anthraquinones  them- 
selves. The  distinctly  bitter  properties  of  cascara 
sagrada  make  it  more  effective  in  stimulating  appetite 
and  digestion.  Like  buckthorn,  it  is  much  more 
useful  when  given  in  small  doses,  for  some  time,  to 
overcome  habitual  constipation,  than  when  used  as  a 
cathartic.  It  has  been  at  various  times  claimed  as  a 
useful  agent  in  the  treatment  of  rheumatism,  syphilis, 
and  similar  diseases,  and  it  is  so  by  virtue  of  its 
depurative  and  eliminative  properties,  but  not  in 
any  way  as  a  specific.  The  actual  physiological 
action  of  cascara  sagrada  has  never  yet  been  worked 
out,  but  it  is  evident  that  it  in  some  way  profoundly 
modifies  the  secretory  and  excretory  functions. 
There  is  an  official  extract,  of  which  the  average  dose 
is  four  grains.  The  fluid  extract  also  is  official. 
The  dose  as  a  cathartic,  taken  at  night,  is  fl.  3  ss. 
to  i.  (2.0-4.0).  Those  few  who  find  their  rest  thus 
disturbed  may  take  it  in  the  morning,  or  may  take  a 
smaller  dose.  As  an  alterative  or  tonic  laxative, 
the  dose  is  TTl  xv.  to  xxx.  (1.0-2.0),  preferably  before 
meals.  Licorice,  alkalies,  and  carminative  oils  tend 
to  disguise  the  bad  taste. 

None  of  the  extracted  so-called  active  constituents 
of  the  drug  are  worthy  to  be  compared  to  its  galenical 
preparations.  Hexht  H.  Rusbt. 

Cascarilla. — The  dried  bark  of  Croton  eleuteria 
Bennett  (fam.  EuphorbiacetB)  (N.  F.,  B.  P.).  This 
species  of  Croton  is  a  large,  widely  branched  shrub  of 
the  Bahama  Islands  where  it  is  rapidly  approaching 
extermination,  through  destructive  collection. 

Cascarilla  was  imported  into  Europe  about  the  mid- 
dle of  the  seventeenth  century,  when  it  was  considered 
a  variety  of  cinchona.  It  has  undoubtedly  formerly 
been  the  produce  of  several  species  of  Croion,  but  at 
present  comes  exclusively  from  the  one  above  named. 
It  is  in  quills  or  cur\-ed  pieces,  about  one-twelfth  of  an 
inch  (2  mm.)  thick,  having  a  somewhat  fissured,  easily 
detached,  brown,  corky  layer,  more  or  less  gray  from  a 
covering  of  lichens,  and  the  inner  surface  smooth.  It 
breaks  with  a  short  fracture,  having  a  resinous  and 
radially  striate  appearance.  When  burned,  it  emits  a 
strong,  aromatic  odor.  Its  taste  is  warm  and  very 
bitter. 
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The  active  principles  of  tliis  bark  are  cascarillin,  a 
white  crystalline,  bitter  substance,  scarcely  soluble  in 
water,  to  which  it  owes  its  tonic  properties,  and  an 
csuriliol  nil,  which  latter  it  contains  to  the  extent  of 
something  more  than  one  per  cent.  It  also  contains 
much  rc^in  and  a  little  tannin. 

The  composition  just  given  indicates  the  use  and 
value  of  cascarilla.  It  is  a  bright,  rather  pleasant, 
aromatic,  bitter  tonic,  with  no  s|)ecial  (|ualities  other 
than  its  taste,  to  distinguish  it  in  medicinal  value  from 
other  spicy  bitters.  It  is  used  occasionally  in  pastils, 
and  is  said  to  be  put  into  tobacco  on  account  of  its 
fragrance  when  burning.  Alcohol  extracts  its  virtues 
to  the  best  advantage.  Dose,  as  a  tonic,  gr.  xv.-xxx. 
(1.0-2.0).  Tliere  is  no  official  preparation.  The 
chief  use  of  this  bark  is  for  incense  in  churches. 

The  section  Eleuhrin,  of  the  enormous  genus  Crolon, 
contains  thirty  or  more  plants,  a  number  of  which  have 
barks  possessing  properties  similar  to  those  of  cascarilla. 

H.  H.  RusBY. 

Caseation. — See  Necrosis. 

Casein. — This  substance  is  the  chief  protein  con- 
stituent of  milk,  occurring  nowhere  else  in  nature.  The 
quantity  present  in  milk  varies  with  the  species  of 
animal  from  which  the  milk  has  been  obtained.  Casein 
belongs  to  the  group  of  compound  proteins,  the  phos- 
phoproteins,  and  hence  is  chiefly  chpracterized  by  con- 
taining an  appreciable  quantity  of  phosphorus  in 
organic  combination.  Casein  being  insoluble  in  dilute 
acids  is  precipitated  when  the  lactose  ferments  (when 
milk  turns  sour).  It  is  also  peculiar  in  its  behavior 
toward  the  rennet  enzyme,  the  latter  causing  the 
formation  of  (a  heavy  curd.  Unlike  most  native  pro- 
teins casein  does  not  coagulate  on  boiling.  Instead 
its  solutions,  like  milk,  when  boiled  are  covered  with 
a  thin  pellicle;  at  the  same  time  casein  loses  some  of 
its  sulphur.  It  has  thus  far  been  impossible  to  deter- 
mine definitely  whether  the  caseins  from  different 
kinds  of  milk  are  identical.  However,  the  evidence 
available  seems  to  indicate  that  each  casein  is  peculiar 
to  its  own  type  of  milk.  Frank  P.  Underbill. 


Casein  Ointment. — A  thick,  white  emulsion,  mis- 
cible  with  water  and  proposed  by  Unna  as  a  vehicle 
for  the  application  of  drugs  to  the  skin.  Its  formula 
is:  Casein,  14;  potassium  and  sodium  hydroxides  (1 
to  4),  0.43;  glycerin,  7;  vaseline,  21;  salicylic  acid  or 
borax,  1 ;  water,  56.  As  it  dries  it  leaves  a  thin  coating 
upon  the  skin.  W.  A.  Bastedo. 


Caseoiodine. — A  substance  of  the  nature  of  thyreo- 
iodine  stated  to  have  been  used  with  good  results  in 
myxedema.  The  edema  subsided,  the  hair  and  skin 
became  soft,  the  intelligence  clearer,  and  the  phleg- 
matic condition  gave  place  to  one  of  average  activity. 
It  is  prepared  from  per-iodo-ca.sein,  and  is  a  white 
powder  containing  S.7  per  cent,  of  iodine.  The  do.se 
is  gr.  i  (0.01)  once  or  twice  a  day,  increased  rapidly 
up  to  gr.  i.  (0.06)  a  day.  In  overdose  it  is  capable  of 
producing  flushing,  rapid  weak  heart,  and  prostration. 

W.  A.  Bastedo. 


Cashew  Nuts. — Anacardium.  The  ripened  ovary, 
with  contents,  of  A)tacardiiini  occidenlale  L.  (fam. 
Anacardiaceoe) ,  a  large,  widely  sprawling  shrub,  or 
small  tree,  of  tropical  America,  largely  cultivated  in 
all  tropical  countries  for  its  fruit.  The  edible  portion 
of  this  fruit  consists  of  the  fleshy  enlarged  pedicel,  and 
is  of  the  form  and  size  of  a  medium  pear,  green  or 
yellow  with  a  red  cheek.  It  is  juicy  to  an  extra- 
ordinary degree,  and  is  consumed  chiefly  for  its  thirst- 
quenching  properties.     Unless  thoroughly  ripe,  it  is 


exceedingly    astringent.     When    ripe,    the    juice    is 

slightly  sweetish  and  slightly  acid.  This  fruit  is  also 
manufactured  into  a  wine  which  is  credited  in  Brazil 
with  special  ])ropertics  as  an  hepatic  stimulant.  The 
ripened  ovary,  nuuiy  times  smaller  than  the  fleshy 
jiortion,  is  jiartly  hidilen  in  the  summit  of  the  latter. 
It  is  kidnev-shajjed,  about  three  centimeters  (1.2  in.) 
long,  brownish-ash  colored,  and  smooth  exteriuilly. 
It  contains  a  large,  bland,  oily,  curved,  edilfle  embryo. 
The  pericarp,  which  is  two  or  three  milliineter.s  (J  in.), 
thick,  is  of  cavernous  structure,  and  contains,  when  dry, 
a  thick  or  solid,  black,  extract iform,  resinous  sub.stance, 
of  exceedingly  irritant  properties  when  applied  to  the 
skin.  A  bassorin-like  gum  exudes  from  the  stem;  an 
edible  milky  sap,  which  akso  is  an  indelible  dye,  flows 
from  the  trvmk. 

The  resinous  extract  consists  of  anacardic  acid,  and  a 
yellow  or  brown  oily  liquid,  cantol.  This  is  an  intense 
and  dangerous  irritant,  causing  often  severe  inflamma- 
tion of  the  skin  and  blisters,  and  even  the  fumes,  when 
it  is  burned,  are  said  to  have  the  same  properties.  It 
was  formerly  used  as  an  irritant,  and  is  still  so  used  to 
some  extent  in  the  West  Indies.  It  has  no  medicinal 
value  here,  and  is  only  to  he  known  as  a  poison.  The 
roasted  and  salted  kernel  is  a  delicious  table  delicacy. 

The  East  Indian  anacardium  is  a  smaller  but  similar 
product,  from  Semecarpiis  anacardium  Linn,  fil.,  in  the 
same  family.  A  milder  cardol,  "Cardol  pruriena," 
is  obtained  from  its  fruit,  and  has  been  used  also  as  an 
irritant,  and  as  a  basis  of  indelible  ink.  It  is  now  en- 
tirely out  of  use  on  account  of  the  danger  attending  it. 
Poison  ivy,  Rhus  toxicodendron  L.,  and  poison  sumach, 
Rhus  vencnaium,  are  in  the  same  family,  and,  as  well  as 
some  other  species  of  Rh^is,  have  a  similar  inflaming 
action  upon  the  skin  (see  Poisonous  Plauts). 

H.  H.  RusBT. 


Cassebohm,  Johann  Friedrich. — f)ne  of  the  most 
skilful  anatomists  of  the  eighteenth  century.  He 
was  born  about  1705  in  the  vicinity  of  Halle,  Prussian 
Saxony,  and  received  his  n^edical  education  partly 
at  the  University  of  the  latter  city  and  partly  at 
Frankfort-on-the-Oder.  He  probably  also  spent  a  cer- 
tain length  of  time  at  Paris,  for  Haller  speaks  of  him 
a.s  having  been  a  pupil  of  the  Danish  anatomist  Win- 
slow,  who  resided  in  that  city  during  the  years  1669- 
1760.  In  1738  he  was  chosen  Professor  of  Anat- 
omy at  the  University  of  Halle,  and  three  years 
later  he  was  asked  to  fill  the  same  chair  at  Berlin. 
He  died  on  February  7,  1743,  leaving  behind  him,  al- 
tliough  he  was  comparatively  a  young  man  at  the 
time  of  liis  death,  a  well-established  reputation  as 
an  anatomist. 

His  published  writings  are  few  in  number,  but  of 
exceptional  merit.  The  titles  of  these  are  as  follows: 
"  Dissertatio  de  aure  interna,"  Frankfort-on-the-Oder, 
1730;  "  Programma  de  differentia  fetus  et  adulti 
anatomica,"  Halle,  1730;  "Tractatus  quatuor  ana- 
tomici  de  aure  huniana,  tribus  figurarum  tabuhs 
illustrati,"  Halle,  1734;  and  "Tractatus  quintus 
anatomicus  de  aure  humana,  etc.,"  Halle,  1735. 
According  to  the  statement  of  Dezeimeris,  Haller 
owned  at  one  time  the  manuscript  of  a  very  remark- 
able work,  entitled  "On  the  Art  of  the  Anatomist." 
This  work,  of  which  Cassebohm  was  known  to  be  the 
author,  constituted  in  reality  a  complete  treatise  on 
anatomy.  A.  H.  B. 


Casserio,  Giulio. —  Born  in  Placenza,  Italy,  in  1545. 
His  parents  being  poor,  Casserio  was  obliged  to  go 
out  to  service.  Fortunately  for  him,  as  it  afterward 
turned  out,  the  person  by  whom  he  was  employed  was 
Fabrizio  d'Aquapendente.  the  distinguished  anato- 
mist. The  latter  soon  noticed  that  Casserio  possessed 
a  decided  aptitude  for  scientific  studies,  and  he 
accordingly  aided  the  young  man  in  every  possible 
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manner  to  pursue  the  career  of  physician.  After  his 
pupil  had  secured  the  degree  of  Doctor  of  Surgery  and 
Philosophy,  Fabrizio  still  further  honored  him  by 
calling  upon  him  from  time  to  time  to  lecture  in  his 
place.  Finally,  in  1604,  when  Fabrizio's  poor  health 
compelled  him  to  resign  his  chair,  the  Senate  of 
Venice  gave  the  position  to  Casserio,  who  performed 
its  duties,  during  a  period  of  several  years,  with  great 
credit  to  himself. 

Casserio  holds  a  high  rank  in  the  historj-  of  anatomy. 
He  made  numerous  discoveries,  among  the  more  im- 

Eortant  of  which  may  be  mentined  the  following: 
e  was  the  first  to  describe  correctly  the  two  apophyses 
of  the  malleus  and  the  muscles  attached  to  the  ossicles 
of  hearing;  he  ascertained  the  fact  that  the  canal  of 
the  cochlea  has  no  outlet  in  its  upper  portion:  he 
described  correctly  the  cartilages  and  muscles  of  the 
larvn.x;  and  he  was  the  first  to  give  an  exact  de- 
scription of  the  operation  of  tracheotomy  and  to 
furnish  pictorial  illustrations  of  the  instruments 
required  for  its  performance.  (The  structure  which 
is  often  termed  the  "Casserian  gangUon"  was  not 
discovered  bv  Casserio,  but  by  a  German  Surgeon 
named  Gasser.)  Of  the  books  which  he  published  the 
following  two  deserve  specially  to  be  named:  "De 
vocis  auditusque  organo  historia  anatomica,"  Ferrare, 
1600:  "Tabulae  anatomicae  LXXVIII.."  Venice, 
1627.  A.  H.  B. 


Cassia. — See  Cinnamon. 

Cassia  Fistula. — Ptrging  C.^s-sla..  The  ripe  fruit 
of  Cathnrlocarpus  fistula  (L.)  Pers  (Cassia  F. — Pers.) 
(fam.  Leguminosa).  The  British  Pharmacopoeia 
defines  this  article,  under  the  title  Cassia  Pulpa,  as 
"the  pulp  obtained  from  the  pods,"  this  pulp  being 
the  onlv  portion  of  the  fruit  used.  The  dmg  has  been 
undoubtedlv  in  use  for  five  or  sLx  hundred  years,  but  its 
name  is  much  older,  having  been  transferred  to  this 
substance  from  some  variety  of  cinnamon  to  which  it 
properlv  belonged.  The  tree  is  a  native  of  tropical 
Asia,  but  is  extensively  cultivated  for  its  beauty,  both 
in  the  Old  World  and  in  the  New.  It  is  of  medium 
size  and  produces  long,  drooping  racemes  of  beautiful , 
showv,  sweet-scented  flowers. 

The  pods  are  nearly  or  quite  straight,  froin  thirty  to 
sLxtv  centimeters  long  by  about  2.2,5  centimeters  in 
diameter  (12  to  24  in.  by  1  in.),  cylindrical,  shortly 
stalked,  and  blunt-pointed.  The  surface  is  dark  purp- 
Iish-bro\\Ti,  and  although  not  very  smooth  it  has  a  dull 
polish.  The  dorsal  and  ventral  sutures  are  marked 
by  broad,  flat,  longitudinally  striated  bands  run- 
ning the  length  of  the  pod.  The  position  of  the  parti- 
tions is  generally  noticeable  upon  the  surface  by  means 
of  shallow,  annular  constrictions  about  five  or  six 
millimeters  (}  to  \  in.)  apart.  The  exocarp  (shell)  is 
hard  and  brittle  when  dry.  The  cavity  is  divided  by 
transverse  septa  into  from  twenty-five  to  one  hundred 
chambers,  each  containing  one  brown,  shining,  flat- 
tened seed  and  further  filled  with  pulp.  This  last,  when 
the  pods  are  fresh,  is  soft  and  fills  the  entire  space;  as 
thev  drv  it  hardens  into  a  thick,  black,  extract-like 
mass  which  eventually  becomes  hard  and  brittle  and 
onlv  covers  the  surfaces  of  the  chambers,  leaving  the 
seed  free  and  loose.  When  very  dry.  the  quality  is  con- 
sidered to  be  impaired.  This  pulp  is  removed  for  use 
by  maceration.  It  has  a  sweetish,  mawkish,  mulberry- 
like taste  and  smell  and  is  slightly  laxative,  but,  at 
least  in  the  dry  state  in  which  the  fruits  reach  us,  it  has 
very  little  value.  Sugar,  gum,  and  other  common 
vegetable  substances  are  all  that  have  been  observed 
in  it.  Cassia  Fistula  is  a  traditional  ingredient  of  the 
Confection  of  Seima.  In  the  south  of  Europe  it  is 
more  used.  Dose:  of  the  pulp,  o  i-  to  iij.  (4.0-12.0)  as 
a  laxative;  as  a  cathartic,  two  or  three  times  as  much. 
The  official  confection  contains  ten  per  cent,  each  of 
senna  and  tamarind,  seven  per  cent,  of  prune,  twelve 
per  cent,  of  fig,   sixteen  per  cent,  of  cassia  fistula,  and 
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one-half  per  cent,  of  oU  of  coriander,  the  rest  sugar 
The  dose  is  5  i-  to  ij.  (4.0-8.0).     It  is  little  used. 

Hexrt  H.  RrsBT. 


Cassine. — Black  draught.  The  leaves  of  Ilex 
cassine  L.  (Fam.  Ilidnece).  These  leaves,  also  known 
as  Youpon,  Dahoon,  or  North  American  tea,  are  the 
product  of  a  large  shrub  or  small  tree  that  grows  in 
great  abundance  in  swamps  and  along  streams  near 
the  coast  of  the  southeastern  United  States.  They 
contain  about  one-fourth  of  one  per  cent,  of  caffeine 
on  which  account  they  constituted  the  basis  of  an  im- 
portant beverage  of  the  North  American  Indians. 
The  coast  tribes  consumed  this  drink  habitually,  while 
many  of  those  of  the  interior  made  annual  pilgrimages 
to  the  coast  and,  during  their  stay  there,  indulged  in 
it  to  great  excess.  These  leaves  are  therefore  a 
practical  equivalent  of  the  Mate  or  Paraguay  tea  of 
South  America.  Besides  the  caffeine,  the  only  con- 
stituent worthy  of  note  is  about  seven  per  cent,  of 
tannin.  The  article  is  now  of  httle  interest,  except 
scientificallj-  and  historically.  H.  H.  RrsBT. 


Castalian  Sprini;s. — Homes  County,  Mississippi.  L 

Post-office. — Durant.     Hotel.  " 

AccEss.^ — These  springs  are  located  three  miles 
west  of  Durant,  at  the  point  of  intersection  of  the 
Y.  and  M.  V.  and  .\ber-leen  branches  of  the  Ilhnois 
Central  Railroad,  and  about  2.50  miles  north  of  the 
Gulf  Coast.  There  are  from  ten  to  twelve  passenger 
trains  arriving  at  and  leaving  Durant  daily,  all  of 
which  are  met  by  automobiles. 

The  country  around  the  springs  is  generally  rolling^ 
with  some  high  hills  and  beautiful  valleys,  making  a 
charming  combination.  The  location  of  the  springs  is 
about  300  feet  above  the  sea  level.  Notwithstanding 
the  great  rainfall  in  tliis  section,  there  is  very  little 
gloomy  or  cloudj'  weather.  The  clouds  roll  up 
quickly,  discharge  their  contents,  and  disperse, 
leaving  Old  Sol  to  resume  his  sway.  The  temperature 
about  the  springs  ranges,  on  an  average,  from  .35°  F. 
in  winter  to  65°  F.  in  summer.  The  greatest  extremes 
ever  noticed  are  10°  F.  the  lowest,  to  90°  F.  the  highest. 
The  place  is  used  as  a  resort  both  summer  and  winter. 
The  springs  are  situated  in  a  pleasant  little  valley 
shaded  by  magnificent  water-oaks,  and  surrounded  by 
high  hills  with  gradual  slopes  to  the  valley  below. 
The  hills  are  clad  with  evergreens  of  pine  and  some 
cedar.  On  the  springs  property  which  embraces 
some  360  acres,  there  are  about  fifty  springs  and  wells, 
only  two  of  which,  however,  have  been  analyzed  or 
used  for  medicinal  purposes.  Of  the  following, 
one  is  a  qualitative  determination  of  the  mineral 
ingredients,  wliile  the  second  is  a  quantitative  one. 

Spring  No.   1. 

(Examination  by  Prof.  E.  W.  Hilgard,  former  State 

Geologist.) 

One  United  States  gallon  contains  13S.5  grains  of 

solid  matter,  made  up  of  the  following  ingredients  in 

the  order  of  their  quantities: 

Calcium  sulphate.  Iron  carbonate. 

Aluminum  sulphate.  Potassium  sulphate. 

Magnesium  sulphate.  Sodium  chloride. 

Iron  sulphate.  Silica. 

Sulphureted  hydrogen  gas,  strongly  charged. 
Carbonic  acid  gas,  considerable  quantities. 

Professor  Hilgard  states  that  the  waters  may  be 
classed  as  sulphureted-ehalybeate.  They  possess  the 
astringent  qualities  of  alum  water,  while  at  the  same 
time  they  have  la.xative  properties  from  the  presence 
of  the  sulphate  of  magnesium. 

This  spring  yields  about  600  gallons  of  water  per 
hour,  having  a  temperature  of  56°  F. 
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Spking  Xo.  2. 
(Prof.  I.  G.  Patterson,  State  Chemist,  Analyst.) 

OxE  U.viTED  States  Gallon  Contains: 

Solids.  Grains. 

Calcium  sulphate 37 .  23 

IfaRnesium  sulphate 15.  IS 

.Sodium  sulphate 8.68 

^^ilica 7 .  35 

Ferric  and  aluminum  oxide 4.84 

8odium  chloride 2.47 

Potassium  sulphate 1 .  29 

Total 77.04 

Tins  spring  flows  about  300  gallons  per  hour.  The 
water  is  used  for  bathing  purposes,  and  is  also  sold  by 
the  barrel  or  case.  It  has  long  held  a  wide  reputation 
in  Mississippi  for  the  treatment  of  the  malarial  ca- 
chexia and  for  Uver,  stomach,  bowel,  kidney  and  skin 
affections.  Emu.\  E.  W.^i.kf.k. 


Castanea. — Chestnut.  The  leaves  of  Castanea 
dentala  (MarshaU)  Borckh.  (fam.  Fagacece),  collected 
in  September  or  October,  while  still  green.  This  is 
one  of  the  largest  and  most  valuable  of  our  timber 
trees,  growing  rather  rapidly,  and  producing  an 
abundance  of  straight-grained,  rather  coarse,  but  very 
durable  wood.  Tlie  ripe  fruit  or  nut  is  well  known. 
The  leaves  are  from  six  to  ten  inches  (15  to  25  cm.) 
long,  about  two  inches  (5  cm.)  wide,  petiolat*,  oblong- 
lanceolate,  acuminate,  mucronate,  feather-veined, 
sinuate-serrate,  smooth,  odor  slight,  taste  somewhat 
astringent.  Doubtless  other  species  of  chestnut  leaves 
have  the  same  composition  and  might  with  equal  pro- 
priety be  used.  Nothing  peculiar  has  been  found 
among  the  constituents  of  chestnut  leaves;  nine  per 
cent,  of  tannin,  resin,  and  a  number  of  mineral  com- 
pounds in  the  ash,  are  the  principal  things  observed. 

Their  u.^e  is  entirely  empirical.  For  a  good  many 
years  they  have  had  a  popular  reputation  for  the 
relief  of  whooping-cough,  and  within  the  last  ten  or 
fifteen  years  have  been  considerably  used  in  its  treat- 
ment by  physicians;  their  value  for  tliis  purpose  is, 
to  say  the  least,  uncertain.  Sometimes  there  appears 
to  be  a  marked  decrease  in  the  number  and  severity  of 
the  coughing  spells;  at  others  no  effect  is  produced. 
They  are  not  put  to  any  other  iise,  although  their 
powder  has  been  largely  employed  for  adulteration. 
The  fluid  extract  is  official,  the  dose  being  fl.  5  ss.-ij. 
(2.0-8.0). 

H.  H.  RusBY. 


Castle  Hot  Springs. — Yavapai  County,   Arizona. 
Post-office. — Hot  Springs.     Hotel  and  bungalows. 

Access. — Via  the  Atchison,  Topeka  &  Santa  Fe  and 
Southern  Pacific  Railroad  systems  to  Ash  Fork  and 
Phoenix;  thence  via  Sante  Fe,  Prescott  &  Phoenix 
Railway  to  Hot  Springs  Junction.  Automobiles  trans- 
port guests  from  Hot  Springs  Junction  to  Castle  Hot 
bprings,  a  distance  of  twent\"-four  mUes. 

The  resort  is  picturesquely  and  delightfully  located 
in  the  foot-hills  of  the  Bradshaw  Mountains  of  Cen- 
tral Arizona,  forty  miles  north  of  Phoenix  and  sixty 
miles  south  of  Prescott.  The  climate  is  unsurpassed 
during  the  fall,  winter,  and  spring  months.  The  alti- 
tude is  1,971  feet.  In  this  land  of  sunshine  and  blue 
sky  a  cloudy  day  is  rarely  seen.  In  January  and  Feb- 
ruary an  average  daily  temperature  of  70  degrees  is 
common.  The  atmosphere  is  so  clear  and  dry  that 
dew  and  fog  are  unknown,  and  on  account  of  the  pro- 
tection of  the  encircling  mountains,  this  garden  spot 
is  immune  from  dust  and  winds.  The  scenery  is 
unusually  beautiful,  mountain,  canyon,  and  valley 
alternating  in  producing  a  remarkable  panoramic 
effect.     The  vegetation  of  this  region  is  nearly  trop- 


ical. Scattered  about  the  grounds  are  the  date  and 
other  palms,  the  orange,  grape-fruit,  fig,  and  many 
other  varieties  of  trees.  ^lany  beautiful  song  birds 
make  their  home  here. 

The  following  analysis  of  the  Hot  Springs  water  was 
made  under  the  direction  of  the  Department  of 
Agriculture,  Washington,  D.  C: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  sulphate 18.2 

Potassium  bicarbonate 1.1 

Sodium  bicarbonate 0.2 

.\lumina Trace 

Magnesia Trace 

Sodium  chloride 12.9 

Silica 3.5 

Iron  bicarbonate 0.7 

Calcium  bicarbonate 7.0 

Lithia Trace 

Total  43.6 

Reaction Slightly  alkaline. 

.\mmonia None. 

Nitrates Trace. 

Nitrites None. 

The  water  is  mildly  saline-alkaline-chalybeate, 
with  a  trace  of  lithia.  and  is  remarkably  free  from 
organic  matter  or  any  other  contamination.  It  is 
very  palatable  and  large  quantities  may  be  drunk. 
There  is  a  flow  from  the  crevices  in  the  solid  granite, 
every  twenty-four  hours,  of  400.000  gallons.  The 
temperature  of  the  water  varies  from  115  degrees  to 
122  degrees.  Two  recently  constructed  bath-houses 
are  equipped  with  every  facility  for  the  application  of 
the  waters.  There  are  at  hand  the  spout,  pool,  vapor, 
Turkish,  electric  needle,  Scotch  douche,  Schott  Nau- 
heim  baths,  and  others.  Swimming  in  the  open  pools 
of  hot  and  cool  water  may  be  enjoj-ed  any  day  in  the 
year. 

The  hotel  comprises  three  separate  buildings  and 
five  bungalows.  These  structures  are  equipped  with 
every  modern  convenience.  The  table  is  unexcelled. 
The  hotel  supports  its  own  vegetable  gardens  and 
dairj-.  Golf,  horse-back  riding,  trail  walking,  shoot- 
ing, "tennis,  croquet,  billiards,  swimming,  and  other 
forms  of  recreation  are  at  the  command  of  the  guests. 

The  en\-ironment  is  soothing  to  tired  nerves  and 
weary  brains,  the  air  being  conducive  to  restfvil  sleep. 
The  water  is  efficacious  in  case  of  rheumatism  and 
gout,  anemia,  bronchial  catarrh,  asthma,  hay  fever; 
in  stomach  and  kidney  affections,  and  in  nervous 
disorders. 

The  season  lasts  from  November  fifteenth  to  May 
first.  Emma  E.  Walker. 


Castor. — Castoreum.  The  dried  preputial  follicles 
with  their  contents,  obtained  from  the  Beaver,  Castor 
fiber  Linn.,  and  separated  from  the  somewhat  shorter 
and  smaller  oil  sacs,  which  are  frequently  attached  to 
them.  The  glands  or  reservoirs  are  usually  connected 
in  pairs  by  their  excretory  ducts,  which  open  so  near 
together  as  to  be  removed  without  dividing.  They 
arc  oblong  or  pear-shaped,  somewhat  shriveled,  mul- 
tilocular  bags,  of  dark-brown  color  (when  dry)  and 
tenacious  consistence.  The  castor  itself  is  within 
these;  it  is  an  unctuous  brown  or  reddish-brown  sub- 
stance of  intense  and  disagreeable  smell.  It  consists 
of  volatile  oil,  castorin,  a  resinoid  substance,  a  peculiar 
fat,  and  other  proximate  principles,  but  like  musk  and 
others  of  its  class  the  chemical  composition  is  not 
especially  instructive  as  to  its  qualities.  There  are 
two  varieties  of  Castor,  the  Siberian,  from  the  Siberian 
beaver,  whose  "pods"  are  longer  (6  to  12  cm.=2i  to 
5  in.)  and  larger,  and  whose  contents  are  more  fragrant; 
and  the  Canadian,  from  the  American  variety.  The 
latter  is  naturally  the  most  common  here. 

This  substance  has  been  long  used  as  a  stimulant, 
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and  antispasmodic  in  hysterical  and  other  nervous 
conditions,  but  is  now  nearly  obsolete  as  a  medicine. 
It  is  no  longer  official  either  in  this  country  or  in 
Great  Britain.  There  is  some  call  for  it  as  a  basis  of 
perfumes.     Dose:  gr.  viii.  to  xxx.  (0..5-'2  0). 

H.  H.  RrsBY. 


Castor  Oil. — Oletim  Ricixi.  "A  fixed  oil  ex- 
pressed from  the  seeds  of  Ricinus  communis  L.  (fam. 
Euphorbiacece)."  (U.  S.  P.)  In  temperate  climates, 
this  plant  is  an  annual,  often  dying  at  the  season's 
close  without  ripening  its  fruit;  or,  where  the  season 
is  long  enough,  as  in  the  Middle  States,  it  bears 
abundantlj-  the  first  year,  and  is  killed  by  the  approach 
of  winter;  but  below  the  frost  line,  as  in  the  extreme 
south  of  Europe,  in  Africa,  and  India,  it  becomes  a 
shnibbv  or  tree-like  pereimial,  sometimes  attaining, 
in  the  tropics,  a  height  of  forty  feet.  In  the  United 
States  it  usually  attains  a  height  of  from  three  to 
twelve  feet,  with  a  round,  very  smooth,  purple  and 
glaucous,  hollow,  branching  stem,  and  large,  peltate 
or  subpeltate,  five-  to  eleven-lobed  leaves.  The 
flowers  are  borne  in  large,  falsely  axillary,  paniculately 
branched  spikes.  The  fruit  is  a  short,  blunt,  prickly 
tricoccous  capsule,  containing  three  pendulous  seeds. 
Castor-oil  seeds  vary  considerably  in  size  and  mark- 
ings; thev  are  generally  from  one  to  two  centimeters 
(about  i  in.)  in  length  by  about  two-thirds  as  broad 
and  half  as  thick,  ovoid,  blunt,  and  rounded  at  the 
ends.  They  are  convex  on  the  outer  surface.  The 
inner  surface  is  usually  flattened  on  each  side  of  the 
middle  by  the  pressure  of  the  neighboring  carpels, 
the  two  facets  so  formed  uniting  in  a  very  Ijlunt  and 
rounded  longitudinal  angle.     They  have  a  good-sized 


Fig.  1247. — Ca.«tor-oil  Plant.     (Baillon.) 

caruncle  at  their  upper  end  (or  a  scar  if  this  has  been 
broken  off).  The  surface  is  very  smooth  and  shining, 
usually  of  a  gray  color,  marked  with  very  pretty 
brown  or  blackish  marblings.  In  color  and  markings, 
however,  they  may  vary  considerably.  The  nucleus 
consists  of  a  soft,  oily  albumin,  with  a  good-sized, 
straight,  broad  embryo  in  the  middle.  This  plant 
is  probably  indigenous  to  India,  but  has  been  culti- 
vated so  long  and  extensively  that  its  original  home 
is  difficult  to  determine.  It  has  been  completely 
naturalized,  and  grows  with  all  the  freedom  of  a 
native  in  other  parts  of  Asia,  as  well  as  in  many  of  the 
Mediterranean  islands  and  coasts.     It  is  cultivated 


Fig.  1248.— 
Seed  of  the  Cas- 
tor-oil Plant. 
Two-thirds  Na- 
tural size. 


extensively  for  its  seeds  in  India,  Southern  Europe, 
and  the  Middle  United  States.  It  is  a  very  variable 
species,  and  is  divided  into  numerous  varieties, 
mostly  distinguished  by  the  size,  shape,  and  color  of 
capsules  or  seeds. 

The  castor-oU  plant  was  knoT\-n  to  the  ancient 
Egyptians  and  Greeks,  and  its  oil  was  used  for  fuel, 
light,  and  medicine.  It  has  even  been  suggested 
as  the  gourd  that  sheltered  Jonah.  After  a  long 
period  of  neglect,  it  was  again  brought  into  use,  a 
hundred  and  twenty  years  ago,  by  Peter  Canvane, 
a  physician  who  had  practised  for  many  years  in 
the  West  Indies,  and  who,  in  a  treatise  upon  this  oil, 
strongly  recommended  it  as  a  gentle  purgative 
(Pharmacographia). 

The  oil  is  separated  from  the  seeds  by  the  usual 
methods  employed  with  fatty  substances,  viz.,  by 
boiling  in  water  and  skimming  it  off ;  by 
extracting  it  by  means  of  some  solvent 
like  alcohol  or  ether;  or  by  expression. 
The  latter  is  the  method  employed  in 
the  United  States.  The  seeds  are  care- 
fully cleared  from  dust  and  fragments 
of  the  capsules,  and  then  warmed,  by 
which  means  the  oil  becomes  more 
liquid.  The  mass  is  then  subjected  to 
strong  pressure,  and  the  expressed  oil 
further  purified  either  by  standing  and 
decantation  or  by  boiling  with  water. 
The  Ti-ield  is  about  forty  or  fifty  per  cent.  The  purer 
the  oil  is,  the  less  active  and  griping  it  is.  If  ex- 
pressed cold  from  the  peeled  seeds,  like  the  best  Italian 
oUs,  it  is  very  white  and  odorless,  and  almost  tasteless. 

The  higher  the  temperature  employed  in  the  proc- 
ess, the  greater  is  the  tendency  toward  the  freeing 
of  the  irritating  and  griping  ricinoleic  acid.  The 
pulp  left  after  expression  contains  a  small  amount 
of  the  albuminoid  ricin,  which  is  a  powerful  irritant 
and  con\-ulsive  poison.  This  substance  renders 
the  action  of  the  seeds  so  violent  as  to  unfit  them  for 
use  as  a  medicine,  though  the  practice  prevails  in 
some  countries  of  triturating  one  or  two  with  a  dose 
of  the  oil,  to  render  the  latter  more  effective. 

Description. — The  following  is  the  official  descrip- 
tion: A  pale  yellowish  or  almost  colorless,  trans- 
parent, -viscid  liquid,  having  a  faint,  mild  odor,  and  a 
bland,  afterward  slightlv  acrid,  and  generallv  ofi'ensive 
taste.  Specific  gravity:  0.9.50  to  0.970  at  1.5°  C.  (.59° 
F.).  Soluble  in  an  equal  volume  of  alcohol,  and,  in  all 
proportions,  in  absolute  alcohol,  or  in  glacial  acetic 
acid;  also  soluble,  at  15°  C.  (59°  F.),  in  three  times 
its  volume  of  a  mixture  of  nineteen  volumes  of  alcohol 
and  1  volume  of  water  (absence  of  more  than  about 
five  per  cent,  of  most  other  fixed  oils). 

With  an  equal  volume  of  benzin,  it  forms,  at  15°  C. 
(59°  F.),  a  turbid  mi.xture,  but  at  17°  C.  (62.6°  F.)  it 
yields  a  clear  solution. 

When  exposed  to  the  air  in  a  thin  layer,  it  slowly 
dries  to  a  varnish-like  film. 

When  cooled  to  0°  C.  (32°  F.)  it  becomes  turbid, 
with  the  separation  of  crystalline  flakes,  and  at 
about- 18°  C.  (-0.4°  F.)  it  congeals  to  a  yellowish 
mass. 

If  3  c.c.  of  the  oil  be  shaken  for  a  few  minutes  with 
3  c.c.  of  carbon  disulphide  and  1  c.c.  of  sulphuric 
acid,  the  mixture  should  not  acquire  a  blackish-brown 
color  (absence  of  many  foreign  oils). 

Castor  oil  consists  almost  whoUv  of  a  compound  of 
ricinoleic  acid  (C,7H3»[OH]COOH")  which  is  irritant 
and  purgative  when  set  free  by  saponification  in  the 
intestine. 

Castor  oil  is  a  cathartic  of  very  reliable  character, 
more  uniform  and  painless  in  its  action,  and  more 
susceptible  of  gradation,  than  almost  any  other. 
The  full  dose  clears  the  bowels  with  great  certaintv, 
producing  numerous  and  copious  discharges  of  their 
contents,  with  but  little  irritation  of  their  surfaces; 
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indeed,  wlien  tliese  are  infliinied  it  appears  to  have  a 
decidedly  healing  or  soothiiin  olTect  ii|)oii  tlieiii.  On 
these  aecouiits,  when  tlie  desire  is  simply  to  relievo 
the  entire  intestinal  tract,  either  from  the  aeeumn- 
lated  feces  or  from  tlie  irritating  secretions  of  dysentery 
or  enteritis,  castor  oil  is  the  safest  and  surest  means 
at  the  command  of  the  physician.  For  attacks, 
also,  of  acute  indigestion,  and  for  the  constipation 
following  chihlliirth,  it  has  long  been  almost  univers- 
ally used.  It  is  not  a  hydragogue,  nor  is  it  very 
well  adapted  for  continuous  use  in  hatiitnal  consti- 
pation, although  for  "weak"  and  sensitive  conditions 
of  the  Ijowels,  when  they  are  easily  disturbed,  now  a 
little  constipated,  now  a  little  loose,  with  frefinent 
slight  colics  and  fUitident  tenderness,  small  daily 
doses  of  this  medicine  may  be  \isefiil.  Daily  doses 
of  Til  XX.  to  xl.,  before  breakfast,  are  recommended 
by  high  authority  for  overcoming  chronic  constipa- 
tion. It  is  one  of  the  ingredients  of  flexible  collodion 
{Collodiutn  flexile,  U.  S.  P.),  to  which  it  gives  softness 
and  flexibility. 

Administration. — There  is  scarcely  a  medicine  in 
use  which  is  generally  taken  with  so  much  repugnance 
as  this.  When  it  can  be  taken  clear  this  is  the  best 
way,  or  it  may  be  mixed  with  syrup  or  glycerin,  or 
floated  upon  the  surface  of  some  aromatic  water,  or 
in  the  froth  of  soda-water  containing  some  aromatic 
syrup;  or  a  regular  emulsion  may  be  made  with  it, 
such  as  is  made  with  cod-liver  oil,  by  means  of  muci- 
lage or  other  emulsifying  agent.  But  the  taste  of  the 
oil  usually  outlives  that  of  the  added  flavor,  and  these 
agents  are,  therefore,  only  partly  successful.  Another 
good  way  is  to  rinse  the  mouth  with  clear  whiskey 
or  other  spirit,  or  lemon  juice,  then  immediately  to 
swallow  the  oil,  and  follow  it  with  another  rin.sing 
with  the  liquor.  If  thoroughly  emulsified,  with  the 
addition  of  orange  juice,  a  confection  is  formed  which 
is  almost  unobjectionalile.  Finally,  it  is  put  in  elastic 
capsules,  which  for  .small  do.ses,  in  the  case  of  patients 
who  will  learn  to  swallow  them,  completely  cover 
the  taste.  All  these  means,  however,  are  more 
adapted  to  grown  persons  than  children;  for  these 
the  emulsion  is  probably  the  best,  or  it  may  be  covered 
with  a  little  lemon  juice  or  glycerin.  Another  useful 
way  to  give  ca.stor  oil,  in  certain  cases,  is  b.v  injection; 
in  this  way  it  acts  princi])ally  locally  and  mechanically 
as  a  lubricant,  but  a  certain  C|uantity  must  be  absorljecl, 
as  there  is  often  more  result  from  it  than  would  l>e 
explained  in  this  way.  A  good  method  is  to  give, 
for  an  adult,  from  60  to  120  grams  (5  ij.  to  iv.)  clear, 
to  leave  it  for  from  one  quarter  to  three  quarters  of  an 
hour  in  the  bow'el,  and  then  to  follow  with  a  full 
enema  of  soap  and  water.  Very  free  emptying  of 
the  lower  bowel  usually  follows. 

Castor  oil  is  absorbed  to  a  slight  extent  by  the  skin, 
but  the  method  has  no  practical  value. 

Dose  by  the  mouth  as  a  laxative,  from  3  i-  to  iij. 
(4.0-12.0),  as  a  purgative,  5  ss.-i.  (15.0-30.0). 
Children  require  large  proportionate  doses.  A  baby 
a  week  old  can  easily  hear  ITI,  xlv-lxxv  (.3.0-5.0),  and  a 
child  of  five  or  six  years,  o  ij-iv  (8.0-16.0). 

Henry  H.  Rusby. 


Castration. — Strictly  speaking,  castration  means 
only  the  ablation  of  one  or  both  testicles,  or  orchi- 
dectomy,  although  medical  writers  frecjuently  ex- 
tend the  term  to  include  removal  of  the  ovaries  as 
well.  In  this  article  the  original  meaning  of  removal 
of  the  male  organs  is  retained,  and  for  a  description 
of  the  operation  in  the  female  the  reader  is  referred 
to  the  title  Ovariotamij.  For  the  effects,  both  mental 
and  physical,  of  removal  of  the  testicles  or  ovaries 
in  the  voung,  see  Genital  Glands,  Effects  of  Removal  of 
the. 

Anatomy. — A  few  anatomical  studies  of  certain  of 
the  parts  involved  under  this  heading  would  seem 


appropriate.  Their  more  direct  bearing  will  sub- 
se(|uently  api)ear. 

There  are  three  arteries  which  convey  blood  along 
the  spermatic  cord:  the  spermatic,  the  cremasteric, 
the  artery  of  the  vas  deferens. 

The  veins  comprise  two  chief  groups,  an  anterior 
and  a  [losterior,  but  as  a  whole  are  known  as  the  pam- 
piniform i)lexus,  which  empties,  by  a  single  vein,  upon 
the  right  side  into  the  ascending  vena  cava,  upon  the 
h'ft  into  the  left  renal  vein. 

The  lijmi))inlirs  of  the  scrotum  and  its  contents 
empty  in  tliree  ways:  Those  of  the  scrotum,  includ- 
ing the  parietal  layer  of  the  tunica  vaginalis,  end 
in  the  suix'rhcial  inguinal  lymph  nodes.  Those  of 
the  testicle,  ejiididymis,  and  visceral  layer  of  the  tun- 
ica vaginalis  emjjty  in  the  juxta-aortic  lym])h  nodes. 
Those  from  the  vas  deferens  end  in  the  external  iliac 
lyni|)h  nodes.  From  the  testicle  the  lymphatic  ves- 
sels pass  up  along  the  cord  through  the  inguinal  canal, 
and  accompany  the  spermatic  vessels  until  near  their 
ending  in  the  juxta-aortic  glands. 

The  i)(7.s'  ihferens,  which  averages  two  feet  in 
length,  after  accompanying  the  cord  thro\igh  the 
inguinal  canal,  parts  company  from  the  other  com- 
ponents of  it  at  a  point  but  little  deeper  than  the  deep 
abdominal  (hernial)  ring.  It  now  curves  around  the 
outer  side  of  the  internal  epigastric  vessels,  crosses  the 
external  iliac  vessels,  and  at  once  dips  down  into  the 
small  pelvis,  accomjianying  the  bladder  to  its  base, 
crossing  the  obliterated  hypogastric  artery,  and  pass- 
ing to  the  inner  side  alike  of  the  ureter  and  of  the 
seminal  vesicle  of  its  own  side. 

Its  lumen  is  but  half  a  line;  its  walls  exceedingly 
thick  relatively.  Were  excision  of  even  several 
inches  of  it  to  be  performed  with  the  fallacious  idea  that 
thereby,  when  done  upon  both  sides,  a  result  could 
be  obtained,  as  effective  again,st  procreation  in 
habitual  criminals  as  that  following  double  ca.stration, 
the  attempt  would  fail  if  subsequently  the  criminal 
should  engage  the  services  of  a  surgeon  equally  adept 
and  at  the  same  time  unscrupulous.  The  ends  fresh- 
ened and  joined  over  a  half  inch  or  so  of  double  O 
catgut  rigid  from  alcohol,  which  is  inserted  like  a 
mandril — if  need  be,  first  carefully  stretching  the 
calibeT-  by  a  round  needle — could  be  retained  by  three 
or  four  finest  silk  or  linen  sutures.  It  has  at  the  hands 
of  various  surgeons  been  successfully  performed, 
following  accidental  division  of  the  vas  during  opera- 
tion for  radical  cure  of  inguinal  hernia  with  old  ad- 
hesions between  cord  and  sac. 

Techniqtte  of  Simple  Castr.^tion. — Step  1 :  Make 
an  incision  upon  the  anterior  surface  of  the  scrotum 
downward  from  the  region  of  the  superficial  abdom- 
inal ring — which  lies  just  above  the  pubic  spine. 
This  guide  (the  spine)  is  easily  to  be  felt  at  the  lower 
end  of  Poupart's  ligament.  The  length  of  this  cut 
depends  upon  the  size  of  the  sarcocele  (chronic 
enlargement  of  the  testis)  demanding  its  removal. 
It  is  to  be  long  enough  to  permit  delivery  of  the  testis 
by  pressure  from  below  aided  by  traction  upon  its 
cord  from  above. 

Step  2. — Using  dry  gauze  dissection,  free  the  cord 
just  below  the  superficial  ring  aforesaid,  so  that  the 
finger  may  be  passed  about  the  cord. 

Step  3. — Deliver  the  testis;  tie  off  the  cord  very 
firmly,  preferably  with  Wallaby  tendon  (so-called 
Kangaroo  tendon)  too  strong  to  break  from  steady 
tension.  B\'  means  of  such  very  tight  constriction 
the  sensory  nerve  fibrils  included  are  rendered  incap- 
able of  conveying  the  sensation  of  pain,  to  any  severe 
degree. 

Step  4. — Amputate  the  cord  at  a  point  a  full  inch 
below  the  ligature — to  avoid  any  possibility  of  its 
slip])ing  off  of  the  stump. 

Step  5. — Transfix  both  pillars  of  the  superficial 
ring  and  the  cord  between  them,  passing  through, 
at  two  levels,  using  Wallaby  tendon  as  a  suture  mate- 
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rial.  Thus  we  make  sure  that  the  cord  may  not  with 
time  slip  up  through  the  ring  and  thus  render  at  least 
more  possible  the  advent  of  an  inguinal  hernia. 

Castration  for  Maligxant  Disease. — To  have 
any  hope  against  recurrence  it  is  as  essential  here  as 
in  cancer  of  the  breast,  to  be  radical,  renio\'ing  the 
diseased  tissues  en  masse  so  far  as  possible,  and  fol- 
lowing up  the  limes  of  lymphatic  drainage,  removing 
these  and  all  tangible  lymph  nodes — as  will  presently 
be  mentioned  more  in  detail.  Of  course  this  remark 
applies  to  carcinoma,  not  sarcoma,  since  the  latter 
does  not  spread  along  the  lymphatic  system,  but 
through  the  blood-vessels. 

Step  1 :  Make  a  liberal  incision  from  a  point  near 
the  anterior-superior  spine  of  the  ileum  down  to  one 
opposite  the  superficial  ring,  or  much  lower,  upon  the 
scrotum  even  if  large  size  of  growth  demand  such 
length  of  cut.  This  incision  runs  parallel  to  Poupart's 
ligament  and  an  inch  about  it. 

Step  2:  Much  as  if  for  Bassini's  hernia  operation 
we  next  deepen  the  wound,  splitting  the  fibers  of  the 
external  oblique — here  an  aponeurosis,  not  a  muscle — 
and  then  exposing  the  spermatic  cord. 

Step  3:  By  dry  gauge  dissection  free  the  cord  from 
end  to  end  of  the  superficial  cut.  To  do  this  toward 
the  outer  end  necessarily  involves  cutting  the  in- 
ternal oblique  and  transversalis  muscles. 

Step  4:  Ligate — preferably  with  Wallaby  tendon — 
the  cord,  except  the  vas,  at  as  high  a  point  as  practic- 
able— somewhere  near  the  anterior-superior  spine. 
Clamp  an  inch  below  the  ligature  and  divide. 

Step  5:  Follow  the  vas  as  far  down  toward  the 
lower  pelvis  as  is  thought  practicable.  Ligate  twice 
and  divide  between.  Cauterize  by  aid  of  a  needle 
thoroughly  by  carbolic  acid  the  lumen  distal  to  the 
ligature  upon  the  stump.  Simply  to  divide  the  vas, 
without  these  added  precautions,  may  well  lead  to 
escape  of  semen  from  above  into  the  absorbing  tissues 
— semen  containing  cancerous  cells  and  secretions, 
or  tubercle  bacilli  when  the  disease  under  treatment 
is  of  the  latter  nature. 

Step  6:  Deliver  the  cancerous  testicle  (assuming 
this  not  greatl.v  enlarged)  through  the  superficial 
wound  as  described,  wholly  by  traction  from  above. 
Do  not  squeeze  nor  otherwise  handle  it  from  below- 
further  than  is  compulsory.  To  be  sure,  by  means 
of  the  ligation  of  the  cord  already  done  we  have  taken 
precaution  against  our  chief  line  of  danger  from  such 
handling.  There  remains,  however,  the  lymphatic 
connection  with  the  scrotum  proper,  and  where,  at 
least,  distinct  adhesions  are  noticeable,  this  is  a  real 
risk. 

Assuming  that  in  one  'or  several  quite  small  spots 
the  cancerous  organ  is  adherent  to  the  scrotal  skin; 
perhaps,  too,  in  the  midst  of  such  adhesions,  especially 
in  long-standing  malignant  disease,  fistulae  exist, 
leading  into  the  testis  proper.  Such  cases  are  best 
handled  at  operation  as  foUow's:  Supplanting  step  (i — 
aforesaid,  let  us  lightly  curette  each  fistula,  thus 
removing  detritus,  granulations  from  about  its  mouth, 
etc.,  and  then  pack  it  firmly  with  a  slender  strip  of 
gauze  or  of  narrow  tape,  dampened  in  tincture  of 
iodine.  Let  this  also  be  applied  to  the  (necessarily) 
adherent  skin  surrounding  each  fistula.  Next,  by 
scalpel,  we  incise  the  normal  skin  about  each  small 
adhesion  .\-ith  or  without  a  fistula  in  its  midst;  follow- 
ing the  shape  of  the  adhesion,  with  our  knife,  but 
at  a  distance  a  half  inch  or  more  away  from  any  appar- 
ent disease,  and  deepening  into  the  sac  of  the  tunica 
vaginalis. 

Step  7:  Now  would  come  the  delivery,  by  traction 
in  the  cord,  upward  into  the  large  woimd  described 
as  step  1 — of  cancerous  testis  plus  adhesions  and 
packed  fistulae.  By  our  precautions,  as  specified,  it 
is  likely  that  the  wound,  during  this  almost  momentary 
contact     W'Ould    not    be     contaminated.     However, 
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immediate  irrigation  should  follow,  plus  a  coat  of 
tincture  of  iodine  painted  upon  the  raw  surfaces. 

Wliere  adhesions  are  large,  between  skin  and  testis, 
it  is  doubtless  best,  instead  of  step  6 — to  ablate  this 
entire  half  of  the  scrotum,  carrying  down  our  primary 
cut  like  an  inverted  capital  A-  and  surrounding  every- 
thing diseased.  Then  Step  7  as  described  can  be 
carried  out,  as  before,  by  traction  from  above,  not 
aided  by  squeezing  or  handling  from  below,  and 
entirely  open  work,  since  one  long  cut  runs  from  the 
region  of  the  anterior-superior  spine  of  the  ileum  to 
the  bottom  of  the  scrotum. 

Where  any  adhesion  has  existed  between  testicle 
and  scrotal  coverings  we  must  remember  that  the 
skin,  the  parietal  layer  of  the  tmiica  vaginalis,  and 
the  several  fascial  layers  between  draintheir  lymphatics 
through  the  superficial  inguinal  lymph  nodes.  There- 
fore Step  7  would  include  our  doing  as  thorough  a  re- 
moval of  all  distinguishable  glands  in  this  region  as 
possible.  While  our  primary  wound  is  yet  open, 
too,  let  us  remember  to  search  where  the  vas  deferens 
crosses  the  external  iliac  vessels  for  any  enlarged 
nodes  there — which  is  where  its  lymphatics  empty. 
And  so  far  as  we  can  run  backward  along  the  deep 
course  of  the  spermatic  vessels  let  us  search  for  and 
remove  any  lymph  nodes.  Indeed,  in  a  bad  case, 
it  would  be  only  good  surgery  to  advocate  opening 
the  belly  by  a  separate  median  incision,  exposing  the 
lower  end  of  the  aorta,  upon  either  side  of  which  lie 
the  juxta-aortic  glands,  requiring  removal  as  being 
the  emptying  place  of  the  lymphatics  belonging  to 
testis,  epidid3'mis,  and  visceral  layer  of  the  tunica 
vaginalis. 

Of  course  the  closing  of  the  great  primary  wound 
constitutes  Step  8,  and  this  is  of  especial  interest 
because  offering  an  ideal  opportvmity  to  prevent  the 
occurrence  of  inguinal  hernia  upon  this  side.  The 
entire  absence,  now,  of  any  spermatic  cord  obviates 
the  need  of  two  rings  and  the  inguinal  canal  joining 
them;  structures  which  must  not  be  permitted  to  fit 
the  cord  so  closely  as  to  pinch;  and  this  comfortably 
loose  fit  to  a  certain  degree  invites  a  loop  of  the  thin 
gut  to  slip  down  alongside.  This  is  why — recogniz- 
ing the  indubitable  fact  that  if  we  render  the  belly  wall 
solid  here,  as  much  so  as  at  any  level  higher  up,  we 
safeguard  against  inguinal  hernia's  return  as  nothing 
else  can  do — many  surgeons  especially  during  the 
middle  ages  used  to  castrate,  and  ablate  the  cord,  too, 
as  a  regular  part  of  attempted  radical  cure  of  inguinal 
rupture.  At  that  time  the  belief  was  general  that  one 
testicle  supplied  male  semen,  the  other  female  ditto; 
though  there  was  no  unanimity  of  opinion  as  to  which 
side  was  responsible  for  a  given  sex.  And  it  is  a  fact 
that  at  one  time  a  law  was  promulgated  and  enforced 
by  one  of  the  potentates  of  a  German  principality, 
prohibiting  castration  for  this  purpose,  lest  in  conse- 
quence soldiers  who  otherwise  might  be  born  for 
their  country's  defense  be  replaced  by  girls. 

The  modern  technique  in  suturing  for  radical  cure 
is  so  nearly  perfection,  by  whichever  of  several  well- 
known  methods  we  operate,  that  the  results  nearly 
approach  the  best  that  castration  could  give  us;  and 
now  nobody  takes  this  surgical  step  because  of 
hernia. 

In  closing  the  wound  we  unite  the  conjoined 
muscle  of  the  internal  oblique  and  transversalis  to  the 
deep,  shelving  portion  of  Poupart's  ligament,  and 
then  the  split  external  oblique  aponeurosis  is  united, 
either  edge  to  edge,  or  preferably  overlapping  for  added 
strength,  if  absence  of  spermatic  cord  gives  slackness 
of  the  parts  enough  to  permit  this.  All  such  sutures 
the  present  writer  prefers  to  have  of  Wallaby  tendon, 
and  interrupted.  The  skin  may  be  closed  in  any 
accustomed  way.  If  much  dry,  gauze  dissection  has 
been  needed,  or  if  there  is  the  least  doubt  as  to  the 
asepsis  of  the  woimd,  it  is  well  to  provide  drainage  for 
from  a  day  to  several  days,  according  to  how  quickly 
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the  dressings  Ijecoine  soiled.  A  dressing  should  never 
be  allowed  to  remain  in  eoiitaet  with  a  wound  long 
enough  to  l>eeome  saturated.  The  moment  this  hap- 
pens it  has  become  u.seless,  and  the  blood  begins  to  ab- 
sorb the  poisons  from  tlu;  wound,  which  it  is  the  fvine- 
tion  of  the  dressings  to  drain  away  outdoors  by  cap- 
illary action. 

Dry  gavize  sponge  dissection  is  a  great  factor  in 
safety  where  adhesions  exist,  to  important  strvietures — 
hut  its  employment  instead  of  the  sharp  edge  leads  to 
a  free  exudation  of  serum  into  the  wound.  This,  if 
the  wound  be  closed,  forms  a  s|)lcndid  food  for  any 
chance  microbes,  inviting  them  to  multiply  imtil 
they  swarm  in  a  few  hours.  Also,  by  holding  the  nor- 
mal", living  llesh  planes  apart  and  preventing  prompt 
adhesion  and  solidification  of  the  wound  structures, 
such  dead  serum  does  harm.  When  only  the  sharp 
edge  has  been  employed  we  have  afterward  a  com- 
paratively dry  wound.  In  such  case,  and  when  we 
believe  the  work  to  have  been  aseptic  throughout,  it 
is  best  to  close  our  wound  without  drainage.  A  light 
coat  of  tincture  of  iodine,  even  in  such  a  case,  seems 
a  wise  measure  of  precaution,  and  is  applied  just  be- 
fore the  closing. 

Epididymectomt. — Sarcocele  when  of  tuberculous 
origin  almost  always  first  invades  the  epididymis. 
In  time  the  testicle  proper  may  alco  become  involved; 
and  given  time  enough,  extension  up  the  vas  and  into 
the  seminal  vesicle  of  the  same  side  may  eventuate. 
Formerly  it  was  thought  essential  to  alilate  the  testis 
nith  its  epididymis  and  all  the  vas  possible,  when  this 
disease  of  the  epididymis  had  been  diagnosticated. 
To-day  we  recognize  that  far  less  radical  measures 
suffice;  that  is  that  Konig's  opinion  with  that  of 
Kocher  and  others  is  now  superseded  by  the  \'iews  of 
J.  B.  Murphy,  Tillaux  and  various  recent  operators, 
who  speak  in  the  light  of  their  results  after  leaving  the 
testis  proper  in  the  scrotum  in  such  cases.  Murphy 
considers  epididymectomy  counterindicated  in  the 
following  three  conditions:  (1)  Such  tuberculous 
disease  elsewhere  as  must  soon  necessarily  be  fatal; 
(2)  when  the  body  of  the  testicle  is  riddled  with 
the  di.sease,  here  castration,  entire,  is  indicated;  (3) 
where  numerous  scrotal  tuberculous  sinuses  exist. 
Aside  from  these  three  conditions  he  advocates 
resection — removal  of  epididymis  and  vas,  leaving 
testis.  And  it  must  not  be  forgotten,  in  favor  of  this 
view,  that  the  presence  in  the  economy  of  the  testis, 
even  without  the  epididyniis,  has  in  some  way  a  useful 
influence  over  metabolism.  Murphy  has  also  pointed 
out  that  after  double  removal  of  the  epididymis  "sex- 
ual desire  and  potency,  even  to  emissions,  are  retained; 
power  of  procreation,  however,  is  lost." 

In  numy  cases  even  where  plain  evidence  exists 
of  tuberculous  involvement  of  vas,  seminal  vesicle, 
and  even  of  the  bladder,  epididymectomy  has  sufficed 
to  effect  in  time  a  cure;  nor  can  we  feel  surprised 
that  this  is  so.  Differing  strikingly  from  the  clinical 
facts  of  true  malignant  disease,  where  leaving  any  tissue 
involved  means  ultimate  death,  we  all  know  that  in 
various  surgical  fields  less  radical  measures  suffice, 
often,  in  the  case  of  tuberculosis.  For  the  most 
striking  example  we  may  cite  tubercular  peritonitis, 
where  the  mere  opening  of  the  belly  so  commonly 
proves  curvative.  Then  the  partial  removal  of  tuber- 
culous glands,  with  absorption  of  the  smaller  ones, 
occasionally  left  through  need  of  speed  in  operating 
is  a  case  in  point;  again  the  commonest  major  excision 
— ^that  of  the  knee  for  tubercular  involvement — 
would  if  really  radically  attacked,  take  an  hour  or 
more  of  careful  dissection;  whereas  certain  surgeons 
habitually  rely  upon  removal  of  the  worst  of  the  dis- 
ease depending  upon  nature  for  the  rest.  It  is 
a  risky  omission  upon  the  operator's  part,  and  certainly 
not  one  to  be  emulated  where  time  and  strength  of 
patient    justify    more    radical    work.     However,    it 
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deserves  mention  herewith  as  a  remarkable  phenom- 
enon which  under  the  jjresent  heading  has  often  been 
followed  by  cures  formerly  thought  most  unlikely. 

Techuique  nf  Epiili<li/"irrli)»ii/,  Sicj)  1:  Begin  by  an 
incision  through  the  outer  side  of  the  scrotum,  toward 
its  rear  part,  vertical  and  parallel  with  the  epididy- 
mis. If  any  fistuUe  or  adhesions  are  present,  excise 
these  and  remove  tliem  en  masse  with  the  diseased 
epididynds. 

Step  2:  With  the  knife  follow  down  the  line  between 
testis  and  ei)ididymis,  from  the  same  (the  outer)  side. 
This  cuts  into  the  t\inica  vaginalis  along  the  main  part 
of  the  organs,  but  above,  in  clearing  the  globus  major, 
we  necessarily  cut  the  tunica  albuginca,  and  at  the 
globus  minor  again  the  same  covering.  In  sejiarating 
testis  from  epididymis  be  careful  upon  their  inner 
junction,  because  there  is  the  line  of  entrance  and  exit 
of  the  sjiermatic  vessels.  The  work  just  here  is  best 
done  by  gauze  sponge  dissection,  until  the  vessels  are 
clear  to  the  view.  Be  cautious  to  divide  none  need- 
lessly, for  the  nutrition  of  the  testicle  proper  remains 
to  be  considered  and  provided  for. 

Step  3:  Any  foci  of  disease  in  the  testis  which  may 
now  come  into  view  should  be  excised  Ijy  wedge- 
shaped  cuts,  and  the  edges  apposed  with  catgut  or 
linen.  Likewise  close  off  the  incisions  made  in  the 
tunica  alljuginea. 

Step  4:  Follow  up  the  vas  to  a  high  point — say  the 
level  of  the  deep  inguinal  ring,  at  least;  ligate  and  cau- 
terize its  lumen  distal  to  this  ligature  upon  the  stump. 
For  safeguard  it  seeems  best  to  ligate  with  non-ab- 
sorbable  material  rather  than  even  chromic  catgut, 
lest  finally  the  vas  become  again  patent.  The  tech- 
nique of  the  cauterizing  has  been  described  earlier  in 
this  article. 

Step  5  is,  of  course,  the  wound  closure,  which  pre- 
sents nothing  different  from  that  discussed  under 
castration  for  malignancy — except  that  the  bulk  of 
the  spermatic  cord  being  retained,  we  cannot  make 
quite  so  absolute  a  certainty  again.st  any  future  ad- 
vent of  hernia.  Robert  H.  M.  Dawbaen. 

Casts,  Urinary. — See  Urine. 

Catalase. — This  belongs  to  the  group  of  oxidizing 

enzymes,  the  oxidases,  its  particular  activity  being 
the  liberation  of  oxygen  from  hydrogen  pero.xide. 
This  enzyme  is  very  widespread  and  so  is  generally 
obtained  "together  with  other  enzymes  when  organ  or 
tissue  extracts  are  made.  It  is  a  matter  of  speculation 
just  what  function  catalase  plays  in  the  animal  organ- 
ism. Its  distribution  is  different  for  different  organs 
of  the  same  animal,  but  remarkably  constant  for  the 
same  organ  in  the  same  species.  In  general,  the 
order  of  decreasing  strength  is:  liver,  kidney,  blood, 
spleen,  gastroenteric  mucosa,  salivary  glands,  lung, 
pancreas,  testicle,  heart,  muscle,  brain.  In  embryos 
catalase  is  scanty,  but  increases  rapidly  after  birth. 
In  various  pathological  conditions  catalase  is  said  to 
be  reduced.  Frank.  P.  Underhill. 


Catalepsy. — This  term  (from  Kara,  down,  and 
Xa/xfldi/dv,  to  seize)  denotes  a  psychomotor  con- 
dition, characterized  by  a  peculiarly  increased  tonus 
of  the  muscles,  which  though  rigidly  contracted, 
yield  to  external  force,  so  that  the  limbs  can  be 
"moulded,  as  it  were  like  wax  ("flexibilitas  cerea") 
and  can  be  made  to  assume  strained  attitudes, 
which  they  then  preserve  for  some  time  against  the 
force  of  gravity.  At  the  same  time  there  is  clouding 
of  consciousness,  more  or  less  profound,  with  impair- 
ment, to  loss  of  cutaneous  sensibility.  It  was  for- 
merly thought  that  fatiguabihty  was  entirely  in  abey- 
ance in  this  condition,  but  more  accurate  methods  of 
observation  and  recording  have  shown  that  after  a 
time  there  are  unmistakable  signs  of  fatigue,  the 
raised  arm,  for  instance,   tending  gradually   to  sink 
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and  compensatory  movements  adapted  to  bring 
other  muscle  groups  to  the  assistance  of  the  tiring 
muscles  occurring,  while  strain  is  evidenced  by 
irregularity  and  increased  frequency  of  respiration. 
It  cannot  be  denied,  however,  that  in  some  cases 
these  signs  are  a  long  time  in  appearing.  Consciou.s- 
ness  is  nearly  always  impaired,  though  probably 
often  not  as  completely  lost  as  it  would  seem.  Bin- 
swanger  indeed  asserts  that  in  hysterical  catalepsy 
there  is  inhibition,  but  no  loss  of  consciousness  and 
the  patient  can  tell  later  what  happened  while  he 
was  cataleptic.  In  the  severe  and  protracted  cases, 
the  respiration  is  slow  and  shallow,  the  heart's  action 
is  weakened  and  the  vital  functions  are  depressed, 
the  condition  resembling  that  of  trance,  in  which 
latter,  however,  muscular  rigidity  is  not  a  feature. 
With  the  condition  of  extreme  abstraction  known  as 
ecstasy,  catalepsj'  has  also  some  points  in  common. 
While  formerly  described  as  a  functional  nervous 
disease,  catalepsy  is  now  considered  onlj-  a  symptom. 

The  origin  of  the  name  reflects  the  ancient  view  that 
the  cataleptic  attack  was  due  to  the  sudden  seizure 
of  the  victim  by  some  supernatural  influence,  as  an 
evil  spirit,  while  the  causes  to  which  it  has  been 
assigned,  even  by  medical  writers,  are  varied  in  the 
extreme  and  many  of  them  absurd.  A  number  of 
classical  examples  of  catalepsy  could  be  quoted  from 
the  literature  of  all  times  and  its  close  relationship 
with  the  ecstatic  and  trance-like  conditions  so  fre- 
quently indulged  in  by  the  mystics  of  all  ages  has 
already  been  touched  upon.  It  has  been  observed 
in  connection  with  a  number  of  nervous  diseases, 
both  functional  and  organic,  but  a  specially  fertile 
soil  for  its  development  is  found  in  the  extreme 
suggestibility  of  hysteria.  That  it  occurred  regularly 
as  a  phase  in  the  attack  of  grand  hysteria  was  clearly 
brought  out  by  Charcot  and  the  Paris  School;  and 
since  on  account  of  the  greater  care  exercised  by 
phj'sicians  in  avoiding  suggestion,  grand  hysteria 
is  now  rarely  seen,  hysterical  catalepsy  has  corre- 
spondingly decreased.  To  the  same  authorities 
we  owe  the  demonstration  of  the  possibility  of 
inducing  cataleptic  phenomena  as  a  stage  in  profound 
h3'pnotism.  These  facts  furnish  a  ready  explanation 
of  the  frequency  of  catalepsy  in  the  subjects  of 
intense  religious  fervor.  Catalepsy  has  been  observed 
in  epilepsy,  in  chronic  alcoholism,  and  in  various 
organic  diseases  of  the  brain,  as  tumors,  hydro- 
cephalus, abscess,  and  general  paresis,  while  a  special 
form  of  "cerebellar  catalepsy,"  in  which  the  patient 
lies  in  the  dorsal  recumbent  position,  with  partial 
flexion  and  abduction,  ■nith  rigidity  of  the  lower 
extremities,  has  been  described  by  Babinski.  Partial 
and  hemicatalepsy  have  also  been  observed.  The 
condition  to  which,  however,  catalepsy  has  come  of 
recent  years  to  be  specially  attached,  and  of  which 
it  is  considered  a  sj'mptom  par  excellence,  is  that 
variety  of  the  insanity  of  adolescence  or  dementia 
prsecox  known  as  catatonia  {g.v.).  In  this  disease 
it  is  associated  with  graduaUy  progressive  dementia, 
with  episodes  of  excitement,  depression,  and  stupor, 
often  not  in  its  complete  form,  but  as  varying  degrees 
of  waxy  rigiditj'  with  other  peculiar  motor  mani- 
festations. Attempts  to  explain  the  phenomena  of 
catalepsy  have  so  far  not  been  successful.  Since  it 
seems  closely  related  to  certain  hysterical  manifesta- 
tions, the  dissociation  between  the  higher  and  lower 
cerebral  centers,  with  disturbance  in  the  coordination 
of  the  mental  and  motor  processes  and  lowered  or 
suspended  inhibition,  predicated  for  hysteria,  may 
with  some  plausibiUty  be  assumed  to  be  the  psycho- 
pathological  basis  of  catalepsj',  but  here  we  are 
dealing  with  theories  only. 

Since  catalepsy  as  a  symptom  is  characteristic, 
diagnosis  concerns  itself  chiefly  as  to  what  is  the 
underlying  condition  and  our  principal  concern  is  in 
determining  whether  this  is  a  functional  or  an  organic 
disease.     Its   prognosis  rests   upon   similar  grounds. 
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While  a  symptom  of  grave  impairment  of  the  cerebral 
processes  and,  where  there  is  no  organic  disea.se,  sug- 
gestive of  a  severe  neurosis,  or  of  a  psychosis  of  prob- 
ably unfavorable  outcome,  catalepsy  in  itself  does  not 
usually  imperil  life,  though  patients  have  died  in 
cataleptic  attacks.  Where  the  stupor  (or  inhibition) 
is  of  long  duration,  refusal  of  food  and  impairment  of 
nutrition  may  become  a  menace. 

Treatment. — In  hj'sterical  cases,  by  strong  counter- 
irritant  measures  such  as  dashing  water  in  the  face, 
inhalation  of  ammonia,  or  the  production  of  nausea 
by  the  hj'jiodermic  injection  of  apomorphine,  it  may 
be  attempted  to  cut  short  the  attack.  It  is  hardly 
necessary  to  say  that  such  measures  have  no  place 
in  cases  of  organic  disease,  or  in  catatonia.  In  the 
occasional  cases  which  last  days  or  weeks,  it  is  neces- 
sary to  see  that  the  bladder  and  bowels  are  emptied 
at  regular  intervals  and  that  the  patient  is  properly 
nourished,  by  tube  feeding,  if  necessary.  Otherwise 
the  treatment  is  that  of  the  underlying  disease. 

Charles  Lewis  Allen. 

Catatnenia. — See  Menstruation. 

Cataphoresis. — A  term  employed  to  express  cer- 
tain phenomena  that  occur  when  a  current  of  elec- 
tricity is  passed  through  solutions  of  various  salts. 
Under  such  conditions  the  salts  are  separated  into 
their  elements,  certain  being  attracted  to  the  positive 
pole  and  other  to  the  negative.  If  a  membrane  sepa- 
rates two  solutions  the  same  exchange  takes  place 
and  the  terms  electric-osmosis  and  electric-diffusion 
have  been  applied.  Recent  advances  in  chemical 
science  and  the  clearer  conception  of  the  theory  of 
ions  has  simplified  the  explanation  of  this  process. 
We  now  recognize  that  not  the  elementary  molecules, 
but  molecules  in  the  more  stable  state  of  ions,  are  at- 
tracted to  the  different  poles  and  preserve  their  char- 
acteristic action. 

As  a  therapeutic  measure  this  action  has  been 
taken  advantage  of  for  the  purpose  of  conveying 
remedies  from  the  surface  of  the  body,  through  the 
unbroken  skin,  to  the  deeper  tissues.  The  salt  is 
applied  to  the  epidermis  and  a  current  of  electricity 
is  passed  through  it,  one  pole  being  placed  over  the 
drug  and  the  other  at  some  remote  part.  This  is 
now-  generally  known  as  ionic  medication  {q.v.). 

Beaumont   Small. 


Cataplasma  Kaolini. — This  is  the  onlj'  cata- 
plasma  or  poultice  official  in  the  United  States 
Pharmacopoeia.  Kaolin  is  a  fine  white  clay,  composed 
chiefly  of  pure  aluminum  silicate,  but  containing  also 
small  quantities  of  aluminum  hydroxide,  ferric  oxide, 
magnesium  oxide,  and  calcium  carbonate.  Cata- 
plasma Kaolini  (U.  S.  P.),  Cataplasm  of  Kaolin,  con- 
tains kaolin  577,  boric  acid  45,  thymol,  0.5,  methyl 
salicylate  2,  oil  of  peppermint  0.5,  and  gl.vcerine  375. 
It  is  used  as  a  cleanly  poultice  in  the  place  of  the  more 
or  less  filth}'  poultices  of  flaxseed,  bread  and  milk,  etc., 
which  were  formerly  in  vogue,  and  which  were  all  that 
could  be  desired  for  the  multiplication  of  bacteria. 
The  cataplasm  should  be  heated  and  applied  in  a  thin 
laver  and  then.covered  with  cotton  or  lint. 

R.  J.  E.  Scott. 


Cataract. — Definition. — Strictly  speaking,  cata- 
ract may  be  defined  as  any  pathological  condition 
of  the  lens  marked  by  visible  opacities.  For  practi- 
cal purpo.ses,  however,  the  term  is  enlarged  to  cover 
certain  anomalies  of  the  lens,  in  which  there  is  a 
considerable  diminution  of  vision,  without  the  pres- 
ence of  definite  opacity.  No  .sharp  division  between 
this  condition  and  that  in  which  definite  opacities 
are  present  is  possible. 

Cataract   was   recognized   by   the   ancient   Greeks 
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ami  Romans,  but  they  had  an  erroneous  conception 
of  the  disease,  in  that  thev  supposed  the  opacity  to 
be  upon  tlie  lens  rather  tlian  in  it.  Tliey  believed 
thai  it  was  caused  by  the  pouring  out  of  an  opaque 
fluid  between  the  iris  and  the  lens,  and  since  it  was 
supposed  that  this  fluid  was  poured  down  from  above, 
it  attained  the  name,  "Cataracta"  (cataract).  The 
real  nature  of  cataract  was  demonstrated  by  a 
Frcncliman.  Brisseau,  in  170.5.  His  views,  when 
presented  to  the  French  Academy,  were  at  first 
scorned,  and  were  not  accepted  until  some  three 
years  later. 

SiTU.\TioN". — Cataract  may  be  situated  in  the  lens 
or  in  its  capsule;  hence,  we  have  lenticular  cataract, 
capsular  cataract,  and  a  combination  of  the  two, 
capsulo-lenticular  cataract. 

Subjective  Symptoms. — The  subjective  symp- 
toms of  cataract  are  not  characteristic.  Patients 
usually  complain  of  failing  \i.sion,  of  seeing  through 
a  fog  or  veil,  or  of  seeing  black  spots  or  lines,  which 
change  their  location  only  on  movement  of  the  ej-e, 
and  always  occupy  the  same  relative  position  (in 
contradistinction  to  vitreous  opacities).  Occasion- 
ally, multiple  vision  (polyopia)  on  looking  at  bright 
points  of  light,  such  as  a  star,  the  moon,  or  a  street 
mmp,  is  noticed.  This  difBculty  is  caused  by  the 
irregular  astigmatism  produced  in  the  lens  by  the 
developing  opacities,  and  may  occur  before  actual 
lenticular  opacity  can  be  demonstrated. 

Another  not  uncommon  feature  is  the  development 
of  myopia.  The  patient  begins  to  see  distant  objects 
better  through  a  concave  glass.  If  beyond  middle 
life,  he  may  laj'  aside  his  reading  glasses,  or  even 
require  a  weak  concave  glass  for  the  purpose.  This 
change  constitutes  the  so-called  "second  sight"  of 
those  advanced  in  years,  and  though  it  does  not  occur 
invariably  in  cataract  development,  it  is  sufficiently 
common  to  be  a  diagnostic  feature  of  some  importance. 

The  degree  of  \isual  disturbance  is  dependent  both 
upon  the  character  and  upon  the  seat  of  the  opacity 
rather  than  upon  its  extent.  So  long  as  an  opacity, 
even  if  extensive,  is  confined  to  the  equatorial  region, 
that  is,  so  long  as  it  lies  completely  behind  the  iris, 
vision  may  be  affected  little  or  not  at  all;  but  when 
the  pupillary  area  is  invaded,  the  vision  immediately 
diminishes,  especially  when  the  opacity  is  diffuse, 
in  which  case  the  lens  may  be  compared  to  a  window- 
pane  covered  with  watery  vapor.  When  the  opacity 
is  sharply  circumscribed,  vision  is  less  involved,  and 
this  condition  may  be  likened  to  a  clear  pane  of  glass 
covered  by  a  netting  or  by  a  wire  screen.  If  the 
opacity  does  not  occupy  the  whole  of  the  pupillary 
area,  the  degree  of  visual  acuitj-  depends  on  the  size 
of  the  pupil  and  on  the  illumination.  Patients  with 
a  central  opacity  of  the  lens  see  best  with  the  moderate 
illumination  of  a  dark  daj',  before  sunrise  and  after 
sunset,  as  the  pupil  is  larger  then  than  when  the  light 
is  bright.  Consequentl}',  in  such  cases,  the  use  of  a 
mydriatic  is  often  advisable  to  eke  out  and  prolong 
vision,  which  is  being  reduced  from  this  cause.  The 
reverse  is  true  when  the  opacity  is  in  the  periphery. 
The  patient  sees  best  with  a  bright  light,  and  dilata- 
tion of  the  pupil,  which  exposes  the  diseased  portion 
of  the  lens,  disturbs  the  vision  to  a  considerable 
extent.  An  opacity  of  given  size  causes  more  dis- 
turbance at  the  posterior  pole  of  the  lens  than  at  the 
anterior  pole,  for  near  the  posterior  pole  lies  the  nodal 
point  of  the  eye.  through  which  all  rays  of  light, 
which  do  not  undergo  refraction,  must  pass.  As  the 
opacity  in  the  lens  increa.ses,  the  patient  becomes 
blind.  He  can  no  longer  see  objects  (qualitative 
vision),  but  he  still  retains  the  perception  of  light 
(quantitative  vision).  The  examination  of  this  last 
named  function  is  of  great  importance,  for  it  tells  us 
the  condition  of  the  retina  and  optic  nerve,  and 
whether  an  operation  is  indicated. 


Objective  Symptoms. — Far  advanced  opacities  in 
the  pupillary  area  of  the  lens  may  be  recognized  by 
the  naked  eye,  as  whitish  or  grayish  discolorations. 
All  cases  should,  however,  be  examined  by  lateral 
focal  illumination,  and  by  means  of  the  ophthal- 
moscope, and  for  a  thorough  examination,  dilatation 
of  the  pupil  with  a  mydriatic,  such  as  homatropine, 
is  indispensable.  The  tension  of  the  eyeball  should, 
however,  first  be  carefully  noted.  For  the  examina- 
tion with  lateral  illumination  some  form  of  loupe, 
and  especially  the  Czapski  binocular  corneal  micro- 
scope, is  useful.  The  lenticular  opacities  appear  as 
gray  or  white  spots,  or  striae.  Anterior  capsular 
opacities  may  be  distinguished  by  their  whitLsh 
color  and  prominent  situation. 

By  transmitted  light  with  the  ophthalmoscope, 
lenticular  opacities  pre.sent  a  grayish-black  to  black 
color,  and  stand  out  in  contrast  to  the  red  reflex  of  the 
pupil.  Opacities  assume  an  extraordinary  number 
of  forms,  the  most  common  of  which  are  the  radially 
situated  sector-like  opacities  which  show  the  close 
connection  of  the  progress  of  the  disease  with  the 
original  lines  of  development  of  the  lens.  If  a  con- 
cave mirror  be  used  in  the  ophthalmoscope,  the 
illumination  obtained  may  be  too  bright  to  snow  up 
verj-  slight  opacities;  consequently,  a  plane  mirror 
and  moderate  illumination  shoidd  also  be  employed. 
For  the  recognition  of  fine  opacities,  a  strong  convex 
lens  may  be  useful.  In  this  examination,  the  eye 
of  the  observer  should  be  closely  approximated  to 
that  of  the  patient,  so  that  the  lens  is  at  the  focus  of 
the  convex  glass. 

By  lateral  illumination,  the  seat  of  the  opacity  may 
be  usually  ascertained.  More  accurate  in  some  ways, 
however,  is  the  estimation,  by  means  of  the  ophthal- 
moscope, of  the  amount  and  direction  of  the  para- 
lactic  movements. 

It  should  be  remembered  that  the  lens  in  advanced 
age  always  possesses  a  large  nucleus,  which  reflects 
more  light  than  does  the  non-sclerosed  lens  of  youth. 
This  explains  the  grayish  reflex  observed  in  the  pupil- 
lar3-  area  of  old  people,  and  consequently  no  diagnosis 
of  cataract  should  be  made  without  the  employment  of 
the  above-mentioned  methods  of  examination. 

Pathology. — In  capsular  cataract,  the  lens  capsule 
divides  and  forms  a  convex  surface  posteriorly,  almost 
entirely  composed  of  several  layers  of  epithelial  cells. 
Anteriorly,  the  ceOsare  fewer,  take  on  a  .spindle  shape, 
and  may  even  be  absent  in  the  verj-  forward  parts. 
Between  the  two  layers  is  a  mass  of  homogeneous 
fibers,  irregularly  disposed,  and  containing  few  nuclei. 
Calcareous  deposits  may  occur  in  the  latter  stages  of 
the  di.sease. 

In  lenticular  cataract,  various  changes  occur,  ac- 
cording to  the  type  of  opacity,  to  its  situation,  and 
to  the  stage  of  its  development.  It  is  manifestly  not 
within  the  scope  of  this  article  to  describe  the  changes 
which  have  been  found  in  all  forms  of  lenticular  cata- 
ract.    In  general,  they  are  as  follows: 

Changes  in  the  capsule  are  rarely  absent.  In  the 
lens,  the  fibers  separate  and  leave  spaces  which  soon 
become  filled  with  fluid  in  the  form  of  small  droplets 
of  fat.  The  fibers  then  swell  and  may  become  irregu- 
lar in  outline.  As  they  swell  thej'  become  opaque 
and  numerous  fine  droplets  appear.  As  the  lens  fibers 
break  down,  the  connection  between  them  and  the 
capsule  becomes  loosened.  Degeneration  goes  on, 
and  finally,  the  place  of  the  fibers  is  taken  by  a 
pultaceous  mass.  If  a  nucleus  is  present  it  is  open 
to  doubt  as  to  how  much  it  takes  part  in  the  general 
process.  That  it  is  usually  comparatively  free  from 
change,  is  the  belief  of  Hess.'  In  his  text-book 
Fuchs  states  that  in  exceptional  cases  the  nucleus 
and  not  the  cortex  may  be  the  first  part  to  become 
opaque  in  the  lenses  of  adults.  Elschnig-  is  of  the 
opinion  that  changes  in  the  nucleus  are  much  more 
common. 
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Clinical  Forms  of  Cataract. — These  are  many, 
and  in  their  classification  many  points  must  be  con- 
sidered. As  yet,  no  thoroughly  satisfactory  classifi- 
cation has  been  propounded.  In  this  article  the 
writer  proposes  to  follow  in  a  general  way  the 
arrangement  given  bj'  Fuchs. 

We  may  first  divide  them  into  stationary'  cataracts, 
where  an  opacity  has  developed  at  some  point  in  the 
lens,  and  has  remained  permanently  limited  to  that 
spot,  and  into  the  progressive  form,  where  the  opa- 
city has  increased,  until  the  whole  lens  has  become 
involved. 

Anterior-polar  Cataract. — To  the  partial  stationary 
cataract  belongs  the  anterior-polar  variety.  This  is 
a  small,  sharply  defined,  white  spot  at  the  anterior  pole 
of  the  lens.  (Fig.  1250.)  The  congenital  form  of  an- 
terior-polar cataract  is  due  to  a  failure  in  the  develop- 
ment of  the  lens.  The  acquired  form  results  from  the 
perforation  of  a  corneal  ulcer,  as  in  gonorrheal  ophthal- 


FlG.       1J30. — Amerior-polar  Fig.      12jl.— Purinuclear     or 

Cataract.  (.After  Bach  in  Ax-  Zonular  Cataract  with  "Riders," 
enfeld's  Lehrbuch.)  seen  by  Reflected  Light.     (After 

Bach  in  Axenfeld's  Lehrbuch.) 

mia  of  the  new-born,  producing  contact  between  the 
diseased  corneal  tissue  and  the  anterior  pole  of  the  lens, 
and  causing  degeneration;  later,  there  is  proliferation  of 
the  capsular  epithelium,  through  the  action  of  toxins. 
Acquired  anterior-polar  cataracts  are  larger  than  the 
congenital,  but  seldom  in  themselves  give  rise  to  anj' 
essential  visual  disturbance. 

Posterior-polar  cataract  is  a  small  white  dot,  situ- 
ated at  the  posterior  pole  of  the  lens.  It  is  of  con- 
genital origin,  and  is  due  to  the  incomplete  disappear- 
ance of  the  hyaloid  artery,  which,  in  fetal  life,  runs 
through  the  vitreous  to  the  posterior  surface  of  the 
lens.     It  causes  no  noticeable  disturbance  in  vision. 

Of  the  rare,  partial,  stationary  cataracts  belonging 
to  the  lens  proper,  central  cataract,  fu-siform,  or 
spindle  cataract,  and  punctate  cataract  may  be 
mentioned. 

Lamellar  Cataract  {Perinuclear,  Zonular). — This  is 
the  form  of  cataract  most  frequently  seen  in  children  ; 
but  exceptionally,  it  may  come  on  in  later  life.  It 
consists  in  ah  opacity,  Ij'ing  between  the  nuclear  and 
the  cortical  layers  of  the  lens.  Seen  by  lateral  illumi- 
nation, it  appears  hke  an  opaque  or  partiallj'  opaque 
nucleus  to  an  otherwise  transparent  lens.  Closer  ex- 
amination reveals  its  center  to  be  transparent.  Occa- 
sionally, two  distinct  zones  of  opacity  are  seen.  The 
peripheral  portions  of  the  lens  are  usuaUj'  clear. 
Along  the  outer  edge  of  the  opacity  may  often  be 
seen  small  radially-situated  opacities,  riding  ante- 
riorly and  posteriori}'  over  the  circular  zone,  and  conse- 
quently known  as  riders.  The  diameter  of  the  zone 
of  opacification  is  very  variable.  It  may  be  as  small 
as  three  millimeters,  or  as  great  as  eight  millimeters. 
In  almost  all  cases,  both  eyes  are  afifeeted.  The 
opacity  develops  congenitally  or  shortly  after  birth. 
Children  with  rickets  and  with  the  tetany  of  child- 
hood are  especially  affected.  By  many  it  is  regarded 
as  an  anomaly  of  development,  and  numerous  in- 
stances of  inheritance  have  been  recorded. 

Lamellar  cataract  is  usually  stationary,  but  may 
develop  into  a  total  opacity.  The  visual  disturbance 
is  chiefly  dependent  on  the  density  of  the  opacity, 
and  varies  between  almost  normal  sight  and  a  con- 
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siderable  diminution  in  vision.  This  form  of  cataract 
is  not  ahvaj-s  characterized  by  the  above-described 
appearances.  Various  forms  of  dots  and  figures 
may  often  be  seen  in  the  anterior  and  posterior 
portions  of  the  lens. 

Treatment  depends  on  the  amount  of  vision.  If  an 
arbitrary  line  must  be  drawn,  it  may  be  said  that  any- 
thing less  than  twenty-fiftieths  requires  operation. 
In  some  cases,  where  a  broad  zone  of  lens  periphery  is 
clear,  an  optical  iridectomy  will  produce  a  consider- 
able improvement  in  the  sight.  This  may  be  ascer- 
tained by  dUating  the  pupil,  and  seeing  whether  an 
improvement  in  %ision  occurs.  Removal  of  the 
cataract  is  the  usual  operation  performed,  and  in 
children,  by  means  of  repeated  needhngs  and  absorp- 
tion.    Later  on  in  life,  extraction  is  indicated. 

Both  of  these  procedures,  iridectomy  and  ex- 
traction, have  their  definite  indications.  If  iridec- 
tomy is  chosen,  the  opacity'  itself  is  not  attacked, 
and  vision  is  always  somewhat  defective.  The  eye 
is  disfigured  and  the  pupil  enlarged.  If  the  cataract 
is  removed,  the  patient  is  dependent  on  glasses  and 
loses  his  power  of  accommodation.  Even  when  cases 
of  congenital  amblyopia  are  excluded,  the  results 
of  treatment  are  often  exceedingly  bad.  One  of 
the  most  fruitful  causes  of  failure,  especially  in 
children,  is  the  attempt  to  operate  without  an 
anesthetic. 

It  is  admitted  that  even  under  most  favorable  condi- 
tions a  \ision  of  better  than  one-third  of  normal  can- 
not be  obtained  by  iridectomy,  and  this  is  insufficient 
for  many  trades  and  professions.  For  this  reason 
and  others,  Kuhnt^  thinks  iridectomy  should  be 
reserved  for  e.xceptional  cases.  The  indications  are 
to  remove  the  lens,  leaving  the  pupil  intact.  Adhe- 
sions of  the  iris  should  be  avoided.  Every  precau- 
tion should  be  taken  to  avoid  future  diminution  in 
the  vision  obtained  by  operation.  In  three  to  five 
per  cent,  of  cases,  the  pupil  does  not  dilate  properly, 
and  iridectomy  should  be  performed  upward.  Tfie 
first  needhng  should  be  a  trying-out  operation,  and 
.should  be  made  cautiously.  Kuhnt  is  opposed  to 
primary  extraction  of  lamellar  cataract,  as  the  risks 
are  too  great.  After  the  first  needling,  it  is  best 
either  to  wait,  or  to  perform  a  second  needhng,  or 
to  do  a  linear  extraction  when  the  lens  is  completely 
opaque.  Every  effort  must  be  taken  to  prevent  the 
development  of  after  cataract;  and  the  younger  the 
patient,  the  more  hable  is  this  to  occur.  To  avoid 
nystagmus,  Kuhut^  beUeves  that  the  operation  should 
be  done  early  in  life,  even  in  the  first  few  weeks; 
while  Hess  sees  no  objection  to  waiting  until  the 
child  is  two  or  three  years  old. 

Anterior-  and  posterior-cortical  cataracts  form  a 
connecting  Unk  between  the  non-progressive  and 
progressive  forms  of  cataract.  In  the  anterior-  or 
posterior-cortical  laj'ers  of  the  lens,  a  stellate  opacity 
is  seen  with  a  more  or  less  opaque  center,  and  rays 
extending  out  to  the  peripherj-.  The  posterior-cor- 
tical form  is  more  common  than  is  the  anterior. 
This  cataract  occurs  in  connection  with  diseases  of 
the  deeper  parts  of  the  eye,  and  represents  a  constitu- 
tional disturbance.  The  opacity  usually  remains 
stationary  for  many  3'ears,  and  then  may  progress  to 
total  cataract  formation.  It  has,  however,  been 
known  to  clear  up  (Fuchs),  showing  that  the  opacity 
may  be  simply  a  sweUing  of  the  lens  fibers.  On 
account  of  the  other  pathological  changes  in  the  eye, 
the  prognosis  for  vision  after  an  operation  is  bad. 

Progressive  Cataract. — This  begins  with  the  appear- 
ance of  shght  opacities,  developing  either  in  the  per- 
iphery or  in  the  center  of  the  lens,  and  progressing  in 
youth  unto  the  whole  lens  becomes  opaque.  Tliis 
is,  however,  not  the  case  in  later  life,  for  a  portion 
of  the  lens  nucleus  is  already  sclerosed  and  usually 
does  not  take  part  in  the  opacification. 

Elschnig'  takes  exception  to  this  \-iew,  however, 
and  as  a  result  of  his  studies  has  come  to  the  conclu- 
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sinii  that  senile  catiirart  is,  us  a  rule,  a  total  cataract; 
tiiat  is,  the  iiueleiis  and  cortical  layers  become  opacjue, 
and  deviations  fron\  this  rule  form  relatively  infre- 
qent  exceptions. 

The  rapidity  with  which  opacification  takes  place 
varies  widely  in  ilitTereiit  cases.  Exceptionally, 
total  cataract,  has  formed  in  a  few  liours,  while  in 
many  instances  a  number  of  years  int<'rvene. 

In  the  development  of  cataract,  four  stages  may  bo 
distinguished,  which  are  best  marked  in  the  simple 
senile  cataract,  the  commonest  form. 

Inripiriil  Cataract. — Onlinarily,  a  few  opamie 
striic  appear  in  the  peripliery  of  the  lens  radially 
arranged.  Their  appearance  is 
always  to  be  regarded  as  su.spi- 
cious,  but  does  not  necessarily 
mean  an  advancing  cataract,  as 
t  he  increa.se  may  bi^  exceedingly 
.slow.  Thus,  until  we  find  (evi- 
dence of  a  considerable  increase 
in  the  opacity,  it  is  best  not  to 
frighten  the  patient  by  a  posi- 
tive diagnosis  of  disease,  since 
it  -is  easily  possible  that  vision 
may  remain  good  for  some 
years  to  come.  For  our  own 
protection,  it  may  be  best  to 
warn  a  relative  of  the  patient 
as  to  the  condition. 
I  ntume  see  nt  Cataract. — As 
cataract  formation  continues,  the  lens  imbibes  water 
and  swells,  the  opacity  increases,  vision  fails  and  the 
anterior  chamber  becomes  shallow.  The  degree  of 
advance  of  the  opacification  toward  the  anterior  cap- 
sule may  be  determined  by  means  of  oblique  illumina- 
tion. If  some  lenticular  tissue  in  this  region  is  still 
transparent,  the  iris  will  throw  a  shadow  of  itself  in 
the  pupillary  space.  The  amount  of  transparent  sub- 
stance may  be  estimated  by  the  depth  of  the  shadow. 
In  cataracts  that  are  nuclear  in  origin,  swelling  of  the 
lens  from  imbibition  does  not  occur. 

The  duration  of  the  stage  of  intumescence  may  last 
several  months  to  vears. 


Fig 
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Subcapsular  tieuiie  Cata- 
ract, as  Seen  by  Ileflected 
Liglit.  The  iris  (J)  has 
been  retraeteti  by  atro- 
pine.     (After   Bach.) 


Fig.  1253. — Immature  Subcapsular  yeniie  Cataract,  Seen  by  Re- 
flected Light.  The  cresceritic  shadow  is  seen  on  the  side  of  the 
papillary  edge  on  which  is  the  light.  (Bach  in  Axenfeld's 
Lehrbuch.) 


Mature  Cataract. — As  the  opacification  continues, 
the  lens  loses  the  fluid  it  has  taken  up  and  becomes 
totally  opaque,  and  vision  is  reduced  to  the  seeing  of 
hand  movements  or  to  the  perception  of  light.  The 
anterior  chamber  regains  its  normal  depth.  The  lens 
loses  the  shining  bluish  refiex  it  usually  exhibits  during 
the  stage  of  swelling,  and  becomes  a  dull  grayish- 
white.  The  connection  with  its  capsule  is  loosened 
by  degeneration  of  the  lens  fibers  in  contact  with  it. 

In  a  cataract  which  has  advanced  so  that  the  deeper 
parts  of  the  eye  cannot  be  seen,  how  shall  we  know 
that  the  case  is  s\iitable  for  operation?  This  can  be 
told  by  the  examination  for  tlie  perception  and  pro- 
jection of  liglit.  The  patient  is  seated  in  a  dark  room 
and  directed  to  look  straight  forward.  The  examiner, 
standing  twenty  feet  away,  holds  a  lighted  candle  and 
moves  it  to  various  portions  of  the  visual  field.  The 
patient  should  be  able  to  distinguish  the  direction  of 
the  light  if  the  eye  is  healthy.     For  practical  purposes, 


it  is  easier  to  make  this  examination  in  connection 
with  the  other  examinations  made  with  artificial  light. 
The  source  of  light  is  reduced  to  e(|ual  that  of  the 
candle  at  twenty  feet,  and  it  is  retlected  with  the 
mirror  of  the  ophthalmoscope  into  the  patient's  eye 
from  all  directions. 

Ihipermiilure  Cataract. — This  is  the  fourth  or  final 
stage.  Cortical  masses  disintegrate  and  become  fluid, 
the  lens  takes  on  a  milky  a|)pearance,  and  its  structure 
can  no  longer  be  maile  out.  The  nucleus,  which  is 
more  resistant  to  degeneration,  may  sink  to  the 
bottom  of  the  capsule  and  [jre.^ent  itself  there  as  a 
brownish  shadow,  changing  its  position  with  move- 
ments of  the  head,  the  so-called  Morgai/nian  cataract. 
.Not  infrequently,  the  cells  of  the  anterior  capsule  pro- 
liferate, and  appear  as  irregular  whitish  opacities. 
l''urther  change  in  the  broken-down  lens  tissue  may 
occur  by  the  absorptioy  of  the  fluid,  thus  leaving  a 
nRunbranous  mass  in  wliich  lime  salts  or  cholesterin 
may  be  tleposited.  The  zonula  of  Zinn  may  become 
atrophic,  so  that  a  trembling  of  the  lens  and  iris  is 
ob.served  during  the  movements  of  the  eye.  Hyper- 
mature  cataract  is  characterized  also  by  the  abnormal 
depth  of  the  anterior  chamber. 

Black  Cataract  or  Catarartn  Nigra. — In  some  old 
people,  sclerosis  of  the  lens  maj^  advance  so  far  that 
almost  the  whole  lens  becomes  transformed  into 
nucleus.  By  lateral  illumination,  a  brownish  reflex 
is  clearly  visible,  and  although  it  may  be  possible  to 
obtain  a  satisfactory  view  of  the  fundus  with  the  oph- 
thalmoscope, vision  is  very  considerably  diminished. 
Extraction  of  the  lens  is  indicated  in  these  cases,  and 
a  generous  corneal  section  must  be  made  to  allow  for 
a  lens  of  unusual  size. 

Etiology. — The  cause  of  cataract  has  not,  as  yet, 
lieen  established  with  certainty,  although  many 
theories  have  been  advanced. 

Congenital  cataract  is  probably  due  either  to  dis- 
turbances in  development  of  the  lens,  or  to  intra- 
uterine infianimation.  The  influence  of  heredity  is 
often  seen.  Heredity  has  also  a  certain  influence  in 
.senile  cataract,  as  there  are  many  records  of  families 
particularly  predisposed  to  this  disea.se.  Age  alone 
will  not  suffice  as  an  explanation,  or  all  old  people 
would  show  lenticular  opacities.  It  is  a  pathological 
rather  than  a  physiological  change.  To  make  a  diag- 
nosis of  senile  cataract,  one  must  exclude  all  those 
diseases  in  which  cataract  occurs. 

Becker's  theory,  which  found  many  supporters,  sug- 
gested that  the  sclerosing  of  the  nucleus,  when  it  does 
not  progress  uniformly  to  the  formation  of  a  black 
cataract,  offers  a  hindrance  to  the  diffusion  of  nour- 
ishing fluid  throughout  the  lens,  and  shrinking  of  the 
nucleus  occurs,  which  leads  to  a  loosening  between 
the  nucleus  and  its  immediately  enclosing  Layers;  the 
spaces  formed  become  filled  with  fluid,  followed  by 
opacification  and  degeneration  of  the  fibers.  The  de- 
termining moment  for  this  nuclear  change,  Becker, 
however,  lays  to  changes  in  the  general  organism. 

Von  Michel  believed  that  atheroma  of  the  carotid 
bore  an  intimate  relationship  to  the  causation  of 
cataract. 

Peters  looked  for  the  cause  in  the  disturbance  of  the 
equilibrium  between  the  tissues  of  the  lens  and  the 
aqueous.  For  the  proper  nutrition  of  the  lens,  a 
higher  molecular  concentration  is  necessary  than  that 
of  the  aciueous.  This  relationship  must  be  retained 
by  the  capsule  epithelium.  Degenerative  changes  in 
the  epithelium  of  the  ciliary  bod}',  as  described  by 
various  writers,  lead  to  an  increaseil  concentration 
of  the  aqueous,  with  consequent  decreased  diffusion  of 
substances  into  the  lens  and  deficient  nutrition,  lead- 
ing to  the  changes  known  as  cataract  formation. 

A  more  probable  explanation,  and  the  one  which 
best  sotisfies,  comes  from  the  observations  of  Hess  on 
experimental  cataract.  The  first  change  which  can 
be  observed  pathologically  consists  in  a  more  or  less 
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extensive  degeneration  of  the  epithelium  of  the  an- 
terior capsule.  The  whoie  theoty  presupposes  gen- 
eral organic  changes,  the  formation  of  injurious  sub- 
stances, which,  when  reaching  the  capsule,  cause  its 
degeneration  followed  by  the  later  degeneration  of  the 
lens  fibers. 

Romer  regards  senile  cataract  as  due  to  the  action 
of  specific  cj'totoxins.  Under  norma'  conditions,  the 
secretory  organs  of  the  eye  are  sufficient  to  protect 
against  the  action  of  these  substances,  but  when  an 
excess  of  these  substances  is  present  in  the  blood  serum 
nad  they  find  their  way  into  the  aqueous,  they  pene- 
trate the  lens  capsule  and  possess  a  special  affinity  for 
the  protoplasm  of  the  lens  fibers. 


Anterior  and 
Posterior  Polar. 


f 


.."'  Fusiform. 


w '*V,  Perinuclear  or 
'■^  :'   Zonular  with  Riders. 


.?  Congenital  Central. 


Senile  Subcapsular. 


Total. 


Fig.  1254. — Schematic  Representation  of  the  Areas  of  Opacity 
(Shown  in  Black)  in  the  Different  Varieties  of  Cataract.  (After 
Bach  in  Axenfeld's  Lehrbuch.) 

That  senile  cataract  is  cau.sed  by  sorae  condition 
existing  in  the  system  at  large  is  practically  certain. 
It  always  affects  both  eyes,  though  usually  at  different 
times,  and  if  the  ej-es  show  any  evidence  of  disease, 
the  more  disea.sed  eye  becomes  first  aflfected. 

Von  Graefe  first  made  the  observation  that  the 
prognosis  after  operation  is  better  in  the  second  e3'e 
than  the  first.  '  --|  • ': 

Cataract  in  General  Disease. — Diabetic  cataract  is 
the  most  frequent  of  these  forms.  It  is  bilateral, 
and  not  infrequently  develops  in  comparatively 
young  indi\^iduals  and  in  those  whose  urine  shows  a 
high  content  of  sugar.  Diabetic  cataract  may 
develop  in  a  comparatively  few  days.  Formerly,  it 
was  believed  to  be  due  to  the  abstraction  of  water  from 
the  lens,  but  more  recently  it  has  been  shown  that  the 
amount  of  sugar  contained  in  the  aqueous  is  too  small 
to  produce  opacitj'  of  the  lens,  and  consequently  we 
must  assume  a  more  complicated  action. 

The  prognosis  for  operation  is  less  favorable  than 
is  that  of  senile  cataract,  on  account  of  the  diminished 
resistance  to  infection  and  the  greater  predisposition 
to  iritis.  Con.sequently,  before  operating  tlie  gly- 
cosuria should  be  reduced  by  treatment  as  much  as 


possible.  In  this  connection,  it  may  be  noted  that 
beginning  opacities  of  the  lens,  not  too  far  advanced, 
have  been  known  to  disappear  in  part  under  strict 
diet  and  general  treatment. 

Cataract  is  also  observed  in  naphthalin  poisoning, 
ergotism,  pellagra,  tetany,  cholera,  and  in  connection 
with  disease  of  the  thjToid  gland. 

In  glassblowers,  cataract  occurs  relatively  often, 
and  begins  around  the  fortieth  3'ear.  Only  the  part 
of  the  lens  unprotected  by  the  iris  is  affected,  and  the 
cataract  is  more  apt  to  develop  on  the  left  side  than 
on  the  right,  as  this  is  the  side  which  they  turn  toward 
the  molten  glass.  Its  exact  causation  is,  as  j'et, 
unknown. 

Lightning  maj'  cause  cataract,  as  well  as  strong 
electric  shocks,  by  the  power  of  strong  electric  currents 
to  kill  living  cells. 

Hess  has  produced  experimental  death  of  the  lens 
epithelium  bj'  electric  shocks. 

Traumatic  Cataract. — Any  injury  which  produces  an 
opening  in  the  lens  capsule  is  followed  by  cataract 
formation.  Such  an  injurj-  may  occur  from  a  punc- 
tured wound,  from  the  penetration  of  some  foreign 
substance,  or  from  an  operation.  Contusions  of  the 
eye  can  produce  rupture  of  the  capsule.  Concussion 
of  the  lens  may  be  followed  by  opacification  even 
without  rupture  of  the  capsule. 

Traumatic  cataract  is  due  to  the  admission  of 
either  aqueous  or  vitreous  into  the  lens,  followed  by 
sweUing  and  opacification.  A  few  hours  after  injury 
the  lens  in  the  neighborhood  of  the  capsular  wound  is 
seen  to  be  opaque,  and  later  the  swoUen  tissue  pro- 
jects from  the  wound  and  gathers  in  flocculi  in  the 
anterior  chamber.  The  extent  of  the  process  may 
■<'ary  from  a  very  slight  and  localized  opacity — due  to 
early  closure  of  the  wound — to  a  total  absorption  of 
the  lens. 

The  size  of  the  wound  naturally  has  much  influence 
on  the  amount  of  final  injury,  as  does  the  age  of  the 
patient,  for  in  youth  swelling  takes  place  much  more 
quickly  and  is  much  more  extensive  than  later  in  life. 

Increa.se  of  tension  not  infrequently  occurs  from 
swelling  of  the  lens.  It  need  not  lead  to  serious  con- 
sequence.s,  although  operative  interference,  bj'  either 
puncture  into  the  anterior  chamber,  removal  of  the 
lens,  or  iridectomy,  may  be  necessary  in  order  to 
reduce  the  hypertension.  Inflammation  from  trau- 
matism of  the  uvea  or  from  infection  is  an  unfavorable 
sign  in  traumatic  cataract,  and  may  lead  to  adhesions 
of  the  iris  to  the  lens,  which  renders  later  extraction 
of  the  cataract  difficult,  or  it  may  even  lead  to  destruc- 
tion of  the  ej-eball. 

Complicated  Cataract.- — Under  this  heading,  we 
class  those  lenticular  opacities  which  are  due  to 
other  diseases  of  the  eyeball.  Either  the  nutrition  of 
the  lens  is  disturbed,  or  it  is  injured  by  the  access  of 
toxic  substances.  Complicated  cataract  may  occur 
in  disease  of  the  uveal  tract.  It  very  frequently 
does  occur  in  connection  with  retinal  separation,  abso- 
lute glaucoma,  intraocular  tumors,  high  myopia, 
retinitis  pigmentosa,  etc.  In  appearance,  there  may 
be  no  marks  to  distinguish  it  from  other  forms  of 
cataract,  or  it  may  present  characteristic  features, 
such  as  stellate  opacities  in  the  anterior  or  posterior 
cortical  layers  or  regressive  changes,  such  as  thicken- 
ing of  the  capsule,  the  deposition  of  lime  salts  or 
cholesterin,  or  by  liquefaction.  In  all  cases,  a  careful 
examination  of  the  ocular  functions  should  be  made, 
for  in  complicated  cataract  the  perception  and  pro- 
jection of  light  are  usually  faulty. 

Experimental  Cataract. — This  may  be  produced  by 
the  administration  of  naphthalin  to  rabbits,  and  has 
been  observed  in  humans  after  the  use  of  naphthol 
ointments  on  the  skin.  When  the  aqueous  is  evacu- 
ated, it  is  possible  to  produce  cataract  by  massage  of 
the  cornea  with  a  blunt  instrument.  Cataract  has 
also  been  produced  by  electric  shocks,  and  by  ex- 
posure for  a  considerable  time  to  intense  light. 
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iMkdical  Tueatment. — In  view  of  tlie  great  ad- 
vaiu-es  made  in  the  diagnosis  and  treatment  of 
diseases  of  the  eye  during  the  present  generation,  as 
well  as  of  the  earnest  efforts  that  are  still  being  made 
in  all  directions  to  further  ophthalmological  science, 
it  woidd  indeed  be  hazardous  to  assume  that  no 
local  application  or  general  medication  to  affect  the 
progress  of  calaract  will  ever  be  discovered.  None 
the  less,  it  must  be  tirmly  asserted  that,  at  the 
present  day,  we  possess  no  means  whatever  of  pre- 
venting this  disease.  Numberless  remedies  have 
been  tried  in  the  past,  but  have  all  proved  inefficacious, 
and  at  the  present  day  none  but  charlatans  assert 
their  ability  to  cure  cataract  without  an  operation. 
Some  administer  nostrums,  others  make  topical 
applications,  while  others  again  e-\tol  the  virtues  of 
electricity;  the  result  in  every  instance  being  thc> 
same.  If  the  cases  of  reported  cure  he  thoroughly 
sifted,  it  will  be  found  that  by  far  the  larger  proportion 
are  based  on  a  mistaken  diagnosis;  that  in  many  in- 
stances the  process  has  simply  come  to  a  standstill. 

SnnGic.\L  Tre.\tment. — This  consists  in  reopening 
a  path  for  the  rays  of  light  to  reach  the  retina,  either 
by  the  side  of  the  existing  obstruction  (iridectomy)  or 
by  its  absolute  removal.  The  latter  may  be  affected 
in  one  of  three  ways:  The  cataract  may  be  left  in 
the  eye,  but  be  pushed  aside  from  the  axis  of  vision 
(reclination,  depression);  it  may  be  caused  to  undergo 
absorption  by  being  brought  in  direct  contact  with 
the  aqueous  humor  (discission);  or  it  may  be  bodily 
removed  from  the  eye  through  an  opening  made  for 
the  purpose  (extraction). 

General  Considerations. — The  indication  for  an 
operation  for  cataract  is  a  probable  improvement  in 
vision.  (In  certain  cases,  operation  is  indicated  for 
cosmetic  reasons.)  The  two  preliminary  questions, 
therefore,  to  be  settled  are:  first,  as  to  whether  a 
careful  examination  of  the  condition  and  functions  of 
the  ej'e  renders  it  likely  that  the  cataract  can  be 
successfully  removed;  and  second,  whether  the  general 
health  is  likely  to  be  injuriously  affected  by  the 
excitement  attending  the  operation,  or  the  subsequent 
confinement  that  is  necessary. 

As  a  rule,  it  is  undesirable  to  operate  on  a  teething 
child,  a  pregnant  woman,  or  one  who  is  menstruating 
or  about  to  do  so.  The  general  condition  of  the 
patient  should  be  carefully  inquired  into,  and  the 
progno.sis  modified  if  anv  general  disease  like  diabetes 
or  Bright's  disease  is  present  and  it  is  yet  deemed 
dcsiratile  to  proceed  with  the  operation. 

If  the  patient  is  fresh  from  a  journey,  arest  of  a  day 
or  two  should  be  allowed.  If  the  operation  takes  place 
away  from  home,  a  sufficient  time  should  be  afforded 
the  individual  to  familiarize  himself  with  his  new 
surroundings. 

On  the  continent  of  Europe,  there  is  quite  a  general 
agreement  among  the  ophthalmic  surgeons  that 
serious  operations,  like  the  extraction  of  cataract, 
which  entail  a  lengthened  convalescence,  should  be 
performed  away  from  home;  generally  in  the  private 
rooms  attached  to  the  hospital  with  which  the  surgeon 
happens  to  be  connected.  An  establishment  especi- 
ally arranged  for  the  purpose  offers  advantages  of  light, 
ventilation,  quiet,  and  skilled  attendance,  with  which 
no  ordinary  private  house  can  compete.  There  is, 
moreover,  a  freedom  from  care  and  anxiety  that  can 
rarely  be  secured  at  home.  For  the  first  day  or  two, 
relations  and  friends  being  excluded,  there  can  be  no 
allusion  to  exciting  topics  or  consultation  on  house- 
hold cares.  Distance  from  the  latter  is  found  to  in- 
duce, with  the  head  of  a  family,  a  feeling  of  repose 
that  close  proximity  would  go  far  to  destroy. 

Should  one  eye  be  operated  on  when  the  other  is 
entirely  normal?  Assuming  the  cataract  to  have 
been  removed  sucessfully,  there  are  certain  un- 
deniable advantages  in  the  association  of  such  an 
eye  with  a  normal  one.     Although  the  lens  is  wanting. 


and  the  refraction  of  the  two  eyes  thus  radically 
different,  the  patient  has  a  larger  visual  field  than  if 
he  had  only  one  eye,  a  better  estimation  of  distance, 
and  appreciation  of  solidity.  He  is  no  longer  blind 
on  one  side,  and  when  tnoving  about,  avoids  accidents 
to  which  he  would  otherwise  be  liable.  Although 
such  an  eye  cannot  even  be  fitted  with  the  proper 
convex  glass,  it  forms  a  reserve,  and  can  instantly 
be  brought  into  use  if  anything  happens  to  the  un- 
operated  eye.  Furthermore,  if  w'e  wait  until  the 
vision  of  the  second  eye  is  poor,  we  may  be  forced  into 
a  difficult  operation  on  a  hypermature  cataract.  A 
cataract  is  most  favorable  for  extraction  when  it  is 
ripe,  and  so  long  as  tlie  vision  of  tlie  patient's  good 
eye  is  sufficient  to  enable  him  to  carry  on  his  occupa- 
tion, maturity  sho\ild  be  waited  for.  If,  however, 
sulRcient  vision  in  the  better  eye  is  lacking,  it  is 
better  to  proceed  and  e.xtract  the  immature  cataract. 

The  modern  views  on  this  point  differ  from  the 
older  ones,  since  it  was  shown  by  Hirschberg  and 
Schweigger  that  in  general  between  the  fiftieth  and 
sixtieth  year,  and  certainly  after  the  sixtieth  year, 
most  cataracts  could  be  completely  removed  even  if 
they  do  not  present  the  classical  signs  of  maturity. 
The  great  stress  that  was  laid  on  waiting  for  maturity, 
in  the  preaseptic  times,  had  its  grounds  chiefly  in  the 
liability  to  infection,  and  conseciuently  surgical  inter- 
vention was  deferred  until  there  was  a  reasonable 
chance  that  one  operation  would  be  sufficient. 
Modern  a.sepsis  has  so  lessened  the  dangers  of  second- 
ary operations  that  this  point  of  view  no  longer 
holds. 

Patients  are  sometimes  encouraged  by  their  home 
advisers  to  w-ait  until  both  eyes  are  fully  affected,  in 
order  that  both  may  be  operated  on  at  the  same  time. 
While  the  simpler  cataract  operations  may  undoubt- 
edly, under  ordinary  circumstances,  be  performed 
in  the  young  on  each  eye  at  one  time  without  incurring 
unwarrantable  risk,  the  extraction  of  senile  cataract 
on  both  eyes  simultaneously  is  unjustifiable,  save  in 
the  most  exceptional  cases.  And  this  for  the  follow- 
ing reasons:  If  one  eye  only  be  operated  on,  the 
symptoms  which  follow,  and  the  way  and  manner  in 
which  the  eye  rallies  from,  or,  in  extreme  cases, 
sinks  under,  the  violence  inflicted  on  it,  guide  us 
materially  in  what  we  are  to  do  for  the  other  eye,  and 
teach  us  to  adopt  such  precautions,  or  so  to  modify 
our  method,  as  to  give  the  patient  a  better  chance  of 
sight  and  to  save  him  from  the  dangers  to  which  our 
ignorance  of  his  idiosyncrasies  expo.sed  him  in  the 
first  instance.  Again,  a  patient  or  his  attendants, 
being  little  u.sed  to  such  delicate  operations,  may  be 
imprudent,  transgress  our  positive  directions,  and 
consequently  lose  the  eye.  If  both  eyes  have  been 
operated  on,  his  only  chance  is  gone.  If,  however, 
one  only  has  been  touched,  he  will  learn  wisdom  w'ith 
experience,  and  insure  success  by  being  more  careful 
the  .second  time. 

It  is  true  that  the  refusal  of  the  surgeon  to  operate 
on  both  eyes  at  the  same  time  often  practically  re- 
sults in  but  a  single  operation  being  performed. 
After  the  confinement  of  a  fortnight  in  a  darkened 
room,  the  average  patient  may  well  shrink  from  a 
repetition  of  his  experience,  or  fear  its  effect  on  the 
general  health.  Many  people  have  not  the  time  to 
give  to  the  second  operation,  or  the  means  of  meeting 
its  attendant  expense.  These  are,  however,  minor 
considerations,  and  are  not  to  be  weighed  in  the 
balance  with  tho.se  which  have  been  brought  forward 
to  show  the  superior  safety  of  operating  on  but  one 
eye  at  a  time,  in  all  cases  of  senile  cataract. 

Preoperative  Technique. — A  general  examination 
of  the  patient  should  be  made  to  determine,  if  pos- 
sible, the  cause  of  the  disease,  and  secondly  to  ascer- 
tain if  there  is  any  obstacle  in  the  way  of  recovery. 
The  presence  of  glycosuria  or  albuminuria  need  not 
be  a  bar  to  operation,  unless  one  or  the  other  present 
in  marked  degree,  in  which  case  operation  should  be 
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postponed  and  treatment  should  be  carried  out  to  get 
the  patient  in  the  best  possible  condition. 

In  obtaining  the  history,  it  is  well  to  seek  for  in- 
formation as  to  the  beha\-ior  of  the  patient  at  any 
pre\-ious  operation,  since  in  the  extraction  of  cataract 
so  much  depends  on  this.  In  the  same  way,  his 
reaction  to  drugs,  and  especially  to  solutions  of 
atropine,  should  be  noted,  as  a  considerable  proportion 
of  indi\'iduals  suffer  from  belladonna  irritation.  The 
nervous  condition  of  the  patient  should  be  investi- 
gated with  a  vie'w  to  combating  possible  mental 
derangement  after  operation. 

As  absolute  relaxation  must  be  obtained  after 
cataract  extraction,  any  tendency  to  cough  may 
prove  troublesome  or  dangerous,  and  should  be  con- 
trolled before  operation.  The  nasopharynx  should 
invariably  be  investigated,  and  in  the  event  of  any 
affection  being  present,  operation  should  be 
postponed. 

.\s  a  rule,  the  patient  should  enter  the  hospital  the 
day  before  operation,  and  means  should  be  taken  to 
clear  the  intestinal  tract.  A  careful  examination 
should  be  made  to  ascertain  if  any  infection  of  the 
lid  borders  exists,  and  even  if  the  conjunctiva  looks 
normal  and  is  free  from  pathological  secretion,  it  is 
good  practice  to  make  smears  and  cultures  to  guard 
against  the  presence  of  an  abnormal  number  of  the 
bacteria  which  are  commonly  found,  and  especially 
to  see  that  the  pneumococcus  is  absent.  The  tear 
passages  too  should  be  investigated  and  proved 
normal,  for  it  is  in  pathological  conditions  of  this 
apparatus  that  the  pneumococcus  is  most  prevalent. 
Where  lacrj-mal  obstruction  is  present,  extirpation 
of  the  sac  should  be  practised  as  the  only  safe  measure, 
since  it  has  been  shown  that  the  former  procedures- 
cauterization  and  tying  off  the  puncta — are  insuffi- 
cient. It  has  also  been  shown  that  the  conjunctiva 
becomes  relatively  safe  within  a  few  weeks  after 
extirpation  of  the  sac.  No  definite  time  limit  may 
be  given,  but  each  case  must  be  judged  by  the 
appearance  and  by  the  result  of  bacteriological 
examination. 

Local  preparation  of  the  eye  should  be  preceded 
by  a  general  bath,  and  if  necessary,  clean.sing  of  the 
hair,  which  in  women  should  be  confined  by  some 
sort  of  cloth  head  dress  or  rubber  cap.  The  useful- 
ness of  a  trial  bandage  on  the  ej'e,  is  doubtful. 

The  skin  of  the  eyelids  and  around  the  eye  should 
be  thoroughly  scrubbed  on  the  morning  of  the  opera- 
tion with  gauze  and  green  soap,  and  mopped  off 
with  some  antiseptic  solution  such  as  alcohol  or 
bichloride  of  mercury.  The  field  of  operation  should 
then  be  covered  with  sterile  gauze  and  a  bandage 
until  the  time  of  operation. 

Just  before  the  operation,  the  eyelashes  should  be 
cleansed  by  rubbing  with  a  sterile  swab  and  soap  and 
water.  Von  Pflugk,  however,  denies  the  efficacy  of 
this  procedure,  and  recommends  the  use  of  a  swab 
over  which  twenty  drops  of  benzine  have  been 
poured.  A  considerable  number  of  operators  trim  the 
eyelashes  before  operation.  It  is  well  known  that  it 
is  impossible  to  render  the  conjunctival  sac  completely 
sterile,  and  that  the  use  of  strong  antiseptics  pro- 
duces a  condition  of  irritation  which  is  favorable  to 
the  growth  of  microorganisms.  Therefore,  irrigation 
of  the  sac  should  be  performed  with  httle  force,  and 
some  bland  fluid,  such  as  sterile  boric  acid  or  phys- 
iological salt  solution,  should  be  used  from  an  undine 
or  from  a  jar  connected  by  a  tube  and  nozzle.  The 
field  of  operation  should  be  walled  off  by  suitable  ar- 
rangements of  towels  and  gauze. 

Little  need  be  said  as  to  the  preparation  of  the  opera- 
tor. What  holds  for  general  surgery,  is  equalh- 
applicable  here.  He  should  wear  a  mask,  and  in  an 
operation  of  this  kind  where  delicacy  of  touch  is 
essential,  rubber  gloves  should  not  be  worn.  To  make 
up  for  the  lo.ss  of  protection  which  they  afford,  the 
operator  and  his  assistants  should  see  that  the  part 
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of  an  instrument  or  swab  which  the}-  grasp  should  not 
come  into  contact  with  the  field  of  operation. 

All  solutions  to  be  used  in  connection  with  the  opera- 
tion should  be  boUed.  Solutions  of  cocaine  of  four 
per  cent,  and  higher  may  be  boi'ed  with  impunity. 
Instruments  are  best  steriUzed  by  boiling  in  a  weak 
alkaline  solution  (such  as  sodium  hydrate  or  carbon- 
ate one  per  cent.),  though  some  surgeons  prefer  the 
use  of  dry  heat. 

To  Daviel  is  awarded  the  honor  of  having  intro- 
duced the  modern  method  for  the  extraction  of  cata- 
ract. L"p  to  1750.  when  he  decided  to  remove  all  cata- 
racts by  this  method,  recUnation  of  the  lens  was  the 
operation  almost  universally  practised,  and  from  then 
on  well  into  the  nineteenth  century  it  was  a  contest 
between  recUnation  and  extraction,  with  many  sup- 
porters on  each  side. 

Percival  Pott,  in  177.5,  one  of  the  strong  supporters 
of  reclination,  made  use  of  a  fact  which  he  discovered 
during  that  operation;  that  if  the  capsule  of  cataracts 
not  easily  depressed  were  freely  opened,  absorption  of 
the  lens  took  place  through  action  of  the  aqueous. 
This  operation  proved  successful  when  confined  to 
the  cataracts  of  young  children  and  young  adults, 
but  met  with  failure  when  applied  to  hard  cataracts. 

Da\ie]'s  operation  was  performed  with  an  instru- 
ment not  unlike  the  modern  keratome.  The  incision 
was  made  at  the  lower  margin  of  the  cornea,  and  en- 
larged upward  on  each  side  with  a  blunt-pointed  knife 
or  scissors  until  it  included  half  the  cornea.  The  flap 
was  then  raised  with  the  spatula  still  in  use.  and 
known  as  Da%'iel's  spoon,  and  the  lens  was  incised 
with  a  sharp  needle.  The  lens  was  then  forced  out 
by  pressure  of  the  fingers  appUed  on  the  lower  hd. 

Snarp.  in  1753,  was  the  first  surgeon  to  make  use 
of  a  single  knife  in  making  the  corneal  section,  and 
following  him,  many  forms  of  knives  were  invented. 
Before  the  end  of  the  eighteenth  century,  the  knife 
had  generally  superseded  the  instruments  of  Daviel. 

In  the  preaseptic  daj-s,  .Tacobson  came  to  the  con- 
clusion that  incisions  situated  in  the  scleral  tissue 
were  less  hkely  to  suppurate  than  those  in  the  cornea, 
also  that  scleral  incisions  healed  more  quickly.  It  was 
with  this  in  mind  that  von  Graefe  perfected  his  hnear 
extraction  of  cataract.  What  he  wished  to  secure  was 
a  linear  wound  with  a  scleral  position,  and  as  this 
could  not  be  accompUshed  with  the  lance-shaped  knife 
which  was  then  being  used,  he  invented  a  new  form 
of  knife  with  a  long  thin  blade.  modeUing  it  after  the 
iris  knife  of  Waldau  and  Froebelius.  In  all  essentials, 
this  is  the  cataract  knife  in  use  at  present. 

Incisions  for  cataract  were  as  numerous,  and  varied 
as  much  as  the  knives.  Only  the  more  important 
ones  will  be  alluded  to.  Von  Graefe's  idea  was  to 
make  an  incision  that  would  as  nearly  as  possible 
be  an  arc  of  the  largest  possible  circle.  Puncture  and 
counterpuncture  were  made  one  millimeter  from  the 
cornea  and  one  and  one-half  millimeter  below  a 
tangent  drawn  through  tne  summit  of  the  corneal 
circumference.  .-Vs  this  incision  proved  too  small,  it 
was  later  lengthened  and  combined  with  an  iridectomy 
and  a  small  conjunctival  flap.  This  method  was  called 
the  combined  linear  extraction,  in  contradistinction 
to  the  simple  linear  extraction  without  iridectomy. 

For  many  years,  this  incision  was  practised,  and 
it  was  only  finally  given  up  because  it  was  found  tliat 
although  cases  of  severe  infection  were  less  frequent 
the  incision  was  hard  to  make,  that  large  lenses  were 
difficult  to  extract,  and  that  iris  prolapse,  loss  of 
vitreous  and  cystoid  scars  were  frequent.  Little  by 
little  the  details  of  the  operation  were  modified  until 
the  flap  operations  of  the  present  day  were  evolved. 

.\lthough  at  the  present  time  there  are  many  meth- 
ods of  extraction  differing  as  to  detail,  they  may  be 
divided  into  three  general  classes:  simple  extraction 
(without  iridectomy),  combined  extraction  (nith 
iridectomy)  and  extraction  of  the  cataract  in  the  un- 
ruptured capsule. 
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Teckniijur  of  Calnract  Extraction. — Some  special 
form  of  operating  chair  or  table  is  used  by  many  sur- 
geons, but  in  general  it  may  be  saici  that  any 
good  operating  table  will  serve,  or  the  patient  may 
be  operated  on  in  a  bed  which  is  wheeled  into  the 
operating  room  and  back  into  the  ward  or  room 
after  operation.  Tliis  latter  ])rocedure  allows  for  the 
least  possible  exertion  of  the  patient.  On  the  other 
hand,  the  patient  n\ay  be  allowed  to  walk  to  the 
operating  room,  and  after  the  operation  to  be  carried 
to  his  bed  in  some  of  the  various  forms  of  stretcher. 
Some  op<'rafors  even  go  so  far  as  to  allow  the  patient 
to  walk  back  to  bed,  and  then  examine  the  eye  to  see 
if  any  prolap.se  has  occurred. 

It  is  well  for  the  operator  to  be  pre.sent  when  the 
patient  is  placed  on  the  table  in  order  to  quiet  his 
fears  and  to  give  a  few  neces.sary  instructions,  inchid- 
ing  a  short  drill  in  moving  the  eyes  in  various  direc- 
tions. He  should  be  told  that  the  operation  is  nearly 
painless  if  he  follows  directions  and  avoids  squeezing 
up  his  lids.  The  eye  is  anesthetized  with  four  or  five 
applications  of  a  four-per-cent.  solution  of  cocaine 
although  some  prefer  holocain  in  a  one-per-eent.  or 
two-per-cent.  .solution.  It  is  well  also  to  instill  a 
drop  in  the  .second  eye. 

.\s  to  the  condition  of  the  pupil  at  the  time  of  opera- 
tion, there  is  still  luuch  difference  of  opinion.  Some 
prefer  a  contracted  pupil  on  the  ground  that  the 
knife  is  less  likely  to  engage  in  the  iris  and  that  there 
Is  less  tendency  to  prolapse  of  the  iris  after  simple 
extraction;  while  others  argue  that  prolapse  is  even 
more  likely  to  occur  on  accoimt  of  the  barrier  the 
iris  forms  against  the  flow  of  fluid  into  the  anterior 
chamber;  furthermore,  that  under  certain  circum- 
stances it  is  much  more  ditficult  to  deliver  a  large, 
hard  nucleus  through  a  contracted  pupil,  and  that 
masses  of  cortical  material  are  likely  to  be  retained 
behind  the  iris. 

On  these  grounds,  Hess  prefers  to  secure  luaximum 
dilatation  of  the  pupil  before  performing  a  simple 
extraction;  while  in  the  cases  where  iridectomy  is  to 
be  performed,  he  contracts  the  pupil,  believing  that 
under  tho.se  circumstances  it  is  possible  to  do  a  smaller 
iridectomy  than  could  otherwise  be  secured.  It 
should  be  stated  that  the  dilated  pupil  shows  a  very 
considerable  degree  of  contraction  after  escape  of  the 
aqueous.  Many  operators  employ  neither  a  miotic 
nor  a  mydriatic  before  the  operation. 

The  eye  having  been  anesthetized,  the  speculum  is 
introduced  by  first  engaging  the  upper  lid  and  then 
the  lower.  While  the  spring  speculum  is  generally 
used  to-day,  not  a  few  prefer  to  control  the  lids  by 
means  of  lid  elevators  held  by  the  assistant,  on  the 
ground  that  there  is  less  pressure  on  the  eyeball  and 
that  the  spring  .speculum  is  less  ea.sily  removed  in  an 
emergency.  It  is  well  to  u.se  a  .speculum  having 
some  form  of  guard  which  obviates  the  possibility 
of  instruments  coming  in  contact  with  the  lashes, 
and  which  thus  reduces  the  liability  to  infection. 

In  cataract  of  the  right  eye,  the  operator  stands  at 
the  patient's  head;  while  if  the  left  eye  is  to  be  oper- 
ated on,  custom  varies.  The  surgeon  may  either 
stand  at  the  patient's  head  and  use  his  left  hand,  to 
which  one  soon  becomes  accustomed,  or  he  may 
stand  or  sit  in  front  of  the  patient  and  cut  away  from 
hi  lu  self. 

The  knife  is  grasped  between  the  thumb,  index- 
and  middle  fingers,  so  that  its  axis  is  almost  at  right 
angles  to  the  axis  of  the  fingers.  The  fixation  for- 
ceps is  held  in  the  left  hand  and  a  fold  of  conjunctiva, 
as  close  to  the  limbus  as  pos.sible,  is  grasped  at  the 
lower  inner  quadrant  of  the  eyeball.  Some  operators 
secure  fixation  by  a  grasp  of  the  internal  or  of  the 
superior  rectus. 

The  patient  is  directed  to  look  down,  and  the  opera- 
tor having  steadied  his  hand  by  resting  the  little  finger 
against  the  patient's  forehead,  the  point  of  the  knife  is 
introduced  at  the  limbus  one  and  one-half  millimeters 


above  the  horizontal  meridian  of  the  cornea.  The  point 
of  the  knife  is  carried  somewhat  backward  until  it 
appears  in  the  anterior  chamber.  It  is  then  carried 
directly  across,  and  a  counterpuncture  is  made  at  a 
point  which  corresponds  to  the  point  of  puncture. 
With  a  long,  steady,  sawing  motion,  the  knife  is  then 
made  to  cut  upward  in  a  plane  parallel  to  the  plane-  of 
the  base  of  the  cornea.  As  the  upper  point  of  the  in- 
cision is  reached,  care  is  taken  not  to  complete  the 
incision  too  ra|)idly,  a  procedure  which  might  cau.se 
prolapse  of  the  iris.  The  knife  is  then  turned  up- 
ward and  backward,  and  a  conjunctival  llap  of 
suitable  size  is  made.  The  conjunctival  flap  is  now 
reflected  down  over  the  cornea  with  the  knife  or 
spatula.  The  corneal  flap  is  raised  and  a  drop  of 
cocaine  allowed  to  come  in  contact  with  the  surface 
of  the  iris.  In  most  ca.ses,  at  this  point  the  fixation 
forceps  may  be  removed.  If  not,  they  may  be 
handed  over  to  an  assistant. 

If  an  iridectomy  is  to  be  performed,  the  iris  sci.ssors 
(the  writer  prefers  De  Wecker's)  arc  grasped  in  the 
right  hand,  while  the  iris  forceps,  held  in  the  left,  is 
introduced  closed  between  the  lips  of  the  wound  al- 
mo.'t  to  the  pupillary  border  of  the  iris.  The  blades  are 
then  opened,  and  a  fold  of  iris  is  grasped  and  drawn 
througn  the  woimd.  As  a  snuill  iridectomy  will  suffice, 
it  may  be  best  obtained  by  a  single  closure  of  the  scis- 
sor blades  directed  at  right  angles  to  the  incision. 
The  patient  may  be  warned  that  at  this  point  he  may 
experience  slight  pain. 

In  former  times,  the  cystitome  was  used  almost 
entirely  for  opening  the  lens  capsule,  and  with  many 
operators  it  is  still  in  favor  at  the  present  day. 

If  the  iridectomy  has  been  performed,  the  cysti- 
tome with  the  straight  shaft  may  be  introduced  into 
the  anterior  chamber.  In  simple  extraction,  it  is 
necessary,  however,  to  bend  the  shaft  of  the  instru- 
ment to  a  very  considerable  angle.  It  should  be 
carried  into  the  eye  with  its  cutting  edge  turned 
backward  in  order  to  avoid  any  injury  of  the  iris. 
From  the  temporal  side,  it  is  carried  across  the 
anterior  chamber  and  introduced  slightly  under  the 
nasal  edge  of  the  iris.  The  blade  is  tlien  turned,  and 
a  curved  incision  through  the  capsule  made  by  drawing 
the  instrument  toward  the  temporal  side.  If  a 
larger  opening  be  desired,  this  incision  may  be  con- 
nected with  a  vertical  incision  running  upward  from 
the  lower  edge  of  the  pupil. 

In  ISSO,  propo-sals  were  made  by  several  operators 
to  remove  the  largest  possible  piece  of  cap.sule  by 
means  of  specially  designed  forceps,  and  since  that 
time  the  use  of  capsule  forceps  has  steadily  increased 
until  now  it  is  the  instrument  of  choice  of  a  large 
number  of  operators. 

Capsule  forceps  should  be  introduced  closed  through 
the  woiuid  and  carried  across  the  anterior  chamber 
almost  to  the  oppcsite  margin  of  the  iris.  The  blades 
should  then  be  opened,  pressed  backward  to  grasp  the 
lens,  and  closed.  The  first  movement  should  then  be 
downward  toward  the  patient's  feet  in  order  to  tear 
the  capsule  at  the  upper  part  of  the  lens.  The  closed 
forceps  is  then  witndrawn  from  the  eye.  If,  after 
closing  the  forceps,  the  first  movement  is  upward, 
there  is  more  likelihood  of  leaving  a  tag  of  capsule 
between  the  lips  of  the  wound.  It  is  wise  to  float  the 
bit  of  capsule  off  the  forceps  in  whatever  sterile  fluid 
is  at  hand  in  order  to  see  that  a  piece  has  been 
removed. 

The  lens  is  now  ready  for  extraction.  If  the 
patient  be  restless,  or  if  there  is  reason  to  suppo.se 
that  the  vitreous  is  fluid,  it  is  best  to  remove  the 
speculum  and  to  control  the  lids  by  means  of  elevators. 
In  any  case,  if  the  speculum  be  left  in,  it  should  be 
supported  by  the  assistant  and  not  allowed  to  exert 
any  pressure  on  the  eyeball.  The  lens  spoon  is 
grasped  in  the  right  hand,  and  the  spatula  in  the  left. 
The  eye  may  be  rotated  downward,  unless  loss  of 
vitreous  is  feared.      In  this  ca.se,  there  is  less  danger 
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if  the  patient  is  allowed  to  look  forward,  or  even 
upward.  Steady  pressure  toward  the  center  of  the 
globe  is  now  made  with  the  spoon  at  the  lower 
margin  of  the  cornea.  As  the  lens  appears  at  the 
wound,  the  direction  of  the  pressure  may  be  changed 
to  somewhat  upward.  As  the  lens  passes  through  the 
wound,  the  amount  of  pressure  applied  must  be 
greatly  diminished,  in  order  that  no  vitreous  be 
forced  out.  The  spoon  is  then  pas.sed  gently  over  the 
surface  of  the  cornea  in  order  to  remove  as  much  of 
the  cortical  substance  as  possible. 

Irrigation  of  the  anterior  chamber,  in  order  to 
obtain  as  complete  an  extraction  as  possible,  has 
recently  been  extensively  used,  but  seems  to  be 
losing  favor  somewhat  at  present.  Hess  believes 
that  it  may  be  dispensed  with,  and  adWses  the  intro- 
duction of  a  shovel-formed  instrument  into  the 
anterior  chamber.  With  this  he  supports  the 
vitreous,  while  massage  with  the  Da\'iel  spoon  or  a 
specially  curved  instrument  is  made  over  the  surface 
of  the  cornea  to  evacuate  as  much  of  the  cortical  sub- 
stance as  is  possible.  When  the  pupU  appears  clear 
and  black,  it  is  best  not  to  make  further  efforts. 

The  toilet  of  the  wound  is  next  performed.  With 
the  spatula,  the  iris  is  freed  from  the  angles  of  the 
wound  and  replaced  in  its  normal  position.  All 
clots  and  shreds  of  capsule  should  be  removed  from 
the  wound  by  means  of  forceps.  When  the  margins 
of  the  wound  are  in  position,  the  conjunctival  flap 
should  be  stroked  upward.  The  sac  may  be  flushed 
out  with  a  few  drops  of  salt  solution.  A  drop  of 
atropine  or  eserine  may  be  applied,  according  to  the 
custom  of  the  operator.  The  lids  are  closed,  and 
the  edges  are  best  covered  with  some  form  of  non- 
irritating,  sterile  ointment,  such  as  White's  ointment,* 
which  contains  a  small  amount  of  bichloride  of 
mercury,  or  even  with  sterile  vaseline.  The  eyes  are 
then  covered  with  a  double  pad,  and  the  hollows  are 
filled  in  with  a  suitable  amount  of  absorbent  cotton. 
This  dressing  may  be  secured  with  three  or  four 
strips  of  plaster  reaching  from  the  forehead  to  the 
cheek.  A  tie  bandage  may  be  used,  or  a  roller 
bandage,  or  some  form  of  wire,  aluminum,  or  paste- 
board protectors.  The  ej-es  should  certain!}-  be 
protected  at  night  from  the  involuntary  movements 
of  the  patient  by  the  use  of  some  stiff  mask  which  will 
obviate  the  possibility  of  the  wound  being  opened  bj- 
any  undue  pressure  from  the  outside. 

The  patient  is  then  removed  to  his  bed.  and  should 
be  directed  to  he  as  quietly  as  possible  for  the  first 
twentj--four  hours.  An  attendant  should  be  con- 
stantly within  reach  to  see  that  he  makes  no  exertion 
of  any  kind.  It  is  immaterial  whether  the  room  be 
light  or  dark. 

As  to  the  first  dressing,  custom  varies  somewhat,  but 
ordinarily  the  eyeisinspected  within  fortj'-ei^ht  hours 
after  the  operation.  It  is  best  to  change  the  dress- 
ing at  the  end  of  twentj'-four  hours,  but  the  eye  need 
not  be  opened  if  there  is  no  pain  or  evidence  of  any 
complication.  At  each  dressing  a  drop  of  sterile  one- 
per-cent.  .solution  of  atropine  is  instilled.  Both  ej'es 
are  ordinaril}'  kept  bandaged  from  three  to  five  days, 
while  the  operated  eye  should  be  bandaged  for  from 
six  to  eight  daj's.  The  patient  may  be  allowed  to 
have  a  bed-rest  in  from  twenty-four  to  forty-eight 
hours,  while  at  the  end  of  three  or  four  days  he  may 
step  from  his  bed  into  a  chair. 

After  the  bandage  is  removed,  dark  glasses  are 
worn  and  the  eye  carefull}'  protected  from  too  much 
light.  In  from  eleven  to  fifteen  days,  the  patient 
may  go  to  his  home;  and  six  weeks  after  the  operation 
glas.«es  may  be  fitted. 

Combined  Versus  Simple  Extraction. — Each  case 
should  be  judged  on  its  own  merits.  The  chief 
complications  of  simple  extraction  are  prolapse  of 
the  iris,  which  in  some  statistics  reach  from  ten  to 
twent}'   per   cent.,  and   which   may  be   followed   by 

*  White's  ointment  causes  irritation  in  a  small  number  of  cases. 
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uveitis,  astigmatism,  or  an  irregular  pupil.  More- 
over, in  simple  extraction  a  larger  incision  is  required 
to  deliver  the  lens,  and  greater  difficulty  is  experienced 
in  its  removal.  Cortical  matter  more  frequently 
remains,  producing  secondary  cataract.  Greater 
skill  is  also  needed  on  the  part  of  the  operator. 

The  advantages  of  simple  extraction  are  cosmetic 
.and  optical,  while  there  is  also  less  UkeUhood  of 
vitreous  prolapse. 


Fig.  1255. — Incision  in  the  Flap  Operation  for  Senile  Cataract. 
tAIter  Bach  in  .Axenfeld's  Lehrbuch.) 

The  combined  operation  is  the  more  conservative 
procedure,  and  should,  in  the  writer's  opinion,  be 
performed  in  the  majority  of  cases,  reserving  simple 
extraction  for  those  where  the  cosmetic  feature  is  of 
great  importance,  where  the  iris  dilates  easUj-  and 
shows  no  tendencj'  to  prolapse,  and  most  important 
of  all,  where  the  patient  has  absolute  control  of  him- 
self dtiring  the  operation.  A  few  operators  still 
perform  a  preliminary  iridectomy  a  few  weeks  or 
days  previous  to  extraction. 

In  1S90,  Chandler  first  proposed  to  reduce  the  per- 
centage of  iris  prolapse  in  simple  extraction  by  incis- 
ing the  root  of  the  iris  with  the  knife.  He  later  modi- 
tied  this  by  making  a  small  buttonhole  opening  in  the 
iris  periphery  after  the  lens  had  been  extracted.  To 
do  tnis,  the  iris  is  seized  at  its  root  by  small  forceps 
with  teeth  at  the  end.  It  is  drawn  out  of  the  wound, 
and  a  very  small  piece  is  excised  with  a  thin-bladed 
scissors. 

In  1904,  Chandler  published  a  series  of  312  cases 
in  which  four  prolapses  occurred,  and  two  of  these 
were  due  to  direct  violence. 

Schweigger  and  Bajardi  proposed  a  simOar  proced- 
ure a  few  years  later,  and  this  has  been  adopted  in 
more  recent  times  bj'  Hess. 

Accidents  During  Operation. — After  making  the 
puncture,  the  knife  may  penetrate  the  iris.  If  the 
aqueous  has  not  already  been  evacuated,  the  point  of 
the  knife  may  be  withdrawn  from  the  iris  in  most 
cases  without  much  difficulty. 

The  iris  may  fall  in  front  of  the  knife  as  the  section 
is  being  made.  If  an  iridectomy  is  planned,  it  is 
best  to  proceed  with  the  operation;  whereas,  if  the  re- 
verse be  true,  the  knife  should  be  withdrawn  and  the 
operation  postponed  until  a  later  daj-. 
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Till'  knUo.  iiuiy  be  introduced  with  the  cutting 
edge  in  the  wrong  direction.  When  this  occurs,  it  is 
often  possible  to  rotate  the  knife  in  tlie  wound;  other- 
wise, the  knife  must  be  withdrawn  and  tlie  operation 
postponetl. 

The  most  coininon  accident  is  the  loss  of  vitreous. 
This  may  occur  at  any  point  during  the  operation,  and 
may  lie  due  In  muscuhir  eoiitractiun  on  I  lie  ])art  of  t  he 
patient,  to  the  operator,  or  to  tlie  condition  of  the  eye 
itself.  If  vitreous  escapes  before  the  lens  has  been 
extracted,  it  is  neces.sary  to  introduce  a  wire  loop  or 
a  metal  scoop  behind  the  lens  for  its  withdrawal. 
Prolapse  of  tlie  vitreous  is  less  to  he  feared  after 
removal  of  the  lens.  However,  it  renders  the  re- 
placement of  the  iris  more  difTicult,  and  allows  of  a 
faulty  coaptation  of  the  wound  edges.  Infection  is 
also  more  likely  to  occur.  If  a  single  drop  of  vitreous 
presents  itself  or  escapes,  it  is  best  to  lift  it  uj)  with 
forceps  and  excise  it  close  to  the  incision.  Where  a 
large  amount  is  lost,  the  speculum  should  be  immedi- 
ately removed,  and  the  eye  clo.sed,  as  an  attempt  to 
cut  off  the  vitreous  or  replace  the  iris  would  only  lead 
to  further  disaster.  Loss  of  vitreous  is  to  be  avoided, 
although  it  is  not  nece.ssarily  a  very  serious  complica- 
tion. Healing  is  delayed  in  the.se  cases,  and  the 
eye   is   more   likely    to    be   irritable    for   some    time. 

Subsequent  complications  may  also  take  place, 
such  as  floating  vitreous  opacities,  connective-tissue 
bands  in  the  vitreous,  and  detachment  of  the  retina. 
In  uncomplicated  cases  of  extraction,  the  corneal 
wound  closes  within  a  few  hours,  and  the  cornea  it.self 
is  clear  except  for  a  slight  opacity  at  the  margin  of 
the  cut. 

Wliere  a  conjunctival  flap  has  been  made,  this  re- 
gion is  much  reddenefl  for  a  few  days.  In  some  cases 
the  eye  nuiy  be  absolutely  white  at  the  end  of  a  week, 
while  in  others  it  shows  considerable  irritation. 

Not  infrequently,  quite  fine  lines  or  stripes  are 
seen  in  the  deeper  layers  of  the  cornea  running  at 
right  angles  to  the  wound,  the  so-called  striped  kera- 
titis. This  is  due  to  folding  of  the  deeper  layers  and 
of  Descemet's  membrane.  It  disappears  in  the  course 
of  two  or  three  weeks. 

Reopening  of  the  wound,  through  coughing,  sneez- 
ing, etc.,  after  it  has  closed  not  infrequently  takes 
place,  and  need  not  be  serious. 

Prolapse  of  the  iris  'S  comparatively  frequent  in 
simple  e.Ktraction.  It  is  best  to  etherize  the  patient 
and  e->;ci.se  the  prolapse  as  soon  as  possible.  Cauteri- 
zation of  the  prolapse  has  been  practised,  but  is 
warned  against  by  tiiflford,  who  considers  that  this 
procedure  is  not  infrequently  followed  bj'  sympa- 
thetic inflammation.  It  the  prola])se  be  left  un- 
touched, infection  may  occur  months  or  years 
afterward. 

Vitreous  prolapse  is  seen  less  frequently  after 
simple  extraction  than  after  the  combined.  It  is 
more  common,  however,  in  the  e.'ctraction  of  the  lens 
in  capsule. 

Delayed  healing  of  the  corneal  wound  may  take 
place,  and  union  may  not  occur  for  several  weeks  after 
the  operation.  In  the.se  cases,  it  is  not  necessary  to 
retain  the  bandage,  for  it  is  not  unusual  for  healing 
to  occur  shortly  after  the  bandage  is  removed. 
Separation  of  the  choroid  occasionally  occurs  after 
cataract  extraction.  Attention  was  "first  called  to 
it  by  Fuchs.  With  the  ophthalmoscope  a  dark, 
rounded  mass  is  seen  projecting  forward  in  the  region 
of  the  ciliary  body  and  anterior  part  of  the  choroid. 
It  is  due  to  tearing  of  the  attachments  of  the  ciliary 
body  and  root  of  the  iris,  so  that  fluid  penetrates 
between  these  structures  and  the  sclera.  It  may  ap- 
pear immediately  after  the  operation,  or  as  much  as  a 
month  later.  This  complication  need  not  cause 
anxiety,  as  healing  invariably  takes  place,  although 
it  may  be  delayed  for  .several  weeks. 

Not  infrequently  glaucoma  is  seen  after  cataract 
extraction.     In  most  of  the  cases,  it  follows  an  inflam- 


mation of  the  iris  complicated  with  posterior  sj'ne- 
cliiic.  It  is  also  not  uncommon  where  tlu^  corners  of 
the  iris  or  the  lens  capsule  are  incarcerated  in  the 
wound,  especially  after  vitreous  prolaps(>. 

In  a  certain  number  of  cases  epithelium  grows  in 
from  the  wound  and  do.ses  the  anterior  chamber.  In 
this  way  the  outlets  of  the  eye  are  blocked,  and  sec- 
onilary  increa.sed  tension  takes  place. 

One  of  the  most  feared  and  rarer  complication.s 
following  cataract  e.xiraction  is  the  so-called  expulsive 
hemorrhage.  This  takes  place  from  the  choroid,  and 
may  occur  from  the  time  of  operation  up  to  two  or 
three  hours  afterward.  The  patient  complains  of 
great  pain.  Blood  is  soon  seen  soaking  through  the 
bandage,  and  if  the  eye  be  opened,  a  blood  clot  con- 
taining much  of  the  lining  membrane  of  the  eye  may 
be  .seen  ])riitniding  from  the  gaping  lips  of  the  wound. 
In  practically  all  these  cases,  the  sight  is  lost,  and  it  is 
best  to  remove  the  eyeball  as  soon  as  po.ssible. 
According  to  different  .statistics,  this  accident  occurs 
in  from  O.I  per  cent,  to  0.1  per  cent,  of  cases.  E.xpul- 
sive  liemorrhage  is  due  to  disease  of  the  vessel  walls. 
There  are  five  cases  in  the  Uterature  in  which  both 
ej'es  were  operated  on  at  the  .same  .sitting,  and  expul- 
■sive  hemorrhage  occurred  in  both. 

Delirium,  occurring  two  to  three  days  after  opera- 
tion, is  not  infrequently  observed,  and  need  not  give 
ri.se  to  alarm.  It  seems  to  be  due  to  the  exclusion  of 
Ught;  therefore,  it  is  best  to  remove  the  bandage  from 
one  eye. 

Before  the  introduction  of  asep.sis,  the  eye  was 
lost  in  from  si.x:  to  ten  per  cent,  of  cases  of  cataract 
extraction  from  suppuration.  Von  Graefe's  method 
of  linear  extraction  reduced  this  figure  down  to  from 
two  to  five  per  cent,  of  losses.  With  the  moflern 
methods  of  operating,  the  mortality  has  fallen  to  in 
the  neighborhood  of  0.5  per  cent.  In  addition  to 
suppuration,  the  eye  may  be  lost  from  hemorrhage, 
from  severe  iridocyclitis,  or  from  glaucoma. 

Reclination  or  Couching. — Roclination  or  couching 
is  the  displacement  of  the  lens  from  the  visual  a.xis 
to  the  lower  part  of  the  vitreous.  This  procedure 
is  of  great  antiquity,  and  was  the  principal  operation 
done  by  the  ancients  for  cataract.  In  the  middle 
ages  the  cataract  prickers  (Staarstecher),  as  they  were 
known,  went  through  Europe  from  fair  to  fair 
couching  cataracts.  Couching  is  still  practised  to  a 
considerable  extent  in  India. 


Fig.  1256. — Reclination  (Scleronyxis  Anterior)  with  Preliminary 
Iridectomy.  C.\fter  .\xenfeld  from  Wood's  "System  of  Ophthalmic 
Operations,"  The  Cleveland  Press.) 

Major  Eliot  declares  that,  according  to  his  experi- 
ence, fort}'  per  cent,  of  the  eyes  operated  on  by  the 
natives  are  lost  through  sepsis,  and  it  is  not  improb- 
able that  fifty  percent,  of  eyes  upon  which  reclination 
is  done  are  lost  either  through  sepsis  or  through  the 
development  of  chronic  iridocyclitis  and  glaucoma. 
Various  surgeons  in  modern  times  have  recommended 
couching  in  certain  cases,  such  as  very  old  and  feeble 
persons  with  broncliitis  or  asthma,  also  in  hemo- 
phiha,  where  one  eye  has  been  lost  from  expulsive 
hemorrhage.     It  is  also  recommended  for  the  insane. 

The  mode  of  operating  was  as  follows:  The  cataract 
needle  was  pas.sed  through  the  sclera  near  the  outer 
limbus  and  below  the  horizontal   plane,   passing  in 
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front  of  the  iris,  to  the  surface  of  the  lens.  Or  the 
sclera  was  penetrated  back  of  the  ciliary  body 
through  the  posterior  chamber  to  the  anterior  surface 
of  the  lens.  Pressure  was  then  made  either  to  depress 
the  lens  into  the  vitreous,  or  to  turn  it  over  down 
into  the  vitreous;  the  first  procedure,  strictly  speak- 
ing, being  known  as  depres.sion  or  couching,  while 
the  second  was  called  reclination.  As  the  lens 
disappeared  from  the  pupillary  space,  the  needle 
was  held  in  position,  pressing  it  down  for  a  few  mo- 
ments, and  then  the  point  was  whoUy  raised  to  see 
whether  the  lens  would  follow.  If  it  rose  up  into 
position  again,  the  operation  was  repeated. 

Discission  or  Needling. — In  youth  lenticular  opaci- 
ties, either  congenital  or  acquired,  are  soft  cataracts, 
and  are  suitable  for  needling.  The  operation  is 
permi-ssible  up  to  the  age  of  twenty-five  or  thirty. 
The  instruments  needed  are  the  speculum,  the 
fixation  forceps,  and  the  knife-needle  or  a  sickle- 
shaped  needle.  The  patient  should  be  recumbent. 
Although  the  pain  is  not  excessive,  the  subjects  are 
usually  young,  and  consequently  nervous.  As  it  is 
important  that  sudden,  spasmodic  attempts  to  close 
the  eye  should  not  be  made,  anesthesia  is  often 
desirable.  The  pupil  should  be  fully  dilated  with 
atropine.  In  some  cases,  it  is  impossible  to  see 
sufficiently  well  by  daylight,  and  some  form  of 
artificial  light  with  a  condenser  should  be  used. 

The  speculum  is  introduced,  and  the  surgeon  then 
grasps  the  globe  with  his  fixation  forceps.  The 
point  of  entrance  is  variously  chosen,  but  should  be 
close  to  the  limbus  and  through  the  conjunctiva. 
The  blade  is  carried  parallel  to  the  plane  of  the  iris, 
into  the  anterior  chamber,  and  down  to  the  lower 
periphery  of  the  capsule.  The  handle  of  the  needle 
is  then  raised,  and  the  cutting  edge  turned  toward 
the  lens.  An  incision,  some  three  or  four  millimeters 
long  and  one  millimeter  in  depth,  is  made  in  the  lens. 
The  knife  is  then  cjuickly  withdrawn,  and  if  it  is 
properly  designed  to  fill  the  wound  completelj-  no 
escape  of  aqueous  will  follow. 

A  bandage  may  or  may  not  be  used  after  operation, 
and  is  .seldom  of  value  after  twenty-four  hours.  A 
shade  covering  both  ej-es  should  be  worn,  and  the 
pupil  must  be  kept  permanently  dilated  with  an 
atropine  solution  of  suitable  strength. 

If  there  are  marked  symptoms  of  reaction,  as 
indicated  by  watering  of  the  eye,  undue  injection  or 
local  pain,  strict  quiet  should  be  enjoined  and  hot 
fomentations  applied.  It  is  important  to  watch  for 
increase  in  tension  from  excessive  swelling  of  the  lens, 
and  if  it  ensues,  paracentesis  of  the  cornea  must  be 
performed  without  delay. 

It  is  often  desirable  to  regard  the  first  operation 
as  an  exploratory  one,  to  determine  the  amount  of 
reaction  which  the  eye  is  likely  to  show.  If  the 
swelling  is  not  considerable,  and  ab.sorption  does  not 
seem  to  be  taking  place  at  a  satisfactory  rate,  a 
second  needling  may  be  done  in  four  to  eight  weeks. 
In  these  ca.ses,  disci-ssion  may  be  the  only  operation 
performed,  and  after  it  we  may  wait  for  a  gradual 
absorption  of  the  lens  to  take  place.  But  in  many 
cases,  this  is  a  waste  of  time,  and  the  process  may  be 
greatly  hastened  by  puncturing  the  anterior  chamber 
and  by  evacuating  the  soft  lens  substance. 

The  great  advantage  of  discission  lies  in  its  sim- 
plicity, and  in  the  slight  danger  which  so  small  a 
wound  through  the  cornea  entails. 

The  dangers  of  the  needling  operation  are:  glau- 
coma, iritis,  iridocyclitis,  and  panophthalmitis.  The 
occurrence  of  glaucoma  has  already  been  alluded  to. 
If  handled  promptly,  no  harm  can  result.  Non- 
inflammatory or  chronic  glaucoma  may  occur  months 
or  years  after  needling,  through  adhesions  causing 
traction.  If  these  adnesions  be  cut,  the  process 
usually  comes  to  a  standstill. 

Iritis  and  iridocyclitis  may  occur  from  too  rapid 
swelling   of    the  lens  substance.      In   a   very    small 


percentage  of  cases,  severe  infection  and  even 
panophthalmitis  may  occur.  Von  Graefe  advised 
performing  an  iridectomy  prior  to  discission. 
At  the  present  day,  this  procedure  is  recognized  as 
unnecessary. 

Discission  or  dilaceration  of  membranous  cataracta 
is  not  done  to  promote  their  absorption,  for  to  a  large 
degree  they  are  composed  of  non-absorbable  material, 
but  rather  to  make  a  free  opening  in  the  membrane. 

In  former  times  the  operation  was  much  feared  on 
account  of  the  complications  which  occasionally 
occurred,  iritis,  iridocyclitis,  suppuration  and  glau- 
coma: but  since  the  adoption  of  asepsis,  these  dangers 
have  been  greatly  reduced,  until  now  it  is  well  to 
operate  in  any  case  where  a  definite  increase  in 
vision  is  to  be  obtained. 


Fig.  12.57. — Discission  (Needling)  through  the  Clear  Cornea. 
The  needle  is  directed  forward  to  a  point  about  one  millimeter 
from  the  center  of  the  dilated  pupil,  pushed  about  one  millimeta 
into  the  lenticular  substance  and  then  a  cut  two  millimeters  long 
is  made  through  the  central  area  of  the  lens.  (Wood's  "System 
of  Ophthalmic  Operations,"  The  Cleveland  Press.) 

As  to  the  time  of  operation,  it  may  be  said  that 
none  should  be  performed  until  aU  signs  of  inflam- 
mation have  left  the  eye.  Some  surgeons  are  accus- 
tomed to  do  a  .secondary  operation  two  or  three 
weeks  after  cataract  extraction,  while  the  very 
cautious  ones  may  wait  for  three  or  four  months. 

For  the  operation  itself,  some  form  of  artificial 
illumination  should  be  used.  The  light  may  be 
focus.sed  on  the  eye  with  a  condensing  lens,  as  it  is 
very  difficult  to  see  just  what  is  going  on.  In  order 
to  help  the  vision  of  the  operator,  Jackson  advises 
the  use  of  a  binocular  loupe.  It  is  well  to  locate  the 
center  of  the  undilated  pupil  before  operating  for, 
owine  to  tbi"ker  adhesions  on  one  side  or  to  unequal 
e'asticit}-,  the  opening  made  in  the  center  of  the  di- 
lated pupil  may  not  be  central  after  contraction 
takes  place.  It  need  not  be  said  that  the  knife  needle 
used  for  the  operation  must  pos.sess  a  point  and  blade 
of  extreme  sharpness,  for  often  there  is  no  more  difficult 
task  than  to  penetrate  and  saw  through  these  mem- 
branes. In  all  operations  upon  the  eyeball  it  is  best, 
where  possible,  to  make  a  wound  that  can  be  covered 
with  conjunctiva,  and  this  one  is  no  exception  to  the 
rule.  The  knife  should  be  introduced  under  the  con- 
junctiva at  the  limbus  before  penetrating  the  anterior 
chamber.  Much  le.ss  difficulty  is  encountered  during 
the  operation  if  the  shank  of  the  knife  completely 
fills  the  opening  and  prevents  the  escape  of  aqueous. 

The  operation  most  often  performed  is  the  single 
incision  of  the  membrane.  This  incision  sometimes 
fails,  however,  to  produce  an  opening  of  sufficient 
size,  or  a  good  opening  may  be  closed  by  a  subsequent 
inflammation.  The  single  incision  operation  does 
not  differ  greatly  from  the  ordinary  discission  of  a 
juvenile  cataract. 

The  speculum  having  been  introduced,  the  eye  is 
grasped  with  fixation  forceps  and  the  knife  needle  is 
introduced,  by  ambidextrous  operators,  usually  at  the 
limbus  shghtly  above  or  below  the  horizontal  plane 
according  to  the  location  in  the  capsule  previou.sly 
decided  upon.  The  anterior  chamber  is  entered,  the 
fiat  of  the  knife  being  held  parallel  to  the  plane  of  the 
iris,  and  is  traversed  until  the  knife  is  over  the  point 
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n  tlio  capsule  where  tlie  incision  is  to  be  male.  The 
;utting  edge  is  now  turned  toward  the  nieinbranc,', 
che  handle  is  lifted,  and  the  point  plunged  into  the 
jecondary  cataract.  With  a  sawing  movement,  an 
vtteinpt  is  matle  to  divide  it  on  the  blade.  When  the 
'ud  of  the  incision  has  been  reached,  the  handle  is 
owered  to  its  original  jiosition,  the  blade  is  turned 
ind  the  instrument  is  (|uickly  witlulrawn,  aiming  to 
evacuate  as  httle  aqueous  as  possible. 

Discission  is  sometimes  performed  with  a  very 
sharp  thin  cataract  knife,  but  in  using  this  it  is  ex- 
tremely difficult  during  the  manipulation  not  to  enlarge 
the  corneal  incision  and  evacuate  the  aqueous.  In  the 
:ase  of  thick  membranes  which  will  not  open  suHi- 
ciently  on  being  incised,  it  is  often  necessary  to  make 
more  than  one  incision  to  allow  the  cut  edges  of  the 
capsule  to  retract  and  curl  back,  leaving  a  sufficiently 
large  opening.  Such  an  incision  may  take  the  form 
jf  a  V  or  a  T,  or  a  simple  crucial  opening  may  be 
made.  To  make  more  than  one  incision  in  a  mem- 
brane of  this  description  is  often  a  difficult  procedure, 
for  the  first  cut  is  apt  to  relax  the  tension  to  such  an 
sxtent  that  completion  of  a  second  incision  is  hard  or 
even  impossible. 

Bowman  devised  a  very  useful  operation  for  pro- 
ducing an  opening  in  secondary  cataracts.  Two 
knife  needles  are  introduced  into  the  anterior  cham- 
ber from  opposite  sides  of  the  limbus,  the  eye  being 
steadied  by  the  first  needle  while  the  second  is  entered. 
Both  needles  are  then  plunged  through  a  central 
point  in  the  membrane,  and  by  approximating  the 
handles,  the  blades  are  forced  apart  usually  tearing  a 
large  opening. 

In  tlie  case  of  very  thick  .secondary  cataracts  in 
which  a  satisfactory  opening  cannot  be  .secured  by 
any  of  the  methods  described  above,  it  may  be  well  to 
puncture  the  cornea  and  endeavor  to  remove  the 
membrane  by  means  of  iris  or  capsule  forceps.  The 
result,  though  often  a  briUiant  success,  may  be 
marred  by  iritis  or  iridocycUtis  due  to  the  trauma 
necessarily  produced. 

In  those  cases  of  after-cataract  in  which,  owing  to 
a  plastic  inflammation  following  extraction,  there  is  a 
small  pupil  completely  adherent,  or  in  those  where  an 
iris  prolapse  has  taken  place  and  the  pupil  has  been 
drawn  up  close  to  the  corneal  wound  while  the  iris  is 
stretched  over  the  former  pupillary  area,  it  is  fre- 
quently necessary  to  puncture  the  cornea,  and  by 
means  of  special  scissors  (de  Wecker's)  to  remove  a 
large  enough  area  so  that  the  pupil  formed  will  not 
close. 

Extraction  of  Cataract  in  Capsule. — In  the  olden 
times  bordering  on  the  birth  of  cataract  extraction, 
attempts  were  made  to  extract  the  lens  in  capsule — 
first,  it  is  believed,  by  Daviel  and  later  by  Sharp, 
Richter,  Beer,  Arnemann,  and  others.  In  the  fol- 
lowing years  allusions  are  made  to  such  an  operation 
in  the  hterature,  but  httle  progress  was  made  until 
the  question  w'as  taken  up  by  Alexander  Pagen- 
stecher  and  by  his  brother  Hermann.  They  argued 
that  extraction  in  capsule  removed  all  predisposition 
to  iritis,  that  secondary  operations  were  rendered 
unnecessary,  and  that  better  sight  was  secured  by 
this  than  by  any  other  method. 

Beginning  with  a  corneal  incision  downward,  they 
later  adopted  the  upward  incision  and  conjunctival 
flap.  A  deep  iridectomy  was  made  to  prevent  iris 
prolapse,  and  with  a  dull  hook  posterior  adhesions, 
if  any  existed,  were  freed.  Pressure  was  then  ap- 
plied with  a  spoon  over  the  upper  scleral  wound  and 
counterpressure  was  made  on  the  cornea,  the  eye 
being  rotated  downward  with  forceps.  In  case  ex- 
traction by  these  methods  failed,  a  flat  spoon  was 
passed  down  behind  the  lens,  counterpjressure  made 
on  the  cornea  and  the  cataract  delivered. 

This  operation,  although  practised  and  modified  by 
a  number  of  ophthalmologists,  never  met  with  general 
approval,  and  extraction  in  capsule  did  not  awaken 


general  interest  in  the  o|)hthalmological  world  until 
sev(!ral  lOast  Indian  surgeons  began  to  perform  it  as 
a  routine  procedure. 

As  these  .so-called  East  Indian  mclliods  liave  excited 
in  the  lOnglish-speaking  world  of  lo-day  some  of  the 
warmest  ophlhalmological  discussions  of  the  present 
time,  it  may  be  well  to  devote  a  lidle  space-  lo  them. 

The  most  prominent  exponent  (jf  these  methods  is 
Colonel  Henry  Smith  of  Amritsar,  formerly  stationed 
at  JuUundur.  In  1895  Snnth,  seeing  the  good  results 
of  the  extraction  in  capsule  performed  by  Lieutenant 
Colonel  Mulrowiiey,  then  stationed  at  Amrit.sar  not 
far  from  Jullundur,  decided  to  adopt  similar  methods 
as  a  routine  and  set  about  imi)roving  the  procedure. 
Since  that  time,  he  has  performed  a  vast  series 
of  extractions,  and  surgeons  from  many  distant 
parts  have  visited  his  clinic  to  learn  his  methods 
of  operating. 

The  important  features  of  Smith's  operation  are  as 
follows:  The  incision  is  made  upward,  and  includes 
half  or  nearly  half  of  the  cornea.  It  is  made  with  one 
stroke  of  the  knife  if  po.ssible,  and  is  finished  in  the 
cornea.  An  iridectomy  may  or  may  not  be  made, 
according  to  the  preference  of  the  operator.  The 
speculum  is  then  removed  and  the  upper  lid  con- 
trolled by  an  assistant,  who  holds  it  with  a  large 
strabismus  hook,  at  the  same  time  making  pressure 
with  his  fingers  on  the  orbicularis.  The  operator 
applies  the  rounded  tip  of  a  strabismus  hook  over  the 
lower  third  of  the  cornea,  and  pressure  is  made  in 
the  direction  of  the  optic  nerve.  The  pressure  is 
steady  and  the  position  of  the  hook  should  not  be 
changed  until  the  upper  edge  of  the  lens  tilts  forward 
and  is  seen  to  be  dislocated.  The  pressure  is  then 
turned  more  and  more  toward  the  wound.  The  hook 
then  follows  the  lens  upward  until  the  cornea  is 
folded  beneath  it,  the  pressure  gradually  becoming 
lighter;  at  this  point  the  lens  is  delivered. 

In  ca.ses  of  immature  cataracts  and  Morgagnian 
cataracts  where  the  capsule  is  very  delicate,  he  pro- 
ceeds in  a  little  different  way  finding  that  by  the  above 
method  the  capsule  often  bursts  in  the  wound  with 
the  retention  of  capsule  and  other  matter.  In  these 
he  makes  deep  pressure  over  the  lower  border  of  the 
lens  toward  the  patient's  feet.  The  lens  becomes 
dislocated  below  and  turns  up  into  the  wound,  making 
a  complete  half  somer.sault.  As  the  lens  turns  up 
into  the  wound,  the  operator  directs  his  pressure  first 
backward,  then  backward  and  upward,  folding  the 
cornea  beneath  the  wound  and  delivering  the  lens  by 
motions  similar  to  those  of  the  first  method.  The 
hollow  of  the  strabismus  hook  may  now  be  pas.sed 
between  the  lens  and  the  wound  to  complete  the 
detachment. 

In  hypermature  cataract  hard  of  delivery,  a  spatula 
is  dropped  down  behind  the  lens  the  instant  it  appears 
at  the  wound,  and  the  lens  is  pres.sed  against  it  with  the 
hook  on  the  outside  of  the  cornea  and  made  to  .slide 
out  along  the  spatula,  thus  avoiding  pressure  which 
might  produce  a  loss  of  vitreous.  Careful  reposi- 
tion of  the  iris  is  of  the  utmost  imi)ortance.  If 
vitreous  escapes,  it  is  snipped  off.  No  atropine  is 
used.  The  eye  is  dressed  and  not  disturbed  until  the 
eighth  day. 

The  Indian  statistics  of  this  operation  are  extraor- 
dinarily good,  and  it  has  excited  much  interest, 
especially  in  America.  Its  great  advantage  is  total 
extraction  of  the  lens;  its  disadvantages,  the  addi- 
tional danger  of  vitreous  prolapse  and  the  greater 
trauma.  Its  future  place  in  ophthalmology  is  not 
decided.  In  the  hands  of  an  operator  of  the  skill  and 
experience  of  Colonel  Smith,  it  is  probably  a  very 
valuable  procedure.  In  the  hands  of  the  inexpe- 
rienced, it  should  be  barred.  Whether  it  will  form  a 
welcome  addition  to  the  surgical  procedures  of  the 
man  working  under  ordinary  conditions  of  ophthal- 
mological  practice  is  still  sub  judice. 

George  S.  Derby. 
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Catarrh. — See  Mucous  Membrane,  Inflammation  of. 
Catarrh,  Nasal. — See  Rhinitis. 

Catatonia. — Under  the  name  of  catatonia,  or  kata- 
tonia  (from  raxd,  down  and  riras,  tension),  or  "ten- 
sion insanitj',"  Kahlbaum  in  1874  described  a  com- 
posite form  of  mental  disease,  in  which,  with  succes- 
sive conditions  of  depression,  excitement,  and  stupor, 
or  one  or  more  of  them,  there  was  muscular  rigidity 
of  cataleptoid  character,  peculiar  mannerisms,  and 
stereotyped  movements  with  great  resistivity,  the 
whole  process  tending  to  end  in  more  or  less  complete 
mental  faOure.  In  his  view,  this  group  of  symptoms 
was  limited  to  no  special  age.  While  the  subject 
was  long  neglected  and  opinions  regarding  it  have 
varied,  through  the  influence  of  Kraepelin,  these 
symptoms  have  assumed  an  important  position  and 
have  come  to  be  pretty  generall3'  regarded  as  char- 
acterizingone  of  the  varietiesof  dementia  precox  (q.v.). 

Kraepelin  defines  catatonia  as,  "a  disease  form  with 
a  peculiar  condition  of  stupor  and  excitement,  usuaUj- 
ending  in  dementia  and  with  the  sj'mptoms  of  nega- 
tivism, impulsivitj'  and  eccentricity,  stereotypy  and 
suggestibility,  in  expressive  movements  and  acts." 
WhUe  undoubtedly  most  common  and  characteristic 
in  dementia  prsecox,  the  symptoms  enumerated  have 
been  observed  in  paralytic,  senile,  traumatic,  organic, 
and  epileptic  dementias,  in  constitutional  defective 
conditions,  and  in  melanchoUa.  While  in  strictness, 
the  term  catatonia  should  be  reserved  for  the  symp- 
tom-complex, it  has  come  to  be  applied  quite  gener- 
ally to  one  of  the  forms  of  dementia  prsecox  which  is 
customarily  described  under  this  name.  The  etiologj' 
and  pathology"  of  catatonia  are  those  of  dementia  pre- 
cox in  general,  and  will  be  discussed  under  that  head. 
The  disease  begins,  as  a  rule,  after  a  varying  period 
of  psychical  depression,  with  vague  hypochondriacal 
complaints.  This  may,  however,  attract  little  atten- 
tion, the  serious  nature  of  the  case  being  first  made 
evident  by  some  sudden  violent  or  foolish  act. 

The  preliminary  period  may  be  followed  by  an 
attack  of  excitement  with  hallucinations  and  Ulusions, 
of  anxious,  hypochondriacal  character,  or  with  phan- 
tastic  religious  ideas,  during  which  the  patient  shows 
a  tendency,  by  sudden  and  violent  acts  to  injure 
himself  or  others. 

The  characteristic  phases  of  the  disease  are  those 
of  stupor  and  excitement,  which  may  succeed  one 
another,  often  with  great  suddenness.  Catatonic 
stupor  presents  most  clearly  the  combination  of 
symptoms  which  have  given  a  name  to  the  disease. 
The  patient  stands,  sits,  or  lies  in  a  stiff  attitude. 
Any  attempt  at  moving  him  is  met  with  tonic  resist- 
ance of  the  muscles,  which  sometimes  show  the 
pecuUar  rigidity  of  catalepsy  (q.v.).  The  facial  mus- 
cles are  set  in  strained  attitude,  the  forehead  may  be 
wrinkled,  the  lips  pushed  forward  in  a  snout-like 
manner,  and  sardonic  smile  may  occasionallj'  draw 
up  the  angles  of  the  mouth.  Food  is  refused,  saliva 
is  allowed  to  collect  in  the  mouth  until  it  overflows, 
urine  and  feces  are  retained  for  long  periods,  to  be 
discharged  in  the  bed  or  in  some  other  unsuitable 
place.  Pin  pricks  in  sensitive  parts  call  forth  no 
movements  of  defense,  at  most  some  reddening,  or 
change  in  facial  expression.  The  term  stupor  is  a 
relative  one,  however,  consciousness  being  httle  dis- 
turbed and  the  above  train  of  phenomena — "nega- 
tivism"— being  due  rather  to  inhibition.  In  appa- 
rent contradiction  to  negativism  is  the  tendency  to 
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involuntary  repetition  by  the  patient  of  movements 
executed  before  him  or  suddenly  ordered  in  a  loud 
voice  ("command-automatism")^  or  of  words  spoken 
by  the  examiner  ("echolalia").  The  stupor  passing 
over  into  catatonic  excitement,  to  mutism,  nega- 
tivism and  refusal  of  food,  there  is  added  a  peculiar 
motor  impulsion.  Monotonous  movements  are  re- 
peated over  and  over  again,  sometimes  for  hours  at  a 
time.  The  patient  rhythmically  turns  or  swings  his 
body,  claps  or  rubs  his  hands  together,  twists  mous- 
tache or  hair-braid,  makes  a  certain  number  of  steps 
forward  and  back,  etc.,  etc.  ("stereotypy"),  all  in  a 
stiff  and  characteristic  manner,  the  whole  perhaps  ac- 
companied by  a  pecuhar  crying  or  screaming.  He 
repeats  over  and  over  a  monotonous  phrase  or  a 
jumble  of  senseless  syllables  ("verbigeration"). 
Again  he  is  impulsive  and  suddenly  violent,  smashes 
glass  or  furniture,  assaults  his  fellow  patients  or  atten- 
dants, masturbates,  smears  himself  with  urine  and 
feces,  makes  sudden  suicidal  attempts,  etc.  Stupor 
and  excitement  may  alternate  with  periods  of  com- 
parative quiet,  but  throughout  the  whole  runs  the 
strain  of  the  contrary,  the  stereotyped  and  the  absurd. 
The  keynote  is  negativism,  with"stereotj-py  of  move- 
ment and  of  manner.  The  patient  resists  all  attempts 
to  bathe  or  dress  him,  refuses  food  set  before  him, 
onl.v    to    seize   suddenly   and    swallow   greedily   the 

gortion  of  his  neighbor.  When  taken  to  the  closet, 
e  retains  urine  and  feces,  to  deposit  them  immedi- 
ately afterward  on  the  floor  or  in  his  bed.  He  is 
obstinatelj-  mute,  or  rephes  to  a  question  by  a  sudden 
and  abusive  epithet,  perhaps  after  some  "time.  He 
gives  unsuitable  or  perverted  answers,  talks  babj-- 
fashion,  or  with  an  affected  or  foreign  accent,  con- 
structs new  words,  or  jumbles  togetner  apparently 
unrelated  words  (the  "word  salad"  of  Forel).  Apart 
from  the  periods  of  haUucinatorj'  and  emotional  dis- 
turbance, sense  of  time  and  place  is  often  well  pre- 
served, the  patient  being  able  some  time  later  to  tell 
correctly  just  what  happened  at  a  given  time.  The 
confusion  is  more  apparent  than  real,  being  due  to  the 
negati\'ism,  which  leads  to  silly  and  false  replies.  The 
patient  wUl  often  acknowledge  later  that  he  has  been 
acting  perversely,  in  a  foolish  or  chUdish  manner.  Ijut 
explains  that  he  could  not  help  it.  Attempts  to 
analyze  psychologically  and  to  explain  the  phe- 
nomena of  the  characteristic  negativism  have  been 
numerous  of  recent  years,  but  beyond  bringing  out 
the  facts  that  the  behavior  and  the  "utterances  of  these 
patients  are  due  not  to  mere  foolishness,  but  rather 
to  a  struggle  between  opposing  tendencies  in  the 
mental  processes,  the  coordination  of  which,  espe- 
cially as  between  the  intellectual  and  the  affective  at- 
tributes, having  undergone  a  sort  of  fission  ("schizo- 
phrenia"), they  have  done  little  to  clarify  the  subject. 
In  common  with  the  other  forms  of  dementia  praecox, 
there  is  in  catatonia,  a  dulling  of  the  emotional  and 
ethical  feelings  and  a  liability  to  senseless  delusions, 
while  abilitj'  to  receive  impressions,  to  comprehend, 
and  to  remember,  is  long  preserved.  Throughout, 
however,  runs  the  tendency  to  mental  failure,  which 
proceeding  steadily  or  with  intermissions,  may  lead 
at  length  to  an  extreme  degree  of  dementia. 

As  somatic  sj-mptoms  in  catatonia,  besides  the 
muscular  phenomena  already  described,  there  have 
been  noted  a  greater  or  lesser  degree  of  analgesia,  which 
in  part  explains  the  tendency  to  self-mutilation  en- 
countered in  this  disease,  increased  tendon  reflexes, 
mechanical  irritability  of  the  nerve  trunks,  especially 
of  the  facial,  muscular  unrest,  anomalies  of  glandular 
secretion,  disturbance  of  the  menstrual  function,  sub- 
normal temperature,  and  trophic  disorders,  especially 
sudden  and  uncontrollable  loss  of  weight,  a  fatal  issue 
sometimes  being  due  to  inability  to  nourish  the 
patient.  Certain  changes  in  the  pupils,  especially  a 
failure  to  respond  to  psj'chical  or  physical  excitement, 
as  in  normal  people,  has  been  observed,  while  Clark 
and  Tj-son  have  described  certain  changes  in  the  eye 
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grounds.  Epileptiform  attacks  are  among  the  rare 
symptoms.  Catatonia  is  preeminently  a  disease  of 
the  second  and  third  decennia,  but  may  occur  later. 
While  its  tendency  is  always  toward  dementia,  it  often 
moves  by  successive  steps,  there  being  long  intermi.s- 
sions,  which  may  pass  for  recoveries.  It  is  considered 
byKraepclin  as  ofTcring  tlie  most  favorable  prognosis 
of  any  of  tlie  forms  of  dementia  prxcox,  but  cure  is  in 
the  majority  of  instances  a  recovery  with  defect,  the 
patient  having  descended  to  a  lower  grade  of  men- 
tality than  he  possessed  before  the  attack. 

In  diagnosing  our  cases,  it  is  to  be  remembered  that 
the  catatonic  .symptom-complex  has  been  ob.served  in 
a  number  of  mental  diseases.  Depression  with  cata- 
tonia usually  belongs  to  the  pnecox  group.  In  cases 
of  general  paresis,  in  which  tne  somatic  signs  are  not 
characteristic,  the  results  of  the  chemicil  and  micro- 
scopical examination  of  the  cerebrospinal  fluid  and  of 
the  Wassermann  test  applied  to  it  and  to  the  blood 
should  tell  the  tale.  In  epilepsj'  the  different  history 
and  the  frequent  convulsive  attacks  should  settle 
the  diagnosis,  for  convulsions  are  rare  in  catatonia. 
Hysterical  insanity  and  catatonia  present  many  points 
of  resemblance  and  diagnosis  between  the  two  may 
readilj'  be  difficult  and  for  a  time  impossible.  A  care- 
ful study  will,  however,  detect  points  of  difference,  and 
clear  signs  of  mental  failure  will  stamp  the  case  as  one 
of  catatonia.  Imbeciles  at  times  present  the  catatonic 
symptom-complex  and  when  it  is  remembered  that 
an  originally  defective  person  may  in  addition  de- 
velop a  dementing  psychosis,  the  difficulties  of  diag- 
nosis are  evident.  A  careful  study  of  the  previous 
history  of  the  patient  .should,  however,  give  us  aid 
in  forming  a  correct  opinion.  Hallucinatory  con- 
fusional  conditions  may  at  times  re.semble  catatonia, 
but  in  them  the  clouding  of  consciousness  and  disori- 
entation are  usually  obvious,  and  the  motor  phe- 
nomena are  seldom  so  marked  as  in  catatonia. 

There  is  no  specific  treatment  for  catatonia,  the 
various  surgical  measures  addressed  to  the  genital  and 
the  thyroid  glands  and  opotherapy  having  proved 
unsuccessful.  The  best  that  we  can  do  is  to  guard 
and  nourish  the  patient  and  treat  such  symptoms  as 
may  ari.se.  The  majority  of  cases  wUl  require  asylum 
treatment  sooner  or  later. 

Charles  Lewis  Allex. 


Catechu. — Cutch:  Black  Catechu.  An  extract  pre- 
pared from  the  wood  of  Acacia  Catechu  (L.f.)  Willd. 
(fam.  Leguininosce) .  Catechu  is  similarly  obtained 
from  the  wood  of  A.  suma  Kurz.  That  of  the  present 
edition  of  the  British  Pharmacopoeia  is  discussed 
under  Gambir.  This  species  of  acacia  is  a  crooked, 
straggling  tree  of  thirty  to  forty  feet  in  height,  with  a 
trunk  about  a  foot  in  diameter.  It  grows  commonly 
in  India  and  Bunnah,  and  yields  a  very  durable,  hard 
timber  and  a  tan  bark.  The  sap  wood  is  whitish,  the 
heart  wood  of  a  very  dark  brown.  It  is  said  that  both 
are  extracted  for  the  catechu,  the  process  being  by 
boiling  the  chips.  The  decoction,  more  or  less  puri- 
fied b\-  straining,  is  evaporated  by  artificial  heat  and 
is  then  moulded  into  various  forms.  The  moulds  are 
commonly  lined  with  leaves,  the  remains  of  which 
adhere  to  the  outer  surface  of  the  dried  masses.  The 
latter  are  of  various  forms  and  sizes,  according  to  the 
custom  of  the  locality  or  the  convenience  of  the  maker. 
The  best  usually  come  in  the  form  of  slabs  or  blocks, 
of  the  size  and  fonn  of  an  ordinary  bread  pan.  In 
India  a  superior  quality,  of  a  light  brown  color,  is 
prepared  chiefly  for  mastication  by  introducing  sticks 
into  the  thickened  decoction,  when  the  catechu  col- 
lects upon  them,  after  the  fonn  of  crystals.  Dymoch 
and  Hooper  ("  Phamiacographia  Indica,"  i.,  558) 
describe  a  very  high-priced  sort  which  is  collected 
from  cavities  in  the  trunk.  This  is  called  Khersal  or 
Khairsal,  and  is  of  a  very  pale  brown  or  j'eUow  color. 
The  description  of  catechu  is  as  follows : 


In  irregular  masses,  containing  fragments  of  leaves, 
dark  brown,  brittle,  somewhat  porous  and  glossy, 
when  fresldy  broken.  It  is  nearly  inodorous  and  has  a 
strongly  a.stringent  and  .sweetish  taste. 

If  twenty  parts  of  catechu  be  digested  with  two 
hundred  parts  of  alcohol  and  the  li(|ui(l  filtered,  the 
undissolved  matter,  after  being  dried  at  100°  C.  (212° 
F.),  should  not  exceed  three  parts  in  weight. 

The  tincture,  diluted  with  one  hundred  parts  of 
water,  acquires  a  green  color  on  the  addition  of  ferric 
chloride  T.  S. 

If  two  parts  of  catechu  be  boiled  with  twenty  parts 
of  water,  a  lirownish-red,  turbid  liquid  will  be  obtained 
which  turns  blue  litnnis  paper  red. 

Upon  incineration,  catechu  should  not  leave  more 
than  six  per  cent,  of  ash. 

To  this  description  it  may  be  added  that  the  color 
of  some  which  is  very  good  may  be  better  character- 
ized as  a  brown-black,  and  that  a  microscoiiical  ex- 
amination reveals  the  presence  of  a  large  quantitj'  of 
minute  crystals  of  catechin.  Emphasis  should  be 
laid  upon  the  fact  that  good  catechu  is  nearly  odorless. 
Much  of  what  comes  to  our  market  possesses  a  vile 
odor.  It  is  toughish,  scarcely  porous,  and  has  a  waxy 
or  greasy  looking  surface  instead  of  the  lively,  slightly 
sparkling  luster  of  that  which  is  pure.  Such  is  largely 
used  for  tanning  and  similar  purposes,  but  is  not  fit  for 
medicinal  use. 

.\bout  one-third  of  catechu  consists  of  calechin 
(C2iH2o09-l-5H20),  and  about  one-half  of  catechu- 
tannic  acid  (CjiHisOs).  The  latter  can  be  obtained 
from  catechin  by  heating,  especially  with  the  addition 
of  water  or  alkalies. 

Catechu,  as  its  composition  woiild  indicate,  is  a  pure 
astringent,  which  may  be  generally  used  either  exter- 
nally or  internally,  when  this  effect  is  desired.  We 
have  official  a  compound  tincture,  of  ten-per-cent. 
strength,  with  diluted  alcohol  and  one-half  per  cent,  of 
cassia,  the  dose  fi.  5  ss.  to  ij.  (2.0-8.0).  The  official 
troches  contain  each  six  centigrams  (about  gr.  i.)  of 
catechu,  with  tragacanth  and  sugar. 

Henry  H.  Rusbt. 


Caterpillars,  Poisonous. — The  caterpillars  of  several 
moths  have  hairs  or  spines  on  the  back  which  secrete 
an  urticating  fluid.  If  they  are  touched,  the  hairs 
penetrate  the  skin  and  cause  a  severe  prickling 
sensation.  Ammonia  may  be  used  to  relieve  the 
irritation.  Many  caterpillars  that  are  commonly 
supposed  to  be  poisonous  are,  however,  perfectly 
harmless.     Pee  Insects,  poisonous.  A.  S.  P. 

Catgut. — See  Dressitigs,  Surgical. 

Cathartics. — These   (the  term  being  derived  from 

KaSapTLKis,  cleanser,  especially  m  the  present  medical 
sense)  are  agents  that  promote  evacuation  of  the 
bowels.     Clinically  they  are  divided  as  follows: 

1.  Laxatives  which  facilitate  evacuation  of  the 
bowels  but  do  not  necessarily  cause  a  passage  as  a 
direct  consequence  of  their  administration. 

2.  Purgatives,  used  to  produce  an  occasional,  single 
clearing  out  of  retained  feces. 

3.  Hydragogues  (vdpayaryos ,  water-driver)  are  mostly 
salines  and  while  used  in  small  repeated  doses  as 
laxatives  and  in  moderate  dose  as  purgatives,  are 
especially  employed  to  eliminate  dropsical  effusions 
or  the  ordinary  products  of  cataljolism  in  cases  of 
renal  failure,  or  as  part  of  a  derivative  effect  upon  the 
general  distribution  of  blood  and  bodily  fluids  generaUy. 

4.  Cholagogues  (xoXa^oryiJs,  bile-driver)  were  formerly 
siipposed  actually  to  stimulate  the  formation  and 
elimination  of  bile.  While  such  direct  action  has 
been  disproved,  their  indirect  action  is  such  as 
practically  to  warrant  the  retention  of  the  term  as  a 
matter  of  convenience. 

5.  Drastics  (Spoo-ri/c^s,  in  the  modem  sense,  but  ety- 
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mologicaUy  referring  to  a  running)  act  energetically, 
producing  numerous  evacuations,  more  or  less  con- 
gestion, and  ultimately,  in  toxic  dose,  actual  enteritis 
or  gastroenteritis. 

As  regards  their  physiological  actions,  cathartics 
may  be  classified  as  follows : 

1.  Acting  on  peristalsis  (a)  by  increasing  peristalsis 
either  directly  or  through  innervation;  (b)  by  correct- 
ing antiperistalsis  which  occurs  normally  in  the  colon 
and,  as  a  reflex,  from  peritonitis  and  pressure  upon  or 
occlusion  of  the  bowel ;  (c)  by  remo\-ing  an  inhibition 
of  peristalsis. 

2.  Acting  on  intestinal  contents  (a)  by  softening  a 
fecal  impaction;  (6)  by  supplj-ing  a  sufficiency  of 
gaseous  contents  or  remo\'ing  an  excess  leading  to 
distention  and  paresis;  (c)  b\'  increasing  the  watery 
contents;  (d)  by  suppl>-ing  a  sufficient  quantity  of 
semisolid  contents  to  afford  a  grasp  for  the  peristaltic 
wave. 

No  sharp  line  can  be  drawn  between  the  different 
groups  of  cathartics,  according  to  the  clinical  classifi- 
cation, most  vegetable  cathartics  being  classed  as 
laxatives,  purgatives,  or  drastics,  according  to  the 
degree  of  their  activity  which,  of  course,  also  depends 
upon  dosage,  although,  even  by  modifying  the  dose, 
the  same  drug  could  scarcely  be  used  as  a  member  of 
the  extreme  groups.  Certain  of  these  have,  in  the 
clinical  sense,  a  cholagogue  action.  Most  of  the  hy- 
dragogues  may  also  be  used,  according  to  dose,  as 
laxatives,  purgatives,  or  in  the  Literal  sense  and  in  that 
of  intensity  of  action,  as  drastics,  though  scarcely  to 
the  extent  of  producing  an  enteritis. 

The  theoretic  classification  as  to  method  of  action, 
should  also  be  qualified  by  the  statement  that  most 
cathartics  act  in  more  than  one  way.  Illustrations 
of  these  methods,  and  the  uncertainty  of  exact 
methods  of  action  in  manj-  instances,  will  be  noted 
later  while  the  details  will  be  considered  under  the 
names  of  each  drug  as  they  occur  alphabetically  and 
not  in  this  article  except  as  is  necessary  to  give  a 
comprehensive  idea  of  the  subject. 

With  regard  to  methods  of  administration,  cathar- 
tics are  ordinarily  swallowed  in  solution,  pill,  tablet, 
capsule,  etc.  To  prevent  vomiting  due  to  nauseous 
taste  or  to  the  inexplicable  fact  that  many  substances, 
even  including  foods,  may  be  vomited  when  swallowed 
and  retained  if  artificially  deposited  in  the  stomach, 
they  are  sometimes  given  by  gastric  or  even  duodenal 
intubation.  This  method  is  especially  required  in  the 
management  of  insane,  neurotic,  and  refractory 
patients.  For  the  most  part  experimentally,  ad- 
ministration may  be  by  fistiila  or  by  direct  injection 
through  the  coats  of  the  bowel.  Cathartic  drugs  may 
also  be  used  by  suppository  {q.v.)  or  by  enema  {q.v.) 
or  may  be  introduced  fairly  high  in  the  bowel  by  a 
stiff  tube  (the  ordinary  soft  '"colon"  tube  never 
succeeding)  or  through  a  speculimi.  More  recently, 
certain  cathartics  have  been  given  subcutaneously 
or  even  intravenously  and  the  cathartic  effect  of 
mercury  and  possibly  other  substances  may  be 
apparent  after  inunction  or  cataphoresis,  though  not 
designedly  employed  in  this  way.  Nurslings  are 
sometimes  medicated  by  administering  the  drug  to 
the  mother. 

1.  Laxatr'ES. — Dietetic  Measures. — Many  persons 
are  constipated  simply  from  lack  of  water  to  carry 
on  eliminative  action.  When  we  reflect  that  the  urine, 
respiratory  vapor,  and  insensible  perspiration  amount 
approximately  to  a  quart  a  day  each,  it  is  obvious 
that,  with  allowance  for  the  200  or  300  c.c.  of  water 
formed  from  carbohydrates,  and  the  average  of  about 
500  c.c.  of  water  contained  in  ordinary  soUd  foods  of 
average  consistence,  rather  more  than  two  quarts  of 
water  a  day  must  be  taken  either  as  such,  in  other 
beverages  and  soups,  or  in  distinctly  watery  fruits  and 
vegetables.  As  the  ordinnry  beverages,  coffee  and 
especially    tea,   contain  tannin,  it  is  plain  that  the 
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relief  of  constipation  may  rest  solely  on  the  substitu- 
tion of  water  for  these.  It  is  scarcely  necessary  to 
state  that  water  acts  according  to  2  a  and  2  c  of  the 
above  table,  also  faciUtating  the  discharge  of  gases 
under  2  b  and,  up  to  a  certain  point,  under  2  d. 

Any  food  rich  in  indigestible  residue  is  laxative  by 
affording  a  grasp  for  intestinal  peristalsis  (2  d),  by 
mechanically  stimulating  muscular  action  of  the 
bowel  (1  a)  while,  if  regularly  used,  it  prevents  the 
formation  of  dense  scybala  (2  a).  Such  foods  also 
tend  to  have  a  laxative  effect  by  affording  a  pabulum  for 
bacteria.  Large  dense  masses,  as  bits  of  bone,  fruit  pits, 
etc.,  should,  of  course,  be  avoided,  though  they  are 
not  as  dangerous  as  might  be  expected ;  and  indigestible 
but  putrescible  animal  tissues,  as  cartilage,  connective 
tissue,  and  skin,  should  also  be  avoided.  Vegetable 
cellulose  is  largely  but  variably  decomposed  into 
methane  and  other  gases  (2  6)  but  this  action  should 
not  be  allowed  to  become  excessive.  Small  seeds 
sometimes  produce  irritative  diarrhea,  sometimes 
become  impacted  and  may  remain  weeks  or  months 
in  the  bowel.  Scales  and  chaff  are  also  liable  to  adhere 
to  the  wall  of  the  alimentary  canal  and,  if  sharp,  may 
produce  minute  ulcerations.  The  danger  of  actual 
perforation  or  of  entry  into  the  appendix  is  slight  but 
real.  Hence,  cellulose  administered  as  a  dietetic 
laxative,  should  be  confined  to  spongy  masses  as  in 
fruits,  leaves,  bulbs,  heads,  stalks,  cornis,  tubers,  and 
roots  of  more  or  less  nutritious  food  stuffs,  and  to  soft 
bran  or  whole  wheat,  well  ground,  although  fine  saw- 
dust and  pipe  clay  have  also  been  used  for  the  purpose 
of  affording  a  soft,  massive  intestinal  content.  Care 
should  be  used  not  to  choose  vegetables  possessed  of 
distinctly  astringent  qualities. 

An  excess  of  sugar,  in  almost  any  form,  is  strictly 
hydragogue  by  osmosis  (2  c).  Digestible  fats  and 
oils  act  somewhat  as  lubricants  and  to  soften  scybala, 
Uke  mineral  oU,  but,  being  converted  into  glycerin 
and  fatty  acids  which  unite  with  alkaline  bases  to 
form  soaps,  they  tend  to  stimulate  peristalsis  (1  a). 
Glycerin  alone  may  also  be  administered.  It  is 
probably  not  nutritive  directly  but,  being  hygroscopic 
acts  as  a  hydragogue  (2  c)  and  seems  to  stimulate 
peristalsis  directly  (1  a)  being  especially  used  as  a 
rectal  injection  or  incorporated  -svith  gelatin  into  a 
suppository.  Moreover,  an  excess  of  any  nutritive 
principle,  starch  or  sugar,  fat  or  oil,  protein,  favors 
saprophytic  action  with  the  production  of  various 
substances  more  or  less  irritating  (1  a).  Proteins 
and  especially  the  purin  compounds  associated  with 
animal  proteins  are  toxic  though  probably  not  so 
much  so  as  the  partly  metabolized  products  from  an 
excess  of  fat.  The  fermentation  of  carbohydrates 
>-ields  mainly  carbon  dioxide  and  water  (2  b  and  2  c) 
which  are  scarcely  toxic.  Whatever  foods  are  used 
in  excess  as  laxatives  usually  add  a  considerable 
amount  of  indigestible  material  (2  d).  W"hile  in  the 
absence  of  mechanical  obstruction  and  marked  depres- 
sion of  peristalsis,  dietetic  measures  usually  suffice  to 
overcome  constipation,  it  is  a  good  rule  never  to 
employ  them  to  excess,  that  is  beyond  the  point  at 
which  saprophytic  action  becomes  noticeable.  It  is 
far  better  to  use  drugs  or  even  to  leave  the  patient  in 
a  constipated  state. 

L.^xATrvE  Dbugs. — Pure  mineral  oil  (purpetrol), 
being  neither  absorbed  nor  decomposed,  acts  as  an 
intestinal  lubricant  and  hence  renders  peristalsis  more 
effective,  it  disintegrates  scybala  (2  a)  and,  bj'  coating 
over  local  lesions  prevents  reflex  inhibition  of  peris- 
talsis (2  c).  It  is  especiaDy  indicated  in  infants,  whose 
anatomy  is  such  that  peristalsis  always  acts  against 
relatively  acute  angles  in  the  colon  and  sigmoid,  and  as 
a  palliative  in  incomplete  strictures.  Animal  gelatin 
seems  to  favor  easy  movement  of  the  bowel  in  some- 
what the  same  way  while  vegetable  gelatins,  as  agar- 
agar,  which  swell  by  inbibition  of  water  but  do  not  dis- 
solve, afford  a  bulk  of  easOy  propelled  contents  (2d). 
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I  Among  laxative  dnigs  may  be  mentioned  swlpluir, 
phenolplitluilein,  rhannuis  piirshiana,  compound  lic- 
orice powder,  tamarind,  manna,  puonymu.s,  etc.  Small 
doses  of  tlinse  classed  as  purgatives  may  also  be  used, 
including  the  milder  .salines,  especially  sodium  phos- 
phate, lint  the  prolonged  use  of  salines  is  apt  to  di- 
minish the  secretion  of  hydrochloric  acid  and  thus  not 
only  to  interfere  with  gastric  digestion  but  to  lessen 
the"  amount  of  effervescence  produced  by  the  action  of 
chyme  on  the  carbonates  of  the  l)iliary,  pancreatic,  and 
intrinsic  intestinal  .secretion,  the  carbon  dioxide  thus 
formed  being  of  considerable  importance  in  the  normal 
stimulation  of  jieristalsis  (2  li).  Again,  sodium  and 
potassinm  salts,  used  in  small  dose  with  the  idea  of 
producing  a  laxative  effect,  are  very  likely  to  act  rather 
as  diuretics.  Another  practical  point  is  that  the  salines 
are  mainly  hydragogue  and,  if  needed  only  for  a  mild 
la.xative  effect,  the  real  indication  is  usiially  for  a  more 
abimdant  supjily  of  water.  The  vegetable  laxatives 
act  principally  by  stinnilating  peristalsis  (1  o).  The 
method  of  action  of  sulphur  is  not  well  understood 
but  it  exerts  a  mild  stinnilant  action  on  mucous  mem- 
branes and  supplies  an  ingredient  for  taurocholie  acid 
which,  itself,  stinuilates  peristalsis.  Phenolphthalein 
is  generally  regarded  as  a  stinudant  of  peristalsis  (1  o) 
though  it  is  asserted  by  some  that  it  is  hydragogue 
(2  c)  and  that  it  is  not  absorbed.  The  last  statement 
is  incorrect  as  the  urine  can  be  titrated,  vising  the 
eliminated  phenolphthalein  as  an  indicator,  provided, 
of  course,  that  a  sufficient  dose  has  been  given,  say  five 
to  ten  centigrams  a  day. 

2.  PuRGATn'ES. — The  more  closely  the  underlying 
causes  of  constipation  are  studied,  the  more  rarely  does 
one  encounter  the  simple  indication  of  securing  a  single 
clearing  out  of  the  fecal  mass — purgation.  Still,  this 
indication  exists  practically  as  a  preliminary  to  the 
more  careful  study  of  many  cases,  even  to  facilitate 
palpation  or  examination  by  speculum;  also  as  a 
routine  initial  treatment  of  most  cases  in  which  foul, 
fermenting  feces  are  present,  and  at  the  beginning  of 
most  fevers,  including  colds;  also  merely  because  the 
patient  seeks  only  temporary  aid.  Perhaps  the  best 
purgative  is  castor  oil,  especially  for  children,  and  most 
surgeons  believe  that  it  acts  better  than  any  other  to 
sweep  out  scybala  and  adherent  masses  from  nooks  in 
the  intestine,  as  a  preliminary  to  operation.  It  acts 
both  as  an  oil  and  through  the  stimulation  of  both 
peristalsis  and  secretion  by  its  active  principle  (1  a 
and  2  c).  It  is  said  to  leave  a  state  of  constipation  be- 
hind but  this  is  probably  tantamount  to  saying  that 
its  action  is  temporary  and  that,  having  thoroughly 
evacuated  the  intestine,  a  period  of  ciuiescence  nat- 
urally results  pending  the  accumulation  of  feces. 

Seidlitz  powder  supplies  artificially  the  carbon 
dioxide  normally  formed  by  interaction  of  acid  chyme 
and  carbonate-containing  secretions  and  also  acts  as  a 
hydragogue  (2  c).  Effervescent  magnesium  citrate 
and  other  effervescent  salines  have  a  similar  action. 
Recent  experiments  how-ever  tend  to  emphasize, 
especially  for  magnesium,  a  direct  peristaltic  stimula- 
tion (1  (i).  It  is  commonly  held  that  such  drugs  are 
not  efficient  unless  the  system  is  abiuidantly  supplied 
with  water  and  imless  the  patient  is  more  or  less 
active.     These  limitations  are  not  absolute,  however. 

Magnesium  oxide  and  hydroxide  are  especially  em- 
ployed to  combat  hy]jerchlorhydria,  their  concomitant 
laxative  or  purgative  effect  being  sometimes  desired  and 
sometimes  not.  Magnesium  sulphate  is  more  active 
than  other  preparations,  perhaps  solelj'  on  account 
of  is  bitterness,  as  in  the  case  of  vegetable  cathartics. 
It  sometimes  nauseates  and  produces  considerable 
griping  but  an  absolutely  pure  preparation  is  com- 
paratively lacking  in  these  objectionable  features. 

Sodium  svilphate,  potassium  and  sodium  tartrate, 
potassium  tartrate,  sodium  phosphate,  etc.,  are  also 
employed,  acting  like  magnesium  salts  but  not  quite 
so  powerfidly,  perhaps  because  thay  are  purer  hydra- 
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gogues.     Sodium  pliosphate  is  commonly  regarded  as 
having  an  especial  cholagoguc  action. 

.3.  Hydhaooguks. — These  include  the  various  salines, 
already  disc\issed  and,  with  them  are  usually  included 
jalap  and  elaterium  and  sometimes  others  of  the 
drastic  group,  q.v.  There  has  been  considoral)le  dis- 
pute as  to  the  reality  and  exact  nature  of  a  hydragogue 
action.  The  inconsistencies  of  early  experiments  have, 
however,  been  harmonized  to  a  large  (iegree  by  atten- 
tion to  the  general  principles  of  osmosis  and  molecular 
tension.  It  is  now  generally  conceded  that  any  saline 
given  in  concentrated  solution,  of  higher  tension  than 
the  blood  plasma,  .vill  call  forth  a  secretion  into  the 
intestine.  This  is  not  a  mere  transudate,  lacking 
albumin  and  globulin,  nor  a  mere  filtration  since  it 
contains  active  ferments.  It  has,  however,  also  been 
shown  that  magnesium  and  other  metallic  salts  are 
absorbed  from  the  small  intestine,  and  to  some  degree 
eliminated  throiigh  the  kidneys.  On  the  other  hand, 
even  when  directly  introduced  into  the  circulation, 
they  are  eliminated  largely  by  the  intestine  and  have 
a  cathartic  action  which  can  scarcely  be  considered 
hydragogue,  but  depends  upon  direct  stimulation  of 
peri.stalsis.  (See  below.)  While  hydragogues  are  used 
as  purgatives  when  there  is  a  contraindication  to  other 
drugs,  or  by  general  choice,  when  there  is  no  definite 
indication  except  to  produce  free  evacuations,  their 
special  field  is  the  elimination  of  water  and  toxins, 
either  along  with  diuretic  and  sudorific  methods,  as 
in  various  forms  of  dropsy,  when  their  efficiency, 
though  not  the  actual  amount  of  intestinal  discharge 
immediately  produced,  is  increased  by  a  relatively 
water-free  and  salt-free  diet,  or  vicariously  in  ca,se  of 
renal  failure. 

4.  Cholagogdes. — Animal  experiments  do  not  sup- 
port the  theory  of  a  direct  stinudation  of  the  secretion 
of  bile  by  drugs,  except  to  a  certain  degree  by  salicylic 
acid  and  its  congeners  and  by  bile  .salts  themselves.  It 
is  possible,  however,  that  further  experiment  may  show 
strictly  cholagogue  tendencies  on  the  part  of  other 
drugs  "and  may  detect  fallacies  in  regard  to  those  ap- 
parently demonstrated  not  to  be  cholagogues.  How- 
ever, "biliousness"  (q.v.)  is  now  interpreted  not  so 
much  as  a  failure  of  biliary  secretion  as  of  abnormal 
states  of  the  biliary  passages,  toxemia  from  saprophytic 
action  in  the  bowel,  and  disturbances  of  portal  circida- 
tion.  Thus,  the  cholagogues  continue  to  fulfill  the 
clinical  indications,  though  on  a  different  explanation 
and,  for  the  sake  of  convenience,  the  name  may  be 
retained. 

Calomel  and  other  mercurial  cathartics,  although 
not  notably  diminishing  the  number  of  bacteria  per 
unit  of  feces,  in  ordijiary  dose,  liiuit  saprophj-tosis  both 
bv  removal  of  foul  feces  en  masse,  like  any  other 
cathartic,  and,  apparently,  by  diminishing  bacterial 
virulence,  so  that  indican  is  reduced  in  the  urine  and 
indol,  its  precursor,  in  the  feces,  the  statement  being 
made  in  an  apparently  illogical  order  because  of  the 
greater  convenience,  rapidity  and  delicacy  of  the  uri- 
nary test.  Calomel  also  prevents  the  reduction  of 
Dile"  pigment — the  most  toxic  constituent  of  bile — and 
favors  its  removal,  along  with  other  biliary  constitu- 
ents and  fecal  masses  generally.  Ordinarily,  tlie 
biliarv  salts  are  reabsorbed  and  reexcreted.  It  is 
obvious  that,  even  without  any  direct  cholagogue 
action,  the  elimination  of  biliary  salts  calls  for  renewed 
secretory  action  on  the  part  of  the  liver,  in  accordance 
with  the  general  regulative  function  of  all  organs  of 
the  body,  although  the  nature  of  this  regulation  is  not 
well  understood.  Being  relieved  of  the  toxic  action 
both  of  biliary  pigment  and  of  bacterial  products,  tho 
liver  is  better  able  to  perform  this  function.  Hence, 
ultimately,  a  real  cholagogue  action  is  prodviced, 
though  this  would  not  be  apparent  in  comparatively 
brief  experiments  on  lower  animals  normal  save  for 
artificial  interfering  factors.     The  advantages  of  ad- 
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ministering  calomel  or  other  mercurials  in  small  divided 
doses,  followed  by  castor  oil  or  a  saline  need  only  be 
mentioned  here.  With  the  small  dosage  necessary, 
even  the  presence  of  hydrochloric  acid  rarely  causes 
sufficient  oxidation  to  the  mercuric  form  to  cause  any 
danger. 

In  passing,  may  be  mentioned  the  administration  of 
30  to  500  grams  of  metallic  merciiry  to  relieve  volvulus, 
intussusception,  and  other  mechanical  forms  of  obstip- 
ation. This  method  is  not  one  of  catharsis  but  de- 
pends upon  the  weight  of  the  liquid  mercury,  not 
enough  entermg  into  chemical  combination  to  have  any 
appreciable  physiological  action,  unless  long  retained. 
^^■hile  this  method  has  faUen  into  disrepute,  the  acci- 
dents theoretically  to  be  expected  are  not  indicated 
by  experience,  and  while  it  should  not  be  allowed 
to  excuse  the  delay  of  radical  interference  beyond  a 
reasonable  time,  it  seems  to  have  much  in  its  favor. 

This  is  an  appropriate  place  to  make  the  general 
assertion  that  no  cathartic  should  be  pushed  beyond  a 
reasonable  degree  in  the  attempt  to  overcome  an  ob- 
stacle to  evacuation  of  the  bowels.  Even  mechanical 
efforts  at  dislodgment  or  disengagement,  from  below, 
should  not  be  persisted  in  to  the  degree  of  weakening 
the  strength  of  the  patient  and  of  postponing  opera- 
tive interference  beyond  the  favorable  stage.  The 
significance  of  the  phrase  "obstruction  of  the  bowels" 
should  be  clearly  appreciated.  Obstruction  merely  to 
fecal  discharge,  is  not  an  emergent  matter,  complete 
obstipation  may  last  for  weeks  or  occasionally  months 
without  actual  danger  to  life.  The  emergent  "ob- 
struction of  the  bowels"  refers  to  obstruction,  not  of 
the  lumen,  but  of  the  structure  of  the  intestine,  in 
other  (\-ords  of  the  vascular  supply,  rapidly  leading  to 
necrosis.  It  is  necessary  to  qualify  this  statement 
with  the  corollary  that  obstruction  of  the  lumen 
often  causes  or  coexists  with  obstruction  of  the 
blood-vessels,  and  that  trophic  influences  must  also 
be  considered. 

5.  Dr.\stics. — A  great  many  drugs,  especially  of 
vegetable  origin,  containing  acrid  resinous  principles, 
cause  more  or  less  acute  gastroenteritis,  with  vomiting 
and  purging,  when  given  in  sufficient  dose.  Most 
such  drugs  are  not  employed  in  modern  medicine  as 
cathartics,  some  are  valuable  otherwise,  some  re- 
garded merely  as  poisons.  Tho.se  commonly  classi- 
fied as  drastic  cathartics,  are,  in  ascending  order  of 
severity  of  action;  jalap,  scammony,  colocynth, 
podophyllum,  gamboge,  elaterium,  and  crotoii  oil 
While  the  dose  is  regulated  so  as  to  avoid  any  true 
inflammatory  effect,  more  or  less  congestion  of  the 
abdominal  and  pelvic  organs  is  produced  so  that,  on 
the  one  hand,  these  drugs  may  be  employed  in  func- 
tional amenorrhea  and,  on  the  other  hand,  should  be 
avoided  in  pregnancy.  The  same  is  true  in  less  de- 
gree even  of  senna,  rhubarl),  and  aloes  (in  ascending 
series  to  the  rather  arbitrary  line  between  purgatives 
and  drastics).  Podophyllum  is  reputed  to  have  an 
especial  cholagogue  effect  while  jalap,  colocynth,  and 
elaterium  are  classed  also  as  hydragogues,  although 
rather  by  inducing  a  free  secretion  by  irritation  than 
by  an  osmotic  process.  The  compound  jalap  powder, 
containing  sixty-five  per  cent,  of  potassium  bitartrate 
is  naturally,  more  truly  a  hydragogue  and,  perhaps 
merely  because  inert  samples  of  jalap  are  used,  often 
a  very  mild  and  safe  cathartic.  The  drastics  are  often 
given  combined  with  one  another  and  with  calomel 
and  other  cathartics,  also  usually  with  aromaties,  bel- 
ladonna, etc.,  to  relieve  griping.  "  It  is  not  worth  while 
to  enter  into  a  criticism  of  the  compound  cathartic 
pill.  Croton  oil,  being  the  most  energetic  cathartic 
known  for  an\-thing  like  comparable  doses,  is  especially 
used  for  its  derivative  effect  in  cerebral  hemorrhage  but 
its  actual  efficacy  is  always  doubtful.  It  is  also  used 
in  suspected  malingering,  hysteria,  etc.,  either  to 
demon.strate  the  falsity  of  a  claim  of  obstipation,  or 
as  a  veOed  punitive  measure.     The  more  closely  condi- 
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tions  of  constipation  are  analyzed,  the  greater  is  the 
tendency  to  avoid  the  drastics,  or  to  reduce  the  dose 
of  any  cathartic  so  that  the  effect  would  not  justify  the 
use  of  this  term.  Any  tendency  to  intestinal  ulcera- 
tion, inflammation,  or  even  acute  congestion,  or  the 
presence  of  tumor,  even  hemorrhoids,  or  other  lesion 
liable  to  exacerbation  by  an  increase  of  blood  supply,  is 
a  contraindication.  The  contraindication  with  regard 
to  a  possible  abortifacient  effect  has  been  noted.  On 
account  of  the  resinous  principles  of  most  of  these 
drugs,  any  tendency  to  hemorrhagic  or  inflammatory 
conditions  of  the  genitourinary  organs,  also  is  a  con- 
traindication. Cardiac  weakness  and  fibrosis  or 
calcification  of  the  ves.sels  also  contraindicate  the  use 
of  drastics,  unless  perhaps  in  the  event  of  existing 
hemorrhage  when  a  derivative  effect  is  desired. 

Cathartic  ADjo'-tN'Ts. — The  use  of  enemata  and 
suppositories,  electricity,  massage,  exercise,  etc.,  will 
be  discussed  under  those  headings. 

Atropine  or  belladonna  and  hyoscyamine  or 
hyoscyamus  (hyoscine  being  too  depressing  and  hav- 
ing too  little  effect  upon  the  intestine  to  be  used  spe- 
cifically in  this  connection)  are  frequently  employed 
as  adjuvants,  especially  to  purgatives  and  drastics  of 
vegetable  origin.  The  primary  effect  of  minute  doses 
Ls  rather  constipating,  apparently  by  jointly  lessening 
.secretion  and  stimulating  inhibition  of  peristalsis. 
With  larger  doses,  inhibition  is  itself  inhibited  and  a 
freer  secretion  occurs.  Ultimately,  there  is  paralysis 
of  peristalsis.  The  therapeutic  effect  is  limited  to  the 
second  stage  unless,  as  in  Ijiliary  or  intestinal  colic,  the 
indication  passes  beyond  that  under  discussion,  to 
that  of  relaxation.  In  lead  colic,  reflex  inhibition  of 
peristalsis  from  anal  fissures  or  other  painful  lesions 
of  the  outlet  of  the  bowel,  and  remote  causes  of 
similar  reflexes,  local  and  general  anodynes  may  be 
indicated,  including  atropine  and  hyoscyamine  or 
substituting  stronger  drugs  for  these.  In  such  cases, 
even  opiates  ma}'  have  a  cathartic  action. 

Strychnine  promotes  the  response  to  excitomotor 
stimuli  generally.  Rarely,  it  causes  a  distinct  loose- 
ness of  the  bowels.  It  is  often  combined  with  bella- 
donna as  a  cathartic  adjuvant,  especiallj'  in  the  pill  of 
aloin,  strychnine,  and  belladonna. 

Various  volatile  oils  or  aromatic  cmde  drugs,  in- 
chiding  the  ordinary  spices,  may  be  combined  with 
cathartics  to  lessen  griping.  This  effect  is  due  in  part 
to  a  local  anesthetic  action,  in  part  to  a  reflex  stimula- 
tion of  secretion  and  antiseptic  action,  both  of  which 
tend  to  prevent  irritation  by  luidigested  and  decom- 
posing contents. 

X-RAY     Ijn"ESTIGATIOX     OF     THE     Ph.4R.\L\C0L0GT    OF 

Cathartics. — Some  allusion  has  already  been  made 
to  experimental  study  of  the  action  of  cathartics. 
Unfortunately,  the  highly  artificial  and  disturbing 
factors  of  vivisectional  study,  have  resulted  in  rather 
conflicting  views  although  these  have,  for  the  most 
part,  been  harmonized,  and  usually  in  such  a  way  as 
to  corroborate  clinical  experience.  The  x-rays  liave 
facilitated  the  study  of  peristalsis  and  thus  simplified 
the  problem  of  distinguishing  between  this  and  secre- 
tory- action  in  drawing  conclusions  from  physical  and 
chemical  studies. 

Glassner  and  Singer'  agree  with  previous  con- 
clusions that  the  peristaltic  stimulant  of  bile  consists 
in  the  biliary  acids  '(occurring  as  salts,  mainly  of 
sodium,  in  the  bile).  They  have  shown  that  this 
action  is  almost  entirely  confined  to  the  large  intestine 
whereas,  normally,  the  biliary  salts  are  reabsorbed 
for  the  most  part  before  the  large  intestine  is  reached. 
Hence  they  advise  the  injection  of  bile  or  its  salts  or  of 
cholic  acid  into  the  rectum,  or  the  use  of  ten  to  twenty 
centigrams  of  cholic  acid  in  suppository.  Almost 
any  preparation  of  bile,  as  an  extemporaneous  watery 
mixture  of  inspissated  bile,  acts  well  when  thrown 
high  into  the  rectum  or  Into  the  sigmoid,  as  through  a 
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rather  stiff  and  large  rectal  tube  or  the  sigmoidoscope, 
but  there  seems  to  be  no  question  that  a  reasonable 
dose  of  inspissated  bile,  by  mouth,  reaches  the  large  in- 
testine in  sufficient  amount  to  stimulate  peristalsis. 

R.  Magiuis=  confirmed  by  Stierlin'  holds  that 
senna  also  has  no  action  on  peristalsis  tiU  the  colon 
is  reached,  when  powerful  direct  peristaltic  waves 
begin  and  contiime  till  all  of  the  drug  has  been  ex- 
pelled. Magnus  ascribes  to  castor  oil,  an  action 
on  the  muscle  of  the  stomach  and  all  of  the  intestine, 
though  the  oily  consistency  of  the  drag  rather  counter- 
acts its  essential  effect  while  it  remains  in  the  stomach. 
However,  as  well  known  clinically,  there  may  be 
considerable  stimulation  of  gastric  peristalsis,  even 
leading  to  vomiting. 

McCallum'  supports  the  theory  of  Aubert,  expressed 
several  years  earlier,  that  hydragogues,  especially 
salines,  act  strictly  as  stimulants  of  peristalsis,  after 
absorption  from  the  u|)per  intestine,  or  when  directly 
introduced  into  the  circulation.  Hertz,  Cook,  and 
Schlesinger*  find  that  it  requires  aboiit  four  hours 
for  bismuth  to  reach  the  cecum  after  leaving  the 
pylonis.  The  coincident  administration  of  magne- 
sium s\ilphate  does  not  shorten  this  period  although 
purgation  may  occur  before  the  bismuth  readies 
the  cecum,  on  account  of  the  stimulation  of  peristalsis 
in  the  lower  bowel.  While  these  various  experiments 
do  not  contradict  the  hydragogue  effect  of  concen- 
trated solutions  of  salines  up  to  the  point  at  which 
the  intestinal  contents  have  reached  an  equilibrium 
with  the  blood  plasma,  it  is  noteworthy  that  the 
watery  passages  precede  the  elimination  of  the  bulk 
of  the  salt  from  the  bowel.  This  latter  occurs  in  the 
relatively  solid  stools  of  the  day  following  the  liquid 
purgation. 

Hypodermic  Purg.^tiox. — The  therapeutic  possibili- 
ties indicated  above  have  been  verified  clinically  by 
Robin  and  Soardel*.  One-half  to  1,  orat  mostoc.c.  of  a 
twenty-five-per-cent.  solution  of  magnesium  sulphate, 
injected  subcutaneously  with  aseptic  precautions, 
act  effectively,  ob\'iously  in  this  way  as  a  peristaltic 
stimulant  and  not  as  a  direct  hydragogue  according 
to  the  osmotic  theory.  Barnet'  employs  2  to  20  c.c. 
of  a  one-per-cent.  solution  or  1  to  30  c.c.  of  a  ten-per- 
cent, solution  of  magnesium  sulphate.  He  also  cor- 
roborates Zulzer  and  Dorn's  advocacy  of  peristaltic 
hormone,  especially  as  a  hypodermatic  remedy; 
and  has  used  sterile  infusion  of  senna,  1  c.c.  of  a  five- 
per-cent.  solution,  or  trice  versa;  solution  of  extract 
of  rhamnus  purshiana  and  of  phenolphthalein,  the 
latter  with  a  small  addition  of  sodium  carbonate. 
Cred^'  employs  a  concentrated,  active  principle 
extract  of  senna,  called  sennatin,  in  a  dose  of  one  to 
three  grams.  Emodin  and  chrysophanic  acid  soon 
appear  in  the  urine,  which  becomes  darker  and  of  a 
reddish  color. 

The  indications  for  subcutaneous  purgation  are: 
(1)  Anj"thing  preventing  the  use  of  the  mouth,  as 
incessant  vomiting;  lead  colic;  voluntary  poisoning 
and  resistance  to  medication  (when  both  apomorphine 
and  purgatives  may  be  administered  subcutaneously); 
coma,  etc.  (2)  Requirement  of  too  small  a  dose  to 
be  efficient  by  mouth,  or  contraindication  to  local 
irritation,  as  in  gastric  or  other  ulcer,  inflammation 
of  the  appendix,  gastroenteric  spasm,  etc.  (3) 
Need  of  continuous  action,  as  when  the  digestive 
tract  has  been  exhausted  by  laxatives  or  by  anesthesia. 

A.  L.  Benedict. 
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Catheterism  of  the  Ureters. — See  Urinary  Seg- 
regation. 

Catheterism,  Urethral. — Three  important  fac- 
tors are  to  be  remembered  in  introducing  catheters 
into  the  urethra,  namely,  cleanliness,  gentleness,  and 
lubrication.  In  every  instance  the  catheter  should  be 
sterilized  bv  heat  or  chemicals;  the  hands  of  the  sur- 
geon should  be  well  scrubbed;  and  the  penis  (or  vulva) 
well  washed  and  surrounded  with  sterile  towels.  The 
patient  reclines  with  the  shoulders  somewhat  elevated 
and  the  knees  slightly  flexed.  All  instrumentation  is 
contraindicated  when  acut«  urethritis  exists.  The 
kind  of  catheter  to  be   selected  depends  upon  the 


Fig.   12.58. 


-Catheters.     A,  olivary  tip:  B,^coud6  catheter;  C, 
double  coud^  catheter. 


character  of  the  obstruction  which  demands  the  cath- 
eterization. Generally  speaking,  medium  sized  soft- 
rubber  catheters  are  to  be  preferred  unless  a  tight 
stricture  of  the  urethra  or  hypertrophy  of  the  pros- 
tate is  present.  In  case  the  latter  exists  the  woven 
coud6  (elbowed)  or  bicoude  (with  two  bends)  cath- 
eters should  be  used  as  the  end  of  the  catheter  is 
thereby  carried  along  the  roof  of  the  urethra  which  is 
always  less  abnormal  than  the  floor.  The  shaft  of  the 
catheter  should  not  be  touched  by  the  operator  unless 
his  hands  are  covered  with  sterile  rubber  gloves.  In 
order  to  avoid  this  when  using  soft-rubber  catheters 
a  metal  stilet  should  be  introduced  about  three- 
fourths  the  length  of  the  catheter  so  that  it  will  not 
bend  when  held  near  the  outer  end.  The  woven 
catheters  have  the  advantage  of  being  stiffer  than  the 
soft-rubber  ones. 

Most  of  the  improved  catheters  can  be  boiled  and 
thus  sterilized,  or  they  may  be  sterilized  by  formalin 
gas.  When  the  latter  method  is  used  the  catheter 
should  be  subjected  to  the  formalin  gas  for  not  less 
than  eight  hours.  If  one  does  not  possess  a  catheter- 
ostat,  glass  tubes  may  be  secured  at  a  nominal  cost 
and  with  a  cork  in  each  end  provide  satisfactory 
apparatus.     The    catheter    should    always    be    well 
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cleansed  before  being  placed  in  the  glass  tubes  and  if 
used  on  infected  patients  should  be  boiled.  The  cath- 
eter should  then  be  wiped  dr3'  and  dusted  with  talcum 
powder  and  placed  in  the  tube.  A  bit  of  cotton  is 
moistened  with  formalin  and  inserted  just  within  the 
glass  tube,  and  the  cork  is  inserted  so  as  to  hold  it  in 
place.  The  formalin  should  not  be  allowed  to  reach 
the  catheter  or  it  may  cause  it  to  stick  to  the  tube. 
Before  being  used  the  catheter  should  be  immersed 
in  a  two  per  cent,  solution  of  carbolic  acid  for  a  few  min- 


FiG.  1259. — Silk  Woven  Proatatic  Catheter. 

utes  so  as  to  dissolve  the  formalin  and  prevent  urethral 
irritation. 

Xo  urethral  instrument  should  be  hurriedly  intro- 
duced. If  slowly  and  gently  passed  the  muscles  relax 
and  little  pain  or  traumatism  is  produced.  If  diffi- 
culty is  experienced  in  inserting  a  medium  sized  soft- 
rubber  catheter  a  smaller  woven  one  with  a  bend  at 
the  end  should  be  tried.  If  this  fails  to  pass,  others 
with  two  bends  or  other  shapes  may  be  used.  Finally 
if  all  fail  an   endoscopic   tube   should   be  introduced 


Fig.   1260. — Gouley'3  Tunneled  Catheter  Guide. 

to  the  obstruction  and  whale-bone  filiforms  intro- 
duced one  after  another  until  the  bladder  is  entered. 

The  filiform  may  be  tied  in  place  for  twenty-four 
hours  or  it  may  be  followed  immediately  by  a  tun- 
neled metal  catheter,  into  which  the  outer  end  of  the 
filiform  is  threaded  and  thus  guides  the  metal  cath- 
eter along  the  urethral  canal  rather  than  allowing  it  to 
pass  into  pockets  or  false  passages. 

If  the  meatus  is  too  small  to  permit  the  passage  of 
the  catheter,  meatotomy  should  be   done.     In  order 
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to  prevent  the  pain  on  urination  and  the  necessity 
for  subsequent  instrumentation  to  keep  the  cut  sur- 
faces from  growing  together,  the  incised  area  should  be 
cauterized  with  a  saturated  solution  of  nitrate  of 
silver  in  concentrated  carbolic  acid.  A  tourniquet 
should  be  previously  applied  so  as  to  stop  the  bleed- 
ing before  the  cauterization  and  care  taken  not  to 
smear  the  solution  in  the  urethra  or  on  the  penis. 
No  dressing  or  after-treatment  is  required.  Instru- 
mentation may  be  done  at  once  after  meatotomy  so 
performed. 


"? 


Fig.   1261. — Filiform  Bougies;   Olivary,  Angled,  and  T«-isted. 

One  of  most  satisfactory  lubricants  is  "medium' 
lubricating  oil  as  used  for  motor  cars;  this  is  like  liquid 
vaseline  and  takes  in  solution  nitrate  of  sOver  or  co- 
caine. The  former  may  be  dissolved  two  grains  to 
the  ounce  or  the  latter  in  a  saturated  solution  or  the 
oU  may  be  injected  without  medication.  It  should  be 
sterilized  in  an  autoclave  in  steam  under  pressure  or 
by  boiling  in  a  porcelain  vessel.  Aft«r  cleansing  the 
meatus  and  penis  two  drams  of  the  oil  with  or  without 
medication  should  be  injected  with  a  sterile,  blunt- 
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pointed  urethral  syringe.  In  this  manner  the  urethra 
IS  lubricated  and  the  catlieter  slides  readily  over  the 
mucous  surface  causing  little  pain  or  traumatism. 

In  case  residual  urine  is  jircsent  to  a  considerable 
extent  all  of  it  should  never  be  withdrawn  at  once  as 
it  may  cause  hemorrhage,  shock,  or  anuria.  If 
hematuria  already  exists  and   clots   block  the  eye  of 


Fig. 


i_  

1262. — Hirmetio  ilh    s    U    1  dl  !s.s   T\ih(s  for  Storing  Steril- 
ized Catheters,  with  Conveaient  Form  of  Stand. 


the  catheter  they  should  be  drawn  out  by  suction  ap- 
plied by  a  large  piston  syringe. 

In  catheter  life  of  prostatics  great  care  should  be 
exercised  to  prevent  as  long  as  possible  the  infection 
which  is  almost  certain  to  follow  continued  catheteri- 
zation under  such  circumstances.  The  back  pressure 
from  the  urine,  however,  will  soon  seriously  damage 
the   kidneys   so   that   we    are    between   two   serious 


Fig.  12fi3. — Catheterism;  first  stage. 

dangers,  i.e.  infection  and  nephritis  Prostatectomy 
should  therefore  be  performed  before  such  damage  has 
become  extensive. 

If  one  is  unable  to  pass  a  catheter  into  the  bladder 
through  the  urethra  a  trocar  and  cannula  should  be 
inserted  about  one-half  inch  above  the  symphysis 
pubis  (the  bladder  being  distended)  and  a  catheter 


passed  through  the  cannula  into  the  bladder.  The 
cannula  is  withdrawn  leaving  the  catheter  in  place 
which  should  then  be  pulled  out  until  it  cannot  pass 
into  the  neck  of  the  bladder  which  would  cause  tenes- 
mus. Drainage  Is  in  this  way  secured  until  more 
radical    measures    may    he    adopted.     The    cannula 


Fig.   1264. — Catheterism:  second  stage. 


Fig.   1265. — Catheterism:  third  stage. 


Fig.   1266. — Catheterism:  fourth  stage. 

should  admit  a  12  F.  soft-rubber  catheter.  The 
suprapubic  region  should  be  sterilized  with  tincture 
of  iodine  and  the  point  for  the  insertion  should  be 
anesthetized  with  two  per  cent,  alipin  or  novocain. 
Practically  no  pain  or  shock  is  caused  by  this  pro- 
cedure.    The  catheter  is  held  in  place  with   a    sUk 
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suture  passed  through  the  skin  and  catheter.  Sterile 
gauze  is  placed  around  it  and  secured  with  adhesive 
plaster.  A  clamp  is  placed  over  the  catheter  and  its 
outer  end  is  Ijept  surrounded  with  sterile  cotton.     If 


Fig.  1267. — Catheterism;  final  stage. 

necessary  the  catheter  may  be  replaced  at  the  end  of  a 
week  by  a  fresh  sterile  one  of  somewhat  larger  size. 
The  patient  may  void  his  urine  when  necessary  through 
the  catheter,  and  argyrol  or  other  medication  may  be 
injected  as  desired.  Edgar  G.  Ballenger. 

Catnip. — Cataria,  Catmint.  The  leaves  and  flow- 
ering tops  of  Nepeta  cataria  L.  (fam.  Labiates).  This 
large  and  showy  herb  of  Europe  and  Asia  is  very 
abundantly  naturalized  in  the  United  States.  It 
grows  about  deserted  houses,  barns,  and  in  similar 
waste  places.  It  becomes  four  or  five  feet  liigh,  and 
almost  as  broad,  and,  Ijranching  from  the  base,  forms 
a  pyramid  of  inflorescence,  the  flowers  very  small  but 
very  pretty.  It  is  peculiarlj-  aromatic  and  derives 
its  name  from  the  fondness  of  cats  for  it,  which  incites 
them  to  the  most  curious  demonstrations.  They  not 
only  eat  it,  but  roll  in  it,  and  evince  the  utmost  joy, 
and  apparently  affection,  in  its  presence.  Larger 
animals  of  the  cat  tribe,  such  as  lions  and  tigers,  act 
similarly,  and  great  excitement  may  be  caused  at  the 
"zoo"  by  introducing  it  into  the  cages.  With  a  small 
amount  of  volatUe  oil  and  an  amaroid,  it  is  a  very  mild 
aromatic  bitter.  It  is  usualh'  given  in  decoction,  in 
large  doses,  the  warm  water  aiding  its  diaphoretic 
action.  Henry  H.  Rcsbt. 

Catoosa  Springs. — Catoosa  County,  Georgia. 

Post-office. — Catoosa  Springs.  Hotel  and  cot- 
tages. 

Access. — From  Atlanta  and  Chattanooga  via  the 
Western  and  Atlantic  Railroad.  Distance  north  from 
Atlanta,  115  miles;  east  from  Chattanooga,  26  miles; 
from  railroad,  2  miles. 

Tills  resort  is  nestled  among  the  mountains  of  North 
Georgia  at  an  elevation  of  945  feet  above  the  sea  level. 
The  aspect  of  the  country  is  quite  rugged,  the  Sand- 
stone Mountain,  about  a  mile  distant,  reaching  an 
altitude  of  l.SOO  feet  above  the  tide  water.  From  the 
summit  of  this  mountain  maj'  be  seen  Mission  Ridge, 
the  historic  Lookout  Mountain,  and  many  other 
points  of  lesser  interest.  The  hotel  and  cottages  at 
the  springs  have  room  for  several  hundred  guests, 
and  are  suppUed  with  all  modern  conveniences.  The 
climate  is  bracing  and  invigorating,  even  in  the  summer 
months;  in  winter  it  is  temperate.  The  springs  are 
fifty-two  in  number,  situated  within  an  area  of  two 
acres.  It  is  not  unusual  to  find  quite  different  proper- 
ties even  among  springs  only  a  few  feet  apart. 
Most  of  them  are  quite  strongly  mineralized,  ranging 
in  mineral  ingredients  from  about  S4  to  110  grains  to 
the  United  States  gallon.  FoOowing  are  analyses  of 
three  of  the  springs  by  Prof.  W.  J.  Land,  of  Atlanta: 
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One  United  States  gallon 
contains: 


Chaly- 
beate 
Spring. 
Grains. 


White  „  «  . 

Sulphur  !  Buffalo 

Spring.  Spring. 
Grains. 


Grains. 


Calcium  sulphate 

Magnesium  sulphate 

Strontium  sulphate 

Sodium  sulphate 

Potassium  sulphate 

.\luminum  sulphate 

Calcium  carbonate 

Magnesium  carbonate 

Iron  carbonate 

Lithium  carbonate 

-Manganese  carbonate 

.Strontium  carbonate 

Potassium  carbonate 

Sodium  carbonate 

Calcium  nitrate 

.\mmonium  nitrate 

Calcium  bromide 

Magnesium  bromide 

Calcium  fluoride 

Sodium  chloride 

Crenic  and  apocrenic  acids. 

Free  sulphuric  acid 

Free  carbonic  acid 

Hydrosulphuric  acid 


41.56 

27.90 

.20 

1.S9 

2.30 

.67 

3.75 

7.48 

.19 

Trace. 

.01 

.04 

.11 

.26 

.37 

.11 

.26 

.30 

.02 

.14 

.02 

.01 

4.31 


Total  ingredients 91 .  60 


44.81 

32.01 

.21 

1.67 

2.32 

2.47 

3.85 

8.40 

.28 

Trace. 

.02 

.04 

.11 

.26 

.32 

.10 

.15 

.31 

.02 

.14 

.01 

6.13 

4.51 

.02 


45.00 

33.02 

.29 

1.67 

2.31 

2.39 

3.86 

8.70 

.28 

Trace. 

.12 

.04 

6.01 

.03 

.03 

.91 

.15 

.33 

.01 

.11 

.01 

.13 

4.62 

Trace. 


108.16 


110.02 


AU  of  these  springs  boil  up  through  the  hard  black 
slate  of  the  mountain  side.  They  are  perennial,  the 
most  severe  and  persistent  droughts  causing  no  per- 
ceptible difference  in  the  rate  of  their  flow.  The 
waters  are  recommended  for  stomach,  kidney,  and 
bowel  disorders,  and  for  debility. 

Emm.\  E.  Walker. 


Cauda  Equina. — .\xATOjrT. — The  spinal  cord  termi- 
nates as  the  conus  medullaris,  in  the  adult,  at  the 
second,  in  the  young  infant  at  the  third  lumbar 
vertebra.  Hence,  the  lower  spinal  nerve  roots, 
instead  of  passing  directly  outward,  descend  each 
until  it  reaches  its  proper  point  of  e.xit,  through  the 
corresponding  intervertebral  foramen.  The  dura 
mater  having  been  opened,  this  collection  of  nerve 
roots,  viewed  from  behind,  presents  an  appearance  not 
unlike  the  hairs  of  a  horse's  taO  (hence  the  Latin 
name).  These  nerve  roots  are  regularly  arranged, 
from  the  lowest,  next  to  the  median  line,  to  the  highest 
on  the  outside.  The  anterior  and  posterior  roots  are 
here  separate,  union  not  taking  place  until  after  they 
have  pierced  the  dura. 

Diseases. — The  cauda  equina  is  subject  to  injury, 
in  fractures  and  crushes  of  the  lower  end  of  the  verte- 
bral column,  from  hemorrhages  into  the  spinal  canal, 
and  maj'  be  involved  in  syphilitic  and  other  forms  of 
meningitis  and  in  new  growths  in  this  region. 

X  differential  diagnosis  between  affections  of  the 
roots  alone  and  those  involving  the  lower  segments  of 
the  spinal  cord  is  important,  since,  while  in  cord 
injuries  there  is  little  possibiUty  of  repair,  the  nerve 
roots  have  great  capacity  for  regeneration  if  pressure 
upon  them  can  be  removed.  A  number  of  operations 
for  the  relief  of  such  conditions  have  been  performed 
with  favorable  results.  Experience  has  shown  that 
in  moderate  pressure  upon  the  cauda  equina,  the 
inner  roots  suffer  first,  hence  the  symptoms  are  most 
frequently  those  of  involvement  of  the  sacral  and 
coccygeal  nerves.  Paralysis  may  be  caused  by  a  pres- 
sure insufficient  to  produce  anesthesia.  Of  course 
an  injurj'  maj'  involve  both  nerve  roots  and  conus 
medullaris. 

Localizing  diagnosis  depends  upon  the  anatomical 
and  physiological  considerations  mentioned  in  con- 
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nection  with  spinal  cord  diagnosis  (.q.v.),  for  lesions 
of  the  nerve  roots  give  symptoms  similar  to  those  of 
the  corresponding  segments  of  the  spinal  cord,  with 
t-he  exception  that,  while  in  nerve  root  lesion,  the 
anesthesia  and  paralysis  are  of  segmental  distri- 
bution only,  where  the  cross-section  of  the  cord  is 
involved,  there  are  anesthesia  and  paralj'sis  in  the 
territory  of  all  the  segments  below  the  injury.  As 
the  reflexes  from  the  lower  extremities  all  arise  from 
the  lower  lumbar  and  sacral  segments,  by  lesion  of  the 
roots  of  the^cauda  equina  they  can  only  be  lessened 


Fig.  1268. — Showing  the  Arrangement  of  Segments  and  Nerves 
of  the  Cauda  Equina.     (Dana.) 

)r  abolished,  never  heightened.  Hence  any  exagger- 
ition  of  the  knee-jerk  or  presence  of  the  Babinski 
Dhenomenon  would  point  to  involvement  of  the  spinal 
:ord  above  the  region  of  the  conus.  The  location 
ii  an  injury  will  give  important  diagnostic  indica- 
:ions,  since  fracture  anywhere  below  the  second 
umbar  vertebra  can  cause  crushing  or  compression 
)f  the  nerve  roots  but  does  not  involve  the  cord.  A 
esion  of  the  lower  half  of  the  lumbar  enlargement, 
ind  one  of  all  the  nerves  of  the  cauda  below  the  third 
umbar  will,  however,  produce  practically  identical 
;ymptoms.  Since  the  inner  nerves  suffer  most  from 
sressure,  and  these  are  sacral  and  coccj'geal,  the 
isual  symptoms  of  moderate  compression  of  the 
lauda  erjuina  are  anesthesia  in  a  small  saddle-shaped 
irea  over  the  buttocks  and  about  the  anus  and 
iosterior  part  of  the  genitals,  with  flaccid  paralysis 
)f  the  foot  and  peroneal  muscles  and  loss  of  control 
)f  bladder  and  rectum.  In  lesions  of  the  cauda,  the 
symptoms  are  more  apt  to  be  unevenly  distributed 
)n  the  two  sides  than  in  those  of  the  cord.  When 
here  is  pressure  upon  the  posterior  roots  there  will 
)e  anesthesia  if  this  is  strong  enough  to  put  them  out 
)f  function,  otherwise  irritative  symptoms  will  pre- 
vail.    Severe  pain  over  the  distribution  of  the  sacral 


nerves  is  suggestive  of  a  caudal  lesion  rather  than  a 
spinal  one.  Trophic  disturbances,  as  bedsores,  are 
much  more  frequent  in  spinal  cord  lesions  than  in 
those  of  the  cauda.  The.se  latter  do  not  produce 
dissociation  of  sensation,  nor  in  them  is  the  Brown- 
S^quard  syndrome  possible. 

The  treatment  of  diseases  and  injuries  of  the  cauda 
equina  does  not  differ  from  that  of  similar  conditions 
affecting  the  spinal  cord,  except  in  so  far  as  in  the 
former,  surgical  intervention  offers  better  prospects 
of  success.  Chas.  Lewis  Allen. 


CauL — This  word,  derived  from  the  Gaelic  call,  a 
veil,  is  applied  to  the  great  omentum  or  any  serous 
membrane,  but  its  chief  application  is  to  the  amnion, 
which  at  birtli  is  sometimes  delivered  unliroken,  en- 
veloping the  head  of  the  child,  or  a  piece  of  the  mem- 
brane may  be  banded  across  the  head  or  face,  forming 
a  scarf  or  veil,  hence  the  name. 

The  caul  is  interesting  on  account  of  the  supersti- 
tions which  have  surrounded  and  been  associated 
with  it  from  remote  antiquity.  Weston,  in  his 
"Moral  Aphorisms  from  the  Arabic"  (1801),  saj's 
that  the  superstition  comes  from  the  East,  refer- 
ence being  made  to  it  in  Arabic  literature.  In  every 
country  where  the  superstition  is  found,  a  child  bom 
with  a  caul  is  the  lucky  possessor  of  good  fortune  of 
various  kinds.  .A.S  a  caul  was  not  always  retained  by 
the  person  born  with  it,  it  brought  good  fortune  or 
protected  from  danger  whoever  possessed  it.  Each 
land  has  its  own  interpretation  of  the  so-called  luck. 

Many  stories  are  told  of  the  faith  of  the  early 
Romans  in  this  sign.  Roman  lawj-ers,  being  no  more 
confident  of  their  abilities  than  the  lawyers  of  to-day 
went  to  the  market-place  and  secretly  purchased  the 
caul  from  midwives,  who  had,  in  all  probability,  pO- 
fered  the  same  from  a  child  at  birth.  It  was  worn 
against  the  bare  skin  on  the  chest  under  the  clothes, 
and  insured  success  in  the  pleading  of  their  cases. 
In  France,  it  is  used  as  a  talisman,  and  a  child  "born 
coiffed,"  as  they  say,  need  never  fear  to  contend  in 
games  of  chance,  as  the  prize  is  his  through  power  of 
the  caul.  Collin  de  Planey  relates  that  when  an  infant 
was  born  with  a  caul  the  parents  interpret-ed  it  as  a 
sign  given  to  them,  that  the  child  was  destined  for 
the  "vie  religieuse,"  and  without  any  further  proof 
the  "coiffed  one"  was  placed  in  a  convent,  and,  if  a 
girl,  took  the  veU.  By  analogy,  the  caul  was  called 
the  cloak  or  veil.  "II  est  n^  coiffe"  is  a  French  pro- 
verb applied  to  lucky  people.  A  story  is  told  of  two 
priests,  one  a  soothsayer,  the  other  a  sorcerer,  who 
desired  to  possess  a  certain  caul.  Meeting  one  day 
in  the  Church  of  the  Holy  Spirit,  they  proceeded  to 
settle  the  dispute  in  a  fist-fight,  and  the  soothsayer 
pro\'ing  the  stronger,  won  the  caul,  much  to  his  de- 
light. .\nother  French  wTiter  tells  how  delighted 
the  mothers  were  at  a  birth  with  a  caul,  for  it  indi- 
cated an  easy  labor.  When  the  labor  was  difficult, 
the  child  was  endeavoring  to  free  himself  of  the  mem- 
brane, and  left  it  in  the  birth-canal,  much  as  a  snake 
sheds  himself  of  his  skin  in  passing  through  a  narrow 
hole,  in  the  shedding  season.  In  England,  besides 
its  power  to  bring  good-luck,  it  was  especially  valued 
among  seafaring  men,  because  of  its  power  to  ward  off 
shipwreck,  and  to  protect  from  drowning  and  other 
dangers  of  the  sea.  Cauls  were  carefully  preserved 
and  handed  down  in  wiUs  from  one  generation  to 
another.  In  Scotland,  the  caul  is  called  a  holy  or 
sely  how,  meaning  a  fortunate  cap  or  hood,  and  mid- 
wives  in  Scotland  are  called  "howdies"  or  howdy- 
wives.  Even  in  Burmah,  the  influence  of  the  caul 
is  felt;  but  there,  instead  of  being  a  talisman  of  the 
sea,  it  is  supposed  to  assist  in  gaining  the  goodwill 
of  the  person  from  whom  the  owner  of  the  caul  de- 
mands a  favor. 

It  is  Interesting  to  note  that  the  Early  Church  in- 
veighed against  the  power  of  the  caul.     St.  Chrysos- 
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torn,  in  his  Homilies,  censured  this  "foolish  belief," 
and  Canon  Balsamont  relates  that  in  his  time  a  clerk 
named  Petus  was  severely  censured  for  having  bought 
a  caul  from  a  wise-woman  in  the  belief  that  it  would 
bring  him  happiness.  The  wise-woman  pretended  to 
foretell  tlie  fate  of  the  newborn  child  from  the  color 
of  the  caul.  If  it  was  red,  the  life  was  to  be  a  happy 
one,  but  if  dull  and  lead-colored,  the  future  was  omi- 
nous. In  literature,  we  find  mention  made  of  the 
caul  as  far  back  as  the  sixteenth  century.  Claude 
de  Malleville,  bom  in  France  in  1597,  speaks  of  it 
in  his  writings,  and  later,  Ben  Johnson  alludes  to  it 
in  the  "Alchemist." 

Further  interesting  details  pertaining  to  the  super- 
stitions of  the  caul  may  be  found  in  the  following 
books:  "Histoire  des  accouchements  chez  tous  les 
peviples, "  by  Gustave-Jules  A.  Witkowski,  Paris, 
1887,  and  "Credulities  Past  and  Present,"  by  William 
Jones,  F.  S.  A.,  London,  1898. 

E.  L.  Jefferis. 


Caulophyllum. — Blue  Cohosh,  Pappoose  Root, 
Squaw  Root.  The  dried  rliizome  and  roots  of 
Caulophyllum  thalidroides  (L).  Michx.  (fam.  Ber- 
ber idacece) .  This  is  a  perennial  herb,  with  an  erect, 
smooth  stem,  about  fifty  or  seventy-five  centimeters 
(20  to  30  in.)  high,  bearing  a  thrice-ternate  leaf  above 
the  middle,  and  a  raceme  of  greenish-yellow  flowers  at 
the  top.  The  rhizome  is  horizontal,  thick,  crooked, 
scarred  above,  and  covered  below  with  numerous  roots. 
It  is  a  native  of  rich,  damp  woods,  over  most  of  the 
United  States,  and  grows  also  in  Japan  and  Man- 
churia. It  was  a  favorite  remedy  in  labor  among 
some  tribes  of  the  Xorth  American  Indians,  as  its 
vernacular  names  indicate. 

The  rhizome,  four  inches  (10  cm.)  long,  and  about 
one-fourth  to  two-fifths  of  an  inch  (6  to  10  mm.)  thick, 
crooked;  on  the  upper  side  with  broad,  concave  stem 
scars,  and  short,  knotty  branches;  externally,  gray- 
brown;  internally,  whitish,  tough  and  woody.  Roots 
numerous,  matted,  about  four  inches  (10  cm.)  long, 
and  one  twenty-fifth  of  an  inch(l  mm.)  thick,  rather 
tough ;  nearly  inodorous;  taste  sweetish,  slightly  bitter, 
and  somewhat  acrid. 

It  contains  twelve  per  cent,  of  resin  and  some 
tannin,  a  glucoside  much  resembling  saponin,  which 
has  been  called  leontin,  and  a  small  amount  of  the 
alkaloid  caulophylline. 

The  drug  is  irritating  to  mucous  membranes,  the 
powder  being  highly  sternutatorj-.  It  is  much  like 
saponin  in  its  local  effects.  It  is  recommended  as  a 
uterine  stimulant,  of  service  in  parturition,  and  also  as 
a  stimulating  emmenagogue,  but  there  is  little  reliable 
information  in  regard  to  its  action.  There  is  no 
official  preparation,  but  the  fluid  extract  is  the  best 
form  of  administration,  in  doses  of  TU  v.-xxx.  (0.3-2.0). 

Henry  H.  Rusby. 


Causalgia. — A  term  derived  from  Gr.  (.aCo-ij,  a 
burning,  and  dXyos,  pain,  formerly  employed  to  denote 
any  condition  a.ssociated  with  a  burning  pain  in  the 
skin.     See  Erythromelalgia 

Caustics. — Substances  which  destroy  all  tissue 
with  which  they  come  in  contact,  whether  normal  or 
pathological.  Previous  to  the  introduction  of  anes- 
thesia, caustics  formed  a  very  important  part  of  the 
surgeon's  armamentarium.  The  dread  of  the  knife 
was  but  natural,  and  the  sufferer  eagerly  seized  upon 
any  means  that  would  render  it  unneeessarj'.  At 
that  period  the  advantage  of  the  knife  was  not  so 
marked  as  it  is  with  modern  aseptic  surgery.  After 
its  use  gangrene  and  septic  absorption  were  of  very 
common  occurrence,  while  the  destructive  action  of 
cavistics  rendered  the  wound  aseptic,  and  these  unde- 
sirable complications  more  rarely  followed. 


One  of  the  principal  uses  of  caustics  was  in  the  re- 
moval of  gangrenojs  tissue  from  unhealthy  wounds, 
whether  traimiatic  or  surgical.  The  unhealthy 
granulatio/is  and  necrosed  tissue  were  thus  destroyed 
and  as  the  sloughs  were  detached  a  healthy  healing 
surface  appeared.  Another  important  use  was  in  the 
removal  of  tumors  and  new  growths.  If  they  were 
small,  one  or  two  applications  would  prove  sufficient; 
if  they  were  of  great  size,  the  growth  would  be  de- 
stroyed in  segments  by  the  insertion  of  smaU  pieces 
of  caustic  into  its  substance  and  removing  the  re- 
sulting slough.  In  certain  instances  a  method  known 
as  cauterisation  eti  fleches,  was  followed.  The  idea 
was  to  surround  the  base  of  the  tumor  with  small 
points  of  chloride  of  zinc  which  would  separate  the 
diseased  tissue  from  the  healthy  as  thoroughly  as  if  a 
knife  had  been  employed.  The  growth  could  then  be 
enucleated  and  a  healthy  granulating  surface  remain. 
Caustics  were  also  of  use  in  opening  deep  abscesses,  as 
they  slowly  penetrated  into  the  collection  of  pus  and 
left  a  channel  for  its  exit.  For  the  treatment  of 
sinuses  and  fistute,  strands  of  thread  were  saturated 
with  the  caustic  and  drawn  through  the  passages. 

At  the  present  day  the  usefulness  of  caustics  is  very 
limited,  but  when  judiciously  employed,  there  are 
several  conditions  in  which  they  prove  of  much 
service.  Their  value  is  recognized  as  an  application 
to  the  surface  of  unhealthy  ulcers,  as  a  means  of 
destroying  the  poison  in  septic  wounds,  for  the  re- 
moval of  small  growths  upon  the  surface  and  upon 
the  mucous  membrane  of  the  oral,  nasal,  and  vaginal 
cavities,  and  for  the  destruction  of  superficial  malig- 
nant growths. 

The  treatment  of  indolent  ulcers  and  other  granu- 
lating sarfaces  with  nitrate  of  silver,  sulphate  of 
copper,  and  other  mild  caustics  is  of  daily  occurrence 
and  of  unquestioned  utility.  The  caustic  coagulates 
the  granulating  tissue,  forming  a  thin  covering  which 
in  a  short  time  becomes  detached,  leaving  a  healthy 
surface.  To  destroy  the  poison  of  chancres,  specific 
ulcers,  woimds  produced  by  venomous  animals,  and 
septic  wounds,  the  stronger  caustics  are  required. 
The  part  must  be  acted  upon  thoroughly  and  rapidly 
to  prevent  the  absorption  of  the  poison,  and  for  this 
purpose  fuming  nitric  acid,  chloride  of  zinc,  and 
chromic  acid  are  some  of  the  proper  caustics  to  be 
selected.  The  destruction  of  warts,  papillomata, 
etc.,  by  the  aid  of  caustics  is  common,  and  whether 
the  frequent  application  of  mUd  caustics  is  decided 
upon,  or  their  rapid  removal  by  the  stronger  caustics 
is  adopted,  the  result  is  the  removal  of  the  growth 
with  very  little,  if  any,  deformity.  The  employment 
of  caustics  in  the  treatment  of  malignant  diseases 
was  the  subject  of  much  controversy  up  to  recent 
years.  The  ease  and  simplicity  of  removing  an 
epithelioma  of  the  lip  or  any  cutaneous  surface  by  the 
use  of  caustics  are  very  attractive,  but  the  frequency 
of  recurrence  and  the  more  unfavorable  condition 
for  operation  that  follows  cauterization,  emphasize 
the  advantage  of  excision.  The  .present  view  of 
surgeons  is  early  and  complete  eradication  and  only 
in  rare  and  exceptional  cases  would  the  older  method 
be  advocated. 

\A"ith  modern  surgical  technique,  there  is  no  ques- 
tioning the  advantage  of  the  knife,  but  certain  con- 
ditions arise  in  which  the  preference  may  be  given 
to  the  treatment  by  caustics.  In  many  cutaneous 
cancers,  lupus,  nevi,  papillomata,  chancres,  etc., 
especially  such  as  are  of  slow  growth  and  extend 
superficially  rather  than  deeply,  the  employment  of 
caustics  may  be  more  advantageous  than  excision. 

Caustics  should  not  be  employed  if  any  glands  are 
involved,  nor  when  the  skin  approaches  closely  to 
the  underlying  bone,  or  over  eminences.  L'pon  the 
soft  elastic  tissue  of  the  scrotimi  and  similar  tissues 
they  must  be  used  with  great  care,  as  the  softness  of 
the  tissue  renders  it  more  difficult  to  control  their 
action. 
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When  npi)li('ii  they  should  ho  keiit  viiifier  observa- 
tion ami  can^fiiUy  removed  when  tlie  proper  doRree 
of  destniotioii  lias  bet^n  sceured.  If  they  are  left  too 
long  in  contact  with  the  parts  there  will  be  an  unneces- 
sary destruction  of  tissue;  if  for  too  sliort  a  time, 
tlie  effect  will  be  inadequate  and  often  mifavorablc. 

Xcry  many  substances  possess  a  caustic  action,  but 
exiierience  has  limited  the  number  to  a  few  which  liave 
proved  most  serviceable.  Of  these  the  princi[)al  ones 
are  the  corrosive  acids,  alkalies,  arsenic,  chloride  of 
zinc,  and  chromic  acid.  Nitrate  of  silver  is  the  type 
of  the  milder  caustics,  which  are  really  little  more  than 
strong  astringents.  (For  the  actual  cautery  see 
article  on  Caulcrizalion.) 

Arms. — A'itric  acid  has  proved  the  most  serviceable 
of  all  the  corrosive  acids  and  is  the  one  most  employed. 
It  acts  rapidly,  destroying  the  integument  and" the 
tissue  beneath,  the  depth  depending  upon  the  quantity 
applied.  Nitric  acid  is  not  so  hygroscopic  as  sul- 
plmric  acid,  bnt  acts  in  a  similar  manner.  It  abstracts 
moisture  from  the  tissues  and  combines  with  the 
allmminons  con.stituents,  producing  a  dry,  yellow 
slough,  which  separates  in  about  ten  days,  "leaving  a 
healthy  granulating  surface.  It  is  not  as  painful 
as  the  alkalies  or  some  of  the  less  active  caustics, 
on  accomit  of  the  rapidity  of  its  action.  One  objec- 
tion to  its  use  is  its  tendency  to  diffuse  itself  on  the 
surface.  To  overcome  this  the  acid  has  been  com- 
bined with  saffron,  asbestos,  and  sulphur  to  the 
consistence  of  a  paste,  which  renders  it  more  man- 
ageable. Its  action  may  also  be  limited  by  covering 
the  surrounding  skin  with  gutta-percha  or  some 
greasy  svibstance.  Previous  to  the  introduction  of 
curetting,  nitric  acid  was  very  extensively  used  as  an 
intrauterine  application  in  various  forms  of  endo- 
metritis. Curetting,  however,  has  di.splaced  the  caus- 
tic and  its  use  is  now  restricted  to  erosions  and 
specific  ulcerations.  It  is  also  employed  with  much 
success  in  all  chancres,  condylomata,  etc.  In  the 
bites  of  rabid  animals  and  poisonous  insects  and  in 
septic  wounds,  its  penetrating  properties  make  it 
a  very  useful  caustic.  The  acid  is  applied  by  means 
of  a  glass  rod  dipped  into  the  acid,  or  of  a  small  piece 
of  cotton  wool  wrapped  around  the  end  of  a  probe 
or  a  splinter  of  wood.  The  part  should  be  closely 
watched  during  the  operatioji,  and  when  it  is  suffi- 
ciently cauterized  it  should  be  washed  with  water 
or  with  an  alkaline  solution. 

The  Acid  Nitrate  of  Mercury  was  a  favorite  caustic 
among  French  surgeons,  but  is  is  not  much  used  at  the 
present  day.  Its  action  is  due  to  the  nitric  acid  which 
it  contains.  In  addition,  the  mercurial  salt  was 
supposed  to  supply  an  alterative  effect.  Its  destruc- 
tive power  is  not  so  great  as  that  of  the  pure  acid,  and 
yet  it  is  more  liable  to  set  up  inflammatory  action  in 
the  adjoining  healthy  tissues.  It  forms  a  dry,  grayi.sh- 
white  eschar  which  falls  off  in  from  ten  to  twelve 
days. 

Sulphtiric  Acid  is  the  most  powerful  of  the  acid  caus- 
tics and  was  formerly  much  employed.  It  has  a  very 
marked  affinity  for  the  water  in  the  tissues,  in  conse- 
quence of  which  they  are  rapidly  dehydrated.  It  de- 
stroys all  the  structures  with  which  it  comes  in  con- 
tact, and  combines  with  the  albumin  and  fibrin,  form-- 
ing  a  tough,  structureless,  black  slough.  This  is  very 
slowly  detached  and  may  remain  adherent  until  cicatri- 
zation is  complete.  As  with  all  fluid  caustics  it  is 
extremely  diffusible.  This  is  lessened  by  mixing  it 
with  other  substances  to  the  consistence  of  a  paste. 
Richard's  paste  was  made  with  charcoal;  Michel's 
consisted  of  asbestos,  one  part  to  three  of  acid.  Syme 
used  sawdust  with  the  acid  in  equal  parts. 

Hydrochloric  Acid  has  never  been  much  employed 
as  a  caustic.  It  is  milder  than  nitric  or  sulphuric  acid 
and  its  slough  is  whitish  and  soft. 

Acetic  Acid  is  a  very  mild  caustic.  It  is  chiefly  em- 
ployed in  the  treatment  of  warts,  corns,  and  simOar 


superficial  growths.     The  pure  glacial  acetic  acid  only 
should  be  iised. 

'rrichlorncetir  Acid  is  a  valuable  caustic  in  the  form 
of  very  delicjuesccnt  crystals.  Its  advantages  are,  that 
it  does  not  (lenetrate  deeply  and  does  not  produce  much 
inflammatory  reaction.  It  has  been  particularly  rec- 
ommended in  the  treatment  of  nevi,  and  it  is  also  u.sed 
in  venereal  warts  and  in  superficial  cutaneous  growths. 
A  crystal  is  placed  on  the  part  to  be  cauterized  and 
there  is  rapidly  formed  a  dry,  white,  adherent  eschar 
which  is  superficial,  and  leaves  a  very  slight  scar  which 
is  hardly  noticeable.  If  it  is  found  more  convenient 
to  use  it  in  a  fluid  form,  a  concentrated  solution  is 
formed  by  adding  one  part  of  water  to  ten  of  the  acid. 
It  may  be  conveniently  api)lied  by  means  of  a  sharp- 
pointed  glass  rod. 

Arsenous  Acid. — This  was  the  cau.stic  most  employed 
for  the  destruction  of  cancerous  and  other  growths. 
When  applied  to  a  raw  or  ulcerating  surface,  it  pro- 
duces an  intense  inflammatory  reaction  which  termi- 
nates in  gangrene  and  death  of  the  part.  The  in- 
inflanunation  extends  into  the  surroimding  tissues  in 
all  directions,  lessening  as  it  advances. 

Arsenic  does  not  exercise  its  caustic  action  upon  the 
epidermis,  and  when  the  disease  is  not  superficial  it  is 
necessary  to  remove  the  skin  by  curetting  or  by  the 
application  of  an  acid  or  an  alkali.  When  required 
for  use  it  is  diluted  to  the  extent  of  one-half  or  two- 
thirds  with  guTU  arable  and  moistened  to  form  a  paste. 
There  were  a  number  of  these  pastes  which  accjuired 
much  celebritj'.  Marsdcn's  paste  was  formed  of  2  parts 
of  ar.senic  W'ith  1  of  gum  acacia.  In  Dupuytren's  paste 
the  arsenic  was  mixed  with  calomel  in  the  proportion  of 
1  part  to  10  or  15.  Esmarch's  paste  consisted  of  1  part 
of  arsenic,  1  part  of  morphine  sulphate,  8  parts  of 
calomel,  and  48  of  gum  arable.  Sir  Aslley  Cooper's 
ointment  contained  arsenic,  1  part;  sulphur,  1  part; 
and  spermaceti  ointment,  8  parts.  The  arsenical 
paste  of  Frcre  Come  contained  10  grains  of  arsenic,  2 
scruples  of  red  sulphite  of  mercury,  and  10  grains 
of  charcoal.  Plunket's  caustic  contained  ranunciflus 
acris  and  ranunculus  flammula,  of  each  1  ounce; 
arsenic,  1  dram;  and  sulphur,  5  scruples — to  be  beaten 
together  into  a  paste. 

The  length  of  time  during  which  such  a  paste  is  to  be 
kept  applied  depends  upon  its  strength.  The  extent 
of  the  cauterization  may  be  estimated  by  the  inflam- 
matory areola  in  the  surrounding  tissues.  This  should 
not  be  allowed  to  advance  too  far,  as  a  necrosis  of  the 
part  will  follow.  On  the  other  hand,  if  the  redness  is 
not  well  marked,  the  caustic  action  is  deficient.  When 
the  arsenic  is  diluted  one-half,  the  destruction  of  the 
part  is  likely  to  require  from  sixteen  to  eighteen  ho\irs. 
The  resulting  scars  are  white  and  as  a  rule  they  are  not 
disfiguring,  unless  the  destruction  of  tissue  has  been 
great. 

There  is  a  possibility  of  poisoning  from  the  absorp- 
tion of  arsenic,  and  as  a  precaution  it  is  advised  that 
not  more  than  one  square  inch  of  surface  should  be 
covered  at  one  time. 

Recently  it  has  been  recommended  that  a  solution  of 
arsenic  in  equal  parts  of  alcohol  and  water  should  be 
employed  in  preference  to  the  pastes.  The  treatment 
is  commenced  with  a  solution  of  1  to  150,  and  then  the 
strength  is  increased  to  1  to  SO.  The  surface  is  pre- 
pared by  washing  and  rubbing  until  the  blood  is  made 
to  appear;  it  is  then  allowed  to  dry  and  the  solution  is 
applied  daily  until  the  slough  separates  and  the  dis- 
ease is  destroyed.  The  treatment  is  continued  for 
a  period  varying  from  one  or  two  weeks  to  two  or 
three  months,  according  to  the  extent  of  the  disease. 

Chromic  Acid. — Although  slow  in  its  action  this  is  a 
very  powerful  and  a  very  diffusive  caustic.  The  pure 
crystals  are  employed  or  an  acjueous  solution  of  about 
one  part  in  four.  It  produces  great  pain.  When  ap- 
plied it  immediately  coagulates  albumin,  and,  ab- 
sorbing moisture,  forms  a  fluid  caustic,  which  dissolves 
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the  tissues.  It  gradually  forms  a  dry,  hard,  dark 
eschar.  It  is  particularly  recommended  in  bites  of 
venomous  snakes,  and  is  used  to  destroy  superficial 
and  mucous  grow-ths  and  syphilitic  ulceration. 

Carbolic  Acid  is  also  a  mild  caustic.  It  is  not  used 
to  cause  any  destruction  of  tissue,  but  is  employed  in 
the  treatment  of  poisoned  wounds,  syphilitic  ulcera- 
tions, and  hemorrhoids.  II  unites  with  albumin,  pro- 
ducing a  dry,  white,  and  very  superficial  slough.  It 
acts  rapidly  and  painlessly,  producing  an  anesthesia  of 
the  spot. 

ALK.\LrES. — The  caustic  alkalies  have  all  been  em- 
ployed to  a  greater  or  lesser  extent,  but  potash  is  the 
most  active  and  has  been  most  used.  Their  action 
differs  from  that  of  the  acids  in  that  they  unite  with 
the  water  of  the  tissues  and,  becoming  fluid,  destroy 
the  underlying  parts  They  produce  soft,  gelatinous 
sloughs,  which  separate  quickly  and  leave  a  slowly 
granulating  surface.  They  penetrate  deeply  and,  un- 
less carefully  applied,  may  cause  much  unnecessary 
destruction  of  tissue. 

Potassa  occurs  as  small,  irregularly  shaped  masses, 
or  in  small  cylindrical  sticks,  in  which  latter  form  it 
has  been  prepared  for  convenience  of  use.  It  is  very 
deliquescent  and,  unless  carefully  preserved,  is  difficult 
to  use.  The  addition  of  lime  lessens  its  affinitj-  for 
water.  Potassa  cum  calce  is  made  of  equal  parts  of  po- 
tassa and  lime,  and  when  moistened  with  a  little  alco- 
hol it  forms  the  well-known  Vienna  paste.  The  mix- 
ture may  also  be  fused  and  run  into  small  cylindrical 
moulds.  This  caustic  is  kept  applied  to  the  parts  for 
ten  or  fifteen  minutes,  and  when  the  paste  is  used  the 
area  of  its  action  may  be  limited  by  protecting  the 
surrounding  skin  with  adhesive  plaster.  The  depth 
of  cauterization  depends  upon  the  quantity  of  caustic 
appied  and  the  length  of  time  it  is  allowed  to  remain. 
When  morphine  is  added  in  the  proportion  of  one  part 
to  three  it  is  said  to  form  a  painless  caustic.  Caustic 
potash  and  gutta-percha  may  be  melted  together  in 
equal  parts  to  form  a  paste  which  is  very  convenient 
for  use,  as  it  may  be  moulded  into  any  shape. 

Soda  resembles  caustic  potash  in  appearance.  It 
occurs  in  masses  and  in  cylindrical  sticks.  Its  caustic 
properties  are  milder  than  those  of  potash.  It  is 
not  so  deliquescent  and  possesses  the  advantage 
of  being  less  diffusible.  London  paste  is  prepared 
by  mixing  together,  in  a  warm  mortar,  equal  parts 
of  soda  and  unslacked  lime,  and  moistening  the  mix- 
ture with  water  when  it  is  wanted  for  use. 

Sodium  Elhylate. — This  salt  was  introduced  as  a 
caustic  in  1870  by  Benjamin  Ward  Richardson.  It 
is  a  white  powder  which,  when  brought  in  contact  with 
moist  tissue,  is  decomposed  into  alcohol  and  caustic 
soda.  It  is  used  as  the  Liq.  Sodii  Ethylatis.  This 
is  a  solution  of  the  salt  in  absolute  alcohol.  It  is  a 
syrupy,  colorless  liquid,  and  has  been  recommended 
as  a  very  effective  and  manageable  caustic.  It  is 
applied  by  means  of  a  glass  rod,  for  two  or  three 
successive  days,  and  the  resulting  dry  eschar  should 
not  be  removed  until  it  becomes  detached.  It  has 
been  successfully  employed  in  the  treatment  of  nevi, 
lupus,  and  superficial  growths. 

Zinc  Chloride  shared  with  arsenous  acid  the 
greatest  popularity  as  a  caustic  in  the  treatment  of 
cancerous  ulceration.  It  acts  rapidly,  and,  being 
deliquescent,  it  may — unless  its  action  is  controlled — 
effect  a  more  extensive  destruction  of  tissue  than  is 
desired.  It  coagulates  the  albuminous  tissues  and  in 
a  few  hours  forms  a  dry,  firm,  whitish  slough,  which 
separates  in  about  one  week.  Chloride  of  zinc  is 
mixed  with  wheat  flour  and  formed  into  cakes,  or 
with  plaster  of  Paris,  which  very  completely  limits 
the  extent  of  its  action.  Another  method  is  to 
saturate  lint  with  the  deliquescent  salt  and  then  to 
cut  off  a  portion  of  the  required  shape  and  size. 

The  chloride  of  zinc  pastes  are  mnumerable,  as  the 
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fact  that  it  has  no  toxic  action  made  it  a  favorite 
caustic  with  many.  Canquoiti's  pastes  were  made  in 
four  strengths  with  wheat  flour  and  water  in  the 
proportion  of  one  part  to  two,  three,  four,  or  five 
parts  of  flour.  Mayet's  paste  contains  8  parts  of  zinc 
chloride,  1  of  zinc  oxide,  and  7  of  flour;  Robiquet's, 
equal  parts  of  zinc  chloride  and  flour,  with  gutta- 
qercha  added  to  form  a  firm  mass.  In  Landolphi's 
caustic  the  zinc  chloride  is  combined  with  equal 
parts  of  chloride  of  gold,  chloride  of  antimony,  and 
chloride  of  bromine. 

SiM'ER  Nitrate  is  a  much  weaker  caustic  than  any 
of  the  foregoing.  It  has  no  effect  upon  the  surface, 
but  upon  mucous  membranes  or  denuded  and  granu- 
lating surfaces  it  causes  a  coagulation  of  albumin 
which  results  in  a  superficial  slough.  This  is  at 
first  grayish-white,  but  becomes  dark  owing  to  the 
reduction  of  the  silver.  It  is  dry  and  dense.  This 
reagent  acts  rapidly,  without  pain,  and  does  not 
excite  any  inflammatory  action  in  the  surrounding 
skin.  It  is  used  in  the  removal  of  warts,  condylomata, 
etc.  It  is  chiefly  employed  in  the  management  of 
unhealthy  granulating  surfaces,  which  it  rapidly 
replaces  with  healthy  healing  granulations.  The 
pure  salt,  fused  into  sticks  for  convenience  of  use,  is 
generally  employed.  Some  prefer  the  mitigated 
caustic,  prepared  by  fusing  the  nitrate  of  silver  -n-ith 
two  parts  of  nitrate  of  potassium.  A  verj'  convenient 
method  is  to  cover  the  end  of  a  silver  probe  by 
fusing  the  nitrate  and  placing  the  probe  in  the  liquid 
caustic,  the  adhering  fluid  being  allowed  to  crystalUze 
yb  exposure.  Other  mUd  caustics  which  resemble  the 
nitrate  are  sulphate  of  copper,  sulphate  of  zinc,  and 
sulphate  of  alumina. 

Liquid  Am  and  C.\hbox  Dioxide  Sxow  have  both 
been  employed  to  destroy  superficial  growths  and  many 
reports  of  this  favorable  action  have  been  published. 
They  have  proved  of  particular  vahie  in  the  treatment 
of  nevi.  The  part  is  destroyed  by  freezing.  The  ap- 
plication is  not  painful  but  the  thawing  of  the  part  that 
follows  is  sometimes  accompanied  by  great  suffering. 
As  therapeutic  agents  they  are  of  unquestionable 
value,  but  the  expenses  and  inconveniences  of  prep- 
aration practically  exclude  them  from  general  use. 
In  hospital  work  they  prove  most  serviceable. 

ATM0C.4.USIS. — This  is  a  method  of  inducing  a 
destruction  of  tissue  by  means  of  steam.  The  steam 
Ls  conveyed  to  the  part  by  means  of  rubber  tubing, 
but  it  is  found  diflScult  to  control  and  regulate 
the  effect  and  the  method  has  fallen  into  disrepute. 
It  was  recommended  in  the  treatment  of  endometritis, 
but  proved  a  dangerous  procedure. 

BE-\CrMONT    SlIALL. 


Cauterization. — The  term  cauterization  is  as 
correctly  applied  to  the  use  of  the  potential  cautery 
or  caustic  as  to  that  of  the  actual  cautery.  The  term, 
however,  is  so  generally  associated  with  the  latter 
that  it  is  almost  restricted  to  the  use  of  that  form  of 
cautery.  Before  the  actual  cautery  was  brought  to 
its  present  state  of  perfection,  it  was  much  less  em- 
ployed than  the  caustics. 

From  the  earliest  days  of  medicine  to  the  middle 
of  the  past  century  very  little  advance  was  made  in 
the  development  of  the  actual  cautery.  The  appli- 
cation of  heated  metals  appears  always  to  have  been 
adopted,  and  the  irons  employed  for  this  purpose 
remained  much  the  same  through  all  the  centuries. 
Such  changes  as  were  made  were  in  the  shape  and 
number  of  the  irons,  or  in  the  handles  which  were 
common  to  the  several  irons.  A  very  crude  method 
was  the  application  of  heated  coals,  and  the  ignition 
of  substances  on  the  surface  to  be  destroyed.  The 
latter  were  known  as  ?noxa  and  were  prepared  by 
saturating  cotton  wool  with  nitrate  of  potassium  and 
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atloning  it  to  dry;  after  which  it  was  placed  in  a 
metallic  tube  with  a  handle,  ignited,  and  allowed  to 
burn  down  to  the  skin.  With  the  introduction  of 
illuminating  gas,  efforts  wore  made  to  utilize  it  as  a 
cautCTV,  and  instruments  were  made  by  which  the  jet 
of  gas  was  l)rought  in  contact  with  the  part  to  be 
cauterized. 

In  1S76  Paquelin  introduced  the  thermocautery 
which  bears  his  name,  and  it  remains  a  favorite 
cautery  on  account  of  its  portability  and  the  ease 
with^which  it  may  be  kept  ready  for  use  (Fig.  I'JGO). 
The  principles  of  this  well-known  appliance  lie  in 
the  metal  selected  for  the  burners — these  being  made 
of  platinum,  a  metal  that  becomes  incandescent  at  a 
comparatively  low  temperature — and  in  the  ingenious 


Fig.   lJ6y. — The  i^aquc-iin  Cautery. 

manner  in  which  a  light  benzene  gas  is  supplied  to 
the  heated  point.  As  long  as  the  gas  is  supplied 
the  point  remains  heated,  the  degree  ofheat  depend- 
ing upon  the  quantity  of  gas,  which  is  easily  con- 
trolled by  the  india-rubber  bulb.  Many  other 
cauteries,  "based  upon  the  same  principle,  have  been 
made,  but  none  has  supplanted  that  of  Paquelin. 
The  electrical  cautery  is  the  most  desirable  at  the 
present  time,  its  advantages  and  greater  conveniences 
being  very  marked.  The  perfection  which  these 
instruments  have  attained  and  the  moderate  prices 
at  which  they  are  supplied  bring  them  within  the 
reach  of  all. 

Three  degrees  of  heat  are  found  desirable  in  the  use 
of  the  actual  cautery;  a  white  heat,  a  red  heat,  and 
one  in  which  the  metal  has  not  become  candescent. 
The  white  heat  is  the  most  intense  and  the  most 
destructive  of  tissue.  It  is  also  the  least  painful,  as 
the  terminals  of  the  nerves  are  destroyed  too  rapidly 
to  allow  them  to  convey  the  impression  of  pain.  The 
black  heat  is  not  used  for  cauterizing  purposes,  but 
almost  solely  for  that  of  counterirritation.  As  a 
hemostatic  red  heat  is  superior  to  white. 

The  depth  and  extent  of  tissue  destroyed  depend 
upon  the  degree  of  heat  and  the  length  of  time  during 
which  it  is  applied.  It  chars  and  destroys  all  tissues, 
and  leaves  a  thin,  dry,  hard  eschar,  which  does  not 
become  detached  for  several  days.  Ordinary  hemor- 
rhage is  immediately  controlled,  but  in  the  removal 
of  pedunculated  tumors,  when  the  supplying  vessels 
are  large,  it  should  not  be  depended  upon.  The 
actual  cautery  is  emplo}"ed  for  the  removal  of  small 
tumors,  hemorrhoids,  and  superfluous  hairs,  in  the 
destruction  of  canceroiis  and  unhealthy  surfaces, 
in  poisoned  wounds,  and  in  all  conditions  in  which  a 
caustic  is  desired.  In  the  treatment  of  affections  of 
the  nose  and  throat,  and  in  gynecological  work,  it  is 
of  particular  service. 

As  a  hemostatic,  the  actual  cautery  has  always  been 
of  much  service.  In  former  times  it  was  the  principal 
means  of  controlling  hemorrhage,-  and  at  the  present 
day  aU  operating  rooms  are  provided  with  a  cautery 


to  check  the  bleeding  from  vascular  tissues  and  from 
oozing  surfaces. 

As  a  counterirritant  the  actual  cautery  has  occupied 
a  foremost  position  and  has  proved  of  much  .service. 
(See  also  Caustics  and  Counlerirrilalion.) 

Be.\umont  S.mall. 


Ceanothus. — Xcw  Jersey  Tea.  Redroot.  The  root 
of  Ceanothus  americaiius  L.  (fam.  lihamnaceae),  a  low, 
nuich  and  densely  branched  shrub  of  Eastern  and 
Central  North  .\meriea,  represented  in  the  far  West  by 
mnnerous  other  species  with  the  same  properties.  Its 
fruits  much  resemble  those  of  the  tea  plant,  which  fact 
is  said  to  have  led  to  the  use  of  its  leaves  as  a  substitute 
for  tea  during  the  revolutionary  embargo.  The  root 
has  enjoyed  domestic  and  a  slight  profes.sional  use  as 
an  astringent.  It  is  stout,  much  and  crookedly 
l)ranched,  of  a  bright  reddish  color,  which  soon  fades 
on  keeping,  hard  and  woody.  The  red  color  pervacles 
the  wood.  It  contains  six  to  nine  per  cent,  of  tannin, 
the  bark  containing  more  than  the  wood.  The  leaves 
contain  an  equal  amount.  One-fifth  per  cent,  of 
ccanothine,  an  alkaloid,  has  been  reported,  but  nothing 
is  known  of  its  properties.  Owing  to  the  close  re- 
semblance, in  appearance  and  properties,  of  this  root 
to  Peruvian  rhatany,  it  has  been  used  as  a  substitute 
and  adulterant  of  the  latter. 

The  dose  of  ceanothus  is  3  i-  (4.0). 

Henry  H.  Rusbt. 


Cecum     and     Appendix,    Diseases     of    the.      I. — 

The  acute  diseases  of  the  cecum  are  clinically  not 
distinguishable  from  those  of  the  vermiform  appendix. 
They  are  therefore  not  dwelt  upon  here,  due  attention 
being  given  them  in  the  second  section  of  this  article 
on  Diseases  of  the  Cecum  and  .\ppendix.  To  avoid 
unnecessary  repetition,  tuberculous  and  cancerous 
affections  of  the  cecum  are  also  not  included  here, 
being  discussed  in  the  second  part  of  the  article. 

The  chronic  affections  of  the  cecum  are  avowedly  a 
neglected  subject  of  study.  It  is  only  in  recent  years 
that  chronic  cecal  disorders  were  deemed  of  sufficient 
import  to  merit  more  than  passing  attention.  This 
lack  of  interest  is  readily  explained  when  we  consider 
the  star  role  assigned  to  chronic  appendicitis  during 
all  these  years. 

Generally  speaking,  the  cecum  is  liable  to  be  the 
seat  of  similar  chronic  affections  as  the  stomach. 
We  may  encounter  chronic  catarrhal  states  of  the 
cecum,  "atony  of  the  cecum  (typhlatonia),  dilatation 
(typhlectasia),  spasm  (typhlospasm),  displacements, 
the  various  neuroses,  etc. 

On  account  of  an  anatomical  and  physiological 
relationship  to  the  gastric  organ,  the  cecum  may 
fairly  be  designated  as  the  second  stomach.  Next  to 
the  "stomach  the  cecum  is  the  largest  pouch  in  the 
alimentary  tract.  Like  the  stomach,  the  cecum  is  a 
dilatation  near  a  terminal  section  of  the  digestive 
canal.  Both  organs  are  receptacles  for  food,  but 
while  partly  digested  food  enters  the  stomach  from 
which  some  soUds,  but  little  liquid,  are  absorbed,  the 
bulk  of  the  digested  food  and  nearly  all  the  liquid 
transported  to  the  cecum  are  absorbed  by  it.  How- 
ever, there  may  also  be  an  inverse  ratio,  anatomically 
as  well  as  physiologically,  between  cecum  and 
stomach.  Then  the  cecum  may  be  roomy  and  full  of 
tone,  while  the  stomach  is  small  and  inactive,  as  is 
the  case  in  certain  animals,  for  instance,  the  horse 
and  the  elephant,  or  vice  versa. 

There  still  reigns  much  confusion  about  almost 
everything  that  pertains  to  chronic  cecal  disease. 
The  clinical  pictures  of  the  various  affections  are 
neither  clearly  drawn  nor  distinctly  separated  from 
each  other.  The  syndrome  described  as  cecum 
mobile,  for  instance,  comprises  the  sjMnptom-com- 
ple.xes  of  not  less  than  three  or  four  different  affections 
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of  the  cecum.  It  is  a  decidedly  overdrawn  clinical 
picture.  Nor  is  the  presence  of  a  movable  cecum 
in  itself  evidence  of  a  pathological  state. 

In  the  following  an  attempt  will  be  made  to 
delineate  as  sharply  as  possible  the  various  affections 
which  are  known  to  befaU  the  cecum,  and  to  discuss 
briefly  their  pathogenesis,  symptomatology,  and 
treatment. 

TyPHiiATONiA. — Atony  of  the  cecum  is  the  direct 
outcome  of  its  motor  insufficiency.  Underlying  this 
there  may  be  a  neurotic  disposition,  a  wasting  disease, 
a  displacement  (pathological  mobility),  or  structural 
change  of  the  cecum  itself.  The  last  two  eventualities 
are  by  far  the  most  frequent. 

.\  displacement  of  the  cecum,  and  for  this  reason 
its  insufficient  muscular  energy,  may  be  congenital. 
That  which  is  assumed  to  be  a  neurosis  may  in  many 
instances  be  a  congenital  insufficiency  of  the  motor 
activity  of  the  cecum.  Displacements  of  the  organ 
usually  ensue  with  a  general  entcroptosis  and  are, 
therefore,  most  common  in  women  who  have  borne 
children. 

Typhloptosis  frequently  concurs  with  prolapsed 
right  kidney,  and  it  appears  that  the  latter  may  be  a 
result  of  the  loose  attachment  of  the  right  colon 
which,  at  its  hepatic  flexure,  is  connected  by  a  liga- 
ment to  the  inferior  pole  of  the  kidney. 

Typhlatonia  is  a  disease  entity,  though,  of  course, 
it  may  and  does  occur  in  association  with  other 
affections  of  the  cecum,  and  with  such  of  the  appen- 
di.x,  ascending  colon,  ileum,  etc.  To  confound  it, 
however,  with  so-called  movable  cecum,  which  -per  se 
is  not  a  disease  condition  at  all,  means  to  mistake  a 
terminal  state  for  a  possible  etiological  factor.  There 
is  no  doubt  that  cecum  mobile  may  occa.sion  atony 
of  the  cecum,  but  the  great  majority  of  cases  of 
typhlatonia  have  arisen  in  the  absence  of  a  movable 
cecum. 

This  may  be  the  place  to  say  a  few  words  about 
cecum  mobile.  For  the  reason  that  the  cecum  fre- 
quently exhibits  marked  mobility  and  possesses  a 
mesentery  in  common  with  the  ileum,  it  is  an  organ 
favoring  "the  location  of  various  pathological  states 
as  volvulus,  intussusception — the  ileocecal  and  ileo- 
colic varieties — and  certain  kinks,  especially  that  of 
the  terminal  ileum  (Lane's  kink). 

Of  late  a  number  of  affections  of  the  cecum  occur- 
ring singly  or  in  various  associations  with  each  other 
have  been  described  under  the  collective  name  of 
cecum  mobile.  This  attempt  has  not  only  not 
simplified  matters,  which  undoubtedly  was  the 
purport  of  the  earlier  writers  on  the  subject,  but  has 
really  brought  about  a  good  deal  of  confusion. 

In  the  first  instance,  a  symptom-complex  was  ad- 
vanced for  a  normally  symptomless  condition,  i.e. 
the  movable  cecum;  secondly,  this  .syndrome  com- 
prises the  clinical  pictures  of  various,  though  often 
more  or  less  coordinate  affections  which  may  be  the 
result  of  different  causes;  thirdly,  a  pos.sible  causa- 
tive factor  of  any  or  all  these  affections  is  being 
mistaken  for  the  di.soaso  proces.ses  themselves. 

The  movable  cecum  as  such  is  certainly  not  a 
pathological  circumstance.  Cohnheim  regards  it 
even  as  an  entirely  phy.siological  condition,  and 
Sonnenburg  maintains  that,  inasmuch  as  the  con- 
tents of  a  movable  cecum  are  more  readily  removed 
than  these  of  an  immobile  organ,  the  former,  gener- 
ally speaking,  is  le.ss  objectionable  to  its  bearer  than 
the  latter.  He  further  points  out  that  the  cecum 
mobile  produces  clinical  symptoms  only  after  it  has 
become  the  .seat  of  a  catarrhal  or  inflammatory  proc- 
ess, i.e.  when  a  typhlocolitis  has  supervened.  Fisch- 
ler  and  others  de'clare  that  it  is  not  the  mobility  but 
the  inflammatory  state  of  the  cecum  which  manifests 
itself  clinically. 

However,  the  question  of  the  cecum  mobile  and  all 
it  implies  is  no  longer  an  academic  one.      While  it  is 


true  that  we  have  ruled  out  the  movable  cecum  per 
se  as  an  important  clinical  factor,  and  maintain  that 
the  syndrome  ascribed  to  it  really  represents  the 
entirety  of  symptom-complexes  of  a  number  of  cecal 
affections  that  may  or  may  not  have  any  connection 
with  it,  it  is  nevertheless  true  that  a  new  era  in  the 
conception  and  management  of  many  intestinal 
disorders  has  been  inaugurated  with  the  study  of  the 
movable  cecum  and  its  intraabdominal  relations. 

The  foregoing  remarks  were  interposed  to  show  the 
true  status  occupied  by  cecum  mobile  in  the  pro- 
duction of  cecal  disease  in  general  and  atony  of  the 
organ  in  particular.  We  may  take  it  for  granted 
that  typhlatonia  is  a  much  more  frequent  condition 
than  clinically  manifest  movable  cecum,  and  that 
the  latter  can  only  mediately  be  responsible  for  an 
eventually  ensuing  atony  of  the  organ. 

.\tony  of  the  cecum  may  occur  with  or  without 
dilatation  of  the  organ.  The  far  more  frequent  and 
better-known  type  is  the  one  as.sociated  with  dilata- 
tion. Atony  without  dilatation  may  offer  some 
diagnostic  difficulties,  because  it  is  the  enlarged  cecum 
which  furni.shes  most  of  the  physical  signs. 

The  symptomatology  of  typhlatonia,  though  not 
always  uniform,  may  be  briefly  summarized,  as 
follows:  The  condition  prevails  frequently  in  young 
individuals,  but  it  is  also  common  in  both  .sexes  be- 
tween the  twenty-fifth  and  fort3'-fifth  year  of  life. 
Obstinate  constipation  obtaining  even  during  the 
attack-free  intervals  is  the  paramount  characteristic 
of  the  affection.  Paroxysms  of  severe  griping  pain 
lasting,  as  a  rule,  for  some  hours,  supervene  at  irregu- 
lar periods.  In  a  certain  proportion  of  the  cases 
definite  paroxysms  of  pain  never  occur;  the  patient 
may  experience  a  certain  amount  of  discomfort, 
sometimes  more,  at  other  times  less.  There  may  be 
fulness  at  the  site  of  the  cecum  and  dragging  on  the 
ascending  colon  which  may  even  be  felt  in  the  region 
of  the  hepatic  flexure.  Thus,  the  atonic  cecum  may 
readily  be  mistaken  for  a  case  of  latent  cholelithiasis. 
At  other  times  the  discomfort  may  be  due  to  traction 
of  the  cecum  on  its  mesentery.  During  an  acute 
attack  of  colic  there  may  be  noted  loss  of  appetite, 
often  nausea  and  vomiting,  and  sometimes  marked 
symptoms  of  eollap.se.  Temperature  elevation  does 
not  take  place  in  the  average  case.  The  pulse  fre- 
quency is  unchanged,  and  the  leucocyte  count  is 
normal.  Palpation  evinces  a  localized  resistance  or 
even  a  circumscribed  tumefaction  in  the  cecal  region. 
The  resistant  area  or  tumefaction  is  never  firm,  but 
rather  .soft  and  elastic,  and  feels  to  the  touch  like  a 
moderately  inflated  toy  baUoon.  The  palpating 
hands  can  passively  displace  the  resistant  area. 
Examination  by  the  rectum  does  not  reveal  the  cecal 
ballooning.  Percussion  confirms  the  palpatorial 
findings  by  determining  a  circumscribed  area  of 
tympany  which  corresponds  more  or  less  closely  to  the 
area  of  resistance  offered  by  the  distended  and  atonic 
cecum. 

Ileocecal  gurgling  is  probably  the  most  characteris- 
tic symptom  of  the  dilated  atonic  cecum;  in  a  number 
of  the  cases  cecal  splashing  .sounds  may  be  elicited. 
The  palpatorial  findings  and  acoustic  phenomena  are 
not  constant  during  the  pain-free  intervals.  Still, 
superficial  resistance  and  cecal  tj'mpany  of  some 
degree  may  be  educed  in  most,  and  gurgling  sounds 
in  many  cases  of  the  quiescent  stage  of  typhlatonia. 

Constipation  may  irregularly  alternate  with  diar- 
rhea during  the  attacks  as  well  as  in  the  intervening 
periods.  Myxorrhea  may  occasionally  supervene. 
Indicanuria  is  of  frequent  occurrence  in  typhlatonia, 
albuminuria  is  not  rare  during  an  attack,  and  moder- 
ate hematuria  has  ensued  in  some  of  my  cases  in 
which  there  was  also  prolapse  of  the  right  kidney. 

Of  special  value  in  the  recognition  of  typhlatonia, 
particularly  when  associated  with  typhlectasia,  is  the 
radiographic  examination  and  the  employment  of 
Stern's    procedure,    viz.,    displacement    toward    the 
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PLATE   XXIV 


\TO-\Y  OK  TllK  CECUM 


Kk;.  4. 


I 


Ik;.  1. — C,  Dilati-d  cecum;  H.F,.  hepatic  flexure  of  colon;  TC, 
insverse  colon;  S.F.,  splenic  flexure  of  colon;  D.C.,  dcscendiug  colon; 
L-'  .  sigmoid;  R.,  rectum;  Sp.,  spine. 

I'lu.  2. — Sp.,  Spine;  S.F.,  splenic  flexure  of  colon;  H.F.,  hepatic 
■xure  of  colon;  T.C.,  transverse  colon;  C,  dilated  cecum;  Sig.,  sig- 
I'id:  D.C.,  descending  colon;  R.,  rectum. 


U.,  umbilicus;  C,  cecum; 


Fig.  3. — Sp.,  Spine;  CI.,  crest  of  the  iliuii 
I).,  obstruction;   DI.,  dilated  ileum. 

Fig.  4. — S.,  Stomach;  P.,  pylorus:  H.F.,  hepatic  flexure  ofcolon;  T.C., 
transverse  colon;  S,F.,  splenic  flexure  of  colon;  A. C,  ascending  colon; 
I.,  ileum;  A.,  appendix;  Sig..  sigmoid  flexure;  R.,  rectum;  D.C.,  de- 
scending colon;  C,  dilated  cecum. 

(DR.  HEINRICH  STERX— ARCHIVKS  OF  DI.\GNOSIS.) 
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midabdomon  of  the  cecum,  i.e.  cecal  tympany  and 
gurgling,  when  the  patient  occupies  the  left  Jalenil 
posture.  (For  details  see  Archives  of  Diagnosis, 
October,  1912.)  In  some  cases,  however,  the  cecum 
is  bound  by  adhesions  and  cannot  perform  any  ex- 
cursion toward  tlie  niidabdomen. 

Cecal  atony  cannot  well  be  misinterpreted  as  acute 
appendicitis,  but  it  is  habitually  being  mistaken  for 
chronic  appendicitis.  The  differentiation  between 
cecal  atony  and  chronic  appendicitis,  especially  when 
the  two  conditions  are  found  a.ssociated  (an  occur- 
rence less  frequent  than  conimonl)'  supposed),  may 
be  difficult  or  even  imnossible.  In  the  general  run  of 
the  ca.ses,  however,  trie  displaceable  cecal  tympany 
and  gurgling  will  clinch  the  diagnosis  of  typhlatonia. 

Concerning  the  proyiiosis  it  may  be  stated  that  by 
preventing  constipation  the  attacks  of  colic  are  gen- 
erally averted  or  at  least  moderated.  The  atony  of 
more  recent  origin,  with  little  or  no  distention,  may 
sub.side  together  with  a  general  improvement  of  the 
organism.  Older  and  more  pronounced  cases  may 
often  be  rendered  symptomless  by  appropriate  treat- 
ment. Untreated  or  wrongly  treated  cases  will  go 
from  bad  to  worse. 

The  treatment  during  the  acute  attack  imperatively 
demands  rest  on  the  back  or  upon  the  right  side  with 
the  abdomen  relaxed  as  much  as  possible.  This  is  a 
posture  often  affording  relief  in  a  short  time,  and  it  is 
in  many  instances  instinctively  occupied  by  the 
patient.  In  other  cases  the  hypodermic  administra- 
tion of  morphine  and  atropine  is  necessary.  The 
application  of  heat  to  the  abdomen  is  always  gratify- 
ing. If  there  sliould  not  occur  a  spontaneous, 
copious  evacuation  of  the  bowels  within  an  hour  or 
two  after  the  onset  of  the  attack,  a  high  enema  of 
soapsuds,  to  which  may  be  added  some  sweet  oil  and 
turpentine,  sliould  be  administered.  The  following 
combinations  employed  as  high  enemata  insure  rapid 
unloading  of  the  entire  colon: 

B.     Ext.  colocynthidis 2  gm. 

Saponis  mollis 4  gm. 

Aquie 500  c.c. 

R.     Tinct.  aloes. 12  c.c. 

Olei  oliva; 100  c.c. 

In  1,000  c.c.  of  soapsuds. 

Prolonged  rest  in  be.i  is  e.ssential  if  more  than 
momentary  relief,  i.e.  if  the  lessening  of  the  atonic 
condition,  is  the  object  to  be  attained.  From  four 
to  six  weeks  on  the  average  must  be  devoted  to  this 
purpose.  Laxatives  should  never  be  administered, 
neither  during  the  period  of  rest  nor  after  this  when 
the  patient  has  improved.  The  bowels  should  be 
regulated  by  a  proper  diet  in  which  green  vegetables 
(with  the  exception  of  the  various  species  of  cabbage), 
roots,  oats,  bran  biscuits,  raw  fruit  (especially 
grapes),  and  milk  (if  necessary  with  the  addition  of 
some  alkali),  should  preponderate.  The  intake  of 
water  must  not  be  less  than  20  c.c.  for  each  kilogram 
of  body  weight  in  the  twenty-four  hours.  More  than 
100  c.c.  of  water  should  never  be  given  at  any  one 
time.  If  the  constipation  persists,  injections  of  from 
100  to  200  c.c.  of  cotton-seed,  sesame,  or  olive  oil, 
slightly  heated,  and  to  be  retained,  may  be  adminis- 
tered every  night  or  every  second  or  third  night. 
Support  to  the  abdomen  during  the  resting  period 
may  be  procured  by  the  proper  application  of  strips  of 
zinc-oxide  plaster  (modified  Rose's  belt).  The  cecum 
should  be  especially  well  supported.  Later  on  a  good 
abdominal  supporter,  fitted  with  a  special  pad  for  the 
cecum,  should  be  worn.  Exces.ses  in  eating  and  drink- 
ing, and  mental  and  phj'sieal  exertions  must  be 
avoided  under  all  circumstances.  Massage  over  the 
course  of  the  colon  and  faradic  electricity  applied  to 
the  regions  over  the  cecum  and  ascending  colon  may 
prove  of  service.  The  question  of  operating  for 
typhlatonia  and  typhlectasia  is  still  sub  judice. 


TvPHLOSPASM. — The  cecum  is  not  infrequently  the 
.scat  of  a  spastic  condition.  Typhlospasm  is  mostly 
circumscribed  affecting  the  cecum  alone;  in  some 
ca.ses,  however,  other  .segments  of  the  large  bowel,  the 
asci'uding  colon  in  particular,  are  involved  in  the 
s|)astic  state.  The  spasm  usually  causes  pain,  but 
tliere  are  authentic  ca.ses  of  typhlospasm  in  which  the 
pain  phenomenon  is  either  alj.scnt  or  plays  a  subordi- 
nate! role  only.  The  spasm  itself  is  generally  of  brief 
duration  being  invariabl3'  a  terminal  occurrence; 
tlie  tendency  to  spasticity,  on  the  other  hand,  is 
nearly  aiways  an  enduring  circumstance. 

Typhlospasm  occurs  frefuuuitly  in  neuropathic 
individ\ials.  Occasionally  tlie  localized  spasms  in 
women  may  reliexly  result  from  di.sease  of  the  pelvic 
genital  organs.  It  is  pos.sible  that  so-called  niem- 
liranous  (lericolitis  and  Lane's  band  and  kink  may 
give  rise  to  spasm  of  the  cecum.  In  the  great  major- 
ity of  the  cases,  however,  abnormal  absorption  or 
fermentation  processes  in  the  cecum  itself  are  at  the 
bottom  of  its  spastic  condition. 

Very  rapid  absorption  of  water  from  the  cecum 
leaves  therein  a  hard  fecal  mass  which  can  often  be 
dislodged  only  by  convulsive  muscular  contraction  of 
the  organ,  .■\gain,  the  fecal  mass  may  remain  in  the 
cecum  where  it  undergoes  abnormal  processes  of 
fermentation;  the  products  of  such  fermentation  may 
occasion  spasmodic  activity.  "We  may  say  that  spas- 
mophilia of  the  cecum  exists  whenever  liquid  is  too 
rapidly  absorbed  from  this  organ.  In  individuals 
with  a  physiologically  overactive  cecum  there  is 
always  a  predisposition  to  cecal  spasticity. 

Symptomatolngy. — In  acute  typhlospasm  we  may 
find  the  abdomen  over  the  cecal  area  and  possibly 
over  that  of  the  ascending  colon  distended,  while  it 
is  flat  and  retracted  over  the  distal  portions  of  the 
colon.  The  spasm,  however,  originates  in  the  cecum 
which,  when  containing  evacuable  material,  looks  and 
feels  like  a  tumefaction;  the  contracted  empty  distal 
segments  of  the  large  intestine,  on  the  other  hand, 
impart  a  flat  or  retracted  appearance  to  the  abdomen 
and  feel  cord-like  under  the  fingers. 

The  spasticity  itself  does  not  necessarily  cause  pain, 
this  being  entirely  dependent  upon  the  pressure  or 
irritation  of  gaseous  or  solid  material  enclosed  within 
the  contracted  area.  The  pain,  when  present,  has  its 
maximum  intensity  in  the  cecum  and  the  lowermost 
portion  of  the  ascending  colon,  whence  it  gradually 
declines.  The  distal  half  of  the  transverse  colon  is 
hardly  ever  reached  by  the  pain-wave.  The  pain  is 
always  circumscribed  and  never  has  a  peritoneal 
character.  There  may  be  a  certain  spasticity  of  the 
abdominal  wall,  especially  in  neurotic  subjects,  but 
the  abdominal  sensitiveness  in  typhlospasm  is  of  a 
decidedly  lesser  degree  than  in  peritonitis. 

There  is  no  characteristic  siiape  of  the  feces  in 
spasm  of  the  cecum.  The  pencil-shaped,  often  canal- 
iculated  fecal  masses  and  those  resembling  goat's  dung 
attain  their  respective  forms  when  pas>:ing  through 
the  sphincters.  These  may  or  may  not  be  in  spastic 
contraction  when  there  is  a  cecal  spasm,  and  again, 
there  may  be  sphincteral  spasm  without  synchronous 
typhlospasm.  At  any  rate,  cecal  spasm  cannot  be 
diagnosed  from  the  shape  of  the  feces.  The  mode 
of  defecation  during  the  period  of  spasticity  is  rather 
characteristic.  The  patient  has  a  desire  to  go  to  stool 
and  makes  a  number  of  attempts  at  evacuation. 
Sometimes  there  will  be  a  movement,  at  other  times 
there  is  none.  The  individual  movements  are  small. 
After  each  movement  there  is  the  feeling  as  if  the 
bowel  were  not  quite  empty.  There  is  always  some 
tenesmus,  usually  more  after  a  movement  than  be- 
fore. The  tenesmic  state  arises  in  various  portions 
of  the  colon  and  is  a  manifestation  of  its  general 
spasticity.  If  there  were  no  spastic  contractions 
there  would  be  but  one  large  movement  completely 
evacuating  the  bowel.  The  feces  are  not  always 
formed;  frequently  they  are  discharged  as  irregular, 
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thin  and  short,  semi-solid  lumps,  most  of  which  float  on 
the  water  contained  in  a  vessel  while  some  sink  to  the 
bottom.  Occasionally  the  movements  are  diarrheal 
and  remain  so  for  a  number  of  days.  Mucus  and 
blood  are  not  uncommon  in  the  feces  of  spastic 
cecum. 

Temperature  elevation  is  never  present  in  uncom- 
plicated cases;  pulse  and  respiration  may  be  slightly 
accelerated  during  an  acute  spasm.  Albuminuria  and 
indicanuria,  as  a  rule,  do  not  ensue. 

Prognosticalh)  it  should  be  stated  that  acute  typhlo- 
spasm  is  a  rather  short-lived  phenomenon,  but  that 
latent  spasticity  of  the  cecum  maj'  continue  so  long 
as  there  exists  colonic  hypertonicity.  Some  ca.ses 
improve  or  are  cured  when  the  causes  which  have 
given  ri.se  to  undue  physical  and  mental  strain  have 
been  removed,  others,  and  these  are  the  majority, 
terminate  in  a  more  or  less  pronounced  state  of  in- 
testinal atony. 

Treatment. — Catharsis  is  contraindicated  in  the 
treatment  of  typhlospasm  as  it  is  apt  to  aggravate 
the  condition.  In  acute  spasm  nothing  excels  the 
hypodermic  administration  of  morphin?  and  atropine. 
Atropine  alone  will  often  allay  the  .spasm.  The  aver- 
age dose  is  0.002  gram  (gr.  ^l);  however,  if  opium  or 
one  of  its  preparations  has  already  been  employed, 
the  tolerance  for  atropine  is  increased,  and  one  inay 
inject  an  initial  dose  of  0.00.5  gram  (gr.  ^K).  The  ex- 
hibition of  atropine  may  be  preceded  or  immediately 
followed  by  gastric  lavage.  The  application  of  hea"t 
to  the  abdomen  may  give  some  relief. 

When  the  tonic  contraction  of  the  cecum  and  the 
pain  accompanying  it  are  le.ss  marked,  the  adminis- 
tration by  mouth  of  belladonna  in  combination  with 
chloral  hydrate  or  bromides  will  often  render  efficient 
service.  During  the  latent  stage  of  spasticity 
eventual  neurotic  tendencies  should  be  combated. 
It  is  during  this  stage  that  the  method  of  Albert 
Abrams.  sinusoidalization  or  concussion  of  the  spine 
of  the  eleventh  dor.sal  vertebra  for  the  regulation  of 
spastic  constipation,  should  be  given  a  fair  and 
prolonged  trial.  All  efforts  must  be  directed  toward 
preventing  an  acute  typhlo.spasm.  The  diet  should 
be  sufficiently  bulky,  but  must  not  produce  undue 
intestinal  irritation.  Large  amounts  of  green  vege- 
tables, as  spinach  and  lettuce,  should  be  partaken  of 
twice  daily.  A  tablespoonful  of  olive  oil  one-half 
hour  before  meals  and  at  bed-time  will  decrea.se  the 
tendency  to  enterospasm  in  general.  Cold  bathing 
must  not  be  encouraged,  and  violent  exercise  and 
sports  should  not  be  indulged  in.  Some  individuals 
with  spastic  cecum  credit  flannel  abdominal  pro- 
tectors with  preventing  or  aborting  an  acute  attack. 

Ttphlomyxorrhea. — By  typhlomyxorrhea  I  un- 
derstand the  painless  or  painful  evacuation  of  mucus 
derived  from  the  caput  coli,  the  cecum.  Although 
typhlomyxorrhea,  as  far  as  its  origin  is  concerned,  is 
but  one  of  the  types  of  the  condition  known  as 
membranous  catarrh  of  the  intestine,  it  greatly  over- 
shadows all  the  other  location-types  in  frequency  as 
well  as  importance.  Personal  experience  prompts 
me  to  state  that  the  cecum  plays  a  more  fundamental 
part  in  the  etiology  of  colica  mucosa  than  is  generally 
conceded. 

Typhlomyxorrhea  occurs  much  more  frequently  in 
women  than  in  men.  It  is  decidedly  an  affection  of 
the  child-bearing  period,  ensuing  but  rarely  before 
the  twentieth  and  after  the  forty-fifth  year  of  age. 
It  is  more  common  in  married  than  unmarried  women, 
but  the  frequency  of  gestations  does  not  appear  to 
have  a  marked  influence  upon  its  production.  In 
every  case  of  typhlomyxorrhea  examined  by  me  there 
existed  typhloptosis  in  association  with  a  greater 
or  les.ser  degree  of  prolapse  of  the  ascending  colon. 
The  displacement  of  the  cecum  was  confirmed  in 
every  instance  by  radiography  or  autopsia  in  vivo,  or 
by   both.     It   is   this   invariable   dislocation   of   the 
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cecum  that,  if  not  directly  productive,  is  characteristic 
of  typhlomyxorrhea. 

The  glands  of  Lieberkiihn  are  especially  well  de- 
veloped in  the  mucosa  of  the  cecum;  they  are  larger 
and  exhibit  more  goblet  cells  than  tho.se  in  the  small 
intestine.  To  this  fact  must  be  ascribed  the  compara- 
tively large  amount  of  mucus  in  the  greater  bowel. 
This  mucus  is  needed  for  purposes  of  lubrication'. 
Deficiency  of  mucus  may  cause  arrest  of  the  onward 
movement  of  the  fecal  material,  its  superabundance 
may  occasion  diarrheal  discharges. 

One  of  the  characteristic  features  of  typhlo- 
myxorrhea is  a  rather  stubborn  constipation  that 
immediately  precedes  its  onset.  A  tendency  to 
coprostasis  always  prevails  in  individuals  witli  this 
affection,  but  in  a  certain  proportion  of  the  cases 
diarrheal  attacks  may  occasionally  alternate  with 
constipation.  There  is  no  evidence  of  any  kind  that 
the  secretion  of  the  cecal  mucus  is  interfered  with 
when  constipation  obtains,  but  there  is  sufficient 
proof  that  the  secreted  mucus  may  be  retained  in  the 
cecum  for  a  certain  period.  During  this  period 
fecal  accumulation  may  ensue.  A  compensatory 
secretion  of  mucus,  however,  may  after  a  while  be 
produced  by  the  feces  which,  deprived  of  moisture 
by  their  lodgment  in  the  large  bowel,  provoke  an 
irritation  of  the  colonic  mucosa  that  is  followed  by  a 
more  or  less  adequate  supply  of  mucus.  The  mucus- 
product  in  these  cases  is  therefore  the  result  of  an 
inflammatory  process,  an  enteritis,  and  bears  no 
relation  to  the  normal  cecal  mucus. 

It  is  possible  that  there  may  occur  on  the  other 
hand  an  overproduction  of  mucus  in  t3'phlomy.\or- 
rhea.  ^  Be  that  as  it  may,  there  is  for  the  time  being 
retention  of  mucus  in  tlie  cecum  from  which  latter 
it  is  periodically,  and  often  forcefully,  expelled. 
The  emission  of  the  mucus  into  other  portions  of  the 
large  bowel  is  followed  by  its  evacuation,  with  or 
witliout  fecal  material,  and  with  or  without  pain. 
This  emission  en  masse  of  the  recentlj'  retained 
cecal  mucus  constitutes  typhlomyxorrhea. 

Underlying  the  retention  of  the  mucus  there  is  a 
malposition  of  the  cecum  and  often  a  resulting  atony 
of  the  organ.  When  the  cecum  empties  itself  by 
reason  of  a  certain  degree  of  (temporarily)  regained 
tonicity,  the  discharge  of  mucus  will  ensue  without 
manifestation  of  pain;  this,  however,  will  invariably 
be  an  accompaniment  of  the  myxorrhea  in  case  a 
convulsive  contraction  of  the  cecal  muscles,  a  typhlo- 
spasm, acts  as  the  expelling  force.  Thus,  it  will  be 
seen  that  the  presence  or  absence  of  pain  in  typhlo- 
myxorrhea is  entirely  dependent  upon  the  degree  of 
cecal  emissive  power  prevailing  at  the  time  of  an 
attack. 

The  diagnosis  of  typhlomyxorrhea  does  not  offer 
much  difficulty.  It  is  based  upon  the  periodical 
discharge  of  mucus,  with  or  without  pain,  and  the 
presence  of  a  displaced  and  frequently  atonic  cecum. 
Radiography  is  very  useful  in  the  recognition  of  the 
ptotic  cecum,  but  not  absolutely  essential.  The 
physical  examination  alone  will  mostly  reveal  a 
malposition  of  the  organ  and  the  substantial  char- 
acteristics of  its  atonic  state.  Among  the  latter 
there  is  the  displaced  and  increased  area  of  tympany, 
and  the  acoustic  phenomena  emanating  from  the 
cecum. 

The  prognosis  is  favorable  as  far  as  life  is  con- 
cerned. The  malady  is  a  protracted  one  in  many 
instances.  The  pliysiological  decline  of  the  organism 
generally  brings  relief.  Some  patients  recover  spon- 
taneously; others  improve  under  suitable  treatment. 

The  treatment  during  the  attack  should  consist  of 
rest  in  bed,  apphcation  of  heat  to  the  abdomen, 
especially  the  cecal  region,  and  narcotics.  The  heat 
is  best  procured  by  an  electric  heating  pad.  A 
medium  dose  of  an  opiate  to  which  mav  be  added 
some  tincture  of  belladonna  will  generally  alleviate 
the  pain.     The  administration  of  the  narcotic  maj'  be 
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followed  by  an  enema  ot  not  less  than  250  c.c.  of  oil, 
which  should  be  retained  for  as  long  a  period  as 
possible.  On  aeoount  of  its  antis])asMiodic  ami 
carminative  properties  eamphor,  preferably  in  the 
form  of  the  linimentvim  earnphora>,  U.  S.  P.  (twenty 
per  cent,  in  eotton-.seed  oil),  may  be  added  in  amounts 
of  from  10  to  2.5  c.c.  to  the  2.50  c.c.  of  pure  oil.  During 
the  atta<'ks  but  little  food  is  neees.sary;  milk  and 
milk  preparMtion.s,  brotlis  and  gruels,  and  occasion- 
ally some  whisky  or  branily  are  permissible.  Between 
the  attacks  (thiit  is  all  the  time  when  not  in  bed)  a 
proper  support  for  the  relief  of  the  enteroptosis  in 
general  and  the  ty[)hloptosis  in  particular  should 
be  worn.  A  course  of  oil  cnemata  according  to  the 
Kussmaul-Fleiner  method,  pursued  for  from  two  to 
four  months,  will  frequently  cau.se  increased  tonicity 
of  the  entire  large  intestine.  Bodily  e.xerci.se,  if 
possible  in  the  open  air.  should  be  insisted  upon.  A 
diet  rich  in  cellulose  often  assists  in  overcoming  the 
sluggishness  of  the  bowels.  In  three  of  my  cases  of 
typiilomyxorrhea  Wilms'  method  of  typhlope.\;y — 
an  operation  that  should  be  performed  in  well- 
selected  cases  only — has  apparently  afforded  per- 
manent relief. 

Other  Affections  of  the  Cecum. — Displace- 
ments and  neuroses  of  the  cecum  have  been  dealt 
with  under  the  headings  of  typhlatonia,  typhlospasm, 
and  tvphlomj'xorrhea.  The  cecum  is  not  e.\empt 
from  tlie  affections  and  disturbances  of  other  portions 
of  the  large  gut,  thus  varicoses  and  ulcerative  proc- 
esses are  by  no  means  rarities.  It  has  been  generally 
overlooked  that  it  is  the  cecum  whence  an  alimentarj' 
toxicosis  (wrongly  styled  intestinal  autointoxication) 
is  often  inaugurated.  Absorption  of  toxic  material 
from  the  cecum  may  occur  very  readily  on  account 
of  the  well-developed  lymphatic  apparatus  of  the 
cecum,  the  lymph  cells  of  which  are  larger  than  in 
any  other  part  of  the  intestine.  Carcinoma  and  tu- 
berculosis of  the  cecum  are  discussed  in  the  following 
section.  Heinrich   ^tern. 


Cecum     and     Appendi,\,     Diseases     of    the.    II. — 

Carcino.\i.\  of  the  Cecum. — This  is  usually  an  adeno- 
carcinoma. It  arises  from  the  cells  of  the  glands 
and  in  its  growth  cause.=i  a  diminution  in  the  caliber  of 
the  organ  and  in  time  extends  to  the  adjacent  ascend- 
ing colon  and  the  lower  end  of  the  ileum.  It  is  slow- 
in  growth  but  may  reach  a  very  large  size,  causing 
a  tumor  of  the  dimensions  of  a  child's  head  which  is 
plainly  visible  in  an  emaciated  individual  and  can 
be  readily  palpated.  The  corresponding  lymph 
glands  are  in  time  involved  and  adhesions  take  place 
with  the  omentum,  parietal  peritoneum,  and  adjacent 
viscera.  The  symptoms  may  be  very  insidious  in 
their  on.set  and  may  be  tho.se  only  of  constipation  and 
indefinite  discomfort  in  the  right  iliac  fossa.  There 
may  be  at  times  blood  in  the  stools  and  attacks  of 
partial  obstruction  with  tympanites,  vomiting,  etc. 
Obstruction,  however,  is  less  common  here  than  in 
the  lower  portions  of  the  large  intestine.  The  x-ray 
is  useful  in  the  diagno.sis  and  should  always  be 
employed  where  cancer  is  suspected,  as  in  other 
portions  of  the  alimentary  tract. 

Operative  treatment  offers  a  very  good  outlook  when 
the  case  is  brought  to  the  surgeon.  Even  in  cases 
when  enlarged  glands  are  already  present  and  adhesions 
have  taken  place,  the  results  of  operation  are  often 
unexpectedly  favorable.  On  this  account  the  case 
should  not  be  deemed  inoperable  as  it  would  be 
in  carcinoma  of  the  stomach,  for  example,  on 
account  of  immobiUty,  glandular  enlargement,  and 
omental  adhesions.  The  operation  of  choice  consists 
in  excision  of  the  portion  of  intestine  containing  the 
tumor,  closure  of  the  ascending  colon  and  lower 
end  of  ileum,  and  lateral  anastomosis  between  the 
lower  end   of   the   ileum   and    the    transverse    colon. 


The  operation  is  Ijcgun  by  dividing  the  parietal 
peritoneum  outside  and  parallel  to  the  cecum.  This 
moliilizes  the  cecum;  the  ascending  colon  and  lower 
ileum  are  then  ligatcd  and  the  enlarged  lymph  glands 
of  the  mesentery  removed.  The  intestine  thus 
being  mobilized  is  resected  between  clamps  and  the 
ends  of  the  colon  and  ileum  are  inverted  and  clo.sed  by 
means  of  a  purse-string  suture.  The  lateral  anasto- 
mosis is  made  by  the  use  of  clatnps  and  suturing  is 
done  with  I'ageiistecher  linen  thread.  If  the  tunior 
is  deemed  inoperable  on  account  of  adhesions  with 
adjacent  organs  or  if  thi're  is  acute  obstruction 
present,  a  palliative  operation  may  be  done  either  to 
sidetrack  the  growth  or  to  reli(^vc  the  obstruction  by 
means  of  an  artificial  anus.  In  the  former  case  a 
lateral  anastomosis  is  made  between  the  lower  end  of 
the  ileum  and  the  transverse  colon.  In  ca.se  of  acute 
obstruction  and  dilatation  a  fistula  will  have  to  be 
established  above  the  obstruction  preferably  in  the 
lower  end  of  the  ileum.  A  radical  operation  may 
then  be  performea  later. 

Ileocecal  Tuberculosis. — It  has  been  estimated 
that  eighty-five  per  cent,  of  cases  of  intestinal  tuber- 
culosis involve  the  ileocecal  region  and  this  is  the 
sole  location  of  the  disease  in  six  to  ten  per  cent, 
of  the  cases.  It  occurs  most  commonly  in  patients 
from  twenty  to  forty  years  of  age.  The  infection 
evidently  occurs  from  food  which  lies  for  some  time 
in  that  portion  of  the  intestinal  tract.  The  disease 
manifests  itself  in  two  ways,  either  as  a  combination 
of  ulceration  and  caseation  or  as  a  great  hyperpla.sia 
of  the  bowel  wall.  In  both  cases  the  disea.se  involves 
both  the  cecum  and  the  lower  end  of  the  ileum.  In 
the  ulcerative  form,  fistulae  may  form  discharging 
fecal  matter.  There  are  marked  adhesions  and 
agglutination  of  the  intestinal  coils.  In  the  hyper- 
trophic form  a  tumor-like  mass  is  formed,  made  up  of 
tlie  thickened  intestinal  -svalls  and  enlarged  lymphatic 
glands.  Narrowing  of  the  lumen  of  the  gut  results 
as  in  carcinoma,  although  not  to  the  same  degree. 
The  symptoms  may  resemble  those  of  chronic 
ai)pendicitis.  There  are  diarrhea  with  blood,  pain 
in  the  cecal  region,  and,  in  the  ulcerative  form,  abscess 
formation  and  the  opening  ot  fistuloe.  In  the  hyper- 
trophic form  the  symptoms  arc  indefinite  until  the 
production  of  a  tumor  mass  in  the  right  iliac  fossa. 
The  patient  becomes  weaker  from  the  pain,  diarrhea, 
and  fever  and  usually  dies  if  unrelieved  by  operation. 
It  is  very  often  difflcult  to  distinguish  between  the 
hypertrophic  form  and  malignant  disease. 

'The  treatment,  however,  is  the  same.  The  cecum 
and  lower  ileum  are  resected  in  the  same  way  as 
described  for  carcinoma  of  the  cecum.  Care  must 
be  taken  to  remove  all  infected  glands  and  to  make 
the  division  of  the  gut  at  sound  points  which  are 
suitable  to  suture.  The  results  of  operation  .  are 
fairly  favorable  as  regards  both  immediate  mortality 
and  freedom  from  further  symptoms.  Campiche 
compiled  statistics  of  a  series  of  .379  operations  with 
18.6  per  cent,  mortality.  Of  those  living  more  than 
one-third  remained  in  good  health  for  months  and 
even  years  afterward. 

Appendicitis. — It  was  not  until  the  year  1S86  that 
the  appendix  was  definitely  determined  to  be  the 
starting-point  of  the  great  majority  of  inflammatory 
conditions  found  in  the  right  lower  quadrant  of  the 
abdomen.  Since  that  date  tlie  hterature  on  the  appen- 
dix has  assumed  vast  proportions  and  the  number  of 
operations  for  tlie  removal  of  this  offending  member 
have  been  legion.  No  other  acute  abdominal  condi- 
tion has  received  the  attention  that  has  been  given  the 
inflammations  of  this  organ  and  no  abdominal  opera- 
tion is  so  common  as  appendectomy  or  incision  of  an 
appendicular  abscess. 

Etiology. — Several  factors,  working  either  .separate- 
ly or  combined,  enter  into  the  causation  of  diseases 
of    the    appendix.     Heredity  is  frequently  of   influ- 
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enoe.  This  shows  itself  in  an  abnormal  structure, 
location,  or  shape  of  the  organ,  which  predisposes 
it  to  inflammatory  change.  Thus,  for  example,  we 
find  in  members  of  a  family  a  flexion  or  torsion  of 
the  organ  which,  in  the  presence  of  other  causes,  will 
result  in  the  occurrence  of  perhaps  several  cases  of 
appendicitis  in  that  familj'.  The  naturally  poor  blood 
supply  of  the  organ  is  also  a  factor  in  the  causation  of 
necrosis  and  subsequent  inflammation.  If  anj'  causes 
accentuate  this  lack  of  blood  supply,  such  as  an  acute 
twist,  the  conditions  are  ripe  for  an  inflammatory 
invasion.  The  internal  structure  of  the  organ  also 
favors  infection.  There  is  an  abundance  of  lymphoid 
tissue  under  the  mucous  membrane  which  easily 
becomes  swollen,  occluding  the  lumen  and  thus  favor- 
ing retention  of  secretion  and  resulting  in  inflamma- 
tion. Constipation  has  a  marked  influence  in  the 
production  of  the  disease.  It  favors  not  only  con- 
gestion, but  also  the  passage  of  fecal  material  into  the 
appendix,  resulting  in  fecal  concretion  and  conse- 
quent retention  of  secretions.  Foreign  bodies  are 
sometimes  found  within  the  appendix  as  causative 
factors  but  this  is  not  of  such  a  common  occurrence 
as  was  formerly  thought.  Inflammatory  conditions 
in  the  mucous  membrane  of  the  cecum  may  extend 
to  the  appendix  and  cause  more  serious  results  in  this 
organ.  It  may  be  said  in  general  that  any  factor 
which  causes  an  interference  with  the  drainage  of  the 
appendix  into  the  cecum  is  of  importance  in  the 
etiology  of  appendicitis.  Free  drainage  is  essential 
to  the  healthy  condition  of  the  organ  and  retention  of 
secretion  favors  inflammation.  For  this  reason  a 
second  attack  of  appendicitis  is  very  likely  to  foUow 
the  first.  The  first  attack  results  in  permanent 
changes,  notably  a  thickening,  or  formation  of  a 
stricture  which  interferes  with  drainage  of  that  part 
beyond  the  stricture  with  consequent  retention, 
inflammation,  and  perforation. 

The  bacteria  normallj'  present  in  the  intestine, 
particularly  Bacillus  coli  communis,  are  the  most 
common  ones  associated  with  the  infection.  The 
usual  pus  organisms  are  often  found  associated  with 
the  former. 

Pathology. — We  divide  appendicitis  into  two  gen- 
eral varieties,  acute  and  chronic.  The  former  may  be 
subdivided  as  follows: 

1.  Simple  or  catarrhal. 

2.  Suppurative  \     .  j^  ^^  without  perforation. 
6.   Gangrenous  J  ^ 

The  changes  in  the  first  catarrhal  form  are  largely  con- 
fined to  the  mucous  membrane.  The  latter  is  the 
seat  of  hyperemia,  ecchymosis,  swelling,  and  pos.-ibly 
superficial  erosion.  The  lumen  maj'  contain  fecal 
matter,  a  concretion,  or  a  foreign  body.  There  may 
be  serum  present.  The  entrance  into  the  cecum  may 
be  closed  and  the  organ  more  or  less  distended.  The 
serous  coat  may  be  normal  or  hyperemic  and  be 
covered  with  a  deposit  of  fibrin  forming  thin  adhe- 
sions. The  organ  as  a  whole  may  be  somewhat  en- 
larged, firmer  than  usual,  and  adherent.  The  out- 
come of  this  form  is  either  complete  resolution  or  the 
appendix  may  be  left  somewhat  thickened  and 
adherent,  favoring  a  second  attack. 

In  the  suppurative  variety  the  changes  in  the  organ 
are  more  inten.se.  The  mucous  membrane  is  very 
hyperemic,  swollen,  infiltrated,  perhaps  necrotic  in 
spots,  and  even  perforated.  The  lumen  will  contain 
pus  and  may  be  closed  at  one  point  and  distended 
beyond.  The  serous  coat  is  intensely  hyperemic,  is 
adherent  to  the  surrounding  structures,  and  may  be 
perforated. 

The  organ  as  a  whole  is  greatly  enlarged.  The 
adjacent  intestines  are  hyperemic  and  edematous 
and  there  may  be  an  absce.ss,  which  is  either  intra- 
peritoneal or  extraperitoneal  depending  upon  the 
.situation  of  the  appendix.  The  veins  in  the  neighbor- 
hood may  be  the  seat  of  a  septic  thrombus.  In  this 
variety  there  may  be  changes  distant  from  the  appen- 


dix, such  as  a  collection  of  seropurulent  material  in 
the  pelvis,  general  spreading  peritonitis,  subphrenic 
abscess,  abscess  in  the  liver  or  lung,  empyema,  etc. 
Finally  a  general  condition  of  sepsis  or  ."septicopyemia 
may  exist. 

In  gangrenous  appendicitis  the  pathological  changes 
are  tho.se  of  necrosis,  partial  or  complete.  The 
entire  organ  may  be  converted  into  a  greenish 
slough.  At  other  times  a  portion  of  the  organ  is  so 
affected  and  the  remainder  shows  the  changes  of 
suppurative  inflammation.  The  gangrene  is  usually 
due  to  the  cutting  off  of  the  blood  supply  from  the 
acuteness  of  the  inflammation  or  the  pressure  uf  a 
concretion.  Sooner  or  later  the  organ  perforates  at 
the  .site  of  the  gangrene  allowing  the  escape  of  the 
contents  of  the  appendix  in  the  form  of  exudate  or  a 
concretion.  The  changes  in  the  vicinity  of  the  ap- 
pendix are  the  same  as  those  described  in  the  sup- 
purative variety  and  include  the  formation  of  a 
localized  abscess  or  a  general  spreading  peritonitis. 
The  abscess  that  is  formed  in  either  variety  may  have 
a  variety  of  locations  depending  upon  the  location  of 
the  appendix  and  may  perforate  in  a  number  of  direc- 
tions. The  usual  ones  are  into  the  general  peritoneal 
cavity,  the  intestine,  and  through  the  abdominal  wall. 
Symptoms. — Acute  Appendicitis. — In  the  acute 
catarrhal  form  the  patient  gives  a  history  of  sudden 
onset  often  following  an  error  in  diet,  exposure  to 
cold,  etc.  The  first  symptom  is  pain  which  is  some- 
times felt  diffusely  over  the  abdomen,  sometimes  in 
the  epigastrium  or  the  umbilical  region,  and  more 
rarely  is  experienced  from  the  first  in  the  right  iliac 
fossa.  The  pain  is  cramp-like  in  character  and  is 
often  mistaken  by  the  patient  or  his  physician  for 
s'mple  intestinal  coUc.  The  pain  generally  increases 
in  severity  during  the  first  few  hours.  Following 
the  onset  of  pain  the  patient  usually  becomes  nau- 
seated and  maj'  or  maj"  not  vomit.  It  is  unusual  in 
the  mild  cases  for  the  patient  to  vomit  after  the  first 
few  hours.  The  bowels  are  likely  to  be  constipated 
and  there  is  frequently  some  tympanites.  The 
fever  lises  within  a  few  hours  to  100°,  101°,  or 
even  a  little  higher;  the  pulse  may  be  only  slightly 
accelerated,  rareh-  above  100.  The  patient  usually 
feels  sick  enough  to  go  to  bed.  On  palpation  of  the 
abdomen  there  is  a  sensation  of  muscular  rigidity 
on  the  right  half  of  the  abdomen  due  chiefly  to 
involuntary  contraction  of  the  right  rectus.  This 
localized  muscular  rigidity  is  of  great  diagno.stic 
importance  and  should  be  carefully  looked  for  bv 
comparison  with  the  opposite  side.  There  is  an  area 
of  tenderness  in  the  right  iUac  fossa  which  may  be 
more  or  less  diffu.se  with  a  point  of  maximum  tender- 
ness at  a  point  midway  between  the  anterior  superior 
spine  of  the  ilium  and  the  umbiUcus  (McBurney's 
point!.  In  some  cases  the  tenderness  is  located 
only  at  this  point.  These  cases  are  not  associated 
with  much  muscular  rigidity.  The  rigidity  may 
interfere  with  the  determination  of  a  swelling  beneath 
the  muscles  but  under  anesthesia  it  may  be  possible 
to  feel  very  distinctly  an  enlargement  due  to  thick- 
ening of  the  appendix  and  matting  together  of  the 
adjacent  tissues,  such  as  the  intestine  and  the  omen- 
tum. It  is  more  often  that  no  mass  can  be  made 
out  even  under  anesthesia.  The  blood  count  shows 
a  varving  degree  of  leucocytosis  usually  not  higher 
than  10.000,  with  an  increased  percentage  of  poly- 
nuclear  cells  ranging  from  seventy-five  to  eighty-five 
per  cent. 

In  the  suppurative  and  gangrenous  cases  the 
symptoms  above  noted  are  much  more  severe.  The 
onset  is  usually  more  sudden  and  stormy  and  from 
the  start  the  patient  gives  the  impression  of  being 
more  seriously  iU.  The  severity  of  the  onset  is 
often  a  good  guide  to  the  seriousness  of  the  patho- 
logical changes  in  the  organ.  The  cases  associabed 
with  total  gangrene  may  begin  with  a  distinct  chill. 
The  pain,  tenderness,  and  muscular  rigidity  are  more 
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marked  and  nausea  and  vomiting  are  more  constantly 
present.  The  temperature  is  on  a  In'glier  level, 
reacliinK  101°  or  102.5°,  and  the  pulse  rate  rises  to 
110  or  higher.  The  right  thigh  is  often  drawn  up  by 
the  patient  to  relax  the  psoas  musele.  On  palpation 
the  local  muscular  rigidity  is  found  and  after  a  few 
hours  a  mass  can  often  be  felt  through  the  tense 
abdominal  wall.  This  mass  is  due  to  the  enlarged 
appendi.v  aUjne  or  combined  with  the  matted  intes- 
tines and  omentum,  or  to  an  abscess  outside  the  ap- 
pendi.K  either  intraperitoneal  or  extraperitoneal.  The 
size  of  the  mass  nas  thus  wide  variations  and  if 
caused  by  an  al  scess  may  reach  an  enormous  size. 
Ordinarily  the  mass  can  be  felt  from  in  front  by  the 
palpating'  hand,  and  when  large  gives  dulness  or 
flatness  on  percussion.  In  the  retrocecal  variety 
the  ma.ss  may  not  be  palpable  except  by  placing  one 
hand  in  front  and  tlie  other  behind  so  that  the 
tumor  is  brought  between  the  two  hands.  Failure 
to  resort  to  tliis  pro  edure  will  often  cause  the 
physician  to  overlook  the  presence  of  this  variety 
of  abscess.  If  not  promptly  evacuated  the  abscess 
may  give  rise  to  a  gradual  spreading  of  the  infection 
to  the  rest  of  the  peritoneal  surface,  causing  in  time  a 
diffuse  peritonitis.  If  the  absce.'^s  ruptures  into  the 
general  cavity  a  rapidly  spreading  peritonitis  results, 
which  will  prove  fatal  unless  promptly  treated  by 
operation.  This  rupture  is  associated  with  sudden 
tearing  pain,  subnormal  temperature,  and  diffusion 
of  the  abdominal  symptoms  over  the  whole  abdomen. 
The  most  common  cause  of  general  peritonitis  is 
suppurative  appendicitis  and  a  large  percentage  of 
the  cases  of  the  latter  will  go  on  to  peritonitis  if  left 
to  themselves.  Hence  the  importance  of  early  re- 
cognition and  early  operation  in  appendicitis.  It  is 
furthermore  important  to  remember  when  a  case  of 
general  peritonitis  presents  itself,  that  the  appendix 
is  the  most  common  starting-point  and  hence  the 
abdomen  should  be  opened  near  the  same  so  as  to 
remove  the  diseased  organ  as  the  first  step  in  the 
treatment.  The  fully  developed  peritonitis  is  easy 
of  recognition.  It  is  the  progressive  variety  that 
may  elude  the  observation  of  the  physician,  so 
gradual  maj'  be  the  spreading  of  the  process  from  the 
localized  area.  Careful  examination  of  the  patient 
should  in  most  cases  lead  to  a  correct  diagnosis  of 
a  spreading  infection.  The  patient  begins  to  look 
sicker,  the  abdomen  frequentlj'  becomes  more 
tympanitic,  and  vomiting  which  may  have  ceased 
after  the  onset  of  the  attack  usually  begins  again 
and  is  more  marked.  The  abdominal  rigidity  which 
was  before  localized  now  becomes  more  diffuse  and 
the  same  is  true  of  the  tenderness.  The  patient 
complains  of  a  more  general  pain  in  the  abdomen 
and  may  lie  with  both  knees  fle.^ed.  The  temperature 
rises  to  a  point  two  or  three  degrees  higher  than 
before,  and,  what  is  most  important  from  a  diagnostic 
standpoint,  the  pulse  rate  rises  and  may  reach  130 
to  150.  The  leucocyte  count  also  rises  in  the  cases 
showing  good  body  resistance  and  the  percentage 
of  polynuclear  cells  is  very  high — eighty  to  ninety 
per  cent.  The  patient  becomes  progressively  restless 
and  the  respirations  are  rapid  and  more  superficial. 

Treatment. — The  treatment  of  the  simple  catarrhal 
cases  may  be  expectant  and  s\-mptomatic.  An  ice- 
bag  is  applied  to  the  right  side  of  the  abdomen  or  if 
heat  is  preferred,  a  hot-water  bag  or  stupes.  The 
ice  is  preferable  if  well  borne.  The  bowels  maj-  be 
moved  at  the  onset  by  calomel  and  salts,  but  later 
it  is  better  to  use  a  daily  enema.  The  patient  is  put 
upon  a  fluid  diet,  and  is  kept  in  bed  until  the  pain, 
tenderness,  and  rigidity  have  disappeared  and  the 
temperature  and  pulse  are  normal.  The  question  of 
operation  wiU  come  into  consideration  in  these  mild 
eases.  If  the  patient  is  seen  during  the  subsidence 
of  the  attack  it  is  well  to  wait,  and  then  advise  him 
to  have  the  appendi.K  removed  after  the  attack  is 
over  and  before  another  attack  occurs.     If  seen  at 
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the  out-set,  and  the  diagnosis  is  sure,  I  believe  that 
the  safe  course  is  to  have  the  operation  done,  as  one 
is  not  sure  what  the  next  hours  will  bring.  It  is 
unquestionably  safer  to  operate  at  once  than  to  run 
the  risk  of  a  rapid  course  with  perforation,  spreading 
peritonitis,  etc.  A  mild  onset  may  mean  a  mild 
course,  but  this  is  not  always  the  case,  and  what  was 
thought  a  simple  catarrhal  case  may  develop  into  one 
of  a  severe  type. 

The  danger  from  early  operation  is  certainly  less 
in  the  long  run  than  that  from  the  expectant  method 
of  tn^atment. 

In  the  suppurative  and  gangrenous  cases  we  should 
operate  when  the  case  is  first  .seen,  whether  in  the 
first  hours  of  the  attack  or  at  the  expiration  of  days. 
The  severity  of  the  onset  is  a  good  guide  as  a  rule  to 
the  seriousness  of  the  pathological  changes  in  the 
appendix.  If  the  patient  has  very  intense  pain,  a 
chill,  an  unusually  high  temperature,  marked  local 
rigidity  or  local  tenderness,  and  an  excessive  degree 
of  vomiting,  or  appears  very  ill  wo  should  expect 
to  find  a  badly  inflamed  or  damaged  organ.  The 
presence  of  one  of  these  factors  in  an  exaggerated 
form  should  impell  us  to  immediate  operation.  A 
great  advantage  of  early  operation  from  a  technical 
stand-point  is  the  simplicity  of  the  procedure  as 
compared  with  the  difficulty  in  cases  which  have  gone 
on  to  perforation  or  marked  adhesions  of  the  organ  to 
adjacent  structures.  If  removed  early,  the  inflamed 
and  swollen  appendix  can  simply  be  tied  off,  the  stump 
cauterized  or  infolded,  and  the  abdomen  dosed  with- 
out drainage.  If  perforation  has  occurred  it  will  be 
necessary  in  addition  to  drain  the  abscess  cavity 
for  a  longer  or  shorter  period.  In  one  case  the 
patient  may  leave  the  hospital  in  a  week  or  ten  daj's, 
in  the  other  case  he  may  be  confined  to  bed  for  weeks 
and  the  sinus  may  not  close  for  months. 

Technique  of  Operation. — The  location  of  the 
incision  depends  upon  the  method  employed  in 
dividing  the  muscular  wall.  In  case  of  the  Mc- 
Burney  or  gridiron  method  the  skin  incision  should 
cross  the  line  from  the  anterior  superior  spine  of  the 
ilium  to  the  umbilicus  at  a  point  about  one  and  one- 
half  inches  from  the  anterior  superior  spine  and 
should  be  two  to  three  inches  in  length.  The  ap- 
oneurosis of  the  external  oblique  is  divided  in  the 
course  of  its  fibers  and  then  the  internal  oblique  and 
transversalis  muscles  are  split  in  the  course  of  their 
fibers  which  run  at  right  angles  to  the  incision  through 
the  skin  and  aponeurosis.  The  transversalis  fascia 
and  peritoneum  are  finally  divided  and  the  abdomen 
opened. 

In  the  cases  without  perforation  or  an  abscess  the 
appendix  is  found  by  following  down  the  anterior 
band  of  the  cecum  to  the  base  of  the  appendix,  the 
rest  of  the  intestines  being  if  necessary  held  out  of  the 
way  by  pads  or  packing  gauze.  The  free  margin  of 
the  mesentery  of  the  appendix  is  held  by  an  artery 
clamp  and  the  mesentery  tied  off  in  sections  with 
plain  catgut,  on  a  ligature  carrier,  until  the  cecum 
is  reached.  The  appendix  being  now  free  is  crushed 
near  its  base  by  a  clamp  and  ligated  at  the  crushed 
portion  with  plain  catgut.  The  cut  end  is  cauterized 
by  means  of  pure  carbolic  acid  followed  by  alcohol 
or  by  means  of  the  thermocautery.  It  is  sufficient  to 
allow  the  stump  thus  sterilized  to  remain  free  or  it  may 
be  turned  into  the  cecum  bj'  inversion  and  secured  by 
a  purse-string  stitch,  or  the  cut  edge  may  be  covered 
by  a  cuff  of  peritoneum.  The  abdomen  is  then  closed 
without  drainage  provided  no  necrotic  tissue  at  the 
stump  or  elsewhere  is  left  behind.  In  cases  where 
an  abscess  is  present  the  latter  is  located,  the  in- 
testines walled  off  to  prevent  contamination,  and  the 
pus  allowed  to  escape  on  stick  sponges  until  the 
cavity  is  empty.  If  the  abscess  is  a  fresh  one,  i.e. 
of  a  few  days'  duration,  it  is  usually  safe  to  search 
for  the  appendix  and  remove  the  same  in  the  way  just 
described.     In  an  abscess  of  some  standing,  e.g.  ten 
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days  or  longer,  it  is  safer  simply  to  drain  the  abscess 
cavity  without  attempting  to  remove  the  appendix, 
which  is  usually  hemmed  in  by  adhesions,  the  breaking 
through  of  which  might  cause  a  spreading  of  the 
infection  to  the  unsoiled  peritoneum.  Under  these 
circumstances,  drainage  alone  is  employed.  In 
many  such  cases  the  appendix  has  already  sloughed 
away.  It  may  heal  up  and  give  no  further  trouble, 
while  in  other  instances  it  may  require  a  second 
operation  for  its  removal.  The  important  thing  in 
these  cases  is  to  save  life,  not  risk  it  by  doing  too 
much,  and  leave  the  question  of  dealing  with  the 
appendix  to  a  subsequent  time. 

For  drainage  purposes  rubber  tubing  is  the  most 
desirable  form  when  considerable  pus  is  present  or 
expected  during  the  subsequent  course.  This  may  be 
used  alone  or  with  a  piece  of  gauze  inside  the  tube 
and  projecting  from  both  ends.  As  soon  as  the  pus 
diminishes  in  amount,  a  piece  of  rubber  tissue,  en- 
closing a  gauze  wick  (cigarette  drain)  may  be  substi- 
tuted. In  most  of  the  earlj'  cases  where  an  abscess  has 
not  had  time  to  form,  and  yet  the  stump  contains 
necrotic  or  infectious  material,  the  rubber  tissue 
drain  is  the  method  of  choice.  Complete  closure  of 
the  cavity  without  drainage  is  proper  only  when  no 
necrotic  or  infected  tissues  are  left  behind  in  the 
stump,  omentum,  etc.  After  leaving  the  operating 
table,  the  patient  should  be  given,  in  all  suppurative 
cases,  some  form  of  saline  administration  by  rectum. 
The  most  efficacious  is  the  Murphy  drip  method, 
which  may  be  kept  up  for  several  days  with  inter- 
missions. Pain  may  be  combated  with  smaU  doses 
of  morphine  during  the  first  twenty-four  hours.  The 
rectal  tube  or  an  enema  aids  very  materially  in  re- 
ducing the  discomfort  from  gas.  Bowel  movements 
should  be  secured  at  first  by  enema  and  later  some 
form  of  catharsis  is  allowable,  preferably  calomel  and 
salts.  Cases  that  are  complicated  by  peritonitis 
require  special  measures  to  combat  the  general  as 
weU  as  the  local  inflammation.  The  first  indication 
is  to  remove  the  infected  appendix  as  above  described 
and  then  to  proceed  to  get  rid  of  the  purulent  exudate. 
In  the  earlier  stage  when  the  latter  is  confined  to  the 
pelvis  it  may  be  sufficient  to  sponge  it  out  with  gauze. 
When  it  is  disseminated  through  the  abdominal  cavity 
sponging  is  unsatisfactory  and  resort  may  be  had  to  ir- 
rigation with  saline,  or  to  aspiration  by  means  of  a 
suction  apparatus.  For  irrigation  purposes  a  Blake 
tube  is  very  useful  as  it  allows  the  introduction  and 
removal  of  the  saline  solution  to  be  accomplished 
in  the  various  localities  of  the  peritoneal  cavity 
where  the  pus  is  most  abundant.  Such  localities 
are  the  pelvis,  the  right  and  left  gutter  outside  the 
ascending  and  descending  colon,  the  upper  surface 
of  the  liver,  etc.  A  modification  of  the  tube  can  be 
used  in  connection  with  a  suction  apparatus.  The 
important  point  in  the  evacuation  of  the  pus  is  to 
avoid  undue  exposure  and  manipulation  of  the 
intestines.  Such  exposure  and  manipulation  not 
only  add  very  seriously  to  the  shock  from  the  opera- 
tion, but  also  damage  the  serous  surfaces,  thus  dimin- 
ishing the  absorption  power  of  these  surfaces  and 
the  elimination  of  the  poisonous  products  within  the 
cavity.  Neglect  of  tnis  precaution  will  sacrifice 
many  a  life  which  would  have  been  saved  if  too 
rigorous  an  attempt  had  not  been  made  to  get  rid  of 
every  drop  of  pus.  Tlie  peritoneal  surfaces  are  able 
to  take  care  of  con-siderable  purulent  material  and 
hence  they  should  be  relied  upon  to  do  so. 

The  one  important  thing  is  not  to  injure  these  sur- 
faces and  thus  reduce  their  absorbing  power.  The 
surgeon  who  fulfils  *he  main  indication  without  un- 
necessary prolongation  of  the  operation  or  undue 
exposure  of  the  intestines  will  get  the  best  mortality 
results.  The  radical  methods  formerly  emploj-ed 
had  a  very  high  mortality,  and  have  been  properly 
superseded  by  the  simpler  and  shorter  procedures. 
An  incision  three  inches  in  length  is  sufficient  to  carry 
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out  all  the  necessarj'  procedures  of  the  simplified 
technique  and  insures  not  only  a  low  mortality  but 
also  stronger  and  less  disabhng  scars.  As  a  general 
rule  it  is  not  necessary  or  advisable  to  drain  in  cases 
of  peritonitis  to  any  further  extent  than  the  appendix 
region  requires.  .\  separate  drainage  tube  running 
down  into  the  pelvis  does,  however,  no  harm  and  may 
be  useful  in  washing  out  later  any  accumulation  of 
pus  in  the  pelvis.  The  use  of  counterincisions  in  the 
opposite  flank,  or  of  rectal  or  vaginal  openings  is  very 
seldom  necessary  and  it  is  to  be  avoided  on  account  of 
prolonging  the  time  of  operation. 

After  operation  the  patient  is  given  saUne  by  rec- 
tum, preferably  in  the  form  of  the  Murphy  drip.  The 
Fowler  position  in  which  the  head  of  the  bed  is  raised 
two  or  three  feet  is  of  undoubted  value  in  causing  a 
gravitation  of  the  fluid  left  in  the  abdomen  toward 
the  pelvis  drain.  The  bowels  are  moved  bj'  high 
enemata  of  ox-gall  or  turpentine  and  as  soon  as  the 
patient's  stomach  will  tolerate  it,  calomel  is  given 
followed  by  salts.  Should  the  distention  be  extreme, 
and  the  bowels  not  move  in  spite  of  repeated  high 
enemas  and  catharsis,  incision  of  the  intestine  may  be 
considered  for  relief  of  the  distention  and  escape  of 
intestinal  contents.  The  mortality  of  operation  for 
general  peritonitis  following  appendicitis  has  been 
lowered  within  the  last  few  years  verj-  materially  and 
largeh-  through  the  introduction  of  the  methods  of 
operating  just  given. 

Chronic  Appendicitis. — As  the  result  of  repeated 
attacks  of  the  milder  forms  of  appendicitis  a  chronic 
condition  of  the  organ  follows.  Each  acute  attack 
results  in  further  change  in  the  organ  already  damaged 
by  the  first  attack.  The  mucous  membrane  of  a 
chronically  inflamed  appendi.x  shows  often  atrophy 
and  cicatrices.  The  result  of  the  latter  is  stricture 
of  the  lumen,  causing  retention  of  secretion.  The 
portion  below  the  stricture  may  be  dilated  and  con- 
tain old  pus  or  an  enterolith.  There  may  be  a  concre- 
tion at  one  point  which  likewise  causes  interference 
with  drainage.  There  are  frequently  extensive  adhe- 
sions about  the  organ,  binding  it  to  adjacent  struc- 
tures such  as  the  cecum,  omentum,  small  intestine, 
ovary,  etc.  The  wall  of  the  appendix  is  thickened  and 
the  lumen  may  be  completely  obliterated. 

The  sjimptoms  produced  by  such  an  appendix 
appear  either  in  the  form  of  attacks  with  a  free  inter- 
val of  health  or  the  patient  may  have  constant 
digestive  disturbances  of  a  local  or  general  character. 
He  suffers  from  local  discomfort,  flatulence,  constipa- 
tion, and  general  ill  health.  When  the  appendix  is 
the  cause,  removal  of  the  same  will  cause  a  rapid 
disappearance  of  the  symptoms  and  maj'  restore  the 
individual  to  perfect  health,  who  had  been  for  years 
a  chronic  invalid  with  dyspeptic  symptoms.  The 
operation  in  these  cases  is  very  simple  and  corresponds 
to  that  for  acute  catarrhal  appendicitis.  No  drainage 
is  necessary-  as  a  rule  and  the  patient  is  often  up  and 
about  on  the  eighth  day.  By  way  of  differential 
diagnosis  it  may  be  stated  here  that  many  cases 
supposed  to  be  chronic  appendicitis  on  account  of  the 
location  of  the  pain  and  other  disturbances  in  the 
right  iliac  fossa  are  in  reality  cases  of  displacement  or 
abnormal  mobility  of  the  cecum  alone  or  also  of  the 
colon.  Ptosis  of  these  organs,  with  or  without 
movable  kidney,  is  a  verj'  common  condition  especially 
in  the  young  undernourished  female. 

Removal  of  the  appendix  in  these  cases  often  shows 
it  to  be  normal,  and  the  expected  beneficial  effect  of 
the  operation  is  not  obtained.  On  the  other  hand 
it  is  equally  true  that  an  appendix  which  at  first  sight 
appears  to  be  normal,  may  be  found  on  more  careful 
examination  to  have  certain  pathological  changes 
which  caused  the  symptoms  referable  to  it.  Morris 
has  shown  that  the  nerve-endings  in  the  appendix 
may  be  compressed  bj'  abnormal  involution  of  the 
organ  thus  causing  severe  pain  or  neuralgia  and  reflex 
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iisturbaiiPi'S  of  digestion.  It  may  require  the  iiiifro- 
ioope  to  (li'tect  tlie  anatomical  changes  in  tlic  wall  of 
.he  appendix  but  removal  of  such  an  organ  often 
-esults  in  complete  disappearance  of  the  abdominal 
;yini)toms. 

There  are  certain  factors  which  influence  and  modify 
ippendicilis  and  deserve  consideration  even  in  a  short 
realise  on  the  subject.     These  are,  childhood,  typhoid 
lever,  and  pregnancy. 

Appkndk-itis  in  the  Child. — So  far  as  frequency 
s  concerneil  the  disea.se  is  very  rare  under  the  agi>  of 
ive,  but  its  frequency  increa.ses  greatly  after  that 
ear  and  it  is  extremely  common  between  ten  and 
ifteen.  In  regard  to  etiology,  round  worms  un- 
loubtedly  play  a  role  in  children  which  is  not  the 
ase  in  adults".  In  a  boy  of  ten  I  found  three  large 
ound  worms  in  an  appendicular  abscess.  One  of 
hese  was  alive. 

The  symptoms  of  the  disease  in  children  are  often 
•ery  vague.  The  child  does  not  localize  the  pain  and 
enderness  with  sufficient  accuracy  in  most  cases  to 
nake  the  diagnosis  easy  before  a  definite  mass  is 
lalpable  in  the  right  iUac  fossa.  Sometimes  the  child, 
f  carefully  watched,  will  be  observed  to  keep  the 
land  on  the  right  side  of  the  abdomen.  Examination 
ler  rectum  is  of  help  in  children  for  the  purpose  of 
iiaking  out  a  mass  in  the  pelvis.  In  the  early  stages 
t  is  very  easy  to  mistake  for  acute  appendicitis 
everal  acute  conditions  which  are  associated  with 
bdominal  pain.  Such  are  the  onset  of  pneumonia, 
he  infectious  diseases,  particularhf  scarlet  fever,  and 
yphoid,  acute  indigestion,  intestinal  obstruction,  and 
oxitis.  .\11  of  these  conditions  should  be  thought 
ver  carefully  before  the  diagnosis  of  appendicitis  is 
:iade  and  an  operation  advised.  After  the  formation 
f  a  psoas  abscess  in  connection  with  Pott's  disease 
he  error  is  often  made  of  mistaking  the  abscess  for 
uppurative  appendicitis.  Reliance  will  have  to  be 
lade  here  upon  the  history  of  the  onset,  the  presence 
f  pain  in  the  spine  or  a  kyphosis,  and  the  prominence 
f  abdominal  or  intestinal  symptoms.  The  treatment 
f  acute  appendicitis  in  children  does  not  as  a  rule 
squire  the  promptness  that  is  so  often  essential  in 
he  adult.  In  other  words  the  waiting  policy  will  on 
he  whole  give  satisfactory  results.  If  there  is  any 
oubt  of  the  diagnosis  it  is  far  better  to  wait  until  the 
ical  signs  are  unmistakable.  It  will  then  be  pos- 
ble  to  avoid  the  error  of  operating  upon  a  case  of 
neumonia  or  pleurisy,  acute  indigestion,  and  the 
ther  conditions  enumerated  above,  wh'ch  have  been 
)  often  confused  with  appendicitis.  The  child  does 
ot  suffer  from  delay  in  operating  to  the  same  extent 
3  the  adult.  On  the  other  hand  abdominal  section 
)r  pneumonia  or  other  acute  infectious  disease  may 
ave  very  disastrous  results.  Even  the  neglected 
ases  of  large  appendicular  abscess  and  of  general 
ippiirative  peritonitis  in  children  show  a  very  low 
lortality  in  good  hands.  The  technique  of  these 
oerations  has  been  so  improved  and  the  child's 
atural  resistance  is  so  good  that  deaths  after  opera- 
on  in  children  are  very  exceptional. 

Appendicitis  and  Typhoid  Fever. — The  dif- 
rential  diagnosis  of  the.se  conditions  may  be  difficult, 
any  cases  of  typhoid  show  at  the  on.set  marked 
jdominal  symptoms  sometimes  referable  to  the 
ght  iliac  fossa.  This  has  led  in  many  ca.ses  to 
)eration  with  the  removal  of  a  normal  or  congested 
)pendix,  and  the  patient  has  then  gone  on  to  a 
■pical  attack  of  typhoid.  Such  a  mistake  brings 
.scredit  upon  the  physician  and  may  seriou.sly 
implicate  the  case.  The  high  fever,  the  more 
arked  prostration,  the  headache,  and  the  slower 
iset    are     important    diagnostic    points    favoring 

phoid. 

During  the  course  of  the  typhoid  fever  when  there 

no  doubt  about  the  nature  of  the  disease  it  is 


possible  for  an  appendicitis  to  develop  of  a  mild  or 
severe  degree.  This  may  be  a  mere  coincidence  or 
may  be  due  to  typhoid  ulceration  in  lheap[)endix  with 
local  signs  of  appendicular  inflammation  or  perforation. 
It  may  then  l)e  a  doubtful  (piestion  between  perfora- 
tion of  the  ileum  and  ai)])endieitis.  It  is  wise  in  these 
ca.ses  to  be  conservative  if  the  diagnosis  of  appendicitis 
is  made.  Abdotninal  section  in  tlie  course  of  typhoid 
is  a  serious  matter  and  should  be  done  only  in  the 
presence  of  a  definite  indication.  The  mere  diagnosis 
of  an  iMfliimed  appendix  is  not  sufliclent.  It  must  be 
evident  that  the  condition  of  the  appenfiix  is  a  real 
menace  to  the  individual  and  that  allowing  it  to 
remain  would  be  more  dangerous  than  its  removal. 
If  operation  is  done  the  shortest  possible  lime  should 
be  consumed,  with  the  least  handling  of  the  inflamed 
intestines. 


Appendicitis  and  Pkegnancy. — It  is  doubtful 
whether  the  condition  of  pregnancy  has  any  etiolog- 
ical bearing  upon  the  development  of  appendicitis. 
Appendicitis  is  such  a  common  di.sease  in  the  child- 
bearing  age  that  it  is  not  surprising  that  many  cases  de- 
velop during  the  months  of  pregnancy.  It  is  possible, 
however,  for  an  appendix  which  has  been  the  seat  of 
antecedent  inflammation  to  have  formed  adhesions 
in  the  vicinity  of  the  enlarging  uterus  with  the  result 
that  a  fresh  attack  is  brought  about  by  the  new 
conditions  in  the  pelvis.  If  the  patient  has  a  bad 
attack  during  pregnancy  and  is  not  operated  upon 
before  delivery  it  is  possible  that  the  violent  con- 
tractions of  the  uterus  or  the  sudden  diminution  in  its 
size  after  delivery  may  have  a  very  disastrous  effect 
upon  the  local  focus  about  the  appendix.  This  may 
mean  not  only  a  stirring  up  of  the  disease  but  an 
actual  rupture  either  of  the  appendix  or  of  a  peri- 
appendicular abscess  with  rapidly  spreading  peri- 
tonitis. As  regards  the  effect  of  appendicitis  upon 
the  pregnancy  it  has  been  found  that  premature 
delivery  has  occurred  in  many  cases  with  no  un- 
toward effects  upon  the  chDd.  In  case  of  premature 
delivery  associated  with  septic  peritonitis  death  of  the 
fetus  and  the  mother  might  be  expected. 

The  prognosis  of  acute  appendicitis  in  the  pregnant 
woman  has  therefore  to  be  given  guardedly  and  the 
c|uestion  of  operation  is  a  most  important  one.  The 
earlier  the  attack  occurs  in  the  course  of  the  preg- 
nancy the  better  the  prognosis.  Operations  at  an  early 
stage  would  have  the  advantage  of  freeing  the  individ- 
ual from  a  possible  menace  at  the  time  of  parturition. 
If  the  attack  occurs  late  in  the  pregnancy  we  must 
be  guided  by  the  severity  of  the  attack  in  regard  to 
operative  interference.  A  mild  attack  can  safely  be 
allowed  to  subside  and  operation  postponed  until  later. 
In  case  of  a  severe  attack  early  operation  would  be  the 
safest  plan  as  no  risk  will  then  be  run  of  abscess  for- 
mation or  general  peritonitis,  both  of  which  may  be 
fraught  witii  most  serious  consequences  both  for  the 
mother  and  the  child.  Cases  of  intermediate  .severity 
require  great  judgment  but  here  one  should  lean  rather 
toward  radical  than  conservative  measures  as  one  is 
not  sure  just  how  seriously  the  appendix  is  involved 
and  how  much  infectious  material  may  be  left  behind 
after  an  apparent  cure.  A  small  infectious  focus  can 
be  lighted  up  after  the  act  of  parturition  and  a  rapidly 
fatal  result  may  ensue.  To  avoid  this  great  risk  the 
lesser  risk  from  a  premature  delivery  should  be 
assumed.  A  skilful  operation  should  prevent  in 
most  cases  premature  delivery  as  there  would  be  very 
little  handling  of  the  intestines  or  other  traumatism  to 
produce  uterine  contractions.  If  a  serious  attack 
develops  in  the  days  following  delivery  prompt 
measures  are  necessary  as  the  prognosis  is  very  bad 
from  delay.  Such  cases  often  mean  that  an  appen- 
dicular abscess  has  ruptured  on  account  of  the  sudden 
diminution  in  the  size  of  the  uterus  which  may  have 
formed  part  of  the  protecting  wall  of  an  abscess. 
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Carcinoma  of  the  Appendix. — This  is  usually 
primary  and  occurs  in  young  subjects  most  commonly 
of  the  female  sex.  It  is  closelj'  allied  to  chronic 
inflammation  of  that  organ.  MacCarty  and  Mc- 
Grath  have  shown  from  a  study  of  5,000  appendecto- 
mies that  cancer  occurs  once  in  every  225  cases  of 
chronic  appendicitis.  In  some  cases  the  tumor  has 
been  situated  at  a  point  of  stenosis  resulting  from 
several  attacks  of  appendicitis.  It  is  a  well-known 
pathological  fact  that  carcinoma  is  prone  to  develop 
in  atrophic  or  rudimentary  structures  of  which  the 
appendix  is  a  good  example.  The  irritation  from  a 
concretion  or  other  foreign  body  might  theoretically 
have  some  etiological  bearing  on  the  development  of 
carcinoma  but  such  a  relationship,  as  in  gallstones, 
has  not  been  established  probably  because  the  ap- 
pendix concretions  are  not  so  irritating  to  the  mucous 
membrane  as  gallstones. 

The  age  of  the  patient  in  whom  a  carcinoma  of  the 
appendix  has  been  found  at  operation  or  autopsy  is 
usually  under  thirty.  This  age  corresponds  very 
closely  with  that  of  acute  inflammation  of  the 
organ. 

The  clinical  signs  of  carcinoma  of  the  appendix 
are  not  as  a  rule  characteristic  and  have  not  in  the 
past  been  sufficiently  differentiated  from  chronic 
inflammation  to  make  po.s.sible  a  diagno.sis  between 
the  two  conditions  before  operation.  If  the  car- 
cinoma causes  perforation  of  the  appendix  the  usual 
symptoms  of  perforative  appendicitis  will  ensue.  In 
case  a  large  ma,ss  results  from  the  growth  differentia- 
tion may  be  hard  to  make  from  an  appendicular 
abscess  of  long  standing,  as  well  as  from  a  carcinoma 
starting  in  the  cecum.  The  cases  thus  far  operated 
upon  have  shown  a  decidedly  favorable  outcome 
as  regards  recurrence.  In  fact  local  and  general 
metastases  seem  to  be  long  delayed  and  the  tumor 
in  other  respects  runs  a  more  benign  course  than 
those  in  other  parts  of  the  intestinal  tract.  With  the 
increasing  tendency  to  operate  early  for  appendicular 
.symptoms  more  cases  of  carcinoma  wiU  come  to 
light  and  the  patients  will  be  operated  upon  at  an 
early  stage  before  the  tumor  has  reached  a  large  size 
or  involved  adjacent  tracts. 

Sarcoma  op  the  Appendix. — This  is  very  rare  and 
only  isolated  cases  are  found  described  in  medical 
literature.  There  are  no  special  features  which  make 
it  possible  to  differentiate  this  tumor  from  carcinoma. 
Sarcoma  also  occurs  most  commonly  in  young 
subjects.  Benjamin  T.  Tilton. 


Cedar  Keys. — A  small  town  of  about  2,000  inhabi- 
tants, situated  upon  the  gulf  side  of  Florida,  155 
miles  southwest  from  Fernandina,  with  which  it  is 
connected  by  railroad.  As  will  be  seen  from  the 
accompanying  climatic  chart,  the  climate  is  a  mild 
equable  marine  one,  with  a  large  number  of  clear 
and  fair  days: 

The  winter  climate  is  said  to  be  milder  than  that 
found  upon  the  east,  or  Atlantic,  coast  of  Florida. 
The  facilities  for  bathing,  boating,  and  hunting  are 
also  said  to  be  good.  So  far  as  climatic  conditions 
are  concerned.  Cedar  Keys  differs  but  little  from 
Tampa,  about  100  miles  farther  south  on  the  .same 
coast,  but  the  former  has  not  become  a  "resort"  like 
the  latter,  and  has  no  such  accommodations  as  exist 
at  Tampa.  The  drainage  and  water  supply  are  also 
.said  to  be  questionable.  Although  Cedar  Keys  is 
reputed  to  be  "extremely  healthful,"  one  would 
hardly  care  to  send  an  invalid  there  unless  he  were 
sure  of  obtaining  adequate  accommodations  and 
favorable  hygienic  conditions.  These  latter  are  quite 
as  essential  as  a  favorable  climate  in  the  selection  of 
a  health  resort. 
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Climate  of  Cedak  Kets, 

Fla. 

jAtitude,  29°  8':   Longitude 

83°  2' ;  Period  op  Observation,  Fodr  Years. 

Data. 

1 

i 

3 

(1 

1 

i 

s 

■g 

1 

>< 

p 

•-s 

P=. 

Temperature  (Fahr.) — 

Average  or  normal 

59.5° 

59.8° 

62.0° 

63.9° 

71.3* 

Average  daily  range 

12.1° 

12.1 

12.2 

12.5 

Mean  of  warmest '65.6 

64.4 

68.8 

71 

-Mean  of  coldest '53.5     :52.3 

56.6 

58.5 

Highest  or  maximum 78           77 

79 

82 

Lowest  or  minimum 22          ^32 

35 

40 

Humidity — 

Average  relative IsO .  8  <Tc  81  % 

75.4% 

71.5% 

75.4?; 

Precipitation — 

Average    rainfall    in' 

inches.                                  j  2 .  "3      5.31 

2.98 

3.58 

58.02 

Wind—                                                    j 

Prevailing  direction j  N.E.      N.E. 

N.E. 

S.W. 

N.E, 

Average  hourly  velocity  1               j 

in  miles.                               ;  8.5     }  9 

9.6 

11.1 

9.2 

Weather —                                i 

Average  number  of  clear                 i  - 

days.                                   14         1  8.5 

13.8 

14 

158.4 

Average  number  of  fair 

days.                                      11.4 

14.7 

9.2 

12.2 

149.4 

Average  number  of  clear 

and  fair  days.                   j25.4     123.2 

23 

26.2 

307.8 

Edward  0.  Otis. 

Cedron  Seeds. — The  seeds  of  Simaba  cedron  (P 
Br.)  Planch,  (fam.  SimarubacecE).  The  plant  is  a 
small  tree  of  Northern  South  America,  and  is  consider- 
ably cultivated  in  the  tropics.  It  yields  an  edible 
fruit  about  the  size  of,  and  somewhat  resembling,  a 
large  peach.  The  solitary  seed  is  similar  to  a  Brazil 
nut  in  both  form  and  size.  In  their  home,  the  seeds 
have  a  high  repute  as  an  antiperiodic,  and  trials  with 
them  here  have  largely  supported  these  claims.  Their 
use  as  an  alternative  of  the  cinchona  products  appears 
well  justified.  The  white  or  whitish  crystalline  vola- 
tile amaroid  ccdrin  appears  to  be  the  active  constitu- 
ent, though  the  presence  of  an  alkaloid  has  been 
claimed.  Cedrinis  solulile  in  both  water  and  alcohol. 
Cedron  seed  is  commonly  given  in  the  form  of  the 
fluid.extract,  the  dose  of  which  is  TTl  i.  to  viij.  (0.06-0.5). 

Henry  H.  Rdsbt. 

Celandine. — See  Chelidoneum. 

Celery. — This  well-known  succulent  vegetable, 
Aphini  graveolcns  L.  (f.am.  UmbellifercB),  is  distilled 
in  the  fresh  state  for  a  delicious  volatile  oil  which  is 
used  for  flavoring.  The  fruit,  however,  is  the  impor- 
tant part  from  the  standpoint  of  materia  medica, 
and  is  recognized  in  the  National  Formulary.  It  is 
similar  to  the  other  cremocarps  of  the  familj',  hut  is 
very  small,  only  one-twenty-fifth  inch  in  length, 
broadly  ovate,  dark  brow-n,  hard  and  smooth.  In 
the  cultivated  garden  varieties,  each  mericarp  has 
ix  unbranched  oil  tubes,  but  in  the  wild  state  these 
are  making  two-forked  near  the  base.  It  is  largely 
used  in  its  O'mi  form  for  flavoring  purposes  and  as  a 
carminative,  similarly  to  its  relatives,  and  in  doses 
of  5  ss.  to  i.  (2.0-4!0).  Its  volatile  oil,  containing 
ILmonene,  is  also  largely  used  for  the  same  purposes. 
T  Henry  H.  Rusby. 


Celiac  Disease. — This  condition,  also  known  as 
morbus  coeliacus,  belly  affection,  and  acholia,  was 
first  described  in  1888  by  Samuel  Gee'  under  the  name 
"celiac  affection,"  from  the  Greek  KoiXia,  meaning 
belly.  The  ancient  writers,  Aretaeus  and  Aurelian, 
had  however,  referred  to  probably  the  same  condition 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Celiac  Disease 


under  the  term  "celiac  diathesis."  Gee  defines 
celiac  disease  as  a  form  of  chronic  indigestion  that 
occurs  at  any  period  of  life,  but  chiefly  between  the 
ages  of  one  and  five  years,  the  largest  number  of 
cases  occurring  during  the  second  year  of  life.  Its 
most  conspicuous  manifestation  is  the  condition  of 
the  feces,  which  are  loose  but  not  watery,  pale, 
yeasty,  frothy,  or  of  an  appearance  somewhat  like 
that  of  oatmeal  porridge.  Another  characteristic  of 
the  stools  is  the  stench,  which  is  the  result  of  putre- 
faction. The  color  may  vary  from  a  pure  white  to  a 
dirty  drab,  and  there  may  be  sometimes  a  slight 
yellowish  admixt\ire.  These  appearances  are  due  to 
the  marked  diminution  or  complete  absence  of  bile. 
The  so-called  ''diarrhea  alba"  of  India  is  referred  to  as 
a  simila'r  condition.  The  term  "diarrhea  chylosa" 
was  also  formerly  applied  to  this  group  of  cases. 
Englishmen  returning  from  India  sometimes  bring 
this  disease  back  with  them.  Diarrhea  alba  may 
however  occur  in  adults  who  have  never  been  out- 
side of  England.  The  causes  of  celiac  disease  are 
obscure.  Children  affected  with  it  are  not  all  weak. 
.\s  regards  the  etiological  influence  of  errors  of  diet, 
it  is  noted  that  among  the  children  of  a  family  all 
of  whom  eat  the  same  food,  one  child  may  develop 
celiac  disease  while  the  others  may  be  free  from  it. 
No  definite  pathological  changes  have  been  discovered. 
The  onset  of  the  disease  is  as  a  rule  gradual.  But  it 
may  start  suddenly  like  an  accidental  diarrhea. 
Wasting  Is  a  conspicuous  manifestation,  being  more 
pronounced  in  the  limbs  than  in  the  face.  There  is 
great  muscular  weakness,  and  occasionally  muscular 
tenderness.  Cachexia  is  constant.  There  is  marked 
pallor,  and  edema  of  the  limbs  may  be  present.  The 
spleen  is  sometimes  enlarged.  The  patient's  loss  of 
color  resembles  that  of  splenic  disease  or  of  ma- 
laria. The  abdomen  is  soft,  doughy,  and  inelastic, 
and  sometimes  distended  and  tense.  There  nay  be 
flatulence.  The  appetite  is  variable.  In  some  cases 
there  is  an  evening  rise  of  temperature.  The  three 
pathognomonic  features  of  tliis  disease  are  the 
diarrhea  alba,  the  emaciation,  and  the  cachexia. 
Ulceration  of  the  intestines  may  produce  all  the  fea- 
tures of  celiac  disease.  In  children  chronic  ulceration 
of  the  intestines  is  often  tuberculous  or  syphilitic,  and 
but  seldom  dysenteric.  The  diagnosis  of  ulceration 
hangs  upon  the  presence  of  a  considerable  amount  of 
pus  in  the  stools. 

The  course  of  the  disease  is  slow.  It  may  last  months 
or  years.  Death  is  the  common  termination,  result- 
ing usually  from  some  intercurrent  disorder.  Recov- 
ery may  be  complete  or  incomplete.  In  the  former 
case  the  patient  is  left  with  a  weakness  of  the  limbs 
which  is  observed  after  all  other  tokens  of  the  disease 
have  disappeared.  There  is  a  tendency  to  relapses. 
While  the  disease  is  active  the  child  ceases  to  grow; 
even  on  recovery  it  is  left  frail  and  stunted. 

The  diagnosis  of  celiac  disease  rests  upon  the  recog- 
nition in  a  child  usually  imder  five  years  of  age.  of 
the  following  group  of  sjTUptoms:  the  large,  acholic, 
and  fetid  stools;  the  distended  abdomen;  the  emacia- 
tion; the  cessation  of  growth;  and  the  pallor.  The 
chief  diSiculty  in  the  diagnosis  is  the  exclusion  of  tu- 
berculous peritonitis  which  may  be  accompanied  by 
most  or  even  all  of  these  s\inptons.  Prolonged  obser- 
vation, and  the  performance  of  the  diagnostic  tests 
for  tuberculosis  vrill  eventually  enable  one  to  decide 
whether  or  not  the  case  is  one  of  tuberculous  peri- 
tonitis. The  development  of  ascites  or  the  presence 
of  enlarged  mesenteric  glands  will  remove  any  doubt 
as  to  the  tuberculous  nature  of  the  condition.  The 
enlarged  abdomen  of  rickets,  of  Hirschsprung's  dis- 
ease, of  splenomegaly,  of  hepatic  cirrhosis,  and  of 
chronic  intestinal  indigestion  may  simulate  that  of 
celiac  disease.  The  diagnosis  of  intestinal  infantilism, 
which  further  study  may  show  to  be  identical  with 
celiac  disease,  depends  upon  the  identification  of  the 
characteristic  microorganisms  in  the  feces. 


The  treatmenl  consists  chiefly  in  regulation  of  the 
diet.  Cows'  milk  is  lea.st  suited  for  these  cases,  but 
asses'  milk  is  well  borne.  If  the  latter  cannot  be 
obtained,  one  may  use  whey,  or  cream  anrl  water. 
There  should  he  only  a  small  allowance  of  farinaceous 
food.  The  skin  should  be  kept  clean  and  warm. 
Fresh  air  is  ncce.s.sary,  but  muscular  exercise  is  not  to 
be  indulged  in.  The  drugs  recommended  are  carbon- 
ate of  bismuth  and  aromatic  chalk  powder,  and 
occasionally  a  do.se  of  the  compound  decoction  of  aloes. 

The  use  of  bismuth  and  soda  for  the  looseness  of  the 
stools,  of  salol  and  the  sulphocarbolates  for  the  j)utre- 
faction,  and  of  chloral  and  bromides  for  the  nervous 
irritation;  and  the  administration  of  hepatic  stimu- 
lants, such  as  brandy,  tincture  of  podophyllin,  sodium 
salicylate,  and  ammonium  chloride  are  advised  by 
Cautley."  This  oV«erver  also  suggests  that  glycocho- 
late  of  sodium  may  be  tried,  as  the  bile  .salts  stimulate 
biliary  secretion;  that  small  doses  of  gray  powder  are 
useful,  and  that  iron  and  arsenic  may  be  administered 
during  convalescence.  He  also  notes  that  codliver  oil 
is  generally  injurious,  and  that  the  seaside  is  rarely 
beneficial.  If  future  observation  reveals  the  identity 
of  celiac  disease  and  intestinal  infantilism,  then  a  ra- 
tional mode  of  treatment  would  be  the  administration 
of  a  vaccine  made  from  the  alleged  causative  bacteria. 
Freeman  refers  to  the  good  effects  noted  by  Bramwell 
in  a  case  of  this  nature  by  the  administration  of  pan- 
creatic extract.  This  method  of  treatment  would 
also  be  justified  on  the  basis  of  the  observation,  al- 
ready mentioned,  of  a  case  of  obstruction  of  the  pan- 
creatic duct,  in  which  the  clinical  picture  was  one  of 
celiac  disease.  W'hipham'  recommends  that  the  colon 
should  be  irrigated  once  or  twice  dail.v,  and  that 
abdominal  massage  may  be  employed  later  as  the  con- 
dition improves.  Goodhart  and  StUP  allude  to  the 
beneficial  effect  of  a  restricted  diet,  particularly  the 
limitation  of  fats  and  carbohydrates,  and  to  the  use  in 
obstinate  cases  of  peptonized  foods. 

AcHOLiA. — W.  B.  Cheadle^  describes  the  same  con- 
dition under  the  name  "acholia."  He  points  out  that 
minor  degrees  of  this  affection  are  not  uncommon. 
Only  the  severe  forms  are  rare.  The  disease,  though 
.serious,  is  seldom  fatal.  The  main  characteristic  of 
the  affection  is  the  absence  of  bDe  from  the  feces.  At 
the  same  time  there  is  no  jaundice.  Sir  Joseph  Fayrer 
has  described  a  similar  condition  of  the  stools  in  the 
white  diarrhea  of  the  tropics,  and  P.  IManson  and  G. 
Thin  have  noted  the  same  condition  in  .sprue.  T.  J. 
Walker^  reported  two  cases  of  complete  obstruction  of 
the  pancreatic  duct,  in  one  of  which  a  condition  of 
colorless  stools  persisted  for  more  than  twenty  years. 
These  cases  occurred  in  adults  over  fifty  years  of  age. 
The  white  diarrhea  of  the  tropics  is  also  a  disease  of 
adult  life.  Cheadle  describes  the  stools  in  acholia  as 
pale,  fawn,  cla}",  or  straw  colored,  having  the  appear- 
ance of  putty  or  of  white  paint.  In  the  differential 
diagnosis  of  acholia  it  must  be  borne  in  mind  that 
white  stools  may  be  caused  by  a  number  of  other 
conditions.  Temporary  white  stools  may  be  the  re- 
sult of  dietetic  excesses,  gout,  and  chronic  nephritis. 
Diarrhea  alba  and  sprue  must  also  be  ruled  out. 
Infants  fed  exclusively  or  chiefly  on  milk  also  have  light 
stools,  but  these  have  a  yellowish  or  brownish  tint. 
The  typical  acholic  stools  are  dirty  gray  or  white  with 
the  absence  of  any  yellowish  tinge.  They  are  greasy, 
glistening,  and  fatty;  are  extremely  offensive;  and  are 
voluminous.  The  disease  may  set  in  gradually  or 
abruptly.  At  first  there  may  be  a  rise  of  temperature, 
especially  if  there  is  diflScult  dentition.  But  the 
temperature  may  be  normal  or  subnormal.  The 
child  has  no  appetite  and  is  pallid,  languid,  and  en- 
feebled. In  one  case  in  which  the  stools  were  analyzed, 
these  showed  in  addition  to  the  characteristic  appear- 
ances above  described,  the  following  changes:  They 
were  slightly  alkaline  and  contained  85.46  per  cent, 
water.     The  dried  feces  consisted  almost  entirelv  of 
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fat.     Normal  feces  contain  only  from  twelve  to  six- 
teen per  cent,  of  fat. 

Cheadle  notes  that  the  pathology  of  this  condition 
is  extremely  obscure.  A  number  of  possibilities 
suggest  themselves.  Acholia  may  be  due  to  the  ab- 
sence of  bile,  to  the  absence  of  bile  pigment,  to  the 
fact  that  although  the  bile  may  enter  the  intestine  it 
may  be  subsequently  absorbed,  or  to  the  fact  that  the 
bile  pigment  may  be  so  changed  in  transit  tlirough  the 
intestine  that  it  faUs  to  color  the  feces.  Walker,  on 
the  basis  of  the  pancreatic  duct  obstruction  found  in 
one  of  his  cases,  suggested  that  there  is  some  defect 
in  the  transformation  of  the  biliary  pigment,  so  that 
this  is  not  converted  into  the  hydrobilirubin  of  the 
feces.  He  believes  that  this  transformation  is  nor- 
mally effected  bj-  the  pancreatic  secretion,  and  that  the 
absence  of  the  secretion  accounts  for  the  absence  of 
the  normal  color  of  the  feces.  Cheadle  does  not  ac- 
cept this  explanation,  for  he  has  found  that  the  admin- 
istration of  bile  to  patients  suffering  from  acholia 
gives  rise  to  the  passage  of  greenish  stools.  He  be- 
Ueves  that  in  these  eases  the  function  of  the  liver  and 
possibly  also  of  the  pancreas  is  interfered  with.  He 
bases  this  theory  upon  the  follo^\-ing  facts :  the  stools 
are  greasy,  acid  or  slightly  alkaline,  and  extremely 
offensive,  which  changes  can  be  accounted  for  by  the 
absence  of  bile  and  of  its  antiseptic  influence;  the 
stools  are  large  on  account  of  the  imperfect  digestion 
and  absorption  of  fat;  and  the  patient  is  emaciated 
and  anemic  in  consequence  of  this  defective  digestion 
and  absorption  of  fat.  In  one  of  Cheadle's  cases 
there  was  a  defective  elimination  of  urea,  the  lu^ine 
containing  only  0.45  per  cent,  of  this  substance,  and 
an  excess  in  the  nimiber  of  leucin  crystals  in  the  urine. 
Postmortem  examination  in  these  cases  reveals  no 
abnormality  in  the  liver,  although  in  some  cases  there 
is  an  enlargement  of  the  spleen.  In  sprue  there  have 
been  described  necrotic  erosions  of  the  mucous  mem- 
brane of  the  stomach  and  intestines.  IManson  be- 
lieves that  these  erosions  are  secondary  to  starvation. 
Gibbons  advances  the  theory  that  acholia  is  of  ner- 
vous origin,  basing  this  view  upon  the  recognized  in- 
fluence of  the  nervous  system  upon  glandular  secretion. 
Cheadle  regards  acholia  as  the  result  of  a  dental  irri- 
tation reflex  or  of  a  surface  chill.  In  the  treatment  he 
recommends  the  use  of  predigested  starches,  broths, 
beef  tea,  fresh  meat,  skim  milk,  malted  bread  and  bis- 
cuits, and  fresh  fruits.  The  looseness  of  the  stools  is 
to  be  controlled  with  opium  and  bismuth.  The 
chloride  of  iron  with  arsenic  has  a  good  tonic  effect  in 
these  cases.  Brandy  in  doses  of  ten  to  sixty  drops 
is  an  effective  hepatic  stimulant.  G.  F.  Still'  ques- 
tions whether  the  absence  of  bile  from  the  stools 
should  be  regarded  as  a  disease  sni  generis.  He 
believes  that  this  deficiency  is  rather  a  symptom  of 
indigestion  in  infancy  and  childhood. 

Intestinal  Inf.vntilisu. — In  1908  C.  A.  Herter^ 
described  a  form  of  infantilism,  which  he  termed  in- 
testinal infantilism.  (See  Infantilism.)  There  is  such 
a  striking  similarity  between  the  cases  belonging  to 
this  group,  and  the  cases  of  celiac  disease  described  by 
earlier  writers,  that  one  is  inclined  to  regard  the  two 
conditions  as  identical.  The  symptoms  of  intestinal 
infantilism  are  an  arrested  bodily  development  with 
slight  mental  retardation;  marked  abdominal  disten- 
tion; a  mild  degree  of  secondary  anemia;  pronounced 
bodily  and  mental  fatigue  following  slight  exertion; 
and  a  tendency  to  looseness  of  the  stools,  which  are 
acholic  and  of  grayish  color  and  contain  an  excess 
of  fat,  and  a  large  amount  of  fatty  acids  and  soaps. 
The  ordinary  bacteria  are  absent  from  the  feces  in 
these  cases.  Gram-positive  microorganisms  predom- 
iriate.  The  principal  bacteria  present  are  the  Bacillus 
bifidus  of  Tissier,  the  Bacillus  acidophilus  and  the  Bac- 
illus infantilis.  There  are  characteristic  changes  in 
the  urine  which  is  increased  in  amount  and  contains 
an  excess  of  ethereal  sulphates  and  large  amounts  of 
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aromatic  oxyacids.  No  satisfactory  explanation  of 
the  causation  of  this  condition  has  as  yet  been  made. 
R.  G.  Freeman*  suggests  that  the  condition  of  the  in- 
testinal contents  interferes  with  the  absorption  of 
nutriment,  which  fact  in  turn  accounts  for  the  cessa- 
tion of  grow-th.  It  may  be  noted  that  Geeepointed 
out  that  children  suffering  from  celiac  disease  do  not 
grow  during  the  periods  when  this  disease  is  active. 

Alex-\nder  Spixgarn. 
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Cell. — A  cell  is  one  of  the  elementary  forms  of 
organized  substances  of  animals  and  plants.  It  is 
irreducible  into  more  simple  parts  except  by  mechan- 
ical or  chemical  means;  it  is  therefore  the  histological 
unit. 

In  recent  years  the  belief  has  arisen  that  the  cell  is 
not  the  ultimate  living  unit  of  the  animal  or  vegetable 
organism,  but  that  the  protoplasm  and  nucleus 
consist  of  ultramicroscopic  granules,  apart  from  the 
visible  granules,  representing  groups  of  molecules. 
These  are  the  micella  of  Nageli,  the  biophores  of 
Weisniann,  and  the  biogens  of  Vem-om  (1908).  These 
seem  to  fulfil  all  the  functions  of  the  bioplasm  and 
have  specific  characters  in  different  cells.  Those 
biophores  or  groups  of  biophores  that  con.stitute 
the  nuclear  chromatin  of  the  germ  ceUs  are  assumed  by 
Weismami  to  include  the  representatives  of  all  the 
specific  biophores  of  the  somatic  cells  and  so  represent 
transmitters  of  hereditary  qualities. 

Historical. — It  is  to  the  botanists  that  the  credit  of 
the  discovery  of  the  minute  structure  of  living  matter 
is  due.  At  the  end  of  the  seventeenth  century 
Malpighi  and  Grew  demonstrated  the  fact,  although 
Leeuwenhoek  anticipated  the  same  in  published 
drawings,  that  plant  tissue  was  made  up  of  small 
spaces  with  firm  walls,  and  that  these  spaces  were 
fiUed  vdth  fluid.  They  called  these  spaces  cells, 
from  the  Latin  "cella,"  a  little  cavity  or  space. 
Further  investigation  showed  Fontana  that  this 
plant  cell  contained,  in  addition  to  the  fluid,  a  some- 
what granular  substance  and  that  this  granular  mass 
contained  a  darker  spot,  which  spot  we  now  know 
to  be  the  nucleus.  It  was  R.  Brown  (18.31)  who 
recognized  the  nucleus  to  be  an  integral  portion  of 
the  cell. 

Investigation  of  animal  tissue  by  Schwann,  Pur- 
kinje,  Valentin,  MuUer,  and  Henle  (1830-40)  showed 
that  it  was  composed  of  elements  similar  to  those 
of  plant  tissue.  In  1838  Schwann,  as  the  result  of 
his  investigations,  announced  the  fact  that  animal 
and  plant  tissues  were  made  up  of  similar  elements, 
and  he  defined  these  elements,  the  cells,  as  "small 
vesicles,  with  firm  walls,  enclosmg  fluid  contents." 
It  was  Schwann  who  advanced  the  idea  that  the  cell 
was  the  basic  unit  of  higher  animal  organisms  and  this 
"cell  theory"  stiU  maintains. 

As  the  investigation  of  the  plant  cell  continued,  it 
was  found  that  in  many  instances  it  was  completely 
filled  by  this  granular  substance.  F*urkinje,  in  184(), 
called  this  protoplasm,  but  this  term  did  not  come 
into  general  use  until  von  Mohl  applied  it,  in  1S40, 
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to  the  living  substance  of  plant  cells.  The  same  sub- 
stance hatl  been  liescribed  by  Dujardin  in  the  Infusori- 
ans  as  "sarcode"  and  it  was  soon  recognized  that 
these  two  substances  possessed  tlie  same  properties. 

Up  to  this  time  the  cell  wall  was  considered  an 
essential  structure  and  when  masses  of  protoplasm 
without  cell  walls  were  found,  although  identical  in 
protoplasmic  structure  with  the  accepted  cell,  they 
were  called  protoplasmic  bodies  by  Remak.  It 
became  soon  recognized  bv  Leydig  (ISrjO)  and  empha- 
sized by  M.  Schultz  (ISCiO)  "tliat  the  cell  wall  was 
frequently  absent  and  hence  not  an  essential  str\icture. 
This  paved  the  way  for  Leydig's  definition  of  a  cell — 
"a  mass  of  [irotoplasm  furnished  with  a  nucleus" — 
that  still  holds  to-day.  This  definition,  however, 
is  not  absolute  as  certain  cells  of  the  human  body 
(red  blood  cells  and  platelets)  possess  no  nucleus. 
In  addition,  as  pointed  out  by  IJobell  (1909)  many 
protozoans  and  phytozoans  possess  no  micleus  Imt 
particles  of  a  basichromatic  nature,  called  clirvmidia 
that  take  the  place  of  the  nucleus. 

SxRUCTnHE  OF  THE  Cell. — A  great  deal  has  been 
learned  with  regard  to  the  structure  of  the  cell  within 
the  last  decade.  These  discoveries  will  be  considered 
in  the  discussion  of  the  structiire  of  a  cell.  The 
parts  of  a  typical  cell  (Fig.  1270)  are  as  follows: 

o.  Spongioplasm. 

b.  Hyalopla.sm. 

a.  Chromatin. 

6.  Achromatin. 


1.  Cytoplasm 

2.  Nucleus        < 


3.  Centrosome. 

4.  Nucleolus. 

5.  Cell  wall. 


Fig.  1270. — Diagram  ul  a  Cell,  fi,  t-xoplasm;  b,  microaomes; 
c,  spongioplasm;  d,  hyaloplasm;  e,  chromatiu;  /,  karyoaome;  g, 
centrosome;  h,  nucleolus;  i,  vacuole. 

1.  The  cytoplasm  (cell  body,  protoplasm)  is  a  rather 
viscid  substance,  usually  neutral  in  reaction  and  com- 
posed of  (a)  water  that  comprises  about  two-thirds  of 
the  weight;  (6)  inorganic  substances  as  compounds  of 
calcium,  potassium,  sodium,  and  chlorine,  phosphorus 
and  oxygen,  the  latter  free  or  in  combination;  (c) 
organic  salts,  us\ially  of  phosphorus  and  iron  in  the 
form  of  proteins  and  nucleoproteins.  In  addition, 
certaiii  nonprotein  siibstances  as  lecithin  and  choles- 
terin  are  essential  components  of  protoplasm. 

Living  protoplasm,  as  in  Atncba  Umax,  even 
under  tlie  highest  magnification  shows  no  apparent 
structure,  while  in  other  cells  a  reticular  structure 
may  be  seen.  This  reticular  structure  is  brought 
out  clearly  in  all  cells  by  the  use  of  fixing  agents. 


At  present  there  are  two  theories  in  regard  to  the 
structure  of  protoplasm,  the  reticular  which  is  sup- 
ported by  most  of  the  investigators  and  the  honey- 
comb or  foam  structure  as  advocated  by  Biitschli 
and  his  followers.  Hiitsclili  maintained  that  this 
reticular  str\icture  really  represented  a  honeycomb 
and  th.it  the  network  was  an  illusion. 

Following  the  reticidar  theory,  the  cytoplasm  con- 
sists of  two  main  portions,  the  network  called  the 
spongioplasm  or  cytoreticulum  (Fig.  1270)  and  the 
hyaloplasm  or  cylolymph,  that  fills  the  interstices. 
These  vary  in  proportion  in  the  difTercnt  cells.  In 
young  cells  the  hyalojjlasm  i)redominates,  but  as  the 
cells  grow,  the  spongiojjlasm  increases  while  the 
hyalopla.sm  relatively  decreases.  In  the  hyaloplasm 
and  at  the  nodal  points  of  the  reticulum  are  seen 
.small  bodies  called  microsomes,  that  tend  to  give  the 
protoplasm  a  granular  appearance.  These  bodies 
are  usually  absent  near  the  periphery  of  the  cell  and 
that  area  constitutes  the  ectoplasm. 

In  the  highly  specialized  nerve  and  muscle  cells  a 
greater  fibrillar  differentiation  is  noted  so  that  the 
ordinary  appearance  of  protoplasm  is  hidden.  These 
fibrils  are  also  constant  structures  in  glandular  and 
ciliated  cells,  though  in  a  lesser  degree.  Fibrillation 
is  also  noted  as  a  transitory  character  in  dividing  cells. 


Fig.   1271. — Nerve  Cell  Showing  Corpuscles  of  Nissl  and  Fibrils 
(Mitochondria)  in  the  Protoplasm. 

In  the  hyaloplasm  other  structures  besides  micro- 
somes are  seen.  These  may  be  (1)  grannies,  as  seen  in 
gland  cells,  leucocytes,  and  the  nerve  cells  (Nissl's  cor- 
puscles) ;  certain  other  granules  seem  to  be  connected 
with  the  formation  of  contractile  fibrils  and  other  active 
portions  of  the  cell  protoplasm  and  have  been,  there- 
fore, called  mitocJiondria.  (Fig.  1271.)  >SometLmes 
these  fibrils  thus  formed  collect  into  a  spherical  mass 
near  the  nucleus  and  then  receive  the  name  of  para- 
nucleus or  chondromilome.  Mitochondria  have  been 
carefully  investigated  in  the  past  five  years.  In 
animal  cells  they  have  been  studied  especialh'  by 
Meves  (1909),  Duesberg  (1910)  and  in  plant' celfs 
by  Lewitzky  (1911),  Rudolp  and  Guilliermond  (1912). 
Maximow    (1913)    studied   the.se    granules    in    living 
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plant  cells  and  corroborated  the  works  of  others 
upon  fixed  tissues.  These  granules  seem  related  to 
metabolic  activities  of  the  cell,  to  the  formation  of 
fibrillse  in  muscle  tissue,  and  in  plant  cells  to  the 
formation     of    the    trophoplasts     and     cUoroplasts. 

(2)  Fat  globules  occur  in  the  hyaloplasm  of  some  cells : 

(3)  vacuoles,  clear  areas  of  variable  size;  (4)  pigment: 
(5)  glycogen;  (6)  crystals  and  crystalloids. 

Canaliculi  in  the  C}-toplasm  were  first  noted  in 
nerve  cells  by  Golgi  '(1898)  and  in  glandular  cells 
by  Negri  (1900)  and  in  epithelium  by  Holmgren 
(1902).  Since  then  they  have  been  demonstrated 
in  many  cells.  Holmgren  believed  these  to  be  per- 
manent channels  in  the  ceU  protoplasm,  while  von 
Bergen  insists  that  they  are  transitory. 

The  protoplasm  responds  to  certain  -stains  as 
eosin,  carmine,  and  the  acid  aniline  dyes,  called  proto- 
plasmic stains. 

In  1892  Biitschli  published  the  results  of  his 
observations  on  the  minute  structure  of  cytoplasm. 
He  claimed  that  the  reticular  appearance  was  due 
to  the  fact  that  it  was  a.  foam  or  emulsion,  being  made 
up  of  numerous  microscopic  vacuoles,  the  walls  of 
which  were  in  close  apposition,  so  that  the  microscope 
showed  them  only  in  optical  section  and  not  their 
surfaces.  In  order  to  confirm  this  theory  he  made 
niimerous  experiments  and  finally  succeeded  in  pro- 
ducing what  he  called  '•  artificial"  c;i-toplasm,"  which 
when  viewed  with  the  microscope  had  nearly  the  same 
appearance  as  the  spongioplasm  of  a  cell.  This 
artificial  c>-toplasm  was  made  by  rubbing  up  olive 
oil  with  cane  sugar  or  potassium  hydrate.  A  drop 
of  this  mixture  was  placed  on  a  slide,  a  small  drop 
of  water  was  added,  and  the  wliole  was  covered  with  a 
cover  glass,  the  weight  of  which  spread  it  out  in  a 
thin  la.ver.  From  these  experiments  he  concluded 
that  c^iioplasm  was  a  mixture  of  fluids  of  different 
densities,  the  heavier  forming  the  walls  of  the  vacuoles, 
while  the  lighter  collected  in  their  ca\-ities. 

2.  The  nucleus  (Fig.  1270)  is  usually  a  sharply 
outlined  portion  and  conforms  in  general  to  the  shape 
of  the  cell.  It  is  usually  completely  surrounded  by 
the  cytoplasm,  but  in  some  cells  it  projects  beyond 
the  surface.  It  seems  to  preside  over  the  nutritive 
and  functional  activities  of  the  cell  and  plays  an 
Important  part  in  cell  division.  Its  structure  resem- 
bles somewhat  that  of  the  protoplasm  in  that  it 
consists  of  a  network,  the  chromatin  within  which  is 
found  the  nonfluid  portion,  the  achromatin  or  kari/o- 
plasm.  In  addition,  there  is  a  distinct  limiting 
membrane,  the  nuclear  membrane. 

The  chromatin  in  a  resting  nucleus  forms  an  irregu- 
lar meshwork.  In  reality  it  consists  of  the  real 
chromatin  in  the  form  of  more  or  less  irregular 
granules  strung  upon  a  delicate  thread  called  the 
linin  thread.  These  chromatin  granules  consist  of 
miclein  containing  a  variable  quantity  of  nucleic 
acid  in  combination,  and  respond  to  certain  basi- 
chromatic  stains.  The  depth  of  the  stain  depends 
upon  the  amount  of  nucleic  acid.  The  linin  threads, 
on  the  other  hand,  respond  to  the  oxychromatic 
stains  and  may  show  contractility. 

At  nodal  inter\-als  larger  masses  of  the  chromatin 
may  be  seen  and  these  structures  are  called  karyoaomes. 
During  cell  division  these  chromatin  granules  form  a 
certain  definite  number  of  individual  masses  called 
chromosomes.  According  to  Rabl  the  chromosomes 
may,  apparently  but  not  in  reality,  lose  their  identity. 
In  fact,  Boveri  and  O.  Hertwig  have  pointed  out  that 
in  some  nuclei  with  few  chromosomes  this  condition 
can  readily  be  seen.  The  achromatin  or  karyoplasm 
resembles  the  hyaloplasm  in  appearance  and  affinity 
for  stains  and  responds  to  the  oxychromatic  stains. 
It  is  clear  and  structureless  in  appearance  in  the  living 
state.  During  cell  division  the  karyoplasm  mingles 
with  the  hyaloplasm.  The  nuclear  membrane  in 
resting  cells  is  a  solid  unbroken  membrane,  though 
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in  rare  cases  it  may  be  perforated.  It  consists  of 
amphipyrenin  that  responds  to  the  basichromatic 
dyes.  The  chromatic  network  takes  origin  from  its 
inner  surface  and  forms  a  meshwork,  the  spaces  of 
which  may  be  irregular  or  regular  in  size. 

The  nucleus  conforms  somewhat  to  the  cell  in 
shape,  so  it  maj-  be  oval,  spherical,  rod-like,  spindle- 
shaped,  or  lobulated  as  in  some  leucocrtes.  Although 
usually  much  smaller  than  the  cell  body,  it  may 
occupy  almost  the  entire  cell,  as  in  the  small  Ivmpho- 
c>-tes  and  the  granule  cells  of  the  cerebellum.  The 
nucleus  may  be  absent  as  in  normal  red-blood  cells 
and  respiratory  epithelium  and  surface  cells  of  the 
epidermis,  but  these  all  at  one  time  possessed  a  nucleus. 
Usually  but  one  nucleus  exists  in  each  cell;  exceptions 
are  liver  cells,  heart  muscle,  and  leucoc\-tes,  where 
two  or  three  may  be  found,  and  voluntary  striated 
muscle  where  hundreds  are  found  in  each  cell  or  fiber. 

3.  The  centrosome  (Fig.  1270)  is  a  small  area  found 
near  the  center  of  the  cell,  but  usually  outside  of  the 
nucleus.  It  has  not  been  demonstrated  in  all  cells. 
Perhaps  this  Is  due  to  its  exceedingly  small  size  and 
the  difficulty  of  the  stain  technique.  It  was  first  noted 
by  Flemming  and  Kupffer  in  1875,  but  its  significance 
was  not  realized  until  1887  through  the  work  of 
Boveri  and  von  Beneden.  It  consists  of  a  small 
centrally  placed  body,  the  centriole  surrounded  by  a 
clear  area  from  wliich  radiate  a  large  nimiber  of  deli- 
cate threads,  apparently  linin.  This  clear  area  Ls 
called  the  attraction  sphere  or  centrosome.  (This 
term  has  often  been  restricted  to  the  centriole).  Oc- 
casionally the  centrosome  is  double  (di plosome) ;  in 
cells  with  several  nuclei  or  a  lobiilate  nucleus  the 
centrioles  may  be  numerous;  again  in  ciliated  cells 
small  nodules  are  seen  at  the  bases  of  the  cilia  and 
these  are  probably  multiple  centrioles. 

The  centrosome  presides  over  cell  di^dsion,  initiat- 
ing this  process  by  its  own  di\-isions.  In  the  resting 
cell  it  seems  to  preside  over  the  motion  of  the  whole 
cell  as  in  pigmented  cells  and  leucoc>-tes;  in  ciliated 
and  flagellated  cells,  it  presides  over  the  action  of 
these  processes.  The  centrosome  responds  to  Heid- 
enhain's  iron  hematoxylin  stain. 

4.  The  7iucleolus,  or  plasmosome  (Fig.  1270)  is  a 
body  of  variable  size  found  free  in  the  karyoplasm 
of  the  nucleus.  It  is  usually  structureless,  but  may 
present  vacuoles  or  stain  differently  in  parts.  It  is 
sometimes  confused  with  the  karyosome  above  men- 
tioned. It  may  be  absent  or  several  may  be  present. 
The  function  of  this  body  is  not  understood.  Some 
observers  claim  that  the  nucleolus  assists  in  the  for- 
mation of  the  central  spindle  during  mitosis;  others, 
Montgomery  (1898),  claimed  that  they  are  products 
of  degeneration  and  Walker  (1908)  showed  that  the 
nucleolus,  either  as  a  whole  or  in  part,  may  be  ex- 
truded into  the  protoplasm  and  thereljy  furnish 
materials  that  become  further  changed  into  secretion 
granules  or  other  products  of  cellular  activity. 

5.  The  cell-membrane  is  no  longer  considered  an 
essential  portion  of  the  cell.  When  present  it  repre- 
sents the  results  of  the  actiWty  of  the  cell.  It  is  formed 
by  secretion  or  is  derived  by  the  alteration  of  the  ecto- 
piasmic  portion  of  the  cell.  The  o\-um  exhibits  the 
best  example  of  a  cell  wall.  Those  cells  that  possess 
no  membrane  are  limited  by  a  delicate  film  composed 
probably  of  lipoids  (cholesterin  and  lecithin)  that  is 
physically  and  probably  chemically  different  from  the 
rest  of  the  protoplasm. 

Cells  in  the  human  bodj-  vary  greatly  in  size  and 
shape.  The  smallest  are  the  granule  cells  of  the 
cerebellum  and  cerebrum  and  the  small  lymphocytes 
(4,«*),  unless  we  classify  the  blood  platelets  as  cells 
(1/i  to  2/x);  .the  largest  individual  cells  are  the  large 
nerv'e  cells  and  giant  cells  of  the  bone  and  marrow 
(80;i).     The  largest  cell  is  the  o\-um  (220u  to  320/i). 

•A  micron  (ft)  the  unit  of  microscopic  measurement  ia  the 
ic^oo  part  of  a  millimeter,  or  ^isooo  part  of  an  inch. 
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Vital  Phoperties  of  Cells. — Under  this  licading 
are  groiipeti  the  plioiiomena  of  movemenl,  irrilabilily, 
metabolism,  iiiid  n  prodiictioii. 

Cells  exhiint  the  [jhenoinena  of  movement  under 
three  forms:  proloplaamic,  ameboid,  and  ciliary. 

Proloplnsmir  movemenl  is  ditlicult  of  observation 
on  account  of  the  slowness  of  the  process.  It  has 
been  demon.strated  in  a  few  animal  cells,  and  in  plant 
cells  it  is  easily  observed,  the  streaming  of  the  cyto- 
plasm being  an  example.  All  animal  cells  are  be- 
lieved to  possess  it  to  a  greater  or  lesser  degree.  It  is 
made  manifest  by  the  changes  in  the  form  of  the 
cN-toplasm,  by  the  movements  of  the  microsomes, 
and  i)y  the  changes  in  the  position  of  tlie  luicknis. 

Ameboid  movement  is  similar  to  that  exhibitetl  by 
the  unicelhilar  organism,  the  ameba.  Tliis  phenom- 
enon was  described  first  by  Rosenhof,  in  1755,  in 
the  "protens  animalcule."      Nearly    all  animal  cells 


Fig.   1272. — Ameboid  Movement,     (.\fter  Verworn.) 

possess  it  to  some  extent,  it  being  well  marked  in  a 
special  few,  viz.,  the  leucocytes,  lymph  cells,  and 
wandering  connective-tissue  cells.  If  a  living  leu- 
cocyte be  studied  under  the  microscope,  it  will  be  seen 
to  "change  continually  its  form  (Fig.  1272).  Grad- 
ually a  bud-like  mass  of  the  cytoplasm  will  push  out 
from  some  point,  or  several  may  start  from  different 
points.  These  pseudopodia  may  retract,  or  one  may 
be  extended  for  a  considerable  distance,  the  remainder 
of  the  cytoplasm  flowing  into  it.  Other  pseudopodia 
are  given  off  and  the  above  process  is  repeated.  These 
processes  may  be  either  massive  or  lobcd,  or  fine  and 
spine-like.  By  this  means  the  cell  will  gradually 
crawl  through  tlie  field  of  the  microscope.  It  is  by 
means  of  this  ameboid  movement  that  the  leucocytes 
pass  through  the  walls  of  the  capillaries  (diapedesis) 
and  wander  through  the  spaces  of  the  tissues  and 
organs  or  between  other  cells.  This  phenomenon 
is  also  exhibited  when  an  ameboid  cell  takes  in  foreign 
particles,  i.e.  ingestion  of  food,  or  when  phagocytes 
attack  bacteria  or  tissues. 

Ciliary  movement  is  the  power  possessed  by  the 
hair-like  appendages  of  certain  cells  (see  Epithelium). 

Irritability  is  the  property  that  cells  have  of  re- 
sponding to  external  stimuli.  This  property  is  ex- 
hibited best  in  unicellular  forms  and  others  that 
possess  no  nerve  system;  in  these  it  is  a  primary 
change  in  the  cell."  These  stimuli,  thougli  almost 
inmmierable,  may,  in  a  general  manner,  be  grouped 
as  mechanical,  electrical,  and  chemical  in  their  nature, 
or  as  due  to  heat  and  light. 

All  cells  do  not  react  in  the  same  manner  to  the 
same  stimulus,  nor  do  all  stimuli  cause  the  same  re- 
action in  an  individual  cell.     The  response  of  a  cell 


to  a  specific  .stiuuilus  depends  upon  its  structure. 
Some,  those  of  the  organs  of  vision,  for  example, 
respond  to  light  only;  while  others  may  respond  to 
one  or  more  stinudi. 

Under  mechanical  stimuli  are  classed  pressure, 
violent  shaking,  and  crushing,  any  one  of  which  causes 
cells  to  react  in  some  manner. 

While  heal  is  a  necessary  condition  for  the  vital 
activity  of  cells,  it  must  be  confined  within  rather 
fixed  limits;  these  varying  considerably,  however,  for 
different  cells.  If  the  temperature  be  raised  to  40° 
C.  (104°  F.)  the  vitality  of  the  cell  is  destroyed,  but, 
on  tlie  other  hand,  the  temperature  may  be  lowered  to 
a  consideral)le  extent  without  the  cell  being  killed. 
An  increase  of  heat  above  that  at  which  a  cell  normally 
exists  causes  a  marked  increase  in  its  vital  processes, 
mitil  the  heat-rigor  point  (40°  C.)  is  reached,  when  a 
coagulation  takes  place  and  the  cell  is  killed.  Lower- 
ing of  the  temperature  below  the  nonnal  produces 
a  gradual  diminution  of  activity  \mtil  the  cold-rigor 
(0°  C.)  point  is  reached,  when  the  cell  passes  into  a 
"ruircotic"  state.  Apparently  cells  can  remain  in 
this  state  for  a  considerable  length  of  time  without 
their  vitality  being  destroyed,  for  if  they  be  gradually 
warmed  up  to  their  normal  temperature  their  vital 
functions  are  resumed. 

Light,  in  the  higher  order  of  animals,  is  believed  to 
he  a  stimulus  to  the  cells  of  the  organs  of  vision  only. 
In  some  of  the  lower  animals,  other  tissue  cells,  espe- 
cially those  of  the  skin,  respond  to  its  stimulation. 

Electrical  stimuli,  when  applied  in  the  form  of 
weak  currents,  cause  an  increase,  strong  currents  a 
ilecrease,  in  cell  activity.  If  the  latter  are  continiied 
for  a  considerable  length  of  time  the}'  cause  the  death 
of  the  cell. 

Chemical  stimuli  are  almost  niimberless  and  at 
present  their  manner  of  action  is  not  thoroughly 
understood.  Some  cause  contraction,  some  increased 
movement,  others  increased  secretive  activity,  etc.  A 
striking  example  of  the  unilateral  action  of  chemical 
stimuli  is  that  known  as  chemnlaxis.  This  is  the 
property  possessed  by  certain  cells  of  responding  to 
the  stimulation  of  chemical  substances  introduced  into 
or  formed  in  the  body.  Some  substances  cause  the 
cells  to  approach  them — positive  chemolaxis;  others 
repel  them — negative  chemolaxis.  The  leucocytes 
respond  quickly  to  this  form  of  stimulation.  Such 
movements  may  be  produced  by  the  addition  or  sub- 
traction of  water,  producing  relaxation  and  contrac- 
tion, respectively.  Chemical  action  is  also  dependent 
upon  the  concentration  of  the  salts  and  upon  the 
contained  electrodes.  Chemotaxis  plays  an  important 
role  in  many  physiological  phenomena,  as  for  example, 
the  tendency  to  seek  oxygen,  the  attraction  of  leu- 
cocytes toward  bacterial  activity,  and  the  attraction 
exerted  by  the  ovum  upon  the  spermatozoon. 

Metabolism  is  the  property  which  cells  possess  of 
absorbing  and  of  giving  off  materials.  Tlie  former 
process  is  termed  constructive  metabolism  or  anabol- 
ism,  the  latter  destructive  metabolism  or  catabolism. 
The  anabolic  products  are  retained  in  part  by  the  cell 
for  its  nutrition  and  the  remainder  are  given  off  as 
its  specific  secretion.  Catabolio  products  are  mostly 
thrown  off  as  excretions. 

Reproduction. — All  of  the  multitude  of  cells  enter- 
ing into  the  formation  of  the  various  tissues  and 
organs  of  the  adult  animal  body  are  deri%-ed  from 
one  original  cell,  the  fertilized  o\'um  that  represents 
the  union  of  male  and  female  elements.  Every  cell 
is  the  result  of  the  division  of  a  preexisting  cell  (mother 
cell)  into  two  cells  (daughter  cells).  This  process  is 
known  as  cell  division. 

Two  chief  forms  of  cell  division  are  now  recognized : 
indirect  cell  division  {karyokinesis,  karyomitosis,  or 
mitosis)  and  direct  cell  division  (amitosis). 

Indirect  cell  division,  or  mitosis,  is  the  process  by 
which  the  vast  majority  of  the  cells  of  the  animal 
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body  divide.  In  this  form  of  division  the  intranuclear 
network  undergoes  a  series  of  complicated  changes; 
the  nucleus  divides,  and  finally  the  cell  body  itself 
separates  into  two  equal  portions. 

The  process  is  divided  into  four  stages:  the  first 
stage,  prophases,  in  which  the  nucleus  undergoes  a 
series  of  preparatory  changes;  the  second  stage, 
metaphases,  in  wliich  the  division  and  separation  of 
chromosomes  takes  place;  the  third  stage,  anaphases, 
in  which  tlie  chromatic  material  is  distributed  to  each 
pole  and  the  cytoplasm  begins  to  divide;  finally  the 
fourth  stage,  telophases,  in  which  the  complete  divi- 
sion of  the  cell  occurs  with  the  formation  of  resting 
nuclei  in  the  daughter  cells. 

Prophases. — This  stage  is  initiated  by  the  division 
of  the  centrosome  which  occurs  before  ^'isib!e  changes 
appear   in   the   nucleus.     This   body,    which   usually 


Fig.  1273. — Diagram  of  Mitosis.  A,  resting  cell;  B,  beginning 
prophases,  nuclear  membrane  disappearing,  nucleolus  gone,  chro- 
matin forming  spirem,  centrosome  divided;  C,  chromosomes 
formed,  centrosomes  migrating;  Z>,  equatorial  plate  and  splitting 
of  chromosomes,  end  of  prophases;  E,  metaphases,  separation  of 
daughter  chomosomes  with  formation  of  nuclear  spindle;  F,  com- 
plete separation  and  migration  of  daughter  chromosomes,  end  of 
metaphases;  G,  anaphases,  chromosomes  near  respective  centro- 
somes, protoplasm  shows  constriction;  if,  diasters  with  continued 
division  of  protoplasm;  /,  telophase,  complete  division  of  the  cell, 
each  daughter  cell  in  resting  stage. 

lies  outside  of  the  nucleus,  di\-ides  and  each  part 
surrounded  by  its  attraction  sphere  migrates  toward 
the  opposite  pole  of  the  cell.  Between  the  two  separ- 
ating centrosomes  a  delicate  spindle  composed  of  linin 
threads,  the  central,  or  achromatic  spindle,  is  noted. 
This  shows  best  (Fig.  1273,  D)  after  the  nuclear 
changes  have  been  completed.  In  the  meantime  the 
chromatin  granules  of  the  nucleus  run  together  to 
form  a  thin,  smooth,  closely  convoluted  thread, 
spirem  {B),  while  the  nuclear  membrane  and  nucleo- 
lus disappear  and  the  achromatin  mingles  with  the 
hyaloplasm.  The  spirem  ultimately  breaks  up  into 
a  definite  number  of  segments  called  chromosomes  (C), 
that  are  U-shaped  and  arrange  themselves  aroimd 
the  equator   of   the   cell   with    closed   ends   directed 
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toward  the  center.  The  figure  thus  formed  is  called 
monaster,  or  equatorial  plate  (D),  and  represents  the 
end  of  the  prophases. 

The  number  of  chromosomes  is  defimte  for  each 
species  and  in  forms  that  arise  from  sexual  repro- 
duction the  number  is  always  even.  In  man  the 
number  is  twent}--four. 

Metaphases. — During  this  stage  the  chromosomes 
split  longitudinally,  this  division  starting  at  the  closed 
end;  the  segments  begin  to  separate,  one-half  being 
directed  toward  each  centrosome  forming  thus  a 
second,  or  chromatic  spindle  (E),  within  the  central 
spindle.  Some  observers  believe  that  this  separa- 
tion is  due  to  the  traction  exerted  by  some  of  the 
central  spindle  fibers  that  are  said  to  be  attached  to 
the  chromosomes.  The  daughter  chromosomes  move 
apart  (E,  F,  G)  toward  their  respective  centrosomes 
constituting  diasters. 

The  Anaphases. — During  this  stage  the  diasters 
are  in  the  immediate  neighborhood  of  the  centrosomes 
and  the  chromosomes  now  unite  and  send  out  lateral 
twigs.  The  cytoplasm  at  the  equator  (H),  shows  a 
double  row  of  granules  and  a  peripheral  constriction 
indicating  the  division  of  the  cell  body. 

The  Telophases. — During  this  stage  the  cell  be- 
comes completely  divided.  The  nuclear  membrane 
and  nucleolus  reappear  and  the  chromatin  assumes 
the  appearance  of  a  resting  nucleus.  The  centro- 
some likewise  changes  to  that  of  the  resting  stage 
and  division  is  completed  (7). 

Direct  Cell  Division  or  Amitosis. — This  form  of  cell 
division  was  formerly  thought  to  be  the  usual  form, 
but  is  now  known  to  be  restricted  to  some  cells  of  the 
bladder,  cells  of  Sertoli  of  the  testicle,  and  giant  cells 


Fig.  1274. — Direct  Cell  Division  or  Amitosis.  (.\fter  Arnold.) 
A,  constriction  of  the  nucleus;  B,  complete  division  of  the  nu- 
cleus, commencing  constriction  of  the  cell  body;  C  daughter 
nuclei  still  connected  by  a  thread  of  nuclear  material;  i),  daughter 
cells  still  connected  by  a  narrow  band  of  cytoplasm. 


of  the  bone-marrow,  and  occasionally  to  leucocytes 
and  gland  cells.  By  some  it  is  considered  a  sign  of 
degeneration.  The  nucleus  in  this  form  of  cell 
division  divides  without  the  intranuclear  network 
undergoing  the  same  complicated  changes  as  in  the 
indirect  form. 

The  nucleus  first  becomes  constricted  (Fig.  1274, 
A);  this  constriction  gradually  increases  and  finally 
cuts  the  mucleus  into  two  parts,  forming  daughter 
nuclei;  these  daughter  nuclei  draw  awav  from  each 
other  by  ameboid  movement  (Fig.  1274,  B).  At 
times  the  complete  division  is  delayed  and  the  nuclei 
remain  coimected,  for  some  time,  by  a  narrow  thread 
of  the  nuclear  material  (Fig.  1274,  C).  Division  of 
the  cytoplasm  takes  place  by  the  development,  at 
first,  of  a  constriction  between  the  nuclei,  and  then 
finally  by  the  entire  separation  of  the  daughter  cells 
thus  formed.     Like  the  nucleus,  the  c\-toplasm  may  in 
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some  instaoccs  remain  connected  (Fig.  0005,  D),  or 
its  division  may  be  delayed  while  the  nuclei  go  on 
dividing,  the  result  being  an  accumulation  of  nuclei 
and  the  formation  of  multinucleated  cells. 

The  innumerable  cells  found  in  the  adult  organism, 
though  lierived  from  a  common  parent,  the  ovum,  lose 
in  many  respects  all  resemblance  to  that  cell.  They 
assume  new  forms  and  functions,  these  being  brought 
about  by  a  process  of  cell  differentiation. 

After  the  fertilization  of  the  ovum  it  di\ides  by 
mitosis  and  at  first  the  daughter  cells  resemble  the 
mother  cells.  So(in  changes  make  their  appearance 
in  the  cells  and  they  can  be  grouped  into  two  forms. 
These  two  forms  continue  to  multiply  and  finally  they 
become  arranged  into  three  distinct  layers — the  layers 
of  the  blastoderyn.  From  these  layers  of  the  blasto- 
derm (ectoderm,  mesoderm  and  entoderm)  all  of  the 
tissues  of  the  body  are  derived,  each  layer  fiirnishing 
certain  specific  tissues.  H.  E.  R.U).\sch. 

Cellia. — A  genus  of  mosquitos,  family  Anophelina; 
in  which  the  body  and  palps  are  scaly,  the  abdomen 
being  completely  covered,  and  which  have  tufts 
of  scale-like  hairs  on  the  head.     See  Insects,  poisonous. 

A.  S.  P. 


Cellulase  is  an  enziTue  found  in  the  alimentary 
canal  of  certain  lierbivora  capable  of  transforming 
cellulose  into  lower  carbohydrates  thus  leading  to 
the  utilization  of  cellulose.  F.  P.  U. 

Cellulose. —  (CeHioOs).  This  is  the  complex  car- 
bohydrate, or  group  of  carbohydrates,  which  forms 
the  chief  constituent  of  the  cell  walls  of  plants.  The 
true  celluloses  are  mainly  characterized  by  their  great 
insolubility.  By  the  action  of  concentrated  sulphuric 
acid  cellulose  is  converted  into  a  substance  called 
amyloid  which  gives  a  blue  color  with  iodine.  Nitric 
acid  or  a  mixture  of  nitric  acid  and  sulphuric  acid 
changes  cellulose  into  nitric  acid  esters,  or  nitrocellu- 
loses,  which  are  very  explosive.  \Mien  boiled  with 
sulphuric  acid  cellulose  may  be  transformed  into 
dextrose.  In  man  it  is  probable  that  cellulose  is 
digested  to  a  very  limited  extent  only.     See  Aliment. 

Fr.\xk  p.  Uxderhill. 

Celsus,  .Aulus  Cornelius. — The  time  and  place  of 
birtli  of  Celsus  are  not  known,  but  there  can  be 
scarceh'  any  doubt  that  he  flourished  during  tlie 
reign  of  the  Roman  Emperor  Augustus  (circa  15  of 
the  present  era).  By  some  he  is  spoken  of  as  the 
Latin  Hippocrates,  by  others  as  the  Cicero  of  phy.si- 
cians.  His  principal  work  is  entitled  "  De  arte  medira 
libri  octo,"  but  under  the  title  of  "Artium  libri"  he 
also  wrote  a  veritable  cyclopedia,  in  which  each 
branch  of  science — agriculture,  rhetoric,  and  per- 
haps also  history,  law,  and  the  military  art — is  treated 
with  such  a  degree  of  thoroughness  that  one  finds  it 
difficult  to  decide  to  which  of  these  different  branches 
of  learning  Celsus  devoted  him.self  chiefly.  The 
writer  of  Celsus'  biography  in  the  Dictionnaire  i/is- 
torique  de  la  Medecine  expresses  the  belief  that, 
notwithstanding  the  thorough  knowledge  which  he 
possessed  of  medicine  as  a  science,  he  never  practi.«ed 
it  as  an  art.  However  this  may  be,  it  is  certain  that 
his  treati.se  on  "The  Art  of  Medicine"  gives  us  the 
most  perfect  picture  of  this  art,  especially  its  surgical 
aspects,  as  practised  in  antiquity  that  we  possess. 

The  earliest  edition  of  "  De  arte  medica"  is  that 
published  at  Florence,  Italy,  in  147S:  of  the  later 
editions  the  number  is  almost  unlimited. 

A.  H.   B. 

Cenesthesia. — This  term  (also  written  ccenaesthesia) 
is   fairly    straight    Greek    for    "common    sensation;" 


it  should  be  used  to  include  all  the  sense-experience 
of  the  body  save  that  arising  through  stimulation 
of  the  eyes,  the  ears,  the  taste-cells,  and  the  smell- 
cells.  Woven  together  in  the  way  so  well  empha- 
sized by  several  recent  researches  (no  one  kind  of 
sense-organ  ever  being  stimulated  singly  under 
original  natural  conditions),  the  cenesthetic  sensa- 
tions constitute  the  sen.^e-fabnc  which  in  turn  makes 
up  in  a  way  tlie  warp  and  woof  of  consciousness 
and  of  the  effective  subconsciousness. 

Cenesthesia,  then,  includes  the  sensations  arising 
in  the  viscera  (especially  such  of  them  as  are  hollow), 
in  the  bones,  the  tendons,  the  muscles,  the  joints, 
and  the  skin.  The  proper  distribution  of  the  dozen 
or  so  different  forms  of  cenesthetic  sense-organs 
wiiich  have  thus  far  been  described  by  the  histologists 
lias  not  yet  been  worked  out,  so  that  it  is  still  inex- 
pedient to  try  to  assign  definite  functions  to  definite 
receptors.  It  cannot  be  too  strongly  insisted,  how- 
ever, that  functionally  cenesthesia  is  always  a  most 
complex  compound  experience  produced  by  the 
probable  central  fusion  of  many  tnou.sands  of  sense- 
organs  of  many  different  kinds  in  the  viscera,  skin, 
and  action-system  (muscle,  joints,  tendons,  bones), 
the  stimulus  of  these  being  various  modes  of  mechan- 
ical (or  thermic)  energy  in  the  body  and  outside 
of  it,  coming  mostly  from  the  universal  inherent 
movement  of  the  organism.  Each  feeling  and  emotion 
and  motive  differs  from  every  other,  for  example, 
because  its  own  particular  phase  of  the  cenesthesia 
is  unique,  each  phase  corresponding  to  an  unique 
group  of  bodily  movements  or  strains  or  innerva- 
tions at  least. 

There  are  three  very  general  principles  of  relation 
between  the  common  sensation  and  the  movement 
of  the  body:  (1)  the  sensations  are  increa.sed  when 
the  movements  "begin"  after  resting;  (2)  when  the 
movements  are  increased;  and  (3)  when  the  receptor 
surfaces  are  deranged,  for  example,  by  inflammation. 

Henry  Head  of  London  has  worked  out  what  he 
considers  to  be  constant  dermal  zones  of  pain-ex- 
perience, related  to  disturbances  within  tlie  tho- 
racic and  abdominal  cavities;  these  demonstrate  his 
useful  principles  of  "referred  pain."  The  ganglion 
on  the  posterior  spinal  root  probably  ser\-es  to  con- 
nect (through  the  "basket"  reticulum)  the  sensory 
sympathetic  with  the  afferent  spinal  pathways 
proper.  We  need  more  information  about  sympa- 
thetic sensation. 

The  sensations  of  heat  and  of  cold  are  important 
phases  of  the  experiences  stimulated  in  the  skin, 
but  we  know  relatively  little  as  yet  concerning  their 
relations  to  each  other  or  to  pressure  and  pain, 
e.Kcept  that  they  occur  naturally  more  or  less  together. 
The  atmospheric  influences,  for  example,  affect  the 
skin  and  each  kind  of  receptor  in  it  aU  at  once; 
herein  in  some  way  lies  a  part  at  least  of  the  tre- 
mendous advantages  of  the  open,  especiaUj-  of  mov- 
ing open  air  (Sewall).  Here  is  the  key  to  the  impor- 
tant ventilation-problem,  especiaDy  in  schools.  (See 
an  article  b}'  the  present  writer  on  "Certain  Physio- 
logic Aspects  of  School  Hvgiene,"  in  Education,  xxxi., 
1,  September,  1910.) 

Each  organ  and  tissue  of  the  body  has  receptive 
fields  of  its  own  and  each  contributes  in  its  own  way 
to  the  total  cenesthesia.  It  need  not  be  emphasized, 
so  obvious  is  it,  that  until  these  partial  cenesthesias, 
so  to  say,  are  better  known  and  neurologicaUy  more 
full}'  understood,  we  cannot  e.xpect  really  to  under- 
stand either  the  subjective  symptoms  of  di.sease 
and  dysphoria  or  the  details  of  the  feelings,  emotions, 
and  motor  ideas  which  determine  behavior. 

Among  the  varieties  of  cenesthic  feelings  from  the 
special  organs  the  following  may  be  mentioned,  for 
each  organ  has  a  sensation-complex  of  its  own. 

Head. — Sensations  arising  from  numerous  vaso- 
motor blood-pressure  changes.  Feelings  of  fullness 
or  of  emptiness;  pains,  aches,  etc.,  of  many  types 
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and  locations.  Muscular  strains  which  are  often 
indistinguishable  subjectively  from  the  inside  experi- 
ences. The  eye  muscles  and  the  ear  muscles  give 
rise  to  complex  kinesthesia.  It  is  a  debatable 
subject  still  wliether  the  brain  itself  gives  any  feelings 
or  sensations,  such,  for  example,  as  the  feeling  of 
effort  so  much  discussed  in  the  nineties  by  James 
and  Ladd.  Electrical  influences  exert  themselves, 
for  some  people  can  tell  when  a  thunder  storm  is 
coming.  There  are  distinct  feelings  of  general 
fatigue  in  the  brain,  after  strenuous  shopping,  fairs, 
etc.,  especially.  There  are  also  many  sensations 
that  arise  in  the  neck  (mostly  vascular)  and  in  the 
upper  part  of  the  spine. 

Lungs. — The  nasal  fossae,  the  larynx,  the  bronchi, 
etc.,  give  many  sensations;  the  perfection  of  the 
ventilation  of  the  lungs  normally  determines  whether 
respiration  is  a  pleasant  or  unpleasant  experience. 
The  respiratory  muscles,  and  the  pleurte  when 
inflamed,  give  rise  to  all  sorts  of  pain,  but  possibly 
the  muscular  movements  of  respiration  year  in, 
year  out,  give  more  pleasure  during  life  than  any 
other  one  thing  in  the  world!  We  are  continually 
inspiring  air,  and  if  it  be  abundant  and  pvu'e,  there 
is  distinct  although  slight  pleasure  with  each  breath. 
The  descent  of  the  diajjhragm  displaces  more  or  less 
all  the  abdominal  viscera,  and  thus  gives  rise  to  a 
very  massive  cenesthetio  sensation,  inasmuch  as 
everything  in  the  abdomen  down  to  the  coccyx  is 
put  under  strain;  they  all  have  cenesthetic  sensations 
in  them.  Respiration  is  thus  the  occasion  of  the 
most  ma-ssive  of  all  the  experience  coming  usuallj' 
from  bodily  movement. 

Heart. —  Rabbits  and  various  other  animals  have 
separate  depressor  afferent  nerves  arising  in  the  heart. 
Man  has,  however,  various  sensations  going  up  the 
vagus  nerve  such  as,  for  example,  are  often  experienced 
from  excessive  smoking.  The  heart  is  affected  by  its 
efforts  to  shorten  and  lengthen  in  its  vasomotor  re- 
actions. Angina  pectoris  gives  rise  to  great  agony. 
Terror,  etc.,  may  occasion  decided  feelings  in  the  heart, 
whether  palpitation  or  irregular  action  or  even  mo- 
mentary stopping  be  the  cause. 

Alimentary  Cnnal. — This  has  large  groups  of  very 
various,  numerous,  and  basal  sensations.  So  have 
the  glands  in  connection  with  it.  Nervous  dyspepsia 
merges  into  neurasthenia  itself,  and  their  cenesthesias 
are  beyond  description.  Motor  sensation  and  secre- 
tory sensations  both  are  concerned  with  the  functions 
of  the  alimentary  canal,  and  others  are  connected 
with  excretion  or  with  the  lack  of  secretion.  Bor- 
borygmi  are  caused  by  hydraulic  and  other  conditions 
in  the  gut  and  are  felt  as  well  as  heard.  The  rectum 
has  a  large  complex  of  sensations  of  its  own.  The 
tonus  of  the  rectal  sphincters  gives  rise  to  .subcon- 
scious or  conscious  sensation.  The  ileocecal  valve 
has  sensations  attached  to  its  functions  at  times.  The 
intestine  has  all  sorts  of  sensations  (neuritis,  neuralgia, 
etc.)  arising  in  obscure  irritations  and  other  defects. 

The  emotions  are  most  intimately  connected  with 
the  alimentary  canal.  One  of  the  chief  "seats"  of  the 
meotions  is  in  this  extensive  portion  of  the  vegetative 
apparatus.  In  hysterical  and  insane  conditions,  and 
in  hypochondria,  there  is  no  imaginable  limit  to  the  in- 
fluence of  tlie  gut  and  its  ''sensory"  nerves  on  the  mind 
of  the  sufferer. 

Urinary  Bladder. — This  organ  has  a  set  of  emotions 
of  its  own,  and  is  a  verj-  sensitive  viscus,  especially  to 
emotional  tones.  It  has  a  rhythmic  beat,  like  the 
other  smooth-muscle  viscera,  and  a  considerable  mass 
of  sensations  rises  from  it.  As  it  begins  to  be  over- 
distended  it  becomes  more  and  more  conscious  The 
urethra  has  a  set  of  feelings  of  its  own.  The  tonus  of 
the  sphincters  is  an  element  in  the  subconsciousness. 

Reproductive  Apparatus — The  generative  mechan- 
ism has  a  very  important  and  rich  set  of  sensations  of 
hundreds  of  kinds.  (See  Stanley  Hall;  "Adolescence.  ") 
The   cenesthesia   arising   in   these   organs   altogether 

71() 


forms  a  very  important  part  of  the  "mass"  of  the  sub- 
conscious, especially  in  adolescence.  Compare  the 
psychoanalytic  work  of  Freud  and  his  followers. 

Spleen. — This  viscus  has  a  large  amount  of  smooth 
muscle,  and  doubtless  has  a  set  of  neural  influences  of 
its  own. 

Liver,  Gall-bladder. — These,  especially  the  latter, 
contribute  to  the  cenesthesia. 

httcrnally  scereting  glands  (the  thyroid,  etc.)  may 
have  subconscious  influence  over  the  sensation-fabric 
that  underlies  consciousness,  for  they  contain  both 
nerves  and  smooth  nruscle. 

Serous  Membranes. — These  are  more  or  less  well 
supplied  with  nerves  and  when  inflamed  give  rise  to 
sen.sations  always  apparently  verging  on  pain  and 
often  painful  in  the  most  acute  degree. 

The  considerable  part  taken  by  kinesthesia  (in- 
cluding touch)  and  by  the  dermal  experiences  of  heat 
and  of  cold  in  cenesthesia  need  not  be  rehearsed,  but 
it  must  be  remembered  that  they  (especially  the 
former)  predominate  as  factors  in  cenesthesia. 

H.  Beaunis  gives  the  best  classification  of  the 
sensory  modalities  known  to  the  wTiter  in  his  "Les 
Sensations  Internes,"  1889. 

Hysteria  shows  a  richness  of  cenesthetic  experience 
not  approaclied  in  the  normahty  of  the  mind.  The 
reader  is  referred  to  the  article  on  that  interesting 
condition. 

Paranoia  likewise  illustrates  very  strikingly  to  how 
large  an  extent  the  freer  processes  of  mind  (imagina- 
tion, fancy,  conception,  perception,  understanding, 
reason  itself)  depend  vipon  and  are  colored  or  even 
determined  by  tnese  largely  subconscious  nerve  in- 
fluences pouring  eternally  into  the  gray  fabric  of  the 
brain. 

Hypochondria  is  essentially  a  bad  habit  of  over- 
attention  to  cenesthesia  especially  in  its  visceral 
phases.  These,  of  course,  are  best  left  to  themselves 
as  part  of  the  reflex  vegetative  psychophysiological 
mechanism.  George  V.  N.  De.vrborn. 


Centaurium. — Centaury,  Lesser  Centaury.  The 
dried  plant  of  Erythra-a  centaurium  (L.)  Pers.  (Fam. 
Gentianaccce).     (N.  F.) 

This  drug  is  a  favorite  simple  Ijitter  in  Europe, 
where  it  is  official  in  most  Pharmacopoeias.  It  is 
frequently  imported  for  use  in  the  United  States. 
It  is  a  slender  herb,  about  a  foot  high,  with  erect 
branches.  The  leaves  of  the  basal  rosette  are  usually 
wanting  in  the  drug.  Those  of  the  stem  are  mostly 
one  to  two  inches  long,  sessile,  oblong,  obtuse,  entire. 
The  flowers  are  cj'mosely  arranged  and  sessile,  about 
one-half  inch  long,  bright  rose-purple,  four-  or  five- 
merous.  The  narrow  calyx-lobes  are  keeled,  and 
about  the  length  of  the  corolla-lobes,  which  are  only 
about  half  the  length  of  the  corolla-tube.  The 
four  or  five  stamens  have  elongated  anthers  which 
twist  as  they  become  old.  It  usually  occurs  in  com- 
merce cut  into  short  lengths.  It  contains  bitter 
principles  similar  to  those  of  gentian  and  chirata,  and 
the  dose,  as  a  simple  bitter,  is  the  same,  namely  gr. 
XV  (1.0.)  H.  H.  Rdsbt. 


Centipedes. — Animals  belonging  to  the  order  Chilo- 
poda,  class  Myriapoda,  and  phylum  Arthropoda.  The 
body  is  elongated,  flattened,  and  segmented;  with 
a  pair  of  legs  on  each  segment.  These  animals  have 
a  pair  of  poi.son  fangs  on  the  under  side  of  the  head, 
but  their  bite  is  seldom  of  a  serious  character.  See 
Insect.s,  poisonous.  A.  S.  P. 

Cephaleine. — See  Ipecac. 

Cephalin. — This  substance,  at  present  classed  with 
the  lecithin  group,  is  a  monoamino-phosphatide 
whose  formula  is  probably  C42HgoNPOi3.     This  com- 
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pound  is  widely  distributed  throughout  the  atiimal 
and  vegetable  kingdoms  being  especially  abundant  in 
the  yolk  of  egg,  testicle,  muscle,  kidney,  and  brain. 
On  cleavage  of  cephalin  it  yields  products  of  such  a 
nature  that  its  composition  has  lieen  suggested  to  be 
dioxystearyl  monomethyl  lecithin.  It  is  a  substance 
which,  although  Insoluble  in,  swells  up  in  w-ater.  It 
is  soluble  in  ether,  glacial  acetic  acid,  and  chloroform, 
but  is  insoluble  in  acetone  and  in  alcohol,  either  cold 
or  warm.  rn.u<K  P.  Underhill. 


Cephalhematoma. — Definition.- — An  effusion  of 
blood  upon  or  within  the  crania  of  newly  born 
infants. 

Varieties. — Subaponeurotic,  the  simplest,  but  un- 
common— a  bloody  effusion  immediately  underneath 
the  cranial  muscles. 

Subpericranial,  situated  between  the  pericranium 
and  cranial  bone — the  most  common. 

Diploic,  situated  within  the  diploe — a  rare  form, 
and  differing  from  others  in  that  it  continues  to  bleed 
when  laid  open.  (This  is  explained  by  the  abundant 
supply  of  arteries  and  veins  in  the  reticulated  structure 
of  the  diploe.) 

Suhcronial,  generally  situated  between  the  skull 
and  dura  mater,  and  sometimes  in  the  cavity  of  the 
arachnoid.  A  ease  of  triple  cephalhematoma  is  re- 
ported by  Oui;  it  appeared  after  an  easy  spontaneous 
accouchement;  spontaneous  suppuration  and  opening 
of  the  occipital  tumor;  puncture  of  the  left  parietal 
tumor  (the  larger  one  of  the  two  parietal  tumors), 
followed  by  rapid  recovery;  non-intervention  with  the 
right  parietal  tumor,  which  very  slowly  underwent 
resolution. 

Pathologic.\l  Anato.mt. — The  scalp  generally  re- 
tains its  natural  aspect.  Exceptionally  it  becomes  red 
and  livid.  Its  substance  remains  uninjured,  and  the 
pericranium  preserves  its  transparency.  The  effused 
blood  is  contained  in  a  sac  of  fine  membrane,  having  all 
the  characteristics  of  condensed  cellular  tissue.  It 
rests  on  the  bone,  from  which  it  can  be  eaisily  detached 
and  underneath  the  pericranium,  to  whch  it  adheres, 
more  firmly.  Points  of  ossification  can  be  observed  on 
the  under  surface  of  this  membrane.  The  earlier 
writers  thought  that  the  outer  table  of  the  skull  was 
necrosed,  carious,  and  destroyed,  and  that  the  rup- 
tured vessels  of  the  diploe  gave  rise  to  the  hemorrhage. 
A  bony  ring  forms  in  the  majority  of  cases.  It  begins 
as  soon  as  the  separation  of  the  pericranium  is  arrested, 
which  is  about  the  second  day.  This  has  been  said  to 
be  only  a  delusion  of  the  sense  of  touch,  but  its  pres- 
ence has  been  demonstrated  by  numerous  autopsies. 
It  is  not,  however,  always  present,  being  absent  in 
tumors  situated  near  a  suture.  There  are  many 
theories  as  to  its  causation.  The  following,  by  Vir- 
chow,  is  probably  not  only  the  most  beautiful,  but 
also  the  most  plausible:  The  healthy  cranium  grows 
by  proliferation  of  the  inner  layers  of  the  periosteum. 
If,  then,  the  pericranium,  through  the  blood  which  is 
poured  out,  is  held  apart  from  the  cranium,  the  bone- 
forming  layers  of  the  periosteum  being  still  thrown  off, 
they  cannot  reach  that  part  of  the  bone  for  which  they 
are  intended,  on  account  of  the  presence  of  the  blood. 
Eager,  however,  to  fulfil  their  office,  they  join  them- 
selves to  the  bone  at  the  border  of  the  tumor  where  the 
bone  is  still  attached.  Bland  Sutton  reports  a  case 
which  had  occurred  in  a  monkey.  Autopsy  showed 
the  bony  ring.  Similar  formations  of  bone  are  ob- 
served in  rabbits  subjected  to  experimental  elevation 
of  the  pericranium. 

Etiology. — The  etiology  has  occasioned  much  dis- 
cussion. The  reception  of  some  injury  by  the  child 
during  parturition  was  long  thought  to  be  the  cause. 
A  number  of  observers  failed  to  note  that  it  succeeded 
difficult  labors.     The   tumor  occurred  on  parts  not 


liable  to  pressure.  Cases  are  reported  after  breech 
presentations,  after  cesarean  section,  and  after  pain- 
less labor,  and  it  has  been  observed  that  a  narrow 
pelvis  in  the  mother  is  an  infrequent  accompaniment. 
It  occurs  in  premature  births.  These  tumors  form  on 
children  of  advanced  age  and  on  adults;  sixty-six  and 
two-thirds  |)er  cent,  of  the  cases  are  males.  While 
it  is  very  easy  to  imagine  how  pressure  during 
parturition  might  cau.se  the  tumors,  yet  it  is  very 
evident  that  in  a  large  proportion  this  is  not  the  cause 
but  tluit  it  nuist  be  some  fault  of  the  blood-vessels. 
Intracranial  hemorrhage  isin  reality  a  form  of  apoplexy 
and  it  is  quite  probable  that  tlie  tendencj-  is  inherited. 
<  )ne  case  is  on  record  in  which  the  same  mother  gave 
birth  to  three  children  successively  who  had  cephal- 
hematoma. In  a  case  reported  by  the  author,  the 
mother  said:  "Three  of  my  other  children  died  of  con- 
vulsions, and  I  gave  this  one  up  as  soon  as  they  came 
on."  These  other  children,  too,  might  have  had 
cephalhematomas,  and  there  might  have  been  an  in- 
herited tendency;  or  an  unusual  friability  or  thinness  of 
the  vessels,  or  incomplete  development  of  the  outer 
layer  of  the  skull,  might  have  been  the  cause.  If  ceph- 
alhematomas are  caused  by  pressure  in  breech  presen- 
tations, this  must  be  due  to  the  action  of  the  cervi.K 
on  the  cord  or  neck  of  the  child.  Pressure  during 
delivery  undoubtedly  has  something  to  do  with  the 
causation  of  a  considerable  number  of  these  tumors, 
yet  there  are  many  others  which  must  result  from  a 
diseased  condition  of  the  blood-vessels,  inherited  or 
acquired.  Heydecker  reports  a  case  which  was  due, 
in  his  opinion,  to  imperfect  ossification  of  the  cranial 
bones. 

Frequency. — The  average,  so  far  as  it  can  be 
learned  from  the  statements  of  authors,  is  1  in  every 
235  children  born. 

Location. — It  is  most  frequently  situated  on  the 
right  parietal  bone,  then  on  the  left,  occasionally  on 
the  frontal,  more  rarely  on  the  occipital  and  in  the 
temporal  regions. 

Diagnosis. — It  is  a  disease  of  the  newly  born. 
Exceptions:  One  case  has  been  reported  in  a  child  of 
six  months,  another  in  one  of  twelve  months,  a  third 
in  a  man  of  twenty-six  years,  a  fourth  in  one  of  thirty- 
si.x,  and  a  fifth  in  a  woman  of  forty-nine.  These, 
however,  are  anomalies.  One  notices  a  tumefaction, 
usually  one,  two,  or  three  days  after  birth.  It  devel- 
ops gradualh';  it  is  of  fluid  character.  It  pulsates 
forcibly  at  the  beginning,  if  connected  with  an  artery; 
it  loses  this  later,  but  fluctuation  is  always  present. 
In  size  the  tumor  ranges  from  that  of  a  hazelnut  to  that 
of  a  mass  involving  the  whole  surface  of  the  parietal 
bone.  The  tumor  is  limited  by  the  sutures  in  the  three 
varieties  situated  between  the  pericranium  and  the 
dura  mater;  in  the  subaponeurotic  and  arachnoid  vari- 
eties this  is  not  so.  The  scalp  is  natural  in  appearance 
in  the  subaponeurotic  variety.  The  bony  ring  is  almost 
pathognomonic  in  the  subpericranial  variety,  but  is 
not  so  often  present  in  tho.se  situated  between  the 
cranium  and  dura  mater;  in  the  other  varieties  it  is 
ab.sent.  The  diagnosis  of  internal  cephalhematoma 
must  be  made  from  the  .symptoms  of  brain  pressure, 
twitchings,  convulsions,  stupor,  or  paralysis  which  it 
may  produce.  The  caput  succedaneum  occurs  in  the 
first  twelve  to  thirty-six  hours.  Cephalhematoma  is  at 
birth  either  absent  or  scarcely  noticeable,  grows  from 
day  to  day  until,  on  the  eight  day,  it  attains  its  full 
size,  and  then,  perhaps,  the  bony  ring  can  be  felt.  The 
caput  succedaneum  pits  on  pressure,  while  the  ceph- 
alhematoma does  not.  From  hernia  cerebri  con- 
genita it  may  be  distinguished  by  the  fact  that  this 
pulsates,  while  cephalhematoma  simply  fluctuates; 
hernia  cerebri,  furthermore,  is  not  found  on  the  pari- 
etal bones,  but  on  the  sutures  and  fontanels;  it  pro- 
trudes during  the  acts  of  coughing  and  crying,  is  partly 
reducible,  and  then  causes  slight  convulsions.     The 
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rim  of  bone  resembles  somewhat  the  elevated  ring, 
but  pressure  of  the  finger  on  the  tumor  does  not  find  a 
bony  floor  as  in  cepnalhematoma.  The  skin  over 
hernia  cerebri  is  thin  and  hairless,  in  cephalhematoma 
it  is  normal.  Fungus  of  the  dura  mater  does  not 
contain  fluid,  does  not  fluctuate  nor  feel  doughy,  has 
no  bony  ring,  and  the  overlying  skin  is  thick  and  blue. 
This  form  of  tumor  becomes  smaOer  under  pressure, 
and,  besides,  it  seldom  occurs  in  children.  Atheroma 
and  fatty  tumors  occur  rarely  at  such  a  tender  age. 
They  can  be  differentiated  by  "the  trocar,  but  one  must 
be  careful  to  exclude  hernia  cerebri  before  using  this 
instrument.  There  is  no  danger  of  confounding 
cephalhematoma  with  hydrocephalus  externus,  and 
the  osseous  circle  will  distinguish  the  former  from 
aqueous  cysts.  Telangioma  occupies  the  favorite 
seat  of  hematoma,  but  is  not  covered  with  hair,  pul- 
sates weakly,  and  is  somewhat  diminished  in  size  by 
pressure. 

Prognoses. — For  the  extracranial  tumors  the  prog- 
nosis is  good,  for  the  intracranial  it  is  bad.  Death 
takes  place  mostly  from  exhaustion,  brain  pressure, 
and  secondary  hemorrhage:  from  rupture  of  the  tumor; 
from  necrosis  or  caries  of  the  bone  leading  to  perfora- 
tion: from  thrombosis  of  the  cerebral  sinus:  from  ex- 
tension of  the  inflammation  into  the  meninges  and 
brain  itself;  from  absorption  of  ichorous  discharge, 
and  from  pyemia.  Artliritis,  phlebitis  umbilicalis, 
pleuritis,  scleroderma,  intestinal  nemorrhage,  caries  of 
the  skull,  and,  in  the  internal  variety,  idiocy  are 
among  the  results  which  may  follow  cephalhematoma. 

Tre.\tmext. — Authors  are  divided;  some  foUow  the 
expectant,  others  the  active  plan.  Some  of  those  who 
use  the  knife  wait  till  the  eighth  to  twelfth  day;  a  few 
make  the  incision  earlier.  The  artificial  evacuation  of 
the  blood  is  usually  unnecessary,  and  may  do  harm;  as 
a  rule,  non-interference  is  best.  If  pus  forms  it  should 
be  evacuated.  Patton,  in  the  case  of  his  own  son, 
aspirated  on  the  twelfth  day,  removing  twelve  fluid 
drams  of  blood.  The  result  was  good  and  Patton 
recommends  the  operation  highly.  For  the  external 
varieties,  warm  aromatic  fomentations,  cold  spirit 
lotions,  pressure,  and  setons  have  all  had  their  day. 
Treatment  in  intracranial  cephalhematoma  has  not 
yet  been  attempted;  but  as  the  internal  is  almost 
always  associated  with  the  external  variety,  the  latter 
being  situated  directly  over  the  former,  in  the  writer's 
opinion  it  would  be  advisable  to  trephine  the  skull  to 
evacuate  the  tumor. 

Edi,v.\rd  Sydney  McKee. 


Cephalocele. — Synonyms  :  Encephalocele.  Enceph- 
alocystocele,  Hydrencephalocele,  Cephalhydrocele, 
Meningocele,  Hydromeningocele,  Craniocele,  Hernia 
seu  Fungus  sen  Ectopia  Cerebri.  Hernia  of  the  brain  or 
meninges  is  a  name  given  to  a  protru  ion  of  a  portion 
of  the  contents  of  the  cranial  cavity  through  an  open- 
ing in  the  skuU  beneath  the  scalp.  There  is  need  of 
greater  simplicity  in  what  is  now  a  rather  confusing 
terminology,  and  it  would  seem  that  the  best  desig- 
nation for  all  of  these  tumors  as  a  class  is  cephalocele. 
There  is  a  correspondence  in  application  between  this 
word  and  enterocele  because  of  the  similarity  of  their 
constituents.  There  is  a  hernial  canal  or  opening  in 
the  skull,  a  hernial  sac  consisting  of  the  dura  mater, 
the  hernial  contents  composed  of  whatever  substance 
or  fluid  may  be  forced  out  from  the  cranial  cavity,  and 
finally  the  various  coverings  of  the  hernia,  such  as  the 
pericranium,  fascia,  and  skin.  It  is  necessary,  in  a  true 
cephalocele,  that  the  dura  mater  form  the  hernial  sac. 
The  tumors  formed  beneath  the  scalp  in  traumatic 
esions  of  the  skull  and  dura,  by  the  pouring  out  of 
cerebrospinal  fluid,  are  not  true  cephaloceles,  and  are 
more  properly  termed  pseuclomeningoceles.  Protru- 
sion of  brain  substance  in  compound  fractures  of  the 
skull  is  not  considered  here,  though  sometimes  im- 
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properly  called  a  hernia  cerebri;  the  correct  desig- 
nation is  prolapsus  cerebri. 

The  varieties  of  cephalocele  depend  upon  the  con- 
tents of  the  tumor.  Hence  we  have  a  meningocele 
where  the  hernial  contents  are  cerebrospinal  fluid 
alone  pressing  out  the  dura  mater;  a  hydrocephaJocele 
where  the  tumor  consists  of  an  internal  hydrocephalus 
expanding  and  forcing  outward  the  ventricular  walls; 
and,  finally,  an  encephalocele,  composed  wholly  of 
brain  substance  with  more  or  less  fluid  usually 
surrounding  it. 

These  tumors  are  mostly  of  congenital  origin,  but 
there  are  certain  rare  cases  in  which  they  are  acquired 
after  birth,  through  disease  of  the  cranial  bones  or 
traumatism.  It  is  usual,  therefore,  to  distinguish  two 
forms  of  cephalocele,  the  congenital  and  the  acquired. 
In  describing  the  latter  it  wiU  be  best  to  use  the  prefix 
pseudo. 

Under  this  heading  may  also  be  included  the  de- 
cotnprcssinn  cephalocele  following  palliative  operations 
for  the  relief  of  increased  intracranial  pressure;  as  in 
tumor  and  acquired  internal  hydrocephalus. 

Congenital  Cephalocele. — These  tumors  almost 
always  have  their  peduncles  at  or  in  the  immediate 
neighborhood  of  some  cranial  suture.  The  great  ma- 
jority are  in  the  anteroposterior  median  line,  as  a  rule 
either  in  the  frontal  or  in  the  occipital  region.     .'Accord- 


Fig.  1275. — Nasofrontal   Cephalocele.     (Pfandler   u.  Schlosamana, 
Handbuch  der  Kinderheilkunde,  1906.) 

ing  to  Giovanni  Reale,  who  collected  68  cases  of  ceph- 
alocele, 10  were  at  the  nasal  root ,  9  in  the  frontal  suture, 
5  at  the  posterior  fontanelle,  and  22  in  the  occipital 
bone,  the  rest  arising  from  some  of  the  lateral  sutures. 
Larger  tabulated  85  cases,  44  of  which  were  occipital, 
and  41  frontal  or  sincipital.  The  favorite  location  of 
the  sincipital  tumors  is  at  the  root  of  the  no.se,  either  at 
the  inferior  part  of  the  frontal  suture  or  at  the  junc- 
tion of  the  ethmoid  and  frontal  bones.  (Fig  1.)  The 
hernial  canal  or  opening  is  generally  boimded  by  the 
separated  or  more  or  less  malformed  ethmoid,  frontal, 
nasal,  or  lacrymal  bones,  and  sometimes  even  by 
the  nasal  process  of  the  superior  maxilla.  Fenger,' 
in  an  article  entitled  "Basal  Hernias  of  the  Brain,"  de- 
scribes such  sincipital  tumors  as  differ  from  the  others 
in  not  protruding  in  the  face.  The  least  uncommon 
form  is  the  sphenopharyngeal  cephalocele,  protrud- 
ing into  the  nasal  or  nasopharyngeal  cavitj'.  These 
may  be  more  common  than  is  supposed.  They  may  be 
mistaken  for  nasal  polyps.     The  occipital  cephaloceles 
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are  the  most  frequent  of  all.  Tliey  are  situated  either 
in  or  near  the  posterior  fontauelle,  or  lower  down 
under  tlie  occipital  protuljerance,  where  the  hernial 
opening  may  be  conjoined  with  the  foramen  magnum, 
liernial  [irotrusions  from  other  sutures  are  much 
more  rare,  although  thoy  do  occur  in  the  greater 
fontanellc,  in  llu;  sipiamous  suture,  or  between  the 
ethmoid  and  sphenoid  bones  at.  the  base  of  tlie  skull. 
Cephaloccle  is  uncommon,  Trclal  linding  but  3  in 
12,0UU  births,  and  Vines  1  in  .'^OUO.  It  is  said  to  be 
more  common  in  fenuiles  than  in  males,  though 
Z.  Lawrence,  quoted  by  Krichsen,-  collected  39  cases, 
21  of  which  were  in  males. 


Fig.     1276. — Occipital    ClpIliIwc.  Ic     iPfandler    u.    Schlossmann, 
Han,tbuch  der  Kinderheilkunde,  1906.) 

The  tumors  vary  in  size  from  that  of  a  pea  to  that 
of  a  child's  liead.  The  occipital  are  always  the  largest, 
and  are  usually  hydrocephaloceles.  The  sincipital 
tumors  are,  as  a  rule,  small  and  simple  encephaloceles. 
Meningoceles  may  exist  in  either  place,  but  are  more 
common  behind.  Hydrocephaloceles  are  rarely 
sincipital,  owing  to  the  positions  and  conformations 
of  the  ventricles,  which  are  more  apt  to  dilate 
posteriorly. 

The  occipital  hydrocephaloceles  are  usually  con- 
stricted at  their  base,  often  pedunculated,  almost 
globular  in  form,  and  seldom  attached  by  broad 
bases.  They  generally  contain  the  dropsical  pos- 
terior horns  of  the  lateral  ventricles  or  their  fetal 
analogues,  when  the  defect  is  situated  above  the  ten- 
torium. Those  in  the  lower  occipital  region  enclose  the 
cerebellum  and  the  hydropic  fourth  ventricle.  In  some 
of  the  largest  hydrocephaloceles  have  been  found  a 
great  part  of  the  cerebrum,  the  cerebellum,  the  fourth 
ventricle,  and  the  quadrigeniinal  bodies.  The  pro- 
truding cephalic  parts  are  commonly  of  inferior  or 
defective  development,  often  difficult  to  recognize  as 
brain  substance,  owing  to  cystoid  degeneration  and 
sclerosis  (Huebner).  P.  Berger'  reports  an  extirpa- 
tion of  an  encephalocele  and  a  case  bj'  a  colleague 
(Perier)  in  whicn  both  specimens  were  carefully  ex- 
amined by  Ranvier  and  Suchard,  showing  features 
not  hitherto  described.  In  both  were  found  histo- 
logically a  mixture  of  nervous  elements  of  both 
cerebrum  and  cerebellum  without  lines  of  demarca- 
tion, and  Berger  regarded  these  tumors  as  forming 
a  variety  of  central  neuromata  such  as  have  been 
described  by  Virchow  (tumors  formed  in  the  ven- 
tricles of  subjects  afflicted  with  congenital  hydro- 
cephalus). Berger  proposes  the  term  encephaloma  for 
this  species  of  encephalocele.  Sometimes  the  con- 
striction at  the  hernial  opening  is  so  great  that  there 
is  marked  stasis  of  blood  in  the  pia,  which  may  lead 
even  to  extravasations.     Occasionally  these  tumors 


present  longitudinal  const riction.s  caused  by  the 
venous  plexus  or  l)y  the  falccs  of  the  dura.  The 
((uantity  of  fluid  contents  varies,  but  may  reach  two 
quarts.  It  has  been  found  to  be  rich  in  albumin, 
with  a  specific  gravity  of  1.010-1.012. 

Tlic  mciiingnceles  of  the  occipital  region  are  quite 
as  large  as  the  hydrocephaloceles,  and  similar  in  shape, 
while  those  of  the  sincipital  and  lateral  areas  of  the 
skull  are  much  smaller.  One  very  large  meningo- 
cele hold  fluid  which  had  a  specific"  gravity  of  1.004, 
and  contained  a  small  (|uaiilit  v  of  alb\imin".  uric  acid, 
chloride  of  sodium,  and  biliary  coloring  matters 
(Heineke).     • 

The  encephaloceles  are  usually  small  tumors  with 
broad  bases,  having  a  diameter  as  a  rule  between  one 
and  three  centimeters,  generally  occupying  a  position 
at  the  root  of  the  nose,  and  containing  often,  besides 
cerebral  substance,  a  small  quantity  of  subdural 
fiui<l. 

Pathology. — There  are  several  theories  advanced  to 
account  for  the  origin  of  tliesc  congenital  tumors. 
One  is.  that  there  is  a  limited  ventricular  dropsy, 
wliich  by  nrcsssure  at  some  certain  circumscribed 
portion  of  the  skull  expands  and  separates  the  cranial 
bones  and  thus  protrudes.  From  a  hydrocephalocele 
thus  formed  an  encephalocele  may  be  produced  later, 
by  reabsorption  of  the  dropsical  fluid;  or  a  meningo- 
cele, by  a  recession  of  the  cerebral  substance  into  the 
cranial  cavity.  The  arguments  against  this  hypothe- 
sis are,  that  there  would  scarcely  be  a  circumscription 
of  the  dropsy  as  imagined,  but  rather  a  tendency  to 
a  general  hydrocephalus;  and,  furthermore,  Acker- 
mann  and  Heineke  have  determined  that  there  is  a 
diminution,  and  not  an  increase,  of  intracranial 
pressure  in  cases  of  cephalocele. 

A  more  probable  theory  as  to  the  etiology  of  these 
tumors  is,  that  they  originate  in  the  early  embryo- 
logical  periods,  when  the  cerebral  vesicle  and  its  fluid 
contents  are  in  process  of  growth,  and  their  osseous 
capsule  is  not  yet  developed.  There  is  then  an 
arrested  or  defective  evolution  of  the  cranial  vault,  as 
a  result  of  which  complete  closure  of  the  skull  does 
not  take  place,  and  a  circumscribed  portion  of  the 
fetal  brain  vesicle  protrudes.  According  to  this 
hypothesis,  hydrocephalocele  would  belong  to  an 
earlier  stage  of  development,  and  encephalocele  to  a 
later,  when  the  protruding  portion  of  brain  no  longer 
exhibits  the  configuration  of  the  fetal  brain  vesicle 
as  it  does  in  the  former.  In  like  manner,  meningocele 
may  originate  either  by  the  mere  extrusion  of  the  dura 
mater  through  pressure  of  the  subdural  fluid,  or  by  the 
bursting  of  a  hydrocephalocele,  or  it  may  be  the 
remnant  of  a  disorganized  encephalocele.  Meningo- 
cele might  also  spring  from  the  cerebral  vesicle  in  the 
earliest  stages  of  development,  as  a  mere  membranous 
cyst  without  brain  substance.  Yet,  if  the  defect  in 
the  skull  were  the  only  factor  in  the  formation  of 
these  tumors,  it  would  be  difficult  to  understand  why 
they  are  not  present  in  every  child  in  the  open  cranial 
spaces,  the  fontanelles.  We  are  compelled,  therefore, 
to  recognize,  as  another  factor  in  their  causation,  a 
general  or  partial  hydrocephalus,  either  internal  or 
external. 

This  conception  of  the  embryological  origin  of 
cephaloceles  is  corroborated  by  the  fact  that  most  of 
them  are  found  in  front  of  and  behind  the  head,  in  the 
median  line,  which  is  the  most  marked  direction  of 
growth  of  the  cerebral  vesicle;  and  that  other  defects 
and  malformations  of  the  skull,  face,  .spine,  feet,  etc., 
are  often  observed  in  connection  with  these  cases. 
Thus,  striking  departures  from  the  normal  shape  of 
the  skull  are  particularly  noticeable  in  hydrocepnalo- 
cele  and  the  large  meningoceles,  where  there  is  often 
asymmetry,  thickening  of  the  sutures,  microcephalus, 
flatteniug  from  before  backward,  and  sometimes 
hydroceplialus;  while  in  the  simpler  tumors  the  skull 
presents,  as  a  rule,  a  wholly  normal  configuration. 

What  may  be  the  ultimate  causes  of  these  defects 
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can  only  be  surmised.  Premature  union  of  the  men- 
inges with  the  amnion,  and  injuries  to  t}ie  fetal  head 
in  utero,  may  sometimes  be  the  occasion  of  their 
development.  Berger'  reviews  all  the  theories  in 
detail  (intracranial  pressure  from  limited  dropsy, 
arrest  of  fetal  cranial  development,  fetal  craniotabes) 
and  believes  himself  that  an  encephalocele  is  a  primi- 
tive protrusion  of  part  of  the  brain  previous  to  the 
formation  of  the  cranial  vault.  He  agrees  with  Fleisch- 
mann  and  Niemeyer  that  the  cause  of  a  simple 
encephalocele  may  lie  in  a  hyperplasia  of  brain  sub- 
stance. 

Lindfors*  discusses  at  length  the  history,  etiology, 
and  surgical  treatment  of  congenital  cerebral  hernias, 
bringing  the  whole  subject  well  up  the  date  of  his 


Fig.  1277. — An  Irregular  Tumor  Proceeding  from  the  Cranial 
Cavity  by  a  Large  Opening  Situated  Immediately  in  Front  of  the 
Sphenoid,  and  Behind  the  Still  Cartilaginous  Ethmoid.  Non- 
pharyngeal  Cephaloeele,     (Virchow.) 

treatise  (April,  189S),  and  citing  three  full  pages  of 
literature.  He  believes  there  are  many  different 
forms  and  a  variety  of  causes,  that  even  within  one 
class  there  may  be  special  individual  modifying 
causes.  The  etiology  of  hydrencephalocele  is  prob- 
ably the  same  as  that  of  hydrocephalus,  but  acting  in 
a  limited  area.  In  other  varieties,  hydrocephalus, 
new  growth,  hygroma  of  meninges  (Virchow), 
amniotic  adhesions,  rachitic  condition  of  bones,  may 
all  have  a  place  in  the  etiology  of  special  ca.ses. 

Clinical  Features. — The  cutaneous  surfaces  of  the 
cephaloceles  are  u.sually  smooth,  more  or  less  dis- 
tended, and  sometimes  very  vascular.  Occasionally 
they  are  excoriated,  or  present  old  cicatrices.  Angio- 
mata  and  lipomata  have  been  described  as  forming 
upon  cephaloceles  (Larger,  Ried).  Hydrocephalocele 
and  meningocele  exhibit  a  distinct  .sensation  of  fluctua- 
tion, while  the  en  cephaloceles  have  more  of  a  sensa- 
tion of  softness  and  elasticity,  but  also  show  fluctua- 
tion if  surrounded  by  a  sufficient  quantity  of  fluid. 
When  the  coverings  are  thin,  from  great  tension  by 
fluid  contents,  these  tumors  may  be  translucent.  They 
frequently  pulsate  synchronously  with  the  cardiac  and 
respiratory  movements;  and  their  tension  is  often 
variable,  as  there  may  be  a  sinking  of  the  tumor  in 
sleep,  and  marked  bulging  out  in  the  acts  of  crying 
or  coughing.  They  may  sometimes  be  diminished 
in  size  by  pressure,  which  if  moderate  does  no  harm, 
but  if  great  not  infrequently  produces  symptoms  of 
brain  compression,  such  as  vomiting,  retardation  of 
the  pulse,  unconsciousness,  and  convulsions.  Pulsa- 
tion is,  as  a  rule,  ab.sent  in  meningocele  and  hydro- 
cephalocele, but  this  naturally  depends  directly  upon 


the  size  of  the  hernial  opening  in  the  skull,  and  the 
intercommunicability  of  the  contents  of  the  sac  with 
those  of  the  cranium;  these  tumors  also  show  generally 
little  variation  during  sleep,  coughing,  or  crying,  or 
upon  the  application  of  pressure,  unless  the  hernial 
foranten  is  large.  Symptoms  depend  to  a  great  ex- 
tent, too,  upon  the  physiological  value  of  parts  pro- 
truded; an  1  in  cephaloceles  .such  parts  are  often  very 
different  from  their  analogues  in  the  normally  devel- 
oped brain.  In  the  light  of  the  recent  discoveries  in 
cerebral  localization  these  cases  might  often  afford 
very  interesting  results  by  careful  study. 

Prognosis. — Many  children  affected  with  meningo- 
cele or  hydrocephalocele  die  before  or  during  birth. 
Sometimesthe  tumor burstsduringparturition.  Those 
born  living  rarely  last  many  years,  partly  on  account 
of  the  imperfect  conditions  of  their  brains,  and  partly 
because  the  tumor  often  rapidly  increases  to  such  size, 
by  the  superaddition  of  cerebrospinal  fluid,  that  it 
bursts  spontaneously,  causing  death  either  speedily, 
in  coma  or  convulsions,  or  slowly,  from  a  consecutive 
meningitis.  Recovery  after  such  evacuation  of  the 
tumor  takes  place  but  rarely.  Death  occurs  usually 
in  the  first  two  or  three  J'ears  of  life,  but  a  few  children 
with  meningocele  have  attained  the  age  of  twelve,  and 
even  sevenetn  years. 

The  encephaloceles  being  smaller  and  simpler  than 
the  varieties  just  mentioned,  still-birth  and  rupture 
are  less  common  in  eases  affected  with  them,  although 
they  do  occur.  As  a  rule,  this  class  either  grows 
slowly  or  remains  stationary.  Whatever  disturbance  is 
excited  is  due  to  disorder  of  brain  function,  but  patients 
suffering  from  the  frontal  variety  live  longer  and  with 
fewer  cerebral  symptoms  than  those  afflicted  with  the 
occipital  variety.  Children  with  occipital  enceph- 
aloceles are  generally  idiots,  whereas  with  the  frontal 
or  .sincipital  tumors  they  are  more  commonly  of  quite 
normal  intelligence.  Many  have  reached  adult  age. 
In  such  ca.ses  hemiplegia,  epilepsy,  and  optic  atrophy 
have  been  observed. 

Spontaneous  recovery  from  encephalocele  and  men- 
ingocele has  occurred,  according  to  the  observations 
of  Wernher,  Textor,  von  Bruns,  and  Held,  by  closure 
of  the  cranial  defect  and  the  complete  isolation  of 
the  tumor  as  a  cyst  on  the  outside  of  the  skuU. 
Operative  procedures  have  proved  successful  in  some 
instances. 

Diagnosis. — Every  tumor  of  congenital  origin 
situated  along  the  median  line  of  the  head,  in  the 
region  of  the  root  of  the  nose,  or  in  the  glabellar  or 
occipital  regions,  should  excite  suspicion  of  a  cephalo- 
eele; and  defects  or  malformations  in  other  parts  of 
the  skull  or  body  would  be  corroborative  evidence. 
The  fact  of  its  being  congenital  must  first  of  all  be 
determined;  then  its  relation  to  the  various  cranial 
sutures.  The  diagnosis  is  easy  when  the  tumor  is  in 
one  of  the  situations  that  have  been  described,  w'hen 
there  are  pulsation  and  a  sensation  of  fluctuation, 
when  there  is  a  change  in  tension  during  sleep  or  in 
crying,  and  when  there  is  a  recession  of  its  contents 
into  tlie  skuU  upon  pressure.  If,  at  the  same  time 
with  the  recession  of  the  brain  substance  or  cerebro- 
spinal fluid,  symptoms  of  irritation  or  compression  of 
the  brain  develop,  if  there  is  an  increase  in  the  pulsa- 
tory or  respiratory  brain  movements,  and  particularly 
if  the  edges  of  the  hernial  opening  in  the  skuU  can  be 
felt,  a  cephaloeele  is  certainly  present.  The  x-ray 
may  be  of  value  in  indicating  the  .size  and  position 
of  the  cranial  defect.  But  sometimes  most  of  these 
pathognomonic  symptoms  are  absent,  and  the  diag- 
nosis can  be  made  only  from  the  seat  and  history  of 
the  tumor.  Although  seldom  necessary,  a  fine  aseptic 
hypodermic  needle  may  be  introduced  to  determine 
the  character  of  the  contents  and  the  presence  or 
ab.sence  of  an  opening  in  the  skull. 

The  recognition  of  these  hernias  in  the  occipital 
region  is  easiest,  because  other  congenital  tumors  of 
similar  form  are  of  extreme  rarity  in  this  position;  but 
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dermoids,  angiomata,  and  sarcomata  of  prenatal  ori- 
gin may  have  their  seat  at  the  nasal  root,  in  the  frontal 
resicin,  or  at  tlie  inner  canthns  of  the  eye,  and  thus 
lead  to  confusion.  In  tlie  case  of  these  latter,  the 
mode  of  development  must  be  carefully  studied,  and 
note  taken  of  variations  in  tension,  compressibility, 
and  imlsation,  and  of  the  appearance  of  cerebral 
symptoms  upon  pressure.  Angiomata  exhibit  pulsa- 
tion and  tension  changes,  and  may  be  often  completely 
compressed,  but  without  brain  symptoms  or  the  dis- 
covery of  an  opening  in  the  skull.  Pulsation  and 
compressibility  are  lacking  in  dermoid  tumors.  Cran- 
ial sarcomata  which  are  congenital,  or  which  appear 
shortly  after  birth,  may  present  brain  symptoms  on 
pressure;  there  may  also  be  an  opening  in  the  skull 
which  pidsates;  and  finally  these  growths  may  have  a 
similarity  of  feel,  but  they  grow  much  more  rapidly 
than  cephaloceles,  and  usually  are  wanting  in  the  more 
characteristic  symptoms  of  the  latter.  The  differ- 
entiation of  the  varieties  of  cephalocele  can  be  made 
from  the  peculiarities  that  have  already  been  de- 
scribeii.  In  nasopharyngeal  varieties  it  is  well  to 
remember  their  occasionally  close  resemblance  to 
nasal  polypi. 

Treatment. — The  most  difficult  class  to  treat  are  the 
hydrocephaloceles,  but  measures  can  at  least  be  taken 
to  prevent  sudden  death  by  spontaneous  rupture  of 
the  sac.  This  is  still  more  important  in  meningocele 
and  cephalocele  if  there  is  a  rapid  increase  of  fluid  and 
tension,  as  a  cure  is  possible  in  many  of  these  cases. 
Equable  pressure  should  be  made  by  means  of  cotton 
batting  and  a  bandage,  care  being  taken  not  to  pro- 
duce brain  symptoms  by  too  strong  compression. 
If  the  distention  increases,  puncture  should  be  made 
with  a  h}-podermic  needle,  with  antiseptic  precau- 
tions, and  the  fluid  slowly  aspirated — all  of  it  if  the 
tumor  is  small,  but  only  a  portion  in  the  case  of  large 
sacs.  Then  cover  with  aseptic  cotton  and  continue 
the  compression.  Puncture  may  be  repeated  at  appro- 
priate intervals.  In  manj-  of  the  cases  lumbar 
puncture  would  probably  serve  the  same  purpose.  If 
rupture  has  already  taken  place,  the  antiseptic 
dressing  and  pres,sure  bandage  should  nevertheless 
be  applied.  By  this  procedure  rupture  may  be  pre- 
vented, the  tumor  may  be  gradually  diminished  in 
size,  and  occasionally  even  dissipated.  Youths  or 
adults  who  are  occasionally  observed  with  stabile 
encephaloceles  should  wear  protective  plates  properly 
curved,  with  bandages,  and  sometimes  compression 
may  be  made  use  of,  if  it  be  deemed  expedient  to  do 
anything,  but  great  care  is  needed  to  avoid  the  pro- 
duction of  brain  symptoms.  Puncture  in  simple 
encephaloceles  is  permissible  only  in  cases  of  contin- 
ual augmentation  in  size — no  other  operative  proce- 
dure is  advisable.  This  is  about  all  that  can  be  done 
without  risk.  In  many  cases  in  which  incisions  have 
been  made  into  these  tumors,  through  a  mistaken 
diagnosis,  the  result  has  been  death  from  meningitis. 
Puncture  and  the  injection  of  iodine  have  been  fatal, 
and  would  probably  be  of  value  only  in  small  pedun- 
culated tumors  with  hour-glass  constriction  of  the  sac. 
Meningoceles  are  more  amenable  to  treatment,  as  a 
rule,  than  the  other  forms  of  cephalocele.  Occasional 
pvmctures,  together  ^^•ith  compression,  have  met  fre- 
quently with  good  results.  The  stabile  meningoceles 
should,  as  a  rule,  be  let  alone,  because  they  communi- 
cate almost  always  with  the  cranial  cavity.  Annan- 
dale  in  one  case  ligatured  the  peduncle  and  removed 
the  tumor,  the  child  recovering  completely  in  spite  of 
an  attack  of  measles.  Thompson  has  also  cured  a 
case  by  ligation.  Schatz  cured  a  case  by  the  gradual 
compression  of  a  clamp  applied  to  the  sac.  Sklifasow- 
sky  removed  an  occipital  cephalocele  from  a  nine- 
months  child  with  a  ligature,  the  result  being  success- 
ful. The  procedure  is  permissible  in  proper  eases 
under  strictly  antiseptic  precautions.  ^lany  opera- 
tions in  these  cases  have  been  undertaken  since  the 
inauguration  of  the  new  era  of  brain  surgery,  and 
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much  can  now  lie  achieved  in  the  treatment  of  con- 
genital cephaloceles,  guided  by  the  light  of  the  latest 
discoveries  in  cerebral  localization  and  by  our  im- 
proved technitjue  in  craniocerebral  operations,  which 
was  formerly  impo.ssible.  Fenger'  operated  .success- 
fully on  a  nasal  type,  first  removing  the  polypoid 
nujss  with  the  ('•cra.seur.  There  was  free  discharge  of 
cerebrospinal  fluid.  The  nostril  was  packed  with 
iodoform  gauze  prej)aratory  to  raflical  operation  to 
close  the  hollow  jjedmicle.  He  then  did  an  osteo- 
plastic resection  of  the  sujjerior  maxilla  (as  devised  by 
von  Langenbeck),  and  transfi.xcd  and  ligatured 
the  peduncle.  Aspiration  of  the  tumor  for  fluid  had 
been  twice  negative.  He  con.sidcrs  that  in  this  class 
extirpation   should  always  be  practised  even  if  the 


Fig.  127S. — A  Case  "t  I  rMninl  F.ncephalocele.  Man  aged  30, 
mentally  defective,  with  left  hemiplegia  and  epilepsy.  Radical 
operation  for  the  relief  of  the  defect  had  been  performed  at  the 
age  of  8.      (Operation  of  Ramsay  Hunt.) 

tumor  is  small  and  causes  no  more  disttirbance  than 
an  ordinarv  polvp,  as  there  is  always  danger  of  menin- 
gitis from  "accidental  injury  or  surface  inflammation. 
Preparatorv  oijerations  are  necessary,  and  these  vary 
with  the  different  situations  in  the  nose. 

Moller,^  in  an  article  on  the  surgical  treatment  of 
hydrencephalocele,  says  that  the  old  rule  of  Heineke 
against  operation  has  "now  been  overthrown,  since  the 
dav  when  von  Bergmann  openlv  advised  radical 
operation  wherever  possible  (1S8S).  MoUer  cites  the 
rules  of  de  Ruyter  (von  Bergmann's  assistant)  as 
follows: 

Meningocele  should  certainly  be  operated  upon,  be- 
cause of  possible  ulcerations,  because  the  tumor  pre- 
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sents  a  point  of  lessened  resistance  in  wliich  a  menin- 
gitis may  originate,  and  because  the  patient  is  greatly 
burdened  by  the  presence  of  the  tumor. 

Encephalocele  should  be  operated  upon  unless  it 
contains  too  large  an  amount  of  brain  tissue.  It 
usually  holds  a  somewhat  unimportant  part  of  the 
brain,  part  of  the  occipital  or  frontal  lobe. 

Hydrencephalocele  should  not  be  operated  upon  be- 
cause of  its  communication  with  a  ventricle. 

To  combat  this  last  rule  of  de  Ruyter,  Moller  cites  a 
case  of  successful  operation  on  an  occipital  hydren- 
cephalocele, where  the  tumor  was  nearly  the  size  of 
the  infant's  head.  The  peduncle  w-as  solid,  the  lumen 
having  been  obliterated.  Examination  of  the  child 
one  year  after  operation  showed  it  to  lie  in  good  con- 
dition and  of  apparently  normal  mental  development. 

Schmitz"  reviews  the  forms  of  ce|)halocele  and 
methods  of  operation,  giving  his  experience  of  seven- 
teen cases.  He  concludes  that  the  permanent  re- 
sults of  operation  are  very  unsatisfactory.  Life  is 
prolonged,  but  in  the  case  of  hydrocephalocele,  the 
child  dies  of  hydrocephalus,  or  remains  hydrocephalic. 
This  he  says  is  also  true  of  meningoceles  which  show 
any  signs  of  hydrocephalus.  If  there  is  no  hydro- 
cephalus, the  prognosis  is  much  better.  Schmitz 
thinks  the  prognosis  is  best  for  the  pure  encephaloceles 
or  solid  tumors.  It  is  important  to  note  whether  the 
tumor  remains  of  original  size  or  is  disposed  to  grow, 
and  whether  it  grows  slowly  or  rapidly.  In  the  latter 
case  we  must  assume  increasing  intracranial  pressure, 
and  we  have  therefore  a  hydrocephalocele,  or  such  a 
type  is  developing  from  the  original  encephalocele. 
Another  question  concerning  the  advisability  of 
operation  relates  to  the  contents  of  the  tumor.  If 
sincipital,  the  middle  frontal  convolution  is  involved, 
and  we  may  feel  justified  in  removing  a  small  portion. 
No  motor  and  little  mental  disturbance  will  result. 
In  the  occipital  class  there  is  usually  cerebellar  tissue 
(hemisphere)  and  less  frequently  parts  of  the  occipital 
lobe,  and  no  symptoms  are  likely  to  follow  removal  of 
small  peripheral  portions  of  the  cerebellum.  In  case 
of  large  prolapsus  of  brain  substance,  excision  should 
not  be  practised. 

Berger^  believes  radical  operation  to  be  justified  in 
cases  in  which  the  tumor  is  growing  and  in  which  the 
prognosis  is  bad  without  interference. 

Tilmann'  says  that  the  old  methods  of  compression, 
puncture,  iodine  injections,  and  use  of  ligature  are  not 
now  considered  in  the  treatment  of  meningocele. 
Even  if  infection  is  avoided  there  is  always  danger  of 
meningitis.  He  cites  two  cases  of  cephalocele  oper- 
ated upon  at  Bardeleben's  clinic.  The  first  was  an 
occipital  meningocele,  the  size  of  an  apple,  removed  a 
few  weeks  after  birth.  The  child  developed  normally. 
The  tumor  had  a  very  .small  lumen  and  thick  walls  of 
edematous  fibrous  tissue.  The  second  case  presented 
a  congenital  occipital  meningocele  the  size  of  the 
child's  head.  Operation  was  yjerformed  one  day  after 
birth  because  of  insistence  of  the  father.  One  liter  of 
fiuicl  was  aspirated  and  the  tumor  sac  was  then  re- 
moved. There  was  improvement  at  first,  but  the 
child  died  on  the  twenty-third  day  with  paralysis  and 
convulsions.  The  case  was  one  of  meningocele  with 
chronic  internal  hydrocephalus.  He  discusses  fully 
the  methods  of  operation. 

Acquired  Cephalocele  or  Pseitdocephalocele. — 
Among  the  cephaloceles  which  originate  subsequently 
to  birth,  through  disease  of  the  cranial  bones  or 
subcutaneous  fractiires,  the  most  common  is  the  pseu- 
domeningocele  (or  the  chronic  spurious  meningocele 
of  Billroth)  as  it  is  frec|uently  called.  This  is  observed 
almost  exclusively  in  infancy  or  early  youth,  but,  ii. 
very  rare  cases,  sometimes  in  adults  after  healing  of 
the  superficial  skull  coverings  in  fractures.  Conner' 
has  written  the  best  article  upon  pseudomeningocele 
that  is  to  be  found  in  American  literature.  Under 
the  name  traumatic  cei)liaihydrocele  he  describes  2 
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cases  occurring  in  his  own  practice,  and  makes  an 
analysis  of  22  others  collected  from  general  literature" 
19  of  these  were  due  to  subcutaneous  fractures  of  the 
skull,  2  to  old  gunshot  wounds  of  the  skull  and  mem- 
branes where  the  scalp  had  reunited,  anrl  1  was  the 
result  of  trephining;  17  of  the  patients  were  under  three 
years  of  age.  G.  Vivien  has  collected  8  cases,  and 
Thomas  Smith'  reported  2,  and  described  20  analogous 
cases.     All  of  Smith's  were  imder  sixteen  years  of  age. 

The  history  is  usually  that  a  child  falls  upon  its 
head,  and  that,  several  hours  or  days  after,  a  fluctuat- 
ing swelling  develops  under  the  scalp,  which  may  at 
first  be  diffuse,  biit  later,  as  a  rule,  assumes  the  form 
of  a  sharply  bounded  cystic  tumor.  It  may  reach  the 
size  of  the  fist  or  be  larger.  It  is  over  the  injured  part, 
fluctuates,  and  often  pulsates.  There  is  sometimes  a 
hardened  border  to  the  tumor.  Occasionally,  by 
firm  pressure,  the  fluid  may  be  made  to  recede  more  or 
less  completely  into  the  skull  cavity,  when  the  frac- 
tured bone  may  be  felt.  When  this  is  not  possible, 
the  break  may  often  be  felt  after  puncture  and  evacua- 
tion of  the  tumor.  In  many  of  these  cases  puncture 
has  shown  the  contents  to  be  cerebrospinal  fluid.  In 
postmortem  examinations  which  have  been  made,  the 
fluid  has  been  foxmd  to  lie  imder  the  pericranium,  lift- 
ing it  with  its  outer  coverings  like  a  cystic  sac;  a  cleft 
is  observed  in  the  bone,  and  one  of  the  same  size  or 
smaller  in  the  dura  mater,  through  which  the  sac  and 
subdural  cavity  communicate.  Occasionally  the 
cortex  has  been  injured,  and  in  recent  cases  there 
would  be  signs  of  softening  and  of  laceration  of  the 
other  membranes.  In  a  case  of  Lucas,  the  pseudo- 
meningocele communicated  with  the  open  inferior 
horn  of  the  left  ventricle.  Two  or  three  cases  may  be 
mentioned  in  illu.stration  of  this  traimiatic  form. 
Southam'"  gives  the  details  in  the  case  of  a  male 
infant,  aged  six  months,  that  fell  downstairs  and  sus- 
tained a  subcutaneous  fracture  in  the  right  parieto- 
occipital region.  Fourteen  days  later  there  was  a 
swelling  over  the  fracture,  oval,  soft,  fluctuating,  and 
pulsating.  Moderate  pressure  was  applied  with  a  pad 
of  lint  and  a  bandage.  In  a  month  the  swelling  had 
disappeared  and  the  child  recovered.  There  was  still 
a  marked  depression  in  the  bone.  Conner's  first  case 
was  that  of  a  boy  twelve  and  a  half  years  of  age,  who 
fell  from  a  wagon,  a  wheel  passing  over  his  head.  He 
was  not  unconscious,  and  walked  into  a  house  near  by. 
There  was  a  simple  depressed  fracture  of  the  right  half 
of  the  occipital  bone,  and  a  non-pulsating  swelling  over 
the  fractured  area,  which  was  supposed  to  be  due  to 
extravasated  blood.  A  week  later,  serum  began  to 
ooze  from  the  nose,  and  there  was  puffiness  of  the  right 
eyebrow.  He  punctured  and  drew  off  four  ounces  of 
a  pale  straw-colored  fluid.  The  sac  rapidly  refilled, 
and  four  weeks  later  five  ounces  were  removed.  There 
were  four  subsequent  tappings,  the  fluid  withdrawn 
aggregating  nineteen  oimces.  The  specific  gravity 
was  1.007;  no  albumin;  sodiiun  chloride,  6.6  parts  per 
1,000.  The  boy  was  never  unconscious  or  delirious, 
but  there  were  some  insomnia  and  mental  irritability, 
and  the  pulse  rangcfl  from  100  to  120.  Conner's 
second  case  was  in  a  hydrocephalic  and  rachitic  colored 
child  about  two  years  of  age  who  fell  a  distance  of  five 
feet  upon  its  head.  There  was  no  scalp  wound,  but 
a  swelling  appeared  very  cjuickly  over  the  right  pari- 
etal bone.  In  a  few  days  it  measured  four  and  a  half 
by  three  and  a  half  inches,  and  exhibited  pulsation 
aiid  fluctuation.  A  radiating  fracture  could  he  felt 
through  the  tumor.  No  treatment  was  undertaken, 
and  nine  months  after  the  accident  the  swelling  had 
disappeared. 

There  are  several  facts  which  explain  the  almost 
exclusive  prevalence  of  traumatic  pseudomeningocele 
in  children.  Possibly  the  flexibility  of  the  skull  gives 
a  peculiar  character  to  the  fracture.  The  intracranial 
pressure  is  certainly  relatively  greater  in  children  than 
in  adults,  and  a  more  active  secretion  of  cerebrospinal 
fluid  is   probably   another  factor.     The   increase  in 
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subdural  fluid  may  be  due  in  part  to  the  injury  to  the 
head,  or  in  part  to  nutritive  disturbance,  rachitis,  or 
some  such  thing,  wliicli  does  not  give  rise  necessarily 
to  a  general  hy(lrocei)halus.  The  pouring  out  of  the 
fluid,  its  augmented  secretion,  antl  the  expansive 
power  of  the  growing  brain,  all  aid  in  preventing 
closure  of  the  osseous  fissure,  and,  indeed,  may  actu- 
ally cause  its  enlargement,  and  even  eversion  of  its 
edges.  But  pseudomeningocele  is  not  a  constant 
result  of  subcvitaneous  fracture  in  childhood,  and  it  is 
likely  that  various  causes  and  conditions  conduce  to 
its  formation. 

There  are  not  many  observations  as  to  the  further 
course  of  traumatic  pseudomeningocele  in  children. 
Conner  found  that  fifty  per  cent,  of  the  cases  collected 
by  him  died  of  meningoencephalitis.  In  some  patients 
the  tumor  remains  unchanged  in  spite  of  frequent 
puncture,  and  in  others  it  is  cured  by  this  means. 
Spontaneous  retrogression  may  take  place.  The 
cleft  in  the  skull  generally  remains  open,  and  hence 
the  prognosis  is  always  relatively  unfavorable.  These 
cases  are  often  of  considerable  forensic  interest. 
Bayerthal"  relates  the  case  of  a  man  aged  eighty-one 
years,  with  a  pseudomeningocele  still  persisting,  due 
to  a  brick  falling  upon  his  head  when  he  was  nine 
months  old.  The  man  was  always  normal,  except 
that  he  did  not  learn  to  walk  until  four  years  of  age, 
and  that  he  developed  epilep.sy  at  the  age  of  seventy- 
nine  years.  This  is  the  only  recorded  case  of  such 
long  persistence  of  a  pseudomeningocele. 

Pseudomeningocele  in  adults  has  been  observed 
several  times  after  gimshot  wounds  of  the  skull,  when 


Fig.  1279. — Meningocele  Spuria  of  Billroth.  (.Vfter  Bayerthal, 
Ceatralblatt  fiir  die  Grenzgebiete  der  Med.  u.  Chirurgie,  October 
11,  1905.) 

the  scalp  wound  was  healed,  and  once  after  recovery 
with  defect  of  bone  from  trephining,  \ivien  men- 
tions three  such  cases.  As  a  result  of  subcutaneous 
fracture  in  adults  it  has  apparently  not  been  observed, 
and,  if  it  occurs,  must  be  extraordinarily  rare. 

Pseudocephalocele  sometimes  results  from  syphilitic 
or  tuberculous  caries  of  the  skull  and  perforation  of 
the  dura  mater,  and  from  complicated  fractures  ac- 
companied with  prolap.sus  cerebri. 

These  tumors  vary  from  two  to  five  inches  in  diam- 


eter, and  are  usually  of  a  soft,  elastic  consistence. 
The  skin  over  them  is  either  smooth,  glossy,  and  pale 
red,  or  inflamed,  indurated,  and  presenting  fistu 
lous  openings.  Sometimes  there  are  pulsations  and 
fluctuation.  Dizziness,  retardation  of  the  puke,  and 
even  uncon.sciousness  can,  as  a  rule,  be  produced  by 
pressure  upon  these  tumors  with  the  finger.  Partial 
replacement  may  be  brought  about  by  compression, 
and  in  one  case  there  was  complete  return  of  the 
hernia  by  gradual  pressure.  When  the  brain  has 
protruded,  this  was  doubtless  due  in  many  cases  to 
the  formation  of  cerebral  abscess  or  to  collections  of 
pus  in  the  cavity  of  the  skull;  in  some  cases,  probably 
to  edema  or  encephalitis  with  tumefaction  of  the 
brain  in  the  neighborhood  of  the  diseased  or  injured 
skull. 

Treatment. — In  pseudomeningocele  continuous  and 
equable  pressure  should  be  employed,  when  practi- 
cable, but  this  should  be  done  early.  If  the  tumor  is 
large  and  tends  to  increase  in  size,  operative  inter- 
ference is  allowable,  and  this  is  best  carried  out 
according  to  the  methods  described  by  von  Bergmann 
below.  Strict  antiseptic  precautions  should  be  ob- 
served, and  a  compress  subsequently  applied.  Irri- 
tative injections  are  not  advisable.  If  the  opening  in 
the  skull  remains  patent,  it  is  well  to  keep  it  shielded 
by  a  plate  and  bandage  for  the  prevention  of  a  re- 
newal of  the  tumor  or  injury  to  the  brain.  Tonics, 
nutritious  diet,  and  lime  preparations  are  indicated. 
Other  forms  of  pseudocephalocele  are  treated  ac- 
cording to  the  nature  of  the  bone  disease  or  injury. 
In  suppurative  processes  we  must  be  on  the  lookout 
for  pus  deposits  in  the  brain  or  skull  cavity,  and  re- 
move them,  if  feasible,  with  careful  asepsis.  It  is  best 
not  to  operate  on  the  prolapsed  brain  itself,  but  in 
this  we  must  be  governed  by  what  we  have  recently 
learned  with  regard  to  the  physiological  value  of  the 
different  convolutions.  Hitherto  such  heroic  meas- 
ures have  been  carried  out  usually  as  a  result  of  error 
in  diagnosis,  and  in  these  cases  death  has  followed 
from  meningitis,  encephalitis,  or  hemorrhage.  Com- 
pression should  naturally  be  resorted  to  in  these  cases 
only  when  there  are  no  symptoms  of  inflammation  or 
suppuration.  In  the  rare  pseudocephaloceles  of 
adults  we  may  cautiously  puncture  and  make  use  of 
the  compress,  but  we  should  always  be  on  the  lookout 
for  symptoms  of  inflammation  and  abscess. 

Bayerthal"  advances  the  singular  theory  that  the 
presence  of  a  pseudomeningocele  may  be  of  advantage 
to  the  patient  as  a  safety  valve  for  increased  intra- 
cranial pressure,  and  that  it  might  be  more  advan- 
tageous to  enlarge  it,  than  to  remove  it,  in  cases  show- 
ing cortical  irritation. 

Von  Bergmann'^  (in  an  article  on  "  Cephalhydrocele 
Traumatica")  says  that  in  the.se  cases  he  always 
presupposes  a  fracture  of  the  skuU — in  the  majority 
of  the  cases  of  the  lateral  aspects  of  the  skull — the 
lined  fractures  being  vertical.  The  interval  often 
observed  between  the  bones  in  such  cases  is  doublless 
due  to  subsequent  absorption.  A  laceration  of  the 
dura  has  always  been  found  at  autopsy.  He  con- 
siders compression  of  service  only  in  a  few  cases,  and 
only  when  applied  early.  Puncture  is  successful  in  a 
few;  but  meningitis  is  to  be  feared.  In  33  cases  of 
Rahm,  where  puncture  was  employed,  6  were  cured 
and  9  died.  Of  3  cases  treated  by  puncture  and 
iodine,  2  died  and  1  recovered  with  prolapsus  cereJDri. 
Two  cases  treated  by  incision  and  drainage  died. 
He  cites  Kronlein's  two  cases,  in  which  the  sac  was 
removed  and  drainage  employed.  Both  recovered. 
One  had  to  wear  a  plate,  and  in  the  other  epOeptic 
convulsions  returned  seven  to  eight  months  after 
operation.      Von  Bergmann  concludes  as  follows: 

1.  Puncture  should  not  be  practised.  Injections 
with  iodine  are  still  more  inadvisable. 

2.  Compression  should  first  be  tried  (with  compress 
and  bandage  or  with  a  plate).  If  the  tumor  is  thereby 
kept  small  and  flat,  radical  operation  can  be  delayed. 
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0.  If  the  tumor  increases  in  size,  the  method  of 
Slajmer  and  Dembrowski  is  simple  and  less  dangerous 
than  the  method  of  Kronlein.  This  consists  of  mak- 
ing a  flap  of  skin,  periosteum,  and  bone  to  cover  the 
defect  in  the  skull,  first  emptying  the  sac  and  dissect- 
ing it  away  from  the  edge  of  the  bone. 

Frederick  Peterson. 
J.  Ramsat  Hunt. 
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Cephalometry. — See  Skull. 

Cera. — Cera  Flava,  Yellow  wax;  Beeswax;  Wax. 
A  solid  substance  prepared  from  the  honey-comb  of 
the  bee  (Apis  melliferaL.}.  (U.  S.  P.) 

Wax  is  an  animal  product  secreted  by  bees  under  the 
rings  of  the  abdomen,  where  it  accumulates,  when  the 
insects  are  comb-making,  in  scales  or  flakes.  These 
flakes  are  disengaged  l)y  the  bees,  and,  with  jaws  and 
legs,  moulded  into  that  remarkable  structure,  the 
honey-comb.  It  appears  to  be  an  analogue  of  the 
sebaceous  secretion  of  the  skin.  The  wax  is  obtained 
by  depriving  the  comb  of  its  honey,  chiefly  by  means 
of  centrifugal  apparatus,  and  is  purified  by  'melting 
one  or  more  times  in  boiling  w.ater,  straining,  and 
cooling.  It  is  then  melted  and  cast  in  large  solid 
cakes. 

Wax  is  too  familiar  to  need  description,  were  it  not 
for  its  very  frequent  adulteration,  which  unfortu- 
nately is  not  always  easily  detected.  It  is  a  yellowish 
or  brownish-yellow  solid,  having  an  agreeable,  honey- 
like odor,  and  a  faint,  iialsamic  taste.  It  is  brittle 
when  cold,  but  becomes  plastic  bv  the  heat  of  the  hand. 
It  melts  at  63''-64°  C.  (145.4°-147.2°  F.),  and  con- 
geals with  a  smooth  and  level  surface.  Specific 
gravity,  0.951  to  0.960  at  2.5°  C.  (77°  F.)  It  is  in- 
soluble in  water,  but  soluble  in  thirty-five  parts  of 
ether  and  in  eleven  parts  of  chloroform;  also  soluble 
in  the  oil  of  turpentine  and  in  fixed  or  volatile  oils. 
Cold  alcohol  dissolves  it  only  partly,  but  it  is  almost 
completely  soluble  in  boiling  alcohol.  Boiled  with  a 
solution  of  soda,  wax  does  not  saponify  like  the  fats 
and  resins,  and  their  mixture  with  wax  can  be  detected 
in  this  way;  if  the  liquid  so  boiled,  after  the  wax  has 
been  separated  by  cooling,  remains  turbid,  or  gives 
a  precipitate  when  acidulated  with  hydrochloric 
acid,  fat,  resin,  soap,  or  something  of  that  kind  is 
present.  If  five  grams  of  wax  be  heated,  in  a  flask 
for  fifteen  minutes,  with  twentv-five  grams  of  sul- 
phuric acid,  to  160°  C.  (302°  F.),  and  the  mixture 
diluted  with  water,  no  solid,  wax-like  body  should 
separate  (absence  of  paraffin). 

The  most  common  indication  of  adulteration  is  a 
concave  upper  surface  of  the  cake.  About  ninety 
per  cent,  of  the  beeswax  consists  of  Cerin  (Cerolic  acid, 
CztHsiOz),  the  remainder  being  chiefly  myrical  pal- 
milate.  Variable  accidental  constituents,  depending 
upon  the  geographical  source,  and  special  conditions, 
exist  in  small  quantity. 

Cera  Alba,  White  wax;  Bleached  wax,  is  "yellow 
wax,    bleached."    (U.  S.   P.)*  White  wax  is  usually 
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prepared  by  being  cut  into  tliin  ribbons  or  shreds 
and  exposed  for  a  few  weeks  to  the  atmosphere  and 
sunlight,  being  also  frequently  watered.  It  may 
also  be  bleached  by  the  less  desirable  method  of  treat- 
ment with  the  oil  of  turpentine  or  some  chlorine  solu- 
tion. It  is  a  yellowish-white  solid,  somewhat  trans- 
lucent in  thin  layers,  having  a  slightly  rancid  odor 
and  an  insii;id  taste,  answering  otherwise  nearly  to 
the  description  and  tests  given  above. 

Action  and  Tses. — Wax  is  insoluble  in  the  body, 
and  therefore  exerts  only  a  mechanical  action  upon 
it.  Its  use  internally  is  entirely  obsolete.  Formerly 
it  was  occasionally  recommended  for  diarrhea  or 
dysentery,  and  later,  as  a  pill-coating.  Its  plasticity 
and  very  great  permanence  make  it  useful  as  a  tem- 
porary tooth-filling  where  the  cavities  are  tender  and 
away  from  the  grinding  surfaces.  Its  principal 
employment  in  medicine,  however,  is  as  a  component 
of  cerates  (which  derive  their  name  from  it),  plasters, 
and  ointments,  to  which  it  gives  durability  and  con- 
sistence.     It  is  perfectly  non-irritating. 

The  most  important  uses  of  wax  are  ceremonial 
and  domestic — candles  and  mechanical  moulding 
and  modelling. 

Allied  Substances. — Chinese  wax,  secreted  by  Coc- 
cus ceriferus  upon  a  Chinese  ash;  a  hard,  translucent, 
spermaceti-like  substance;  Japanese,  from  the  sur- 
face of  the  fruits  of  several  species  of  Rhus;  bayberry 
wax  and  several  other  vegetable  products.  See  also 
Ceiaceum.  H.  H.  Rusbt. 


Cerata. — A  cerate  (ceratum)  is  an  unctuous  solid 
preparation  resembling  an  ointment,  but  of  a  firmer 
consistence.  Cerates  are  softer  than  plasters,  are 
easily  spread  upon  muslin  or  other  substance  with  a 
spatula,  and  do  not  melt  and  run  when  applied  to  the 
skin.  Cerates  are  made  of  wax  (L.  cera)  with  oil 
or  lard;  it  has  been  found  that  those  made  with 
yellow  wax  keep  better  than  those  made  with  white 
wax.     They  should  be  kept  in  a  cool  place. 

Cerates  of  the  U.  S.  Ph.^rmacopceia  and  National 
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Cer.\tum  (Simple  cerate) 

U.S.P. 

White  wax  30.  white  pe- 
trolatum 20,  benzoinated 
lard,  50. 

C.  CAMPHORiE    (Camphor  ce- 

U.S.P. 

Camphor     liniment      10, 

rate). 

white  wax  35,  white  pe- 
trolatumlo,  benzoinated 
lard  40. 

C.    C.AMPHOR.E       COMPOSITUM 

N.F. 

Camphor  10.7,  white  wax 

(Compound  camphor  cerate; 

15,  ca.stor  oil  25,  sperma- 

camphor ice). 

ceti  48,  phenol  0.2.  oil  of 
bitter  almond  0.1,  ben- 
zoic acid  1. 

C.  Canthabidis  (Cantharides 

U.S.P. 

Cantharides  32,  liquid  pe- 

cerate). 

trolatum  15,  yellow  wax 
IS.  rosin  18,  lard  17. 

C.  Cetacei    (Spermaceti    ce- 

N.F. 

Spermaceti  10.  white  wax 

rate). 

35,  o^^•e  oil  55. 

C.      ExTBACTI        CaNTHARIDIS 

N.F. 

Cantharides  30,  rosin  15, 

(Cerate  of  extract  of  canthar- 

yellow wax  35,  lard  35, 

ides.) 

alcohol  q.s. 

C.  Plumbi  Subacetatis  (Ce- 

U.S.P. 

Solution   of  lead  subace- 

rate    of     lead     subacetate; 

tate  20,  wool  fat  20.  par- 

Goulard's  cerate). 

afRn  20,  white  petrola- 
tum 38,  camphor  2. 

C.  RESrN.E      (Rosin      cerate; 

U.S.P. 

Rosin  35,  yellow  wax  15, 

BasiUcon  ointment). 

lard  50. 

C.    ResIN.E  CoMPOSITUM(Com- 

U.S.P. 

Rosin    22.5,    yellow    wax 

pound  rosin  cerate;  Deshler's 

22.5,  prepared  suet  30, 

salve). 

turpentine  11.5,  linseed 
oil,  13.5. 

C.  Sabine  (Savine  cerate) 

N.F. 

Fluidextract  of  savine  25 
rosin  cerate  90. 

R.  J.  E.  Scott. 
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Cvrcbelluiii,  Disorders  of 


Ccrativodes. — A  gonus  of  ticks,  Ixodinw,  that  is 
parasitic  on  soa  birds,  and  individuals  of  its  only 
species,  C.  putus,  are  often  found  on  cliffs.  The  palpi 
are  long;  eyes  absent;  no  anal  groove  in  female; 
stigmata  circular;  one  anal  and  two  adanal  shields  in 
male.     See  Arachnida.  A.  S.  P. 


Ceratoph_\llus. — A  genus  of  fleas,  family  Pulicida; 
in  which  there  are  ctenidia  on  the  prothorax  but  not 
on  the  head.  The.se  insects  are  parasitic  on  rats  and 
mice  and  may  carry  disease.     See  Insects,  Parasitic. 

A.  S.  P. 


Cercaria. — A  larval  stage  in  the  development  of 
tromatode  worms.  A  cercaria  usually  possesses  a 
ventral  sucker  in  addition  to  one  at  the  mouth,  a  tri- 
clad  digestive  tract,  and  a  tail  for  swimming.  It  is 
really  a  young  distome,  which  either  enters  its  final 
host  directly  or  becomes  encysted  for  a  time  before 
being  finally  transformed  into  an  adult  fluke.  See 
Trematoda.  A.  S.  P. 


Cercomonas. — A  genus  of  flagellate  protozoans, 
family  Cercomonidcc,  with  a  large  flagellum  and  no 
undulating  membrane.  Species  of  this  genus  have 
been  found  in  the  alimentary  canal,  bronchial  sys- 
tem, pleural  exudates,  and  in  echinococcus  cysts. 
Their  associations  in  the  human  body  are  not  well 
understood.     See  Protozoa.  A.  S.  P. 

Cerebellum,  Anatomy  of. — See  under  Bratn. 

Cerebellum,  Disorders  of  the. — The  cerebellum 
is  a  highly  complex  structure.  Its  chief  function  is 
that  of  automatic  orientation  of  the  bodily  move- 
ments in  time  and  space.  Disturbances  of  its  incom- 
ing and  outgoing  pathways  produce  for  the  most  part 
conflicts  witli  the  laws  of  gravitj-,  -which  are  compen- 
sated for  by  equilibrium  movements.  The  loss  of  the 
control  of  "time,  as  well  as  of  space  relations,  causes 
uncertainty  and  inaccuracy  of  movements,  and  this 
gives  rise  to  a  number  of  motor  anomalies,  which 
may  involve  almost  any  series  of  voluntary  muscles 
of  the  body.  So  far  as  is  yet  known,  none  of  the 
sympathetic  structures  seem  to  be  implicated  in 
cerebellar  disturbances. 

A  clinical  study  of  the  cerebellar  svTidromes  shows 
that  not  only  does  one  have  to  reckon  with  lesions 
within  the  cerebellum  itself,  but  also,  by  reason  of 
its  position  within  the  cranial  cavity,  pressure  from 
objects  lying  in  contiguous  structures  may  bring 
about  disturbances  of  cerebellar  functions  properly 
so-called.  Furthermore,  the  close  anatomical  re- 
lations with  the  structures  of  the  midbrain,  the  red 
nucleus,  the  optic  thalamus  with  important  centers 
in  the  medulla  and  the  pons,  and  also  the  cord,  need 
to  be  borne  in  mind  in  any  analysis  of  disturbances  of 
the  cerebellar  functions.     (Fig.  1280.) 

The  cereliellum  has  been  termed  by  Sherrington 
the  chief  organ  of  coordination,  and  the  reflex  system 
of  the  proprioceptors.  It  receives  impressions  from 
a  great  variety  of  receptors  throughout  the  body. 
Concerning  many  other  receptors  and  their  pathways 
nothing  is  known  as  yet  nor  is  it  yet  definitely  es- 
tablished that  they  pass  by  way  of  the  cerebellum 
to  the  cortex.  Receptors  for  heat,  for  cold,  for  touch, 
for  weight,  for  pain,  sound,  light  may  have  represen- 
tation to  a  greater  or  less  degree  within  the  cere- 
bellum but  this  is  still  unproven.  In  general  one 
may  say  that  the  cortex  of  the  cerebellum  is  largely 
a  sensory  organ,  but  sensory  only  in  a  special  sense, 
that  is,  with  reference  to  the  receptors  governing 
movements  working  with  time  and  space  relations. 
Some  authors  refuse  to  call  this  sensory.  From  the 
cerebellar  cortex  impressions,  for  the  most  part,  are 


distributed  to  the  int<!rnal  cerebellar  luiclei  from 
which  apparently  the  chief  motor  imjjulses  proceed. 
(Fig.  1281.)  These  nuclei  are  the  dentate  nucleus, 
Doiter's  nucleus,  nucleus  globosus,  nucleus  emboli- 
fornums,  and  the  nuclei  of  the  tegumentum. 

The  chief  incoming  pathways  traverse  the  three 
cerebellar  pcdmiclcs.  Bechterew  summarizes  these 
somewhat  as  follows: 

1.  Inferior  Cerebellar  Peduncle  Paths. — (a)  The 
Flechsig  column,  or  the  dorsospino-cerebellar  tract. 
This  passes  >ip  the  lateroventral  side  of  the  lateral 
column,  originating  from  cells  in  Clark's  column. 
It  is  distributed  to  the  middle  lobe  of  the  vermis, 
and   the   ventrolateral   lobe   of   the   lobus   centralis. 


Fig.  1280. — Lower  Surface  of  the  Cerebellum.  AM,  anterior 
wall;  B,  medulla;  Cv,  hemispheres  of  the  cerebellum;  Epa,  an- 
terior perforated  space;  Fe,  bundle  of  F6r6;  Floe,  flocculus; 
I,  insula;  i,  fissure  of  the  insula;  la,  anterior  convolution  of  the 
insula;  Ip,  posterior  convolution  of  the  insula;  LF,  frontal  lobe; 
LT,  temporal  lobe;  Lc,  central  lobe;  Ldg,  digastric  lobe;  Lgr. 
lobus  gracilis.     (Thomas.) 

(6)  Columns  of  Gall  and  Burdach  send  fibers  from 
the  nucleus  gracilis  and  nucleus  cxmeatus  dorsally, 
and  uncrossed,  to  the  inferior  vermis,  ventrally,  and 
crossed,  to  the  superior  vermis,  (c)  Olivocere- 
bellar tracts,  originating  in  the  cord,  passing  by  way 
of  the  inferior  olivary  bodies  directly  to  Deiter's 
nucleus,  and  crossed  to  the  superior  vermis.  (<J) 
An  important  path  is  the  vestibulocerebellar  path 
from  the  vestibular  ganglion  to  Deiter's  nucleus  and 
thence  to  the  inferior  vermis.  Other  pathwaj's  are 
described  but  those  mentioned  stand  out  foremost. 

2.  Middle  Cerebellar  Peduncle. — This  receives  fibers 
coming  from  the  pontine  nuclei,  located  in  the  pon- 
tine reticulum  and  the  ventrolateral  pontine  nuclei. 
Some  of  these  fibers  appear  to  be  directly  associated 
with  the  corticopontine  tracts,  and  it  is  through  them 
that  many  of  the  frontal  impulses  pass  which  aid  in 
the  conscious  control  of  disturbed  equilibrium,  as 
well  as  constituting  a  higher  reflex  pathway. 

3.  Superior  Cerebellar  Peduncle.— At  least  four  in- 
coming sensory  tracts  are  described.  That  which  is 
best  known  is  the  column  of  Cowers,  which  also 
originates  in  the  column  of  Clark  and  passes  into  the 
cerebellar  cortex. 

Incoming  fibers  from  the  red  nucleus  (rubrocerebel- 
lar) and  from  the  thalamus  (thalamocerebellar)  make 
up  others  of  the  superior  cerebellar  tract  sensorimotor 
system. 

The  chief  motor  pathways  from  the  intrinsic  nuclei 
of   the    cerebellum    pass    out    through    the    superior 
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cerebellar  peduncle.  Hence  lesions  of  the  superior  cere- 
bellar peduncle  are  of  special  moment  in  determining 
the  symtomatology  of  cerebellar  disease.  These  path- 
ways are  variously  known  as  the  cerebellorubral  and 
cerebellothalamic  tracts.  The  cerebellum  thus  forms 
an  important  sensori-motor  station  in  a  complicated 
series  of  reflexes  which,  so  far  as  the  cerebellum  is 
concerned,  work  automatically.  The  cerebellar  cor- 
tex acts  as  a  primary  reception  station  and  the  intrinsic 
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Fia.  1281. — Illustrating  Spinal  Connections  with  the  Cere- 
bellum. Incoming  paths  on  right,  outgoing  paths  on  the  left. 
(Holmes.) 

nuclei  as  the  primary  motor  impulse  originating 
sources.  The  sensorj'  impulses  going  through  the 
cord  and  brain  stem  traverse  the  paths  just  enumer- 
ated and  convey  information  chiefly  concerning  the 
states  of  tension  of  the  muscular  parts  of  the  extremi- 
ties, the  trunk,  the  head,  and  the  muscles  connected 
with  the  organs  of  special  senses;  states  of  pressure 
in  the  joints;  or  facts  concerning  states  of  pressure 
upon  the  skin;  possibly  states  of  pressure  on  the 
viscera  within  the  body. 

To  this  purely  reflex  mechanism,  which,  roughly 
speaking,  may  be  sketched  as  consisting  of  afferent 
paths  to  the  cerebellum,  efferent  paths  to  the  red 
nucleus  and  down  the  spinal  cord,  is  added  the  con- 
trolling cerebral  system  largely  through  the  fronto- 
pontocerebellar  paths.  The  accompanying  illustra- 
tions from  Holmes  in  White  and  Jelliffe's  Modern 
Treatment  of  Nervous  Mental  Diseases,  Lea  and 
Febiger,  1913,  show  the  chief  spinal  and  cerebral 
pathways  both  afferent  and  efferent  (Figs.  1281  and 
1282). 

SyiiPTOM-^TOLOGY. — The  general  sjmptoms  of  cere- 
bellar disturbances,  or  of  diseases  or  disturbances  of 
its  connections  therefore  offers  a  multitudinous 
complex,  the  detaUs  and  anatomical  correlations  of 
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which  are  still  being  rapidly  added  to  at  the  present 
time.  Certain  cardinal  symptoms  are  capable  of 
partial  anahsis  and  point  with  a  fair  degree  of  dis- 
tinctness toward  cerebellar  disease. 

Cerebellar  Ataxia. — This  complex  classical  sign  of 
cerebellar  disturbance  consists  in  disturbance  of 
coordination  of  the  larger  muscular  group  actions, 
the  trunk  and  lower  extremities  being  chiefl\-  involved. 
The  head,  eyes,  and  upper  extremities  may  be  affected. 
Signs  of  distinct  paralysis  are  absent. 

The  making  of  fine  coordinated  movements,  stand- 
ing and  walking,  are  interfered  with.  In  the  severe 
grades,  standing,  and  in  some  cases  even  sitting, 
become  impossible.  In  walking,  the  wabbly,  side- 
stepping, drunken  gait,  named  for  Duchenne,  and 
described  by  him  and  other  French  authors,  is  ex- 
tremel}'  characteristic.  Stewart  and  Holmes,  in  a 
partial  study  of  the  cerebellar  gait  (Brain,  1904) 
show  two  characteristic  trends  of  disturbance: 
first,  staggering  lateropulsions  toward  the  affected 
side,  backward  or  forward,  accordmg  to  the  location 
of  the  lesions  in  vermis  or  dentate  nucleus.  The 
patient  feels  as  if  he  were  pushed  to  one  side,  and  in 
attempting  restitution  overcorrects,  thus  producing 
the  swaying  movement.  Second,  the  entire  orienta- 
tion in  space  is  influenced,  the  patient  bending  in  the 
direction  of  the  affected  side.  The  characteristic 
menagerie-like  movements  result  from  conscious 
attempts  at  correction  (frontocerebellar  paths), 
producing  the  larger  zigzags  in  the  general  course  of 
progression.  Forward  and  backward  movements 
have  their  special  localizing  signs.  (Figs.  1283,  1284, 
1285,  and  1286. 
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Fig.  1282. — Illustrating  the  Afferent    and    Efferent   Connections 
of  the  Cerebellum  with  the  Forebrain.     (Holmes.) 

Cerebellar  ataxias  may  be  the  result  of  involvement 
of  the  spinocerebellar  paths  (Flechsig,  Gowers,  ves- 
tibular system),  as  in  the  Freidreich-Marie  ata.xia 
group  (see  Fig.  1281) ;  they  may  arise  from  involvement 
of  the  superior  cerebellar  peduncles — from  bulbar  and 
pontine  involvements  of  these  paths,  and  from  im- 
plication of  the  cerebellorubral,  cerebellothalamic, 
and  frontocerebellar  paths.  (See  Fig.  1282.)  Typical 
cerebellar  ataxias,  with  drunken  gait  (Burns,  Oppen- 
heim),  are  seen  in  some  cases  of  frontal  tumor.  The 
accompanying  localizing  disturbances,  and  dissocia- 
tive   (diaschitic)    signs    of    the    disturbed    cerebro- 
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Fig.  12S3. 


Fig    1284. 


Figs.  1283  and  1284. — Cerebellar  Ataxic  Gait,    Lesions  in  the  inferior  cerebellar  peduncle  and  in  the  medulla.     See  Figs. 

12S7    and    1288.       (Thomas.) 


Fig.  1285.  Fig.  12S6. 

Figs.  1285  and  1286. — Cerebellar  Ataxic  Gait  in  Different  Positions  from  Those  Shown  in  Figs.  12S3  and  1284.     (Thomas.) 
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cerebellar  paths  should  be  taken  into  consideration 
in  differential  diagnosis. 

The  ataxias  (dysmetrias)  of  the  upper  extremities, 
associated  with  ataxias  of  the  trunk  and  lower  ex- 
tremities in  standing,  walking,  etc.,  are  chiefly  bilat- 
eral, unilateral,  or  lateral  (usiially  homolateral). 
The  influence  on  the  ataxia  of  the  aljsence  or  presence 
of  visual  aid  is  but  slight,  or  none  at  all,  as  shown 
by  the  finger-finger  and  finger-nose  test.     Owing  to 


Fia.  1287. — Lesion  in  the  Restiform  Body  (Inferior  Cerebellar 
Peduncle)  in  the  Patient  Shown  in  Figs.  1283,  1284,  1285,  and  1286. 
(Thomas.) 

the  poor  coordination  of  the  individual  muscular  ac- 
tivities, the  desired  act,  as  in  walking,  can  be  per- 
formed only  after  sever.al  trials  and  errors. 

Nystagmus. — This  collection  of  eye  movements  is 
almost  invariably  present  in  cerebellar  path  disturb- 
ance, and  being  closely  related  to  the  vestibular 
system  may  be  the  result  of  either  intracerebellar 
or  extracerebellar  implication  of  these  paths.  True 
vestibular  nystagmus  is  almost  invariably  accom- 
panied by  vestibular  vertigo  and  ataxia.  It  is  modi- 
fied by  the  position  of  the  head,  and 
examination  should  therefore  be  car- 
ried out  with  the  head  in  each  of  the 
three  planes.  A  patient  with  ves- 
tibular nystagmus  tends  to  rotate 
within  the  plane  of  the  nystagmus, 
and  in  the  direction  opposite  to  that 
of  the  quick  nystagmic  movement; 
thus,  a  patient  with  vestibular  nys- 
tagmus who  bends  his  head  forward 
ninetv  degrees  will  rotate  in  a  direc- 
tion directly  opposite  if  he  bend  liis 
head  backward  ninety  degrees.  The 
laws  of  intracerebellar  nystagmus 
apart  from  actual  vestibular  disease 
remain  to  be  investigated.  Skew 
deviations  (Fig.  1289),  and  other  eye 
displacements  are  to  be  interpreted 
in  the  light  of  forced  movements  hav- 
ing their  analogies  to  nystagmus. 
They  point  to  involvement  of  the 
middle  cerebellar  peduncle  often. 
Nausea,  vomiting,  amblyopia,  loss 
of  consciousness,  and  pain  in  the 
muscles  of  the  neck  are  closely  asso- 
ciated with  disorder  of  the  vestibular 
system. 

To  separate  true  cerebellar  nystag- 
mus from  labyrinthinenystagmus  is  not  always  possible. 

Holmes  states  that  nystagmus  is  a  common  and 
very  valuable  localizing  sign  of  local  cerebellar  lesions. 
It  is  almo.st  certainly  a  true  cerebellar  symptom, 
though  Bing  is  quoted  as  regarding  it  as  an  effect 
of  the  pressure  of  the  cerebellar  disease  on  the  abdu- 
cens  nucleus,  or  on  the  dorsal  longitudinal  bundle. 
It  is  rarely  observed  on  direct  forward  fixation  of  the 
eyes,    except    with    severe    and    acute    lesions    and 


generally  appears  only  on  lateral  or  more  rarely  on 
vertical  movements.  When  the  cerebellar  disease  is 
unilateral  the  nystagmus  is  most  marked  on  conjugate 
deviation  of  the  eyes  toward  the  side  of  the  lesion, 
and  consists  of  a  relatively  slow  forcible  jerking  move- 
inent  in  this  direction  and  a  gradual  recession  toward 
the  middle  line.  On  conjugate  deviation  toward  the 
opposite  side  the  nystagmoid  movements  are  more 
rapid,  but  smaller  in  range.  The  nystagmus  is  almost 
invariabl_v  conjugate,  i.e.  the  eyes  move  simulta- 
neously and  equally.  Nystagmus  is  less  commonly 
associated  with  vertical  movements  of  the  eyes,  and 
when  it  occurs  is  generally  rotatory,  in  the  direction 
of  the  movement  and  toward  the  side  of  the  lesion. 
Barany's  observation  tends  to  show  that  the  suppres- 
sion of  calorific  nystagmus  associated  with  spontaneous 
nystagmus,  indicates  a  central  lesion  in  the  cerebellum 
or  pons  Varolii. 

Nystagmus  is  much  more  common  in  acute  than  in 
chronic  cerebellar  disease:  it  is  rarely  prominent  in  the 
slowly  progressive  atrophies. 

Adiadochokinesis. — This  symptom,  which  was  origi- 
nally described  by  Babinski  as  characteristic  of 
cerebellar  disease,  consists  of  a  disability  to  perform 
rapidly  alternating  agonist  and  antagonist  move- 
ments, such  as  rapid  pronation  and  supination,  finger 
play,  etc.  While  not  invariably  found,  nor  always 
clearly  indicative  of  cerebellar  path  involvement,  its 
presence  is  of  sufficient  frequency  to  ask  for  special 
mention.  It  is  only  a  variant  of  a  special  ataxia 
brought  out  by  a  special  test,  and  where  paralysis  is 
absent  points  to  nvolvement  of  the  cerebellar  paths. 
It  is  frecjuently  absent  in  extracerebellar  tumors 
(frontal  tiunors)  in  which  other  well-marked  cerebellar 
signs  are  present.  It  is  an  extremely  important  sign 
and  its  presence  should  always  be  sought  for.  It  is 
very  frequentl.v  found  in  chorea  and  in  paralysis 
agitans,  thus  indicating  certain  localizing  signs  in 
these  disorders  so  often,  but  erroneously,  spoken  of  as 
functional  nervous  disorders. 


Fig.  1288. — ^Lesion  in  the  Medulla  in  the  Patient  shown  in  Figs.  1283,  1284,  1285, 
and  1286.     (Thomas.) 

Vertigo,  generallj'  of  a  rotatory  character,  is  usually 
a  conspicuous  sign  in  disorders  of  the  cerebellum.  It 
occurs  most  frequently  in  tumor  or  abscess.  The 
patient  not  only  may  feel  himself  revolving  in  space, 
but  objects  may  appear  to  revolve  from  right  to  left, 
or  from  left  to  right.  Vertigo  of  an  up  or  down 
character  appears  more  rarely  and  has  been  thought 
to  obtain  in  timiors  in  the  anterior  vermis  which 
being  close  to  the  corpora  quadrigemina  press  upon 
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these  stnictiires.  The  character  of  the  vertigo  must  be 
shar[)ly  enquired  into.  The  symptom  arises  chiefly 
from  lesions  connected  witli  tlie  vestibular  paths,  as 
the  labyrinth  is  the  chief  ceplialic  ganglion  iii  the 
proprioceptive  systems,  of  which  the  cerebellum 
constitutes  the  coordinating  center,  and  disease  of  the 
labyrinth  itself,  as  well  as  of  its  extraccrebellar  and 
intracerehellar  jiatlis  may  cause  vertigo.  Differen- 
tial diagnosLs  between  labyrinthine  disease  and  Intra- 
cerebellar  disorder  is  possible  as  a  rule  by  means  of  the 
Barany  tests. 

Stewart  and  Holmes  point  out  that  accumulation  of 
experience  shows  that  as  a  general  rule  objects  rotate 


Fio.  12S9. — Patient  with  Skew  Deviation  of  the  Eyes.  The 
right  eye  looks  up  and  out:  the  left  eye  down  and  in.  Patient 
with  a  tumor  of  the  lateral  lobe  of  the  cerebellum.     (Holmes.) 

from  the  diseased  to  the  well  side  in  intra-  as  well  as 
in  extracerebellar  disturbances,  whereas  the  subjective 
sense  of  rotation  is  usually  from  the  diseased  to  the 
well  side  in  intracerebellar  disorder,  and  the  reverse 
in  extracerebellar  involvement  of  the  paths.  Further 
study  is  needed  on  this  point. 

Cerebellar  hypotonus,  usually  one-sided,  may  be 
present  in  cerebellar  affections.  It  is  revealed  by 
palpation  of  the  muscles,  testing  of  resistance  move- 
ments, and  looseness  in  performance  of  passive  move- 
ments. This  hv-potonia  or  atonia  is  usually  accom- 
panied by  normal  or  even  exaggerated  tendon  reflexes, 
as  contrasted  with  that  of  peripheral  neuritis  or 
tabes.  It  is  present  only  in  more  acute  lesions  to  any 
great  extent.  Stewart  and  Holmes  have  noted  a 
striking  feature  of  this  h.\'potonus.  The  extensor 
recoil,  which  ordinarily  follows  the  sudden  flexor  jerk 
induced  by  the  sudden  relaxation  of  resistance  to  a 
definite  movement  is  almost  always  absent  in  a 
cerebellar  hypotonic  reaction,  whereas  the  flexor  jerk 
itself  is  excessive.  They  test  it  as  follows :  the  patient 
is  asked  to  place  his  elbow  on  a  table  or  other  rest  and 
to  flex  his  forearm  as  strongly  as  possible,  the  observer 
resisting  the  movement  by  grasping  his  wrist.  When 
the  wrist  is  suddenly  released  the  forearm  rapidly 
flexes  for  a  short  dLstance,  but  if  the  limb  is  normal  it 
is  quickly  brought  to  rest  by  the  sudden  reflex  tonic 
contraction  of  the  antagonists  of  the  contracting 
muscles,  i.e.  the  triceps;  and  if  the  limb  is  spastic 
there  may  be  a  considerable  recoil.  In  cerebellar 
hypotonia,  on  the  other  hand,  the  movement  is  not 
checked  by  this  reflexly  excited  contraction  of  the 
triceps  and  the  forearm  continues  to  move  until 
flexion  is  no  longer  physically  possible. 

•■IsMenia.— Although    the    presence   of  asthenia   in 


cerebellar  disorder  has  been  interpreted  as  being  due 
to  a  lesion  of  the  pyramidal  tracts  by  contiguity,  it  is 
imquestionably  a  true  cerebellar  symptom.  It  is 
usually  homolateral  to  the  lesion,  and  is  closely 
related  to  cerebellar  hypotonus.  It  occurs  particu- 
larly in  acute  lesions  and  is  transient.  The  limbs  are 
often  tremulous  and  the  head  if  un.supported  may 
sway  from  side  to  side  in  small  oscillations.  Disorder 
of  the  tractus  cerebellovestibularis  spinalis,  or  rubro- 
spinalis  usually  gives  rise  to  thus  symptom. 

Cerebellar  Asynergia. — This  is  a  severe  grade  of 
retro-  and  propulsion,  as  seen  in  paralysis  agitans, 
both  being  due  to  similar  pathological  foundations. 
The  patient  is  totally  unable  to  balance  himself,  so 
that  either  his  legs  walk  away  from  under  him,  or  he 
pitches  forward  without  their  following.  The  condi- 
tion has  been  described  by  Babinski  as  being  a  special 
symptom  of  cerebellar  disease,  whereas  in  reality  it 
is  one  of  the  components  of  cerebellar  ataxia,  but  in 
the  anteroposterior  plane  rather  than  in   the  lateral 
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Fig.  1290. — The  Chief  Cerebellar  Paths,  as  Given  by  Bechterew. 

planes.  If  a  normal  person  be  requested  to  place  one 
foot  on  a  chair  in  front  of  him  he  does  so  by  simul- 
taneously flexing  his  hip  and  knee;  a  patient  with 
cerebellar  ataxia  will,  however,  probably  first  raise 
his  leg  by  flexing  his  tliigh,  and  only  later  flex  his  knee; 
the  two  acts  are  not  simultaneously  executed.  Simi- 
larly, though  the  patient  may  have  difficulty  in  main- 
taining hLs  equilibrium  as  he  walks  he  does  not  aid 
himself  by  swinging  his  arms  in  association  with  the 
movements  of  his  legs.    Another  test  of   asynergia, 
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which  -sveU  ilhistrates  its  effect  on  gait,  is  to  ask  the 
patient  to  throw  his  head  backward;  in  attempting 
this  he  may  fall  owing  to  failure  to  readjust  his 
balance  by  the  sinniltaneous  flexion  of  his  knees. 
To  this  asj'nergia  the  difficulty  in  equilibration  is 
largely  due.  ]Movenients  which  displace  the  center 
of  gravity,  as  every  step  must  do,  do  not  excite 
reflexly  the  normally  associated  muscular  contrac- 
tions, which  again  throw  the  center  of  gravity  over  the 
base;  in  other  words  the  body  does  not  adjust  itself 
immediately  to  its  altered  position. 


Fig.  1291. — Paralysis  of  Upward  Movement  of  the  Eyes; 
showing  the  excessive  wrinkling  of  the  forehead  in  the  attempt  to 
look  up.      (Holmes.) 

Forced  Movement. — Forced  movements  of  the  mus- 
cles of  the  neck  and  eyes  are  present  in  cerebellar 
disorders  and  appear  as  irritation  or  as  defect  symp- 
toms due  to  disease  of  the  hemispheres  or  of  the 
middle  cerebellar  peduncle. 

Ocular  movements  are  more  characteristic.  Ocular 
palsies  are  not  a  direct  result  of  cerebellar  disease, 
though  they  not  infrequently  occur  in  cases  of 
tumor  or  abscess  owing  to  pressure  tra-nsmitted 
directly  or  indirectly  to  the  nuclei  of  the  ocular  nerves. 
Thus  the  sixth  nerve  suifers  the  most  frequently,  but 
tumors  in  the  anterior  part  of  the  vermis  may  produce 
a  palsy  of  the  trochlear,  or  of  some  part  of  the  oculo- 
motor nerve.  Weakness  of  lateral  conjugate  move- 
ment of  the  eyes  t.oward  the  side  of  the  lesion  is 
probably  also  only  an  indirect  effect.  The  "skew 
deviation,"  originally  observed  by  Magendie,  seems, 
however,  to  be  attributable  to  the  disease  of  the 
cerebellum  itself  as  well  as  to  middle  cerebellar- 
peduncle  lesion,  as  has  been  noted. 

Speech  Disturbances. — Dysarthrias  are  usually  pres- 
ent in  defects  of  the  cerebellum,  and  may  point  to  gen- 
eral defect  of  the  entire  organ,  disease  of  the  bulbo- 
cerebellar  tracts,  or  pressures  upon  the  bulbar  nuclei 
from  contiguous  new  growths.  The\'  are  usually 
symptomatic  of  the  same  tj^pe  of  ataxia  as  found 
in  the  other  muscles  of  the  body  (adiadochokinesis) . 

Cerebellar  Fits. — Tetanus-like  convulsive  seizures, 
with  characteristic  holding  of  the  bodj^  in  extended 
rigid  position,  originally  described  by  Jackson  in  1871. 
(Fig.  1292.) 
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From  the  clinical  point  of  view,  disorders  of  the 
cerebellum  are  best  discussed  in  the  following  order: 
(1)  Those  of  the  peduncles;  (2)  disorders  of  the  cere- 
bellum itself;  (3)  disorders  of  extracerebellar  loca- 
tion, with  implication  of  the  cerebellar  functions  in 
the  posterior  fossa,  and  having  additional  symptoms 
caused  by  pressure  on  contiguous  structures — pons, 
medulla,  fourth  ventricle. 

1.  Lesions  of  the  Peduncles. — Inferior  Cerebellar 
Peduncle;  Corpus  Resliforine. — Whereas  disorders 
caused  by  pressure  due  to  pontine  or  bulbar  diseases 
are  not  infrequently  met  with,  isolated  disease  of  the 
inferior  peduncle  itself  is  very  rare.  The  coordinat- 
ing path,  i.e.  cerebellovestibulo-spinal  tract  is  chiefly 
involved.  The  most  striking  symptoms  are  turning 
of  the  body  toward  the  site  of  the  lesion,  vertigo  with 
tendency  to  fall  in  the  direction  of  the  side  of  the 
lesion,  forced  positions,  and  modifications  of  the  eye 
movements  (convergent  and  divergent  strabismus, 
occasionally  skew  deviations).  Adler  has  digested 
the  literature.  (Die  Symptomatologie  der  Kleinhirn- 
Erkrankungen,  WeLsbaden,  1S99.) 

Lesion  of  the  Middle  Cerebellar  Peduncles. — This  is 
rarely  seen  without  complications,  and  lesions  of  the 
pons  frequently  give  rise  to  symptoms  by  implicating 
the  middle  peduncle.  The  characteristic  symptoms 
are  rolling  movements  of  the  body  on  its  vertical  axis, 
skew  deviation  of  the  eyes,  Magendie-Hertwig  syn- 
drome (one  eye  showing  higher  than  the  other) .  The 
patients  behave  as  though  they  had  bilateral  vestibular 
disease,  causing  the  rolling  motions.  The  e^-e  symp- 
toms are  caused  bj'  lesions  of  the  fasciculus  anteromar- 
ginalis,  fibers  to  the  posterior  longitudinal  bundle  and 
Interference  with  the  fibers  to  the  abducens  nucleus. 

Lesions  of  the  Superior  Cerebellar  Peduncles. — It  is 
also   verj'  rarely  that  these  are  met  with   without 


Fig.  1292. — Position  of  the  Body  in  a  Cerebellar  Fit.   (Jackson.) 

complications.  Nystagmus  has  been  observed,  but 
ocular  implications  are  not  the  rule.  The  choreic  or 
paralysis  agitans-like  tremor,  appearing  on  the  same 
side  of  the  lesion,  which  is  so  characteristic,  may  be 
due  to  implication  of  the  cerebellorubrospinal  bundle. 
Forced  positions  of  the  head  to  the  side  of  the  lesion 
have  been  described. 

Here  the  relationships  to  the  midbrain  are  very 
close.  (See  Midbrain,  under  Brain.)  Tremor  is  a  most 
characteristic  topographical  sign  of  disease  of  these 
paths  in  the  midbrain.  This  fact  was  first  pointed 
out  by  Benedikt  and  the  coexistence  of  unilateral  tre- 
mor with  paralysis  of  the  opposite  third  nerve  has  be- 
come known  as  the  syndrome  of  Benedict.  (See 
Benedict's  Syndrome.)     The  tremor  often   resembles 
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very  closely  that  of  paralysis  agitans;  it  is  relatively 
regular  in  rate,  range,  and  amplitude,  and  of  a  fre- 
quency of  three  to  five  oscillations  per  second.  It 
ocoirs  as  a  rule  only  when  the  limb  is  wholly  or  par- 
tially unsupported.  It  is  not  under  volitional  control, 
and  it  generally  becomes  a  well-marked  intention-tre- 
mor on  movement.  Occasionally  the  spontaneous 
movements  are  more  irregular  or  choreiform,  and  even 
athetosis  may  occur,  but  this  is  more  character- 
istically associated  with  lesions  of  the  optic  thalamus 
than  of  the  nudbrain.    (Fig.  1294.) 


Fig.  1293. — Tumor  of   the  Cerebellopontine  Angle,  with  Atrophy 
of  the  Middle  Peduncle  of  the  Cerebellum. 


The  exact  pathogenesis  of  these  spontaneous  move- 
ments has  been  much  discussed.  The  original  view 
favored  by  Charcot  and  others,  writes  Holmes,  attrib- 
uted them  to  a  partial  or  irritative  lesion  of  the  py- 
ramidal tract,  but  numerous  facts  disprove  this  hj'- 
pothesis;  it  is  indeed  now  recognized  that  in  order  that 
they  occur  it  is  essential  that  the  pyramidal  tract 
should  not  be  severely  injured.  On  the  other  hand 
many  facts  tend  to  prove  that  tremor  may  result 
from  a  destructive  lesion  of  any  part  of  the  superior 
cerebellar  peduncle,  or  of  the  nucleus  ruber  in  which 
it  terminates,  or  of  the  rubrospinal  tract  or  IMoua- 
kow's  bundle  which  passes  from  this  to  the  spinal  cord. 
It  tlierefore  seems  to  depend  on  a  lesion  of  the  cere- 
bellorubrospinal  system  when  the  pyramidal  ■  tracts 
are  relatively  intact  (Bonhoeffer,  Holmes).  If  this 
be  so  the  tremor  must  be  homolateral  to  the  lesion  if 
the  cerebellar  peduncle  is  affected  before  its  decussa- 
tion, contralateral  if  the  lesion  lies  above  the  decussa- 
tion or  involves  the  nucleus  ruber,  and  again  homo- 
lateral if  its  affects  the  rubrospinal  tract  after  its 
crossing.  In  the  majority  of  cases  in  which  it  depends 
on  involvement  of  the  nucleus  ruber  it  is  generally 
found  on  the  same  side  as  the  sensory  and  motor  dis- 
turbances and  on  the  side  opposite  to  the  lesion. 

This  tremor  is  generally  associated  with  hyper- 
tonicity  of  the  muscles  and  rigidity  of  the  limbs,  and 
this  increases  the  danger  of  confusion  of  these  eases  with 


paralysis  agitans.  Sometimes,  indeed,  the  face  too 
is  rigid  and  mask-like. 

Stiinpluins  of  Chronic  Cerebellar  Disease. — As 
Holmes  has  well  shown,  the  symptoms  which  su- 
pervene on  acute  cerebellar  lesions  gradually  di- 
minish with  time,  and  may  in  part  disappear.  Those 
symptoms  which  characterize  chronic  or  slowly  pro- 
gressive di.sease  of  the  cerebellum  are  represented  by 
the  systemic  atrophies  and  degenerations  of  the  cere- 
bellum, as  well  as  by  old  softenings  and  hemorrhages 
and  by  neoplasms  that  have  become  latent.  In 
these  ca.ses  it  frequently  hajjpens  that  the  synqitoms 
are  much  less  marked  than  might  be  expected  from 
the  severity  and  extent  of  the  disease. 

The  distairbances  of  movement  are  invariably  the 
most  pronounced,  and  it  is  especially  gait  that  is 
affected.  Though  the  individual  and"  sim[)le  move- 
ments of  the  upper  extremities  nuvy  be  executed 
fairly  well,  or  may  show  at  the  most  only  a  moderate 
degree  of  ataxia,  the  more  complex  acts  which  require 
the  coordinated  and  synergic  cooperation  of  many 
grou]>s  of  muscles  are  generally  grossly  ataxic.  Gait 
is  consequently  as  a  rule  very  severely  affected,  and 
may  show  all  the  characters  of  that  described  as  a 
result  of  acute  cerebellar  lesions.  The  patient  reels 
and  staggers  from  side  to  side  as  a  drunken  man,  and 
equilibration  may  be  so  much  disturbed  that  support 
becomes  necessary.  Yet  the  movements  of  the  lower 
limbs  as  the  patient  lies  on  his  back,  or  when  fully 
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Fig.    1294. — Illustrating    the   Centers    and    Paths,     Lesions     of 
Which  Cause  Tremor  and  Involuntary  Movements.     (Holmes.) 

supported,  are  not  in  equal  degree  ataxic;  the  diffi- 
culty in  maintaining  equilibrium  and  directing  loco- 
motion is  consequently  due  not  so  much  to  the  ataxia 
of  the  legs  as  to  a  disturbance  of  the  synergia  of  the 
muscles  of  the  legs  and  trunk  which  is  necessary  for 
balance. 

But  the  limbs  never  escape  completely;  the  finer 
movements  are  at  least  awkward  and  slow,  and  often 
show  signs  of  asynergia  and  dysnietria;  Babinski's  adi- 
adochokinesia  can  be  usually  demonstrated.  In  cer- 
tain forms  of  cerebellar  atropiiy ,  tremor,  when  the  limbs 
are  unsupported  or  even  during  motion,   is  a  promi- 
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nent  symptom,  and  oscillation  of  the  head  is  common 
in  the  severer  cases.  When  the  patient  stands  erect, 
or  even  as  he  sits  more  or  less  unsupported,  the  body 
may  be  seen  to  sway  about  irregularly.  Occasionally 
even  the  movements  of  the  face,  both  volitional  and 
expressional,  are  ataxic  and  dysmetric;  while  speech 
is  even  more  frequently  affected  than  in  acute  cere- 
bellar disease,  being  slow  and  drawling,  or  explosive 
and  scanning.  Nystagmus  is,  on  the  other  hand,  not 
so  common  or  so  characteristic.  Vertigo  is  a  frequent 
sj-mptom ;  it  is  usually  of  the  indefinite  varietv,  and  not 
accompanied  by  any  definite  sense  of  rotation  of  self  or 
of  external  objects.  In  the  sudden  attacks  the  patient 
may  lose  equilibrium  and  if  without  support  fall. 

Hypotonia,  too,  has  been  frequently  described  as  a 
sj^mptom  of  chronic  cerebellar  disease,  but  though 
it  is  undoubtedly  as  a  rule  present,  it  is  in  my  experi- 
ence rarely  marked  or  prominent.  The  affected  limbs 
are  usually  feeble  in  relation  to  their  muscular  devel- 
opment, but  local  palsies  or  pareses  do  not  occur. 

The  reflexes  are  unaltered,  unless  their  normal 
state  be  disturbed  by  associated  lesions  of  other  parts; 
and  sensation  remains  unaffected. 


Fig. 


1295. — Partial    .\trophy    of    a   Lateral    Half  of  the 
Cerebellum. 


2.  Lesions  op  the  Cerebellu.m  Itself. — Of  these 
the  most  important  are  ageneses  or  aplasias,  scleroses 
or  atrophies,  hemorrhage,  softening,  inflammation, 
abscesses,  and  tumors. 

Aplasia  of  the  Cerebellum. — The  number  of  these 
congenital  defects  is  very  large,  and  their  study 
comprises  a  problem  of  which  the  solution  may  be 
aided  materially  by  the  later  researches  in  localization. 
The  conditions  vary  greatly:  there  may  be  a  total 
absence  of  the  cerebellum;  absence  of  the  lateral  (in 
old  sense)  lobes,  of  the  vermis,  unilateral  loss,  irregular 
defects,  and  general  smallness  of  the  cerebellum  and 
cerebrum.  Mingazzini  has  attempted  to  group  the 
symptoms,  but  with  our  present  knowledge  of  the 
subject  a  consistent  arrangement  has  not  been  found 
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The  following  groups  may  be  recogniged 


possible, 
clearly : 

A.  Pure  Unilateral  Ageneses  and  Atrophies. 

B.  Pure  Bilateral  Ageneses  and  Atrophies. 

C.  Cerebellar  Atrophies  associated  with 
(a)   Disease  of  the  Cerebrum. 

(6)  Disease  of  the  Spinal  Cord. 

A.  Unilateral  Ageneses  and  Atrophies. — There  may 
be  absence  of  a  lateral  (in  old  sense)  lobe  without  the 
presence  of  symptoms  which  can  be  elicited  by  the 
modes  of  testing  which  we  at  present  possess,  though 
not  many  cases  have  been  tested  by  the  later  methods 
which  have  been  developed,  and  a  larger  experience 
may  show  better  results.  Some  slight  motor  signs 
such  as  slowing  of  the  gait  has  been  observed  where 
the  atrophy  involves  a  part  of  -the  vermis;  whereas 
epileptiform  convulsions  or  retropulsion  may  be  asso- 
ciated with  unilateral  atrophy  when  the  superficies 
of  the  affected  hemisphere  is  affected.     (Fig.  1295.) 

B.  Pure  Bilateral  Agenesis. — Here  the  symptoms  most 
commonly  observed  are  difficulties  in  standing  and 
walking.  In  the  mild  grades  the  stand  is  wabbly,  the 
feet  placed  far  apart,  but  walking  is  possible  with 
assistance.  Where,  however,  a  high  grade  of  atrophy 
or  aplasia  exists  the  patient  is  absolutely  unable  to 
stand,  and  sometimes  is  even  unable  to  sit  up.  Where 
walking  is  possible,  the  gait  shows  the  classical 
drunken  stagger.  The  lack  of  correlation  in  the 
trunk  and  lower  extremities  is  very  marked,  and 
is  also  to  be  noted  in  the  upper  extremities  where 
tremors  and  ataxias  are  also  present.  Other  symp- 
toms are  hypotonus,  muscular  weakness,  slow,  irre- 
gular, hesitating,  or  explosive  speech  (these  latter 
are  also  seen  in  bOateral  atrophies).  Adiadocho- 
kinesia  is  usually  added  to  the  other  symptoms,  and 
nystagmus  is  also  sometimes  present.  The  knee 
jerks  are  usually  normal,  and  may  be  slightly  exag- 
gerated even  in  the  presence  of  hypotonus. 

C.  Cornbined  Aplasia  of  the  Cerebellum  and  Brain. — 
This  was  described  by  Holmes  (Brain,  1907)  as  con- 
genital smallness  of  the  central  nervous  system  with 
cerebellar  symptoms.  Individuals  suffering  from 
these  defects  are  idiotic  and  imbecile  and  show  symp- 
toms simUar  to  those  seen  in  cases  of  bilateral  agenesis. 
In  a  case  reported  by  Combette,  there  was  total  ab- 
sence of  the  cerebellum.  The  patient  was  imbecile, 
and  was  subject  from  birth  to  epileptic  attacks. 
Though  he  was  able  to  walk,  he  often  fell,  and  there 
was  great  weakness  of  the  muscles  of  the  neck  and 
extremities. 

A  number  of  conditions  may  be  grouped  under  this 
head,  and  some  of  the  so-called  hereditary  cerebellar 
ataxias  described  by  Marie  are  best  included  in  this 
group.  Irregular  staggering  gait,  Romberg  sign,  dis- 
order of  speech,  nystagmus,  ataxias  of  limljs  are  the 
chief  s>-mptoms  shown  by  these  patients  with  small 
cerebellums  though  apparently  intact  tracts  in  cere- 
bellum and  cord. 

Olivoponlo-cerebellar  Atrophy. — This  type  of  dis- 
order which  Mingazzini  included  among  the  combined 
aplasias  shows  a  definite  syndrome,  and  is  described 
by  Thomas  under  a  separate  heading.  The  anatom- 
ical features  are  atrophy  of  the  cerebellar  cortex,  of  the 
bulbar  olive,  and  of  the  gray  matter  of  the  pons,  total 
degeneration  of  the  middle  cerebellar  peduncles,  par- 
tial degeneration  of  the  inferior  cerebellar  peduncles, 
and  a  relative  integrity  of  the  cerebellar  nuclei.  The 
usual  clinical  picture  shows  irregular  intention  tremor, 
scanning  speech,  nystagmus,  absence  of  Romberg,  and 
great  defect  of  equilibration  in  standing  and  walking 
with  characteristically  drunken  gait.  The  disturb- 
ance which  usually  appears  at  an  advanced  age,  and 
progresses  slowly,  is  not  necessarily  either  familial, 
hereditary,  or  congenital. 

Cerebellum  and  Cord  Atrophies  or  Aplasias. — Here 
we  find  a  group  of  very  varied  pictures,  according  to 
the  degree  of  lesion  in  the  cerebellum  and  the  cord. 
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Where  the  lesion  is  greatest  in  the  cord,  we  see  chiefly 
ataxias  of  tlie  vipijer  and  lower  extremities,  of  the 
facial,  ocular,  head,  laryngeal,  and  pliaryngeal  nniscles, 
and  cerebellar  reeling  with  the  Rom!)erg  sign;  while 
later  on  palsies  and  contraction  with  exaggerated  ten- 
don phenomenon  appear.  Where  the  defect  is  greatest 
in  the  spinocereliellar  tracts  with  normal  or  only  small 
cerebellum  the  patients  chiefly  show  staggering  gait, 
scanning  exjilosive  slow  speech,  nystagmoid  jerkings 
of  the  eyes,  muscular  cramps,  fatigability  of  the  mus- 
cles, normal  or  exaggerated  knee  jerks. 

Some  of  Marie's  cerebellar  ataxias  should  be  in- 
cluded in  this  group.  It  has  been  claimed  by  some 
authors  that  Friedreich's  disease  should  also  be 
included,  but  recent  studies  do  not  bear  out  this 
contention. 

Primary  Parenchymalous  Degeneration. — Most  of 
the  cases  of  this  condition,  which  Holmes  has  de- 
.scribed,  show  familial  characteristics.  It  sets  in  as  a 
rule  about  middle  life,  and  the  progress  is  slow. 
Staggering  or  reeling  gait  is  one  of  the  first  symjitoms 
to  show  itself  ;'.then  comes  incoordination  of  the  upper 
extremities,  to  be  followed  by  hesitancy,  scanning  or 
explosive  articulation,  nystagmus,  and  tremor  of  the 
head  and  limbs.  There  is  no  clonus,  and  no  Babinski; 
the  sphincters  are  intact,  and  the  psyche  remains 
normal. 

Hemorrhage  of  the  Cerebellum. — This  disturbance  is 
very  rare.  Operative  interference  as  a  rule  is  useless. 
The  symptoms  vary  according  to  the  size  and  location 
of  the  hemorrhage.  Parts  of  the  dentate  nuclei  are 
often  affected  through  the  frequent  involvement  of 
the  superior  cerebellar  artery.  Possible  extension 
into  the  fourth  ventricle  should  not  be  overlooked. 

The  usual  picture  is  that  of  marked  vertigo,  recur- 
ring on  attempts  to  move,  and  usually  persistent  in 
non-fatal  cases,  cerebellar  gait,  nystagmus  on  lateral 
movements,  and  forced  position  of  the  head,  depend- 
ing on  lateral  movements.     Onset  of  the  symptoms 


Fic.  1296. — Hemorriiage  into  the  Cerebellum.     (Larkin.) 

is  usually  sudden,  or  preceded  by  pain  in  the  back  of 
the  head  with  slight  giddiness  or  forced  position  of 
the  head. 

The  patient  whose  cerebellum  is  figured  here  (Fig. 
1296)  felt  dizzy,  went  to  the  drug  store  with  a  dnmken, 
reeling  gait,  and  died  suddenh-  without  other  signs 
observable. 

Cysts  of  the  Cerebellum. — Differential  diagnosis  of 
cysts  and  cystic  tumors  is  very  difficult  as  tlie  symp- 
toms are  practically  identical,  the  operative  outlook  in 
the  case  of  cysts  being  much  better  than  in  that  of  tu- 
mor. Together  they  form  a  small  proportion  (five  to 
ten  per  cent.)  of  tumor  formation  in  the  cerebellum. 

Cerebellar  Tutriors. — Before  discussing  tumors  of 
the  cerebellum  proper  and  their  symptomatology,  a 


word  may  be  said  regarding  the  question  of  cerebellar 
localization.  'l"ho  researches  in  comparative  anatomy 
by  Bolk  and  others  have  established  with  a  fair  degree 
of  certainty  the  existence  of  definite  localizations  in 
the  cortex  with  reference  to  sensory  representations, 
and  in  the  intrinsic  nuclei  with  reference  to  motor 
representations  from  different  portions  of  the  body. 

With  regard  to  sensory  representations  Horsley,  in 
a  study,  published  in  lirain,  1909,  on  the  terminations 
in  Cowers'  tract  particularly,  concludes  that  there 
is  no  evidence  of  differentiation  of  the  cerebellar 
cortex  into  localized  receiving  stations  for  ascending 
impressions  (muscular,  arthritic)  from  the  arm,  trunk, 
or  leg  muscles,  joints,  etc.,  respectively,  holding  that 
the  work  done  by  Hoik  and  others  did  not  make 
sufficient  allowance  for  the  possibility  of  le.sions  of 
the  adjacent  nuclei. 

However  true  this  may  be  of  the  distribution  in 
Ciowers'  tract,  it  does  not  hold  true  of  the  distribu- 
tion in  the  olivocerebellar  tract,  for  Stewart  and 
Holmes  have  shown  that  fibers  from  certain  portions 
of  the  inferior  olives  pass  to  definite  regions  in  the 
contralateral  cerebellar  cortex  {Brain,  190S).  The 
raison  d'etre  of  these  olivocerebellar  paths  is  not  yet 
exactly  known.  I'p  to  the  present  time,  exact  knowl- 
edge is  absolutely  lacking  as  to  localization  for  other 
receptor  paths  (chemical,  etc.). 

Holmes  in  an  important  contribution  to  the  sub- 
ject of  cerebellar  localization  (White  and  Jelliffe, 
Modern  Treatment  of  Nervous  and  Mental  Diseases, 
1913),  write  that  if  the  symptoms  of  lesions  in  differ- 
ent portions  of  the  cerebellum  differ  it  is  necessary 
to  assume  the  separate  localization  of  certain  functions 
in  the  cerebellum.  What  evidence  is  there  of  func- 
tional localization  in  this  organ?  This  question  can 
be  considered  from  different  points  of  view — in  the 
first  place  one  might  ask  if  any  of  the  essential  symp- 
toms of  cerebellar  disease,  as  ataxia  or  atonia,  resiilts 
from  a  lesion  of  one  region  of  the  cerebellum  only; 
or  secondly,  if  any  portion  of  the  cerebellum  is  con- 
cerned more  or  less  exclusi\'ely  ■with  the  control  of  any 
group  of  muscles,  or  even  of  any  part  of  the  body,  as 
of  an  arm  or  of  the  eyes.  In  this  discussion  it  would 
be  desirable  to  consider  the  cortex  and  the  central 
nuclei  separately,  but  as  yet  so  little  is  known  of  the 
functions  of  the  latter  that  they  cannot  be  profitably 
discussed.  For  years  Luciani's  view,  that  the  cere- 
bellum is  a  fimctionally  homogeneous  organ  and  that 
all  parts  of  the  cortex  are  fimctionally  equal,  has  held 
sway.  It  is  true  that  many  physiologists,  and  especi- 
ally Ferrier,  obtained  different  motor  effects  from  the 
electrical  stimulation  of  different  regions  of  the  cortex, 
but  it  was  generally  believed  and  has  been  now  shown 
that  these  motor  effects  were  largely.  Lf  not  entirely, 
due  to  spread  of  the  current  to  neighboring  parts: 
Horsley  and  Clarke  have  proved  that  the  cerebellar 
cortex  is  relatively  inexcitable.  Recent  work,  especi- 
ally by  the  Dutch  anatomist,  Bolk,  has  again  aroused 
interest  in  the  question.  From  an  extensive  study  of 
the  comparative  anatomy  of  the  cerebellum  he  came 
to  the  conclusion  that  certain  regions  of  this  organ 
are  developed  in  relation  to  the  acti\-ities  of  certain 
parts  of  the  body,  and  therefore  assumed  a  functional 
correlation  between  them.  Shortly  stated,  he  believed 
that  the  unpaired  part  of  the  cerebellum — the  vermis, 
controls  bilaterally  synergic  movements,  as  those  of  the 
tnmk,  and  of  the  limbs  in  gait,  while  each  lateral  lobe 
is  the  center  for  the  control  of  simple  and  independent 
homolateral  movements. 

This  view  has  been  further  elaborated  by  van  Ryn- 
berk  and  others,  according  to  one  of  their  schemes,  the 
muscles  of  the  head,  eyes,  and  larynx  are  represented 
in  the  anterior  vermis,  next  in  order  posteriorly  the 
muscles  of  the  neck  and  the  bilaterally  innervated 
movements  of  the  limbs,  and  in  the  posterior  vermis 
the  muscles  of  the  trunk.  By  the  anterior  portion  of 
the  lateral  lobes  the  unilateral  movements  of  the  upper 
extremities   are   controlled,   and   the   lower  limbs  by 
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their  posterior  halves.  These  views  have  received 
some  support  from  tlie  experiments  of  van  Rynberk, 
Luna,  Pol,  Rothmann,  and  others,  but  their  results 
have  not  been  sufficiently  imiform  to  admit  a  general 
conclusion.  Clinical  observations  in  man  have  not 
yet  tended  to  confirm  this  theory  of  strict  localization 
of  function  in  the  cerebellum,  and  interesting  though 
it  may  he,  and  possibly  important  for  future  work, 
we  must  conclude  that  as  yet  if  has  no  clinical 
significance. 

On  the  other  hand,  clinicians  from  the  time  of 
Nothnagel's  observations  (1876)  have  been  inclined 
to  ascribe  considerable  differences  to  the  symptoms 
evoked  by  disease  of  the  lateral  lobes  and  of  the  ver- 
mis, and  "some  have  even  asserted  that  recognizable 
sjanptoms  are  due  to  affection  of  the  latter  only. 
But  though  this  view  can  certainly  not  be  maintained 
there  is  no  doubt  that  a  lesion  of  the  vermis  generally 
produces  more  disturbance  than  one  of  eqiial  size  in 
the  lateral  lobes,  and  it  usually  shows  itself  more  promi- 
nently in  the  affection  of  equilibrium.  There  seems 
much  justification  for  Thomas'  assertion  that  the  ver- 
mis is  especially  concerned  in  the  maintenance  of  those 
coordinations  on  which  the  equilibrium  of  the  body 
depends,  while  the  lateral  lobes  regulate  the  individual 
and  more  specialized  movements  of  the  limbs. 

This  view  conforms  with  the  chief  anatomical  con- 
nections of  each  part;  it  is  the  vermis  that  receives 
the  afferents  from  the  vestibulum,  the  organ  of  equili- 
bration, and  the  direct  spinocerebellar  tracts,  while 
the  chief  connection  of  the  lateral  lobes  is  w4th  the 
fore-brain  which  controls  and  regulates  the  more 
specialized  movements  of  the  limbs. 

Finally,  the  most  important  clinical  application  of 
the  doctrine  of  cerebellar  localization  is  that  uni- 
lateral lesions  of  the  cerebellum  produce  predomi- 
nantly homolateral  symptoms,  and  the  more  strictly 
unilateral  a  lesion  is,  and  the  less  it  invades  the  vermis, 
the  more  strictly  will  the  symptoms  be  homolateral. 

The  occurrence  of  cerebellar  tumors  is  of  relative 
frequency,  particularly  in  childhood  and  adolescence, 
one-thirci  of  the  brain  tumors  seen  occurring  in  these 
early  years  being  of  cerebellar  origin,  the  order  from 
the  point  of  view  of  number  being  glioma,  tubercle, 
sarcoma,  and  fibroma. 

The  most  commonly  noted  symptoms  are  headache, 
usually  severe  and  occipital  or  frontal,  and  likely  to 
be  confined  to  a  sagittal  plane,  papilloedema,  rapidly 
progressive  optic  atrophy,  vomiting,  vertigo,  and  ten- 
derness over  the  occiput  to  perciission.  Percussion 
should  never  be  neglected,  and  the  cracked-pot  sound 
to  which  Oppenheim  has  called  attention,  should  be 
carefully  li.stened  for. 

The  symptoms  just  enumerated  are  those  which  are 
generally  found  in  tumors  of  the  hemispheres  with  no 
involvement  of  the  central  tracts,  or  the  intrinsic 
nuclei.  It  is  rarely  however  that  implication  of  these 
structures  does  not  give  rise  to  added  symptoms,  such 
as  the  classical  cerebellar  syndromes  of  gait  and  atti- 
tude, asynergia,  ataxia,  and  adiadochokinesia  of  the 
same  side,  with  hypotonia  of  special  character  already 
described,  and  motor  paresis  of  the  same  side.  The 
eye  deviations  and  nystagmus  already  noted  are 
usually  present.  The  nystagmus  is  apt  to  be  pro- 
nounced only  on  looking  to  the  affected  side  and  is 
usually  slower  and  coarser  than  the  nystagmus  of 
labyrinthine  origin  or  of  involvement  of  the  vesti- 
bular tracts.  But  as  these  tracts  are  likely  to  be  af- 
fected, too  fine  a  distinction  in  the  character  of  the 
nystagmus  is  useless.  The  abdominal  reflexes,  as  a 
rule,  are  not  modified.  Arm  and  leg  tendon  reflexes 
are  not  lost,  nor  are  they  markedly  exaggerated  unless 
the  pyramidal  tracts  are  influenced  by  pressure,  and 
there  is  absence  of  the  pyramidal  tract  involvement 
signs  of  Babinski,  Oppenheim,  Schaefer,  Chaddock, 
and  Remak. 

With  the  growth  of  the  tumor,  other  symptoms,  such 
as  eye  palsies,  signs  of  involvement  of  the  pyramidal 
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tract,  and  of  the  cranial  nerves  from  the  fifth  to  the 
twelth  are  added  to  the  picture.  These  symptoms  all 
show  on  the  other  side  of  the  body.  They  are  due  to 
encroachment  or  pressure  upon  contiguous  structures. 
The  two  lower  branches  of  the  facial  are  involved,  the 
tong\ie  protrudes  to  the  paralyzed  side  but  is  without 
atrophy  or  reaction  of  degeneration.  Sometimes  the 
medulla  is  pressed  upon  and  in  this  case  all  the  branches 
of  the  facial  are  involved  and  atrophy  of  the  tongue  is 
present.  There  may  be  trigeminus  involvement,  in 
which  case  homolateral  anesthesia  will  be  present,  or 
possibly  homolateral  affection  of  the  ears  such  as  deaf- 
ness or  buzzing.  Homolateral  pain  to  pressure  in  the 
mastoid  may  be  an  aid  to  diagnosis.  As  pressure  in- 
creases, unilateral  signs  are  likely  to  be  succeeded  by 
bilateral  signs  with  dysarthria,  dysphagia,  continued 
vomiting,  and  finally  cardiac  and  respiratory  involve- 
ment. Lumbar  puncture  may  be  of  great  assistance  in 
differentiating  hydrocephalus  or  meningitis  serosa. 
When  the  case  is  not  seen  until  the  last  stages,  re- 
course must  be  had  to  the  history. 

The  more  detailed  symptomatology  from  the  work 
of  Holmes  (loc.  cit.)  is  in  brief  as  follows: 

As  a  rule,  the  more  rapid  the  evolution  of  the  tumor, 
and  the  more  destructive  it  is,  the  more  pronounced 
and  definite  are  the  symptoms.  But  it  is  also  in  such 
cases  that  the  physical  signs  are  often  obscured  or 
complicated  by  the  indirect  pressure  which  the  tumor 
exerts  on  portions  of  the  cerebellum  it  does  not  in- 
volve, or  on  neighboring  organs  in  the  brain-stem;  for 
instance  a  tumor  that  involves  only  one  lateral  lobe 
of  the  cerebellum  may  disturb  the  functions  of  the 
vermis,  or  even  those  of  the  opposite  lateral  lobe,  as 
well  as  those  of  the  pons  and  medulla. 

Ataxia. — Ataxia  is  usually  the  most  prominent 
symptom;  when  the  tumor  lies  in  one  lateral  lobe  this 
is  exclusively  or  predominantly  present  in  the  homo- 
lateral limbs.  If  the  vermis  is  involved  it  is  bilateral 
and  as  a  rule  relatively  greater.  It  is  more  marked 
when  the  lesion  involves  one  of  the  peduncles,  especi- 
ally the  inferior,  than  when  it  is  superficial.  If  the 
superior  peduncle  be  affected  the  disturliance  of  move- 
ment frequently  approximates  to  the  intention-tremor 
type  rather  than  to  the  characteristic  ataxia.  Apart 
from  this  it  cannot  be  said  that  the  ataxia  is  a  guide 
to  the  exact  site  of  the  lesion.  As  in  all  acute  lesions 
the  disturbance  of  equilibrium  in  gait  is  more  promi- 
nent than  the  ataxia  of  the  sampler  movements;  in 
unilateral  tinnors  the  patient  reels  and  staggers 
to  the  side  of  the  lesion,  but  this  rule  is  not  absolute  as 
the  reeling  occasionally  is  chiefly  toward  the  sound 
side;  this  seems  to  be  due  mainly  to  a  volitional 
attempt  of  the  patient  to  compensate  the  defects  the 
lesion  produces  lay  shifting  his  center  of  gravity  as  far 
as  possible  toward  the  healthy  side.  In  tumors  of  the 
vermis  or  those  of  bilateral  extension,  gait  is  usually 
much  more  impaired.  Tumors  in  the  anterior  por- 
tion of  the  cerebellum  usually  produce  less  disturbance 
of  coordination  and  equilibrium  than  those  situated 
posteriorly. 

Freciuently  iniilateral  tumors  produce  a  more  or 
less  characteristic  attitude  of  the  head;  it  is  generally 
rotated  with  the  chin  toward  the  healthy  side  and  at 
the  same  time  flexed  toward  the  affected  side  so  that 
the  occiput  approaches  the  shoulder  on  the  side  of  the 
tmnor.  Hypotonia  and  paresis  seem  to  be  more 
pronounced  when  the  inferior  peduncle  and  the 
central  nuclei  are  involved. 

Nyslagmus. — Nystagmus  is  one  of  the  most  valu- 
able symptoms;  it  is  usually  apparent  only  on  lateral 
movement  of  the  eyes,  and  the  conjugate  excursions 
are  slower,  more  forcible,  and  wider  in  range,  on 
movement  toward  the  affected  than  to  the  healthy 
side.  Nystagmus  on  vertical  movements  of  the  eyes 
suggests  a  lesion  in  the  anterior  portion  of  the  cere- 
bellum and  is  thus  a  valuable  localizing  symptom. 

Vertigo. — Vertigo  is  certainly  nuich  more  common 
and  of  a  more  definite  type  in  lesions  of  the  postero- 
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inferior  portions  of  the  cerebellum  than  elsewhere; 
this  is  probably  due  to  the  fact  that  it  results  chielly 
from  disfiirbance  of  the  vestibular  connections. 
Tr>ie  vertigo  with  a  distinct  sense  of  rotation  of  self 
and  of  surrounding  objects  is  in  Holmes'  exiierience 
rare  with  tinuors  in  other  parts  of  the  cerebellum. 
Despite  the  lack  of  confirmation  by  other  clinicians 
Holmes  is  convinced  of  the  im|)ortance  of  the  directions 
of  the  apparent  rotations  as  a  differential  sign  in  the 
diagnosis  of  unilateral  intracerebellar  and  ponto- 
cerebellar tumors;  in  the  former  the  movement  of 
both  self  and  the  external  world  seems  to  be  from  the 
affected  toward  the  healthy  side,  but  in  the  latter 
class,  self  seems  to  rotate  toward  the  affected  side, 
but  external  objects  from  the  affected  to  the  normal 
side. 

But  it  is  largely  on  the  accessory  symptoms  that 
one  nuist  rely  in  tlic  localization  of  the  site  of  the  lesion. 
In  this  respect  ocular  palsies  are  important.  Disease 
limited  to  the  cerebelhun  cannot  produce  directly 
paralysis  of  any  ocular  muscle,  or  palsy  of  any  move- 
ment; in  cases  of  cerebellar  tumor,  however,  palsies 
are  not  infrequent  for  they  result  either  from  a  general 
rise  of  intracranial  pressure,  or  from  compression  of 
those  parts  of  the  brain-stem  that  contain  the  ocular 
nuclei.  Isolated  palsy  of  one  external  rectus  is  most 
commonly  due  to  a  general  rise  of  intracranial  pres- 
sure, and,  as  is  well  known,  frequently  occurs  with  this 
condition  no  matter  what  its  cause  is.  It  is  conse- 
quently of  no  localizing  value.  An  external  rectus 
palsy  may  be,  however,  due  to  compression  of  the  sixth 
nerve  by  a  tumor  of  the  cerebellopontine  angle.  A 
conjugate  weakness  of  lateral  movement  of  the  eyes, 
on  the  other  hand,  results  from  compression  of  the 
homolateral  sixth  nerve  nucleus  by  a  tumor  in  the 
posteroinferior  portion  of  the  cerebellum,  or  possibly 
from  interference  with  a  supranuclear  center  for 
conjugate  movement,  in  or  near  Deiters'  nucleus. 
Vertical  movements  are  very  rarely  affected  by  intra- 
cerebellar tmnors,  but  occasionally  a  weakness  of 
upward  movement  results  from  the  compression  of 
the  midbrain  by  a  tvmior  that  lies  far  forward  in  the 
cerebellum.     The  pupillary  reactions  are  not  disturbed. 

The  so-called  "skew-deviation"  of  the  eyes,  the 
eye  on  the  side  of  the  lesion  being  directed  downward 
and  inward,  the  oppt)site  outward  and  slightly  upward, 
seems  to  occur  chiefly  with  acute  lesions  that  involve 
the  cerebellum  in  the  region  of  entrance  of  the  middle 
and  inferior  pedvuicles. 

A  slight  inferior  neuronic  weakness  of  one  side  of 
the  face  is  occasionally  observed  when  a  large  tumor 
lies  low  in  the  cerebellum  and  compresses  the  pons; 
a  greater  weakness  is  usually  due  to  extension  of  the 
tumor  into  the  pons,  or  to  direct  compression  of  the 
facial  nerve  by  a  tumor  of  the  cerebellopontine 
angle.  When  a  tumor  lies  far  laterally  in  the  cere- 
bellum the  trigeminal  nerve  may  be  compressed,  but 
as  a  rule  only  its  sensory  portion  siiffers;  this  usually 
produces  only  pain  or  paresthesia  on  the  same  side 
of  the  face,  actual  sensory  loss  being  rare.  The  cor- 
neal reflex,  however,  is  often  lost  very  early.  Intra- 
cerebellar tumors  and  tumors  involving  the  pons, 
however,  frequently  produce  complete  or  considerable 
anesthesia  in  the  distribution  of  the  trigeminal  nerve, 
with  weakness  or  paralysis  of  the  muscles  innervated 
by  its  motor  root.  This  is  consequently  an  important 
sign  in  the  differential  diagnosis  of  these  different 
conditions. 

Disturbances  of  hearing  are  very  important;  while 
more  or  less  complete  unilateral  nerve  deafness  is  the 
rule  in  extracerebellar  tiuuors,  any  degree  of  deafness 
is  rare  with  intracerebellar  growths.  Tinnitus,  on 
the  other  hand,  is  common  in  cerebellar  tumors,  but 
it  is  rarely  so  persistent  or  severe  as  with  tumors  of 
the  cerebellopontine  angle. 

Affection  of  the  fvmctions  of  the  glossopharyngeal, 
vagus,    and   hj-poglossal   nerves   is   very   exceptional 


in  intracerebellar  disease,  but  some  weakness  of  the 
same  side  of  the  palate  is  not  uncommon  with  tumors 
of  the  cerebelloi)ontine  angle. 

Cerehillar  Ahuccsai-s. — These  are  not  infrequently 
seen  and  may  vary  in  size  from  that  of  a  |)ea  to  an 
apple.  Their  development  may  be  either  acute  or 
chronic.  They  usvially  arise  fnmi  middle  ear  infec- 
tion, by  way  either  of  the  temjjoral  lob<^  or  of  the  mas- 
toid, and  may  result  from  wounds  or  trauma,  the  latter 
of  which  may  have  happened  at  a  long  prior  date. 
Ulcerative  endocarditis,  abscess  of  the  lungs,  or 
infectious  thrombus  may  occasionally  prove  to  be  the 
exciting  cause. 

The  characteristic  symptoms  are  many.  Of  the 
special  cerebellar  symptoms  ataxia,  nystagmus,  and 
rotatory  vertigo  arc  to  be  noted;  the  vertigo  being 
made  worse  and  vomiting  induced  by  movement  of 
the  body  (Bruns'  sign).  Of  the  other  characteristic 
symptoms  lioadaclio,  generally  occipital,  and  radiating 
into  the  neck  region,  with  marked  stiffness  of  the  neck, 
is  of  special  im|)ortance.  This  headache  may  resem- 
ble that  of  cerebrospinal  meningitis.  Nausea,  vom- 
iting, stupor,  general  imrest  may  be  present,  as  also 
fever;  but  it  is  to  be  borne  in  mind  that  many  cere- 
bellar abscesses  run  for  months  without  causing  fever. 
Although  not  constant  signs,  hemiparesis  and  hemi- 
asynergia  are  usually  present  on  the  same  side  as  the 
lesion.  Atrophy  is  not  infrequently  present  in  larger 
abscesses,  and  papilledema  caused  by  pressure  pro- 
duced by  increase  in  the  size  of  the  abscess  may  in- 
crease the  difficulty  of  differentiating  from  tumor. 

Actual  puncture  by  special  aspiration  needle  is 
advisable  to  clear  up  the  diagnosis  in  complicated 
cases.  Lumbar  puncture  should  be  resorted  to,  to 
exclude  meningitis. 

Associated  Posterior  Fossa  Complications. — Oc- 
cipilal  Lobes. — A  foreign  body  growing  within  or 
upon  the  cerebellum  may  press  anterosuperiorlj'  upon 
the  ■occipital  lobes,  causing  hemianopsia. 


Fig.  1297. — Teratoma  of  the  Pineal  Gland  compressing  the  Cor- 
pora Quadrigemina,  Causing  Nothnagel's  Syndrome  plus  Mar- 
burg's .adiposogenital  Syndrome — the  Pineal  Syndrome.  (Bailey 
and  Jelliffe.) 

Corpora  Quadrigemina.—Sympiozns  of  a  tumor  of 
the  corpora  quadrigemina  are  primarily  ocular  palsies 
of  a  nuclear  character,  first  on  one  side  and  then  on 
the  other.  The  trochlear  is  less  often  involved  than 
the  abducens  and  oculomotor.  Loss  of  conjugate 
deviation  of  the  eyes  is  frequent  and  there  wilt  prob- 
ably l)e  paralysis  of  accommodation  or  changes  in  the 
pupils.     If  the  lateral  geniculate  be  pressed  upon  there 
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will  be  amblyopia  without  papilledema.  Deafness 
may  be  present,  caused  by  involvement  of  the  poste- 
rior corpus,  and  of  the  middle  geniculate.  Care  should 
be  taken  in  differentiating  pineal  timiors  -nhich  pro- 
duce a  picture  almost  exactly  the  same.  (Fig.  1297.) 
Cerebral  Peduncles. — Tumors  of  the  cerebral  pe- 
duncles are  productive  of  varied  symptoms.  If  the 
lesion  be  severe,  alternate  hemiplegia  and  oculomotor 
palsy  (Weber-Giibler)  will  probably  result.  The  ap- 
pearance of  Benedict's  syndrome — oculomotor  palsy 
with  tremor  of  the  opposite  side — speaks  of  pressure 
of  less  severity ;  whereas  crossed  anesthesia  and  ataxia 
point  to  impairment  of  the  lemniscus.     (Fig.  1298.) 


Fig.  1298. — Tumor  of    the    Cerebellum    with  Destruction  of  the 
Eight  Lobe  and  Middle  Cerebellar  Peduncle.     (Jellifie  and  Larkin.) 

Pons. — In  tumor  of  the  pons  the  picture  is  a  very 
complex  one.  Crossed  hemiplegia  -n-ith  facial  palsy 
(.Millard)  and  reaction  of  degeneration  is  one  of  the 
chief  .symptoms.  When  the  abducens  nucleus  is 
involved,  conjugate  deviation  to  the  side  opposite  to 
the  lesion  is  the  rule,  but  these  conjugate  palsies  are 
more  likely  to  arise  from  tumors  within  the  pons. 
Crossed  hemiplegia  and  abducens  palsy  generally 
point  to  h^-poglossal  involvement.  Homolateral 
facial  pals}-  without  reaction  of  degeneration  is  some- 
times seen.  Crossed'  hemiplegia  and  trigeminus 
involvement  and  also  alternate  hemiplegias  may  lie 
found  occasionally.  Defect  of  hearing  is  caused  in 
the  latter  case  by  destruction  of  the  intrapontine 
fibers  of  the  coclilearis,  or  bj'  pressure  on  the  tubercu- 
lum  acusticum. 

Tximor  of  the  Fourth  Ventricle. — Tumors  of  the  fourth 
ventricle  usually  take  the  form  of  glioma,  sarcoma, 
carcinoma,  or  psammoma,  and  by  reason  of  pressure 
on  the  medulla  and  pons  give  rise  to  cerebellar  symp- 
toms which  make  it  advisable  to  consider  them  in 
this  place.  Marked  hydrocephalus  with  advancing 
stupor  and  confusion  are  nearly  always  present,  and 
cy.stieerus  may  also  be  found.  Alternating  periodic- 
ity of  headache,  nau.sea,  vomiting,  vertigo,  changes 
in  pulse  and  breathing  (with  remission  of  all  these 
symptoms)  have  been  noted  by  Bruns;  the  vertigo 
and  vomiting  being  caused  by  changes  in  the  position 
of  the  head,  whereas  sudden  movement  of  the  head 
may  cause  immediate  unconsciousness.  Other  signs 
are  cerebellar  ataxia,  mild  nvstagmus  and  occasionallv 
diplopia.     (Fig.  1299.) 
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Care  mu.st  be  taken  in  differentiatingthese  tumors 
from  those  of  the  frontal  lobes,  the  parietal  lobes,  or 
the  optic  thalamus,  for  which  they  may  be  mistaken 
in  presence  of  a  few  signs  only. 

In  tumors  of  the  frontal  lobes  (frontocerebellar 
paths)  careful  examination  by  the  Ziehen,  Sommer, 
and  Kraepelin  methods  will  usually  show  special 
intelligence  defects.  Skew  deviations  and  hypotonia 
are  not  found  in  these  tumors.  The  conjugate  de\aa- 
tions  are  not  paralytic  but  irritative;  the  speech 
disturbance  usually  takes  the  form  of  ataxic  aphasia; 
hemlparesis,  if  present,  is  crossed  and  shows  spastic 
phenomena,  and  the  tremor  is  likely  to  be  marked  by 
fineness  and  rapidity.  Anosmia,  apraxia,  and  aphasia 
may  be  present.  Witzelsucht  is  a  not  infrequent 
phenomenon  which,  when  combined  with  the  pecu- 
liar gait  should  not  be  confused  with  inebriety. 

Parietal  lobe  disease  (implications  of  central  sen- 
sory components)  obtrudes  difficulties  but  rarelv, 
while  disorders  of  the  optic  thalamus  should  be  ex- 
cluded by  reason  of  the  characteristic  sensory  dis- 
turbances and  central  pains  b^-  which  thev  are 
accompanied. 

Cerebellopontine  Angle  Tumors. — These  should  be 
included  in  a  discussion  of  cerebellar  tumors,  by  reason 
of  the  symptoms  of  cerebellar  pressure,  and  of  ves- 
tibular involvement.  There  are  two  main  types: 
those  of  the  pia  of  the  cerebellum,  and  those  growing 
on  or  about  the  eighth  nerve.  They  usually  take  the 
form  of  fibromata,  myxomata,  or  sarcomata. 

The  symptoms  vary  according  to  the  degree  of 
pressure  upon  the  pons  and  middle  cerebellar  peduncle. 
Buzzing  and  deafness,  caused  by  the  early  involve- 
ment of  the  eighth  nerve,  soon  appear.  The  typical 
gait,  the  ataxia,  homolateral  paresis,  and  hypotonus 
are  caused  by  pressure  on  the  cerebelhmi,  whereas  pres- 
sure on  the  pyramidal  tracts  may  and  usually  does 
produce  a  contralateral  paresis  giving  the  usual  signs 


1  ....  lJl(J.'-.-5ar< 


of  the  Fourth  Ventricle. 


of  a  pyramidal  tract  involvement.  Ptosis  may  be 
present.  Facial  palsy  is  a  usual  accompaniment,  and 
corneal  anesthesia  to  trigeminal  pain,  caused  by  pres- 
sure upon  the  fifth  nerve,  is  of  freciuent  occurrence. 
Homolateral  static  tremor  and  a  sense  of  subjective 
rotation  toward  the  side  of  the  lesion  are  frequent. 

Tre.^tmext  op  Cerebellar  Tumors — Generali- 
zation on  the  question  of  treatment  is  useless.  No 
two  cases  act  in  exactly  the  same  way,  and  treatment 
must  be  in  accordance  with  symptoms  and  localiza- 
tion. Antisyphilitic  treatment  is  the  proper  mode  of 
attack  on  small  gummata.  Operation  for  cysts 
usually  shows  good  results,  and  with  greater  knowl- 
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edge  of  loealizatiim,  and  better  modes  of  procedure 
the  results  of  ojierative  interference  in  cases  of  ab- 
scess and  tumors  are  improving. 

Accurate  localization  is  therefore  the  first  essential, 
and  it  is  perhaps  more  important  in  the  cereboUmn 
than  elsewhere  in  the  nervous  system,  as  owing  to  the 
proximity  of  the  delicate  vital  centers  in  the  bulb, 
it  is  necessary  to  limit  exploratory  measures  as  much 
as  possible. 

It  must  not  be  understood,  however,  writes  Holmes 
in  his  study  previously  referred  to,  that  surgical  inter- 
vention is  to  be  recommended  immediately  on  the 
diagnosis  of  cerebellar  tumors.  With  tul)erculoiis 
lesions,  for  instance,  the  danger  of  the  dissemination 
of  the  bacillus  is  great;  and,  on  the  otlier  hand,  many 
tuberculomas  cease  to  grow  and  become  latent,  their 
symptoms  disapjjearing  or  diminishing  as  f\illy  as 
could  l>e  expected  after  their  removal  and  the  further 
injury  to  the  cerebellum  the  surgeon  must  produce  in 
the  operation.  A  further  reason  against  operation 
if  it  can  be  avoided  is  the  fact  that  tuberculous  tumors 
are  freciuently  multiple.  Holmes  .speaks  of  patients 
in  whom  years  ago  the  almost  certain  diagnosis  of 
cerebellar  tumor  was  made,  and  who  now  present  few 
or  no  symptoms  of  it.  Too  often,  unhappily,  the 
rapid  progress  of  the  case  and  a  threatened  failure 
of  vision  from  optic  neuritis  force  the  physician's 
hand. 

If  a  gumma  is  probable  vigorous  antisyphilitic 
treatment  should  be  adopted  in  the  first  place.  In- 
jections of  salvarsan  should  be  tried,  but  should  be 
followed  b\'  mercurial  inunctions  alternated  with  large 
doses  of  iodides;  the  general  experience  at  present  is 
that  salvarsan  has  but  little  influence  on  gummata 
when  they  are  already  developed.  Apart  from  the 
greater  safety  of  medicinal  over  tlie  surgical  treatment 
of  gummata  it  must  be  remembered  that  these  are 
frequently  associated  with  a  considerable  chronic  syph- 
ilitic meningitis  which  is  not  amenable  to  surgery. 

Abscesses  usually  demand  immediate  surgical 
measures,  but  if  their  course  is  not  very  aciite  it  is 
often  advisable  to  wait,  in  the  hope  that  they  may  be- 
come encapsuled  and  until  the  virulence  of  the  infec- 
tion diminishes,  as  otherwise  the  danger  of  the  de- 
velopment of  a  general  septic  meningitis  is  great. 

Simjjle  and  hydatid  cysts  of  the  cerebellum  are  the 
most  favorable  for  surgical  treatment;  a  considerable 
proportion  of  the  successful  operations  have  been  in 
this  class  of  ease.  When  the  tumor  is  a  glioma  un- 
happily only  operation  can  give  relief,  and  yet  the 
proportion  of  cases  in  which  the  relief  is  at  all  per- 
manent must  be  very  small,  as  complete  extirpation 
is  rarely  feasible,  and  the  danger  of  recurrence  is  con- 
sequently great. 

The  various  forms  of  extracerebellar  and  lateral 
recess  tumors  can  be  dealt  with  only  by  the  surgeon, 
and  as  they  are  usually  benign  the  results  may  be 
exceedingly  good;  the  danger  of  the  operation  to  life 
is,  however,  great. 

Holmes  and  Stewart  published  the  records  of  11 
cases  of  intracerebellar  tumor  which  were  operated  on, 
and  10  eases  of  extracerebellar  tumor.  In  the  former 
group  5  cases  died  soon  after  the  ojieration,  .3  at  least 
died  after  the  paper  was  published,  from  recurrence 
of  a  glioma  in  1  case,  with  tuberculous  meningitis  in 
another,  while  in  the  third  death  was  probably  inde- 
pendent of  the  cerebellar  disease.  Two  cases  of 
simple  cyst  survive,  and  possibly  1  after  the  partial 
removal  of  a  glioma.  Of  the  10  extracerebellar 
tumors  7  patients  died  immediately  or  soon  after 
the  operation,  1  several  months  later  with  a  tumor 
on  the  opposite  side,  while  2  survive. 

Of  2.5  of  Oppenheim's  cases  which  were  operated  on 
3  recovered,  3  improved,  while  the  others  died.  In 
31  of  the  cases  collected  by  Buret  death  occurred 
immediately  or  within  some  days  after  the  operation; 
in  9  others  death  occurred  later;  8  improved,  while  5 
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recovered.  Ciishing's  results  have  lieen  nnich  more 
favorable;  of  3.")  ojierations  3  proved  fatal,  in  2  cases 
the  tumor  was  inoi)erable,  in  17  only  decompressive 
operations  were  attempted,  while  there  were  13  suc- 
cessful cases  of  tumor  extirpations  or  cyst  removals. 

I'ascalis  has  recently  collected  statistics  on  the  opera- 
tive treatment  of  extracerebellar  or  pontocerebellar 
tumors.  Of  11  cases  in  which  only  a  decom])ression 
was  attempted  3  died,  and  in  7  some  im])rovement  of 
the  symptoms  occurred;  while  in  101  cases  in  which 
removal  was  attemjited  72  deaths  occurretl. 

The  promise  of  surgical  intervention  is  tlnis  not 
overfavorable,  but  with  the  increase  of  accuracy  in 
diagnosis,  the  more  careful  .selection  of  cases,  and  the 
improvement  which  experience  must  evolve  in  surgi- 
cal technique,  the  results  of  the  future  will  certainly  be 
better.  Further,  the  fact  must  be  taken  into  consid- 
eration that  the  majority  of  ca.ses  of  cerebellar  tumor 
must,  if  luirelieved,  progress  to  a  fatal  termination 
and  that  consequently  operation  often  offers  the  only 
chance  of  recovery.  (Consult  the  article  by  Hal- 
stead  on  "Surgery  of  the  Nervous  System,"  in  Mod- 
ern Treatment  of  Nervous  and  Mental  Diseases,  vol. 
ii.,  by  White  and  JcUifFe). 

But  if  an  attempted  removal  of  the  tumor  offers 
only  such  a  poor  chance  of  recovery  it  must  be  remem- 
bered that  decompression  alone  often  prolongs  life  and 
leads  to  a  remarkable  dimiimtion  of  the  symptoms. 
Life  has  been  prolonged  for  months,  and  even  for  more 
than  a  year  in  relative  comfort.  Experience  shows 
that  the  most  successful  operation  is  bilateral  occipital 
decompression  by  Cushing's  method,  in  which  a  large 
portion  of  the  skull  is  removed  on  both  sides. 

Smith  Ely  Jelliffe. 

Cerebellum,  Physiology  of. — See  under  Brain. 

Cerebral  Hemorrhage. — Hemorrhage  into  the 
cranial  cavity  may  occur  in  a  variety  of  forms,  but  by 
far  the  most  frequent  is  that  of  a  hemorrhage  into  the 
substance  or  structure  of  the  brain  itself.  Commonly 
this  hemorrhage  is  single  and  its  chief  site  of  election  is 
in  the  basal  ganglia,  involving  portions  of  the  adjacent 
internal  capsule  and  resulting  in  hemiplegia.  The 
preponderance  of  this  site  is  reflected  in  the  common 
association  of  the  terms,  stroke  of  apoplexy  and  stroke 
of  paralysis,  and  it  was  this  that  led  to  Charcot's 
characterization  of  the  lenticulostriate  artery  as  the 
artery  of  cerebral  hemorrhage.  This  location  is, 
however,  while  much  the  most  frequent,  by  no  means 
the  sole  site,  as  single  large  hemorrhages  are  encount- 
ered in  practically  all  portions  of  the  brain.  Hemor- 
rhages also  occur  beneath  the  membranes  of  the  brain, 
i.e.  subdural,  without  involvement  of  the  cerebral 
structures,  except  secondarily  by  pressure;  and  occa- 
sionally a  hemorrhage  into  the  ventricles  is  found 
whose  source  is  apparently  one  of  the  vessels  of  the 
ventricles,  and  not  from  the  breaking  through  of  a 
hemorrhage  in  the  brain  substance.  The  majority 
of  ventricular  hemorrhages  are,  however,  the  result  of 
rupture  into  the  cavities  of  hemorrhages  in  the  brain 
sulDstance.  In  the  case  of  meningeal  hemorrhages, 
the  relation  of  the  pia  to  the  clot  will  often  serve  as  a 
guide  to  the  postmortem  determination  of  the  source. 
When  the  hemorrhage  is  from  one  of  the  meningeal 
vessels,  the  clot  is  found  beneath  the  dura  but  the  pia 
is  pressed  down  away  from  the  clot  and  not  ruptured. 
In  case  the  hemorrhage  takes  origin  from  vessels  of 
the  cerebral  substance,  laceration  of  the  brain  sub- 
stance is  usually  evident,  and  the  extravasation  is  seen 
spreading  out  beneath  the  pia  over  the  convolution. 
The  pia  may  be  ruptured,  but  a  considerable  amount 
of  blood  will  still  be  found  to  have  spread  out  Ijeneath 
it.  Still  another  type  of  intracranial  hemorrhage  is 
found  in  chronic  internal  hemorrhagic  pachymenin- 
gitis, in  which  recurring  hemorrhages  of  comparatively 
small  volume  take  place  from  the  dural  vessels  with 
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subsequent  partial  absorption  or  organization,  giving 
a  lamellate  appearance  to  the  clot.  The  term  pachy- 
meningitis applied  to  this  t\-pe  of  extravasation  is  con- 
sidered by  some  a  misnomer,  in  that  they  are  hemor- 
rhagic rather  than  inflammatory  reactions.  They  are 
rather  frequently  foimd  in  the  cases  coining  to  autopsy 
in  hospitals  for  the  insane,  and  their  association  with 
cerebral  atrophy  is  sufficiently  constant  to  suggest  an 
etiological  relation,  i.e.  as  though  the  reduction  of 
cerebral  volume  rendered  more  easy  subdural  extrava- 
sations. Bevan  Lewis  recorded  this  finding  eighty- 
one  times  in  a  series  of  1,565  autopsies  of  the  insane  of 
all  t\-pes,  and  thirty  times  in  a  series  of  242  autopsies 
in  cases  of  general  paralysis.  The  amount  and  volume 
of  the  hemorrhage  is  very  variable.  In  typical  cases, 
that  portion  of  the  dura  over  the  dome  suffers  most, 
but  the  blood  may  be  spread  over  all  of  one  or  both 
hemispheres.  Traces  of  partial  organization  or  evi- 
dences of  clots  of  varying  ages  and  in  various  stages  of 
disintegration  usually  serve  to  distinguish  this  type 
from  the  simple  subdural  hemorrhage.  Many  times 
this  is  impossible,  and  it  is  probable  that  there  is  no 
distinct  line  of  division  between  the  two. 

Multiple  miliary  or  pimctate  hemorrhages  are  found 
in  association  with  marasmus  in  children,  and  occa- 
sionally in  the  adult.  Massive  hemorrhage  of  the 
brain  is  usually  the  result  of  venous  thrombosis. 
Multiple  hemorrhagic  foci  associated  with  softening 
make  up  the  postmortem  picture  of  acute  red  soften- 
ing or  acute  hemorrhagic  encephalitis,  which,  as  its 
name  Indicates,  is  a  disease  of  inflammatory  nature, 
associated  frequently  with  brain  infections  by  the 
pyogenic  staphylococci  and  the  pneuniococcus. 

Cerebral  hemorrhage  is  usually  stated  to  be  more 
frequent  in  men  than  women,  one  ratio  given  is  that  of 
7  to  4.  Von  Monakow  questions  this  statement,  find- 
ing in  the  Canton  of  Zurich  no  difference  between 
the  sexes,  and  explains  the  usual  findings  on  the  ground 
that  the  men  are  more  apt  to  find  their  way  into  hos- 
pitals than  the  women. 

The  following  table  shows  the  proportions  according 
to  sex  as  found  bv  several  authors. 


Male. 

Female. 

Gintr.ic 

Fabret 

Kelinack  and  Bytnell 

VoE  Monakow 

407     cases             299      cases 
1,660     cases        ,      637      cases 
77.1  per  cent.  :     22.9  per  cent. 
No  noteworthy  difterence. 

Von  Monakow  calls  attention  to  the  fact  that 
statistics  compiled  from  cases  without  postmortem 
examination  are  unreliable,  as  many  cases  of  embo- 
lism, thrombosis,  encephalomalacia,  encephalitis,  etc., 
would  find  their  way  into  such  records. 

Age  bears  an  important  relation  to  the  occurrence 
of  cerebral  hemorrhage.  The  following  table  taken 
from  Lewandowsky's  Handbuch  der  Neurologie, 
gives  the  results  of  Gintrac's  analysis  of  a  series  of 
653  cases  showing  their  distribution  by  decades  and 
Gower's  findings  of  the  frequence  of  occurrence  in 
1,000  persons  of  each  decade. 


Age. 


Percentage    distri- 
bution of  coses. 


Percentafte  occur- 
rence   in     1.000 
persons. 


1-10 

2.3 

0.8 

11-20 

3.1 

1.3 

21-30 

6.0 

2.8 

31-40 

10.8 

5.2 

41-50 

15.1 

8.3 

51-60 

19.8 

13.5 

61-70 

24.4 

22.4 

71-80 

17.2 

32.4 

81-90 

1.8 

14.0 

In  both  tables,  the  figures  show  the  great  prepon- 
derance of  occurrence  after  the  age  of  forty  to  fifty 
years  and  at  the  same  time  they  demonstrate  the 
rather  sharp  drop  in  the  ninth  decade.  In  such 
tables  again,  especially  in  the  cases  occurring  before 
the  fourth  decade,  one  must  make  allowance  for  the 
inclusion  of  ma^iy  cases  of  cerebral  syphilis  or  syph- 
ilitic endarteritis,  embolism  and  thrombosis,  and  the 
after-results  of  trauma. 

Etiology. — In  consideration  of  the  generally 
accepted  etiological  factors,  it  may  be  well  first  to 
dismiss  some  of  the  hemorrhagic  conditions  mentioned 
above  before  confining  ourselves  to  the  more  common 
types.  Acute  red  softening  is  an  acute  type  of 
encephalitis  and  need  not  be  considered  here.  The 
majority  of  the  massive  hemorrhages  of  the  brain  are 
the  result  of  thrombosis  of  the  venous  channels,  and 
the  miliary  hemorrhages  are  found  in  association  with 
marantic  thrombi.  These  two  conditions  have  been 
described  in  the  article  on  Brain.  Circulatory  Dis- 
turbances of  the,  and  need  no  further  notice  here. 
The  leakage  of  blood  in  chronic  internal  hemorrhagic 
pachymeningitis  is  as  a  rule  small  and  this  together 
with  its  recurrence,  which  results  in  the  building  of 
lamellate  layers  of  clot  in  varying  stages  of  alteration 
and  organization,  serve  to  distinguish  it  from  the 
gross  type  of  subdural  hemorrhage.  One  occasionally 
meets,  however,  at  the  autopsy  table,  a  large  hemor- 
rhage associated  with  undoubted  signs  of  precursors, 
i.e.  partly  organized  clot  sheets,  etc.  This  suggests 
the  possible  intimate  relation  between  the  single 
spontaneous  subdural  hemorrhage  and  the  pachy- 
meningitic  type.  It  is  only  necessary  to  presuppose 
that  the  difference  in  the  two  is  chiefly  that  of  a 
single  lesion  in  a  large  vessel  and  multiple  lesions  in 
smaller  ones.  This  conception  is  strengthened  by 
the  fact  that  in  the  larger  hemorrhages,  the  ruptured 
vessel  can  be  found  often  -with  some  ease,  while  in 
the  recurrent  variety  the  search  is  an  arduous  and 
generally  a  futile  one. 

Chronic  internal  hemorrhagic  pachymeningitis 
finds  its  most  frequent  association  with  general  paresis 
and  with  cases  in  which  marked  cerebral  arterio- 
sclerosis is  evidenced  by  advanced  cortical  atrophy, 
cysts  of  softening  in  the  brain,  etc.,  and  while  the 
single  large  subdural  hemorrhage  may  also  be  found 
in  these  conditions,  its  occasional  spontaneous  occur- 
rence groups  it  more  intimately  with  the  classical 
apoplectic  type  of  cerebral  hemorrhage.  Trauma, 
especially  that  resulting  in  fracture  of  the  skull,  is 
one  of  the  causes  of  subdural  hemorrhage  by  laceration 
of  one  of  the  meningeal  vessels. 

The  etiological  factors  of  spontaneous  cerebral 
hemorrhage  have  been  the  subject  of  a  statistical 
study  by  Lowenfeld  on  the  literature  preceding  the 
year  of  publication,  1886.  He  has  analyzed  this 
material  in  relation  to  (1)  arteriosclerosis  of  the 
basal  vessels;  (2)  organic  heart  lesions,  especially 
hypertrophy;  (3)  chronic  nephritis;  (4)  alcohol, 
lead  poisoning,  rheumatism,  and  syphilis;  (5)  the 
so-called  apoplectic  constitution;  (6)  heredity. 

He  concludes  that  ar(cnosc!cros?'s  plays  little  direct 
part  in  the  etiology  of  cerebral  hemorrhage.  In 
subjects  of  sixty  years  of  age  and  over,  approximately 
eighty-five  per  cent,  show  sclerotic  changes  of  greater 
or  less  degree  in  the  great  vessels  of  the  brain,  while 
the  occurrence  of  cerebral  hemorrhage  is  not  of  com- 
parable frequency.  Again  there  is  a  marked  drop  in 
the  number  of  cases  of  hemorrhage  occurring  in  the 
ninth  decade,  while  arteriosclerosis  appears  in  advanc- 
ing ratio.  When  contrasting  series  of  similar  age 
with  regard  to  the  occurrence  of  basal  arteriosclerosis, 
those  who  have  suffered  with  cerebral  hemorrhage  do 
not  form  a  noticeably  larger  group  than  those  who 
have  succumbed  to  some  other  disease.  He  also 
noted  that  the  majority  of  cerebral  hemorrhages  occur 
from  relatively  small  vessels,  and  that,  as  a  rule,  the 
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bniiit  of  the  sclerotic  and  atheromatous  processes 
is  liorne  by  tlie  hvrfjer  arterial  trunks.  '  He  fount! 
that  in  a  series  of  fifty-six  eases  of  hemorrhage  the 
basal  arteries  were  normal  in  sixteen,  showed  slight 
sclerosis  or  atheroma  in  eighteen  and  advanced 
atheronuv  in  twenty-two.  Similarly  advanced  arterio- 
sclerosis of  the  aorta  and  other  large  vessels  of  the 
trunk  is  excluded  as  an  etiological  factor  of  importance. 

Other  observers  have  jiointed  out,  however,  that 
arteriosclerosis  may  play  an  important  indirect  part 
in  the  causation  of  cerebral  hemorrhage,  by  reducing 
the  elasticity  of  the  larger  trunks,  so  that  the  tension 
of  the  blood  stream  is  transmitted  with  less  reduction 
to  the  snuiller  and  more  delicate  vessels  taking 
origin  from  them. 

Eulenlierg  came  to  the  conclusion  that  cardiac 
hi/pertrnphij  was  of  importance  from  the  standpoint 
of  cerebral  hemorrhage  only  when  it  was  the  result 
of  chronic  nephritis,  arteriosclerosis,  or  some  condition 
tending  toward  a  chronic  increase  of  the  blood  pres- 
sure and  not  in  the  hypertrophies  which  were  com- 
pensatory in  nature.  Lowenfeld  on  the  other  hand, 
found  that  in  cases  of  hemorrhage  in  the  fifth  decade, 
hypertrophy  of  the  heart  was  foinid  in  seventy-five 
per  cent,  and  that  no  apparent  ditference  could  be 
traced  to  the  type  of  the  hypertrophy.  On  the  whole 
it  may  be  considered  that  the  part  played  by  cardiac 
hypertrophy  in  spontaneous  cerebral  hemorrhage 
is  largely  a  secondary  one,  dependent  on  the  height- 
ened blood  pressure  which  is  its  concomitant,  or 
possibly  in  some  cases  on  a  common  etiological 
factor  whose  attack  results  not  only  in  the  organic 
heart  lesion  and  consequent  hypertrophy,  but  also 
in  focal  lesions  of  the  vessel  walls. 

Chronic  interstitial  nephritis  likewise  may  play  an 
important  part  through  the  increased  blood  pressure 
which  accompanies  it.  It  is  found  at  autopsy  in  a 
considerable  number  of  cases  of  cerebral  hemorrhage 
(twenty  to  thirty  per  cent.),  but  not  with  more 
frequency  than  in  persons  of  similar  age  dying  of  other 
diseases.  Multiple  small  hemorrhages  seem  more 
prone  to  accompany  chronic  nepliritis  than  single 
large  ones. 

No  association  has  been  established  between  alco- 
holism, lead  poisoning,  and  other  similar  toxic  condi- 
tions and  cerebral  hemorrhage  except  the  indirect 
bearing  they  may  have  in  the  production  of  arterio- 
sclerosis, cardiac  hypertrophy,  and  increased  blood 
pressure.  Rheumatism  has  similarly  not  been  di- 
rectly implicated,  but  the  association  of  endocardial 
lesions  with  this  disease  is  of  interest  here,  sugge.sting 
the  possibility  of  foci  of  damage  to  the  arterial  endo- 
theliimi  as  well  as  that  of  the  valves.  The  part 
played  by  syphilis  in  cerebral  hemorrhage  is  an  uncer- 
tain one  which  doubtless  will  receive  some  light  by 
farther  researches  by  means  of  the  Wassermann  reac- 
tion and  the  newer  histological  measures.  Hemor- 
rhage is  rare  in  the  secondary  stage  of  syphilis,  but 
more  frequent  in  the  tertiary.  In  this  class  fall  many 
of  the  apoplexies  of  comparatively  young  persons  who 
show  no  other  obvious  predisposing  condition.  One 
must  be  careful,  however,  in  arriving  at  a  diagnosis  of 
hemorrhage  in  these  cases  on  account  of  the  dithculty 
of  ditferential  diagnosis  between  hemorrhage  and 
softening  from  obliterative  endarteritis. 

Considerable  attention  is  drawn  to  the  so-called 
apoplectic  type  or  constitution  which  is  characterized  by 
a  short  thickset  body,  short  thick  neck,  general  corpu- 
lence, and  a  plethoric  face.  Little  accurate  observa- 
tion is  recorded  of  the  relative  frequence  of  occurrence 
of  cerebral  hemorrhage  in  this  type  as  contrasted  with 
others.  Kirsch  records  cerebral  hemorrhage  as  the 
cause  of  death  in  one-third  of  a  series  of  cases  of  sudden 
death  in  persons  with  marked  excess  of  fat.  Gowers 
states  that  the  majority  of  cases  he  has  seen  lacked 
entirely  the  apoplectic  habitus  and  were  thin,  lank 
indiviciuals,  while  Lowenfeld  in  a  series  of  eighty-four 


cases  foinid  only  thirty  in  which  excess  of  fat  was  not 
noticeable.  Von  Monakow  suggests  that  irregular 
life  and  alcoholic  excesses  may  predisyjose  toward  fat 
as  well  as  to  carfliorenal  and  vascular  disease,  and 
that  this  may  be  the  reason  for  the  higher  proyKjrtion 
in  fat  individiuils.  He  points  out  that  Lowenfeld's 
work  was  done  in  Munich  where  beer  consumption  is 
large  and  the  number  of  well-favored  individuals  is 
greater  than  elsewhere. 

Heredity  has  long  been  held  to  be  a  factor  of  im- 
portance, but  its  exact  relationship  is  not  as  yet  en- 
tirely evident.  Lewandowsky  calls  attention  to  the 
fact  that  many  cases  in  the  literature  of  so-called 
hereditary  apoplexy  were  doubtless  cases  of  congeni- 
tal sy])hilis.  Lowenfeld  states  that  an  hereditary  local 
defect  of  the  cerebral  vessels  seems  possible,  but  is  not 
demonstrated.  Heredity  may  play  a  part  through  a 
disposition  for  the  e.stablislunent  of  some  of  the  asso- 
ciated indirect  etiological  factors,  e.g.  arteriosclero.sis, 
organic  heart  disease,  chronic  nephritis,  etc.  Familial 
tendencies  toward  hemorrhage  and  allied  conditions 
have  been  pointed  out  by  Raymond,  Swiller,  and 
Weisenberg,  while  on  the  other  hand  Gowers  re- 
ports other  families  as  exempt  through  several  gen- 
erations. Dieulafoy  suggests  that  hemorrhage  occurs 
at  an  earlier  age  in  each  succeeding  generation  and 
records  a  case  of  apoplexy  in  a  youth  of  seventeen 
whose  mother  suffered  a  henuplegia  at  forty-six, 
while  the  grandmother  died  of  cerebral  hemorrliage  at 
an  advanced  age. 

Among  the  direct  causes  of  cereljral  hemorrhage,  one 
again  meets  a  curious  contradiction.  It  may  occur 
during  periods  of  rest  and  not  infreriuently  during 
sleep).  Von  Monakow  considers  it  possible  that  the 
conditions  dm'ing  .sleep  are  more  favorable  to  hemor- 
rhage by  reason  of  the  increase  of  pressure  in  the  ves- 
sels of  medium  size  through  the  horizontal  position 
and  the  contraction  of  the  cortical  capillaries.  On 
the  other  hand  severe  exertion,  lifting  heavy  weights, 
vomiting,  and  paroxysms  of  coughing  are  recorded 
as  determining  factors.  Sudden  reduction  of  cere- 
brospinal pressure  by  lumbar  puncture  is  also  men- 
tioned. 

P.\THOLOGTCAL  ANATOMY. — The  vascular  lesion  most 
f  reciuently  associated  with  the  classical  t\'pe  of  cerebral 
hemorrhage  is  the  miliary  aneurysm.  Several  early 
writers  had  recorded  the  finding  of  such  aneurysms,  but 
Charcot  and  Bouchard  called  attention  to  their  asso- 
ciation with  hemorrhage  in  recording  them  as  the 
constant  source  of  the  bleeding  in  eighty-four  cases. 
Siibsequent  observation  b)'  numerous  authors  seems 
to  indicate  that  while  an  occasional  case  may  be  found 
in  j'oung  persons,  in  which  cerebral  hemorrhage  is 
associated  with  arteries  which  are  apparently  normal, 
yet  in  the  great  majority  of  cases,  search  will  reveal 
the  miliary  aneurysms,  generally  in  considerable  num- 
bers. Maceration  of  the  brain  substance  in  water 
leaves  the  vascular  tree  free  for  examination,  and  the 
aneurysms  may  be  made  out  with  ease  either  by  the 
naked  eye  or  by  means  of  low  magnification.  They 
vary  considerably  in  size  in  different  cases  and  even  in 
the  same  case.  Commonly  they  are  spherical  or  cy- 
lindrical enlargements  of  the  small  vessels  of  approxi- 
mately one-half  to  one  millimeter  in  diameter  with  a 
color  varying  with  their  characteristics.  In  some  the 
walls  are  thin  and  the  blood  beneath  gives  them  a 
bluish  or  dark  red  color — in  others  sclerosis  and  cal- 
cification result  in  thick  walls  of  an  opaque  yellow  or 
grayish-white.  Similarly  their  consistence  varies  from 
that  of  a  soft,  easily  compressible  mass  to  that  of  a 
hard  calcareous  nodule. 

Charcot  records  the  finding  of  miliary  aneurysms 
at  all  ages  above  twenty,  Imt  with  a  rapid  increase 
about  the  age  of  fort.v.  They  are  also  found  in  con- 
siderable numbers  in  those  of  advanced  years  dying 
of  other  causes  than  cerebral  hemorrhage.     Charcot's 
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suggestion  that  the  miliary  aneurysm  is  a  lesion 
sui  generis,  and  not  merely  an  accident  of  the  more 
common  forms  of  arterial  disease,  lias  led  to  con- 
siderable discussion.  Charcot  believed  that  the  pri- 
mary change  was  a  periarteritis  followed  by  a  fatty 
degeneration  of  the  muscle  layer  and  that  intimal 
changes  were  secondary.  Zenker  reports  the  finding 
of  intimal  changes  of  a  sclerotic  type  in  every  case 
of  miliary  aneurysm  examined,  and  considers  them 
to  be  merely  one  form  of  expression  of  arteriosclerosis, 
and  t-o  have  their  origin  in   disease  of  the  intinia. 


Fig.  1300. — Low  Power  Microphotograph  of  a  Miliary  Aneu- 
rysm. Revealed  by  maceration  of  the  brain  substance  in  a  case 
of  cerebral  hemorrhage.  (From  the  collection  of  the  Department 
of  Neuropathology,  Harvard  Medical  School.) 


Roth  called  attention  to  the  rare  occiirrence  of  athe- 
roma in  the  smaller  vessels  and  to  tlie  fact  that  even 
when  it  did  appear,  aneurysms  did  not  always  occur. 
He  considers  a  fatty  change  of  the  muscularis  to  be  the 
primary  disturbance,  with  next  a  stage  of  cylindrical 
widening  through  the  degeneration  of  the  circular 
muscle  coat,  then  bulging  of  all  three  coats,  and 
lastly  a  secondary  compensatory  thickening  of  the 
media  and  adventitia.  Lowenfeld  is  in  agreement 
with  this  idea  and  considers  them  as  a  special  kind 
of  arterial  disease  whose  starting-point  is  in  the  mus- 
cularis. He  regards  the  intimal  changes  as  in- 
constant, and  not  essential  and  points  out  that  they 
may  occur  in  cases  where  there  is  no  other  demon- 
strable sclerosis,  and,  on  the  other  hand,  may  be 
lacking  in  cases  i\-ith  very  advanced  sclerotic  and 
atheromatous  change,  ^'on  Monakow  considers  them 
to  be  the  result  of  a  periarteritis,  and  directly 
dependent  on  degenerative  changes  resultant  there- 
from in  the  muscle  coat. 

Care  nnist  be  taken  in  interpreting  the  lesions  fovind 
at  the  site  of  a  hemorrhage  as  secondary  ruptures 
and  further  bleeding  may  result.  The  pressure  ex- 
erted by  lilood  escaping  at  arterial  pressure  collapses 
the  arterioles  and  capillaries  of  the  adjacent  fields, 
and  results  often  in  .softening  of  brain  substance, 
and  necrosis  of  vessel  walls  so  that  they  may  give  way, 
or  allow  the  escape  of  blood  cells  by  diapedesis 
under  returning  circulation,  or  by  reflux  from  the 
venous  system  n-here  the  pressure  is  also  abnormally 
high. 

Vessels  collapsed  by  the  pressure  at  some  part  of 
their  course  will,  nearer  their  source  of  supply,  be 
under  increased  tension,  and  transudation  gives  rise 
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to  edema  of  the  surromiding  structures  which  Hill 
points  out  as  a  source  of  establishment  of  a  sort  of 
circulus  vitiosus. 

Larger  aneurysms  may  occur  on  the  cerebral  vessels 
and  give  rise  to  extensive  hemorrhage  on  rupture. 
As  a  rtile  this  t\-pe  spring  from  large  vessels  and  their 
riipture  is  rapidly  fatal.  They  are  probably  often, 
if  not  always,  syphilitic  in  origin. 

At  autopsy  the  hemorrhage  presents  a  variable 
appearance  depending  on  its  size  and  age.  In  imme- 
diately fatal  cases,  where  the  examination  takes 
place  within  a  short  time  after  death,  the  blood  may 
ije  found  unclotted.  Usually,  hoivever,  the  clot 
is  formed  and  is  of  a  dark  red  or  almost  black  color, 
fairly  firm,  and  mingled  frequently  with  shreds 
of  lirain  tissue.  Gradually  absorption  of  the  clot 
begins,  and  the  remnant  passes  through  a  series  of 
color  changes,  from  chocolate  brown  through  light 
brown  to  reddish  yellow.  Disintegration  of  torn 
brain  tissue  and  clot  gives  rise  to  a  large  amount  of 
detritus,  which  gradually  undergoes  solution  and 
partial  removal,  and  at  this  stage,  the  microscope 
shows  fragments  and  detritus,  and  blood  pigments 
all  being  actively  engulfed  by  large  phagocytes. 
There  is,  however,  in  the  brain,  little  or  no  attempt 
at  organization  of  the  clot,  such  as  occurs  in  other 
]5arts  of  the  body.  The  connective-tissue  elements 
accompanying  the  blood-vessels  apparently  do  not 
react  to  any  marked  extent  with  the  production  of 
new  tissue,  and  the  glia  is  not  efficient  in  replacing 
any  suddenly  occurring  large  loss  of  tissue.  There 
is  evidence  that  the  glia  wiU  react  to  a  slowly  advanc- 
ing ischemic  process,  with  prolifer.ation  which  is 
abundant,  but  in  areas  of  hemorrhage  and  softening 
in  which  the  ischemia  is  sudden  and  complete,  little 
or  no  replacement  occurs,  and  a  cyst  is  formed,  in 
which  the  glia  reaction  is  limited  to  a  circumferential 
or  capsular  zone.  In  small  hemorrhages,  the  resorp- 
tion may  be  comparatively  complete  and  all  that 
remains  is  a  small  glia  scar  nith  occasionally  some 
pigmentation  of  the  adjacent  tissues.  In  larger  ones, 
after  a  sufficient  period,  a  cyst  is  found  filled  n-ith 
clear  fluid,  and  with  j-ellowisli  walls  and  at  this  stage 
it  may  be  impossible  to  decide,  whether  the  original 
lesion  was  a  hemorrhage,  or  an  area  of  softening. 
In  autopsies  on  early  cases,  signs  of  intracerebral 
pressure  are  evident;  the  convolutions  are  flattened 
and  markedly  pale;  the  cerebrospinal  fluid  is  small 
in  amount,  and  freciuently  tne  hemisphere  which 
contains  the  lesion  is  noticeably  enlarged  and  en- 
croaches on  the  sound  hemisphere,  except  where  it  is 
held  back  by  the  falx  cerebri.  The  amount  of  pres- 
sure, and  partition-like  action  of  falx,  is  often 
beautifully  indicated  by  the  sharp  line  of  indentation 
made  by  the  lower  edge  of  the  falx  on  the  enlarged 
hemisphere.  The  brain  tissues  immediately  adjacent 
to  the  hemorrhage  are  frequently  the  seat  of  softening, 
which  may  be  anemic  in  type,  though  frequently 
associated  with  punctate  hemorrhages  or  extravasa- 
tion by  diapedesis. 

The  secondary  changes  taking  place  in  the  nervous 
tissues  following  hemorrhage  are,  of  course,  dependent 
on  the  site  and  amount  of  destruction.  Regeneration 
probably  does  not  take  place  in  the  ner\'ous  elements 
of  the  central  nervous  system.  Allen  has  shown  that 
cells  in  active  mitosis  disappear  from  the  brain  of 
the  white  rat  at  about  the  twentieth  day  after  birth, 
and  it  is  probable  that  in  man  even  before  birth 
the  structural  units  of  the  brain  and  cord  are  so  fully 
differentiated  that  no  replacement  follows  destructive 
injury.  Nerve  fibers  which  have  been  cut  by  a 
hemorrhage  soon  xmdergo  Wallerian  degeneration 
in  their  distal  fragments.  That  is  in  those  parts 
separated  by  the  lesion  from  their  cell  of  origin,  fatty 
changes  become  apparent  by  appropriate  staining 
methods  in  from  three  to  four  days.  Both  axis 
cylinder    and    myelin    sheath    degenerate,    and    the 
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1 1       products  of  this  disintegration  are  gradually  ulisorbod 

il  so  that  at  the  end  of  three  or  four  luonths  removal  is 
poiuplete,  and  tlicir  place  is  occujjied  by  a  neuroglial 
iiieshwork  or  cicatrix.  Degeneration  also  affects 
the  proximal  end  hack  to  the  next  adjacent  or  second 

I  node  of  Kanvier,  rarely  for  a  considerably  greater 
distance.  The  cell  of  origin  which  has  lost  part  of  its 
fiber  and  become  separated  from  its  normal  zone  of 
distribution,  also  shows  some  alterations  which  arc 
demonstrable  by  the  proper  histological  methods. 
These  changes  are  chiefly  those  of  chromatolysis 
or  solution  of  the  Nissl  bodies,  giving  the  cytoplasm 
a  pale  honiogeneo\is  or  very  faintly  granular  ai)iiear- 
ance.     Occasionally     also     the     next     neuronic     link 

I  backward  will  show  similar  regressive  chromolytic 
changes.  This  is  the  so-called  retrograde  or  second- 
ary degeneration  or  "r6action  il  distance"  of  Mari- 
nesc6.  A  lesion  of  the  internal  capsule  will  result 
in  Wallerian  degeneration,  absorption,  and  an 
ultimate  glia  scar  of  tlie  pyramidal  tract  fibers  actually 
severed,  and  chromolytic  changes  of  the  corresponding 
giant  cells  of  Betz  in  the  precentral  gyrus.  Destruc- 
tion of  the  anterior  horn  cells  or  amputation  of  a 
limb  may  also  show  retrograde  chromolysis  of  the 
Betz  cells. 

The  immediate  disturbance  of  function  following  a 
destructive  hemorrhage  is  much  greater  than  the 
ultimate  or  residual  disability.  This  greater  immedi- 
ate effect  is  explained  on  the  basis  of  the  pressure 
exerted  by  the  hemorrhage  either  directly,  or  through 
its  effect  on  the  circulation  of  the  part,  and  by  the 
concept  of  diaschisis  of  von  ISIonakow.  Pressure, 
■per  se,  probably  has  little  effect  on  the  functional 
activity  of  the  nerve  cells.  This  is  evidenced  in  the 
wide  variations  of  intracerebral  pressure  experi- 
mentally recorded,  and  by  the  lack  of  disturbance, 
in  a  degree  disproportionate  to  the  actual  structural 
losses  found  in  hydroceplialus,  brain  tumor,  etc. 
Hill  has  shown  that  no  demonstraVile  disturbance 
takes  place  in  the  experimental  animal  with  gradually 
increased  intracranial  pressure  until  this  pressure 
rises  to  almost  that  of  the  arterial  system,  and  con- 
cludes that  the  disturbances  are  those  due  to  anemia 
through  obstruction  by  compression  of  vascular 
fields.  As  a  substantiating  fact,  he  finds  that  lower 
pressures  suddenly  applied  are  more  effective  than 
gradual  higher  pressures,  as  in  the  latter  case,  the 
pressure  in  capillary  and  venous  fields  rises  parallel 
to  that  applied. 

By  diaschisis  is  meant  the  disturbance  in  one 
structurally  intact  field,  due  to  the  sudden  withdrawal 
from  it  of  impulses,  either  of  excitatory  or  inhibitor}- 
type  which  normally  enter  into  its  activity.  Normal 
neuronic  activity  in  a  given  unit  is  conceived  as  a 
state  of  ec|uilibrium  or  balance,  maintained  by 
multiple  stimuli  convergently  impinging  upon  it 
and  the  withdrawal  of  any  one  of  these  elements 
may  result  in  disturbance  of  its  normal  function. 

By  far  the  most  frequent  site  of  cerebral  hemorrhage 
is  in  the  vicinity  of  the  basal  ganglia  and  optic  thal- 
amus, involving  to  greater  or  lesser  degree  the  internal 
capsule  and  resulting  in  a  hemiplegia.  Next  in  order 
of  frequence  according  to  von  Monakow  come  the 
centrunr  ovale,  the  cortex,  the  crura  cerebri,  the  pons, 
and  lastly  the  cerebellum.  The  greater  vulnerability 
of  the  region  of  the  basal  ganglia  led  Charcot  to 
investigate  the  blood  supply  of  this  region.  For 
the  most  part  the  arteries  involved  are  comparatively 
small  ones  given  off  by  the  great  vessels  at  the  base 
of  the  brain,  and  are  true  end-arteries  in  Cohnheim's 
sense,  i.e.  without  anastomoses,  a  point  which  is  of 
importance  in  considering  the  final  results  of  hemor- 
rhage, endarteritis,  and  embolism  in  this  region. 
Duret,  a  pupil  of  Charcot,  working  under  his  direction 
at  the  Salpetriere  published  in  1872-74,  descriptions 
of  the  arterial  supply  of  the  region  which  have  found 
wide    acceptance.     Huebner    in    1872    published    an 


account  of  the  arterial  system  here  which  varied  in 
some  important  jjoints  from  Duret's,  but  which 
seems  to  have  received  little  notice.  In  i)rief,  Duret's 
findings  were:  (1)  That  brandies  from  the  anterior 
cerebral  artery  play  an  inconspicuous  [lart  in  the 
sui)|)ly  to  the  l)asal  ganglia.  (2)  That  their  chief 
sup|)ly  comes  from  the  middle  cerebral  which  feeds 
the  greater  part  of  the  caudate  nucleus,  all  of  the 
lenticular  nucleus,  a  portion  of  the  optic  thalamus, 
and  the  whole  extent  of  the  internal  capsule.  (3) 
Tliat  the  posterior  cerebral  plays  a  greater  part  than 
the  anterior  and  supplies  the  greater  part  of  the  optic 
thalamus.  These  findings  led  to  Charcot's  insistence 
on  the  importance  of  the  middle  cerebral  as  the 
source  of  practically  the  whole  supply  to  the  basal 
ganglia  and  internal  capsule,  and  to  a  part  of  the 
optic  thalamus. 

Duret  divided  the  basal  branches  of  the  middle 
cerebral  into  three  groups  which  he  designated  accord- 
ing to  their  distribution  as  (1)  lenticular  arteries,  i.e. 
those  whose  distribution  is  to  the  globus  pallidus; 
(2)  lenticulo-striate  which  are  distributed  to  the  puta- 
men  as  well,  and  (3)  lenticulo-optic,  whose  distribu- 
tion includes  a  part  of  the  optic  thalamus.  He 
laid  stress  on  the  second  group  in  relation  to  cere- 
bral hemorrhage, .  and  speaks  of  one  of  the  larger 
branches  particularly.  He  describes  its  course  as 
skirting  the  base  of  the  putamen  near  the  surface  in 
order  to  reach  the  nucleus  caudatus,  where  it  divides 
into  four  or  five  ternunal  branches,  and  says  that  it  is 
this  artery  which  should  be  designated  according 
to  his  anatomical  studies  and  the  teachings  of  Charcot 
as  the  "artery  of  cerebral  hemorrhage." 

Huebner's  description  differs  from  that  of  Duret,  in 
that  he  includes  as  of  constant  occurrence,  a  branch 
from  the  anterior  cerebral  artery  to  the  head  of  the 
corpus  striatum,  and  in  that  he  found  no  instance,  in 
thirty  brains  examined,  of  a  lenticulo-optic  vessel. 
The  anterior  part  of  the  optic  thalamus  and  the  poste- 
rior limb  of  the  internal  capsule  he  found  to  receive 
their  supply  from  a  braiich  of  the  anterior  choroid 
artery  and  from  a  branch  of  the  posterior  communi- 
cating artery.  Beevor  in  1907  by  an  ingenious  method 
injected  simultaneously  and  under  the  same  pressure 
gelatine  of  three  colors  into  the  three  main  cerebral 
arteries.  His  diagrams  of  the  sectional  examination 
of  such  material  show  a  large  field  of  the  head  of  the 
corpus  striatum  to  receive  its  supply  from  the  anterior 
cerebral.  In  1900  there  appeared  in  the  Boxlon 
Medical  and  SurgicalJ  oiirnal,  a  report  by  H.  F.  Aitken 
made  to  Dr.  J.  B.  Ayer  of  Boston,  on  the  circulation 
to  the  lobar  ganglia.  Aver  conchides  on  the  basis  of 
this  work  that  Charcot's  assignment  of  the  major  share 
of  supply  of  this  region  to  the  middle  cerebral  is  in- 
correct. That  the  anterior  cerebral  artery  gives  off  a 
constant  contribution,  and  that  the  middle  cerebral 
does  not  regularly  supply  any  part  of  the  optic  thala- 
mus. No  case  of  lenticulo-optic  artery  was  found  in 
forty-five  examinations.  Numerous  variations  of  the 
supply  are  of  course  encountered,  but  an  important 
vessel  or  system  of  vessels  arising  from  the  anterior 
cerebral  seems  to  be  of  constant  occurrence,  and  occa- 
sionall.v  the  anterior  cerebral  proves  to  be  the  source 
of  the  principle  striate  artery.  The  accompanying 
figure  taken  from  Aitkens  report  shows  the  general 
scheme  of  circidation  of  this  area  as  found  in  his  series 
of  forty-five  brains. 

Leonard  Hill's  careful  experimental  work  on  the 
cerebral  circulation  has  offered  much  of  importance 
and  interest  in  connection  with  cerebral  hemorrhage. 

HQl's  method  was  that  of  injecting  material  imder 
known  pressure  into  the  cranial  cavity  through 
threaded  trephine  holes  in  the  skull,  into  which  brass 
tubes  had  been  screwed.  At  the  same  time  similar 
tubes  were  connected  to  manometers  to  record  changes 
in  the  pressure  of  the  cerebrospinal  fluid  through  the 
occipito-atlantal   ligament  and  the  cerebral  venous 
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pressure  through  the  torciilar  Herophili,  while  by 
means  of  cannula  inserted  into  the  general  venous 
and  arterial  channels,  changes  in  the  pressure  of  the 
general  circulation  were  observed.  Pressure  was  then 
exerted,  on  the  brain  by  the  injection  of  flinds  or  wax, 
or  by  the  insertion  of  a  rubber  bag  throiigh  a  trephine 
opening,  and  its  subseciiient  dilatation   by  means  of 


Fig.  1301. — Showing  the  Origin  of  a  Large  Artery  from  the 
Anterior  Cerebral.  In  this  instance  the  vessel  is  unusually  large 
and  forms  a  principal  striate  artery.  (Illustration  by  Aitken 
obtained  through  the  kindness  of  Dr.  J.  B.  Ayer  Jr.,  of  Boston.) 


water  at  observed  pressures.  In  other  experiments, 
blood  from  one  of  the  arteries  in  the  trunk  was  led  by 
means  of  a  cannula  and  tube  to  the  opening  in  the 
skull  and  there  injected  at  its  own  pressure  into  the 
cranial  cavity,  thus  closely  approximating,  experi- 
mentally, the  conditions  of  pressure  which  obtain 
in  spontaneous  cerebral  hemorrhage. 

The  brain  is  known  to  be  practically  inelastic  and 
enclosed  as  it  is  in  the  rigid  bony  cavity  of  the  cranium, 
the  conclusion  that  pressure  exerted  locally  at  one 
point  would  be  transmitted  equally  to  all  other  parts 
of  the  cranial  and  spinal  cavities,  as  would  be  the  case 
with  a  fluid  medium,  seemed  justifiable.  Hill's  ex- 
perimental observations  shon-ed,  however,  that  this 
was  not  the  case.  This  absence  of  equal  transmission 
is  explained  on  the  following  basis:  (1)  The  viscosity 
of  the  brain  mass  tends  to  prevent  even  translocation, 
and  hence  even  pressure  distribution.  (2)  The  falx 
cerebri  and  tentorium  cerebelli  afford  definite  resist- 
ance to  pressure.  This  is  marked  in  both  membranes, 
but  is  more  prominent  in  the  case  of  the  tentorium, 
which  forms  an  almost  complete,  and  very  resistant 
partition  between  the  greater  and  lesser  cranial  cavi- 
ties, thus  protecting  the  cerebellum  and  brain  stem 
to  a  considerable  extent  from  pressure  exerted  over 
the  hemispheres.  The  resistance  offered  by  the  falx 
cereljri  lea\'es  evidence  which  can  frequently  be  seen 
on  the  autopsy  table,  especially  in  cases  of  subdural 
hemorrhage,  as  a   distinct  line  or  depression  where 
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the  involved  hemisphere  had  been  pushed  against  the 
margin  of  the  membrane.  (3)  Suddenly  applied 
increase  of  tension  results  in  the  translocation  of  the 
brain  mass  downward,  thus  blocking  the  foramen 
magnum  and  preventing  the  rapid  and  ready  transmis- 
sion of  pressure  by  cerebrospinal  fluid  into  the  spinal 
camil. 

Hill  points  out  that  any  increase  of  volume  within 
the  cranial  cavity  must  result  in  reduction  of  the 
volume  of  either  cerebrospinal  fluid,  or  the  blood  con- 
tained in  the  extensive  arterial,  capillary,  and  venous 
systems.  The  part  pla^-ed  by  the  cerebrospinal  fluid 
in  these  conditions  is  not  a  prominent  one.  In  the 
first  place,  the  cerebrospinal  fluid  is  probably  present 
under  normal  conditions  in  small  amounts  only,  and 
secondly,  loss  of  fluid  through  its  return  into  the  veins 
will  occur  rapidly  whenever  conditions  exist  which 
tend  to  increase  its  pressure  above  that  of  venous 
pressure.  The  brunt  then  of  the  displacement  in  the 
cranial  cavity,  by  the  injection  of  a  foreign  body, 
including  here  for  consideration  the  blood  extravasa- 
tion of  a  hemorrhage,  is  borne  by  the  vascular  system 
and  results  in  the  expression  of  blood  from  greater  or 
lesser  vascular  fields  dependent  on  the  position  and 
size  of  the  injected  mass.  The  fact  that  the  viscosity 
of  the  brain  mass  is  sufficient  to  prevent  eciual  dis- 
triliTition  of  the  pressure,  results  in  greater  expression 
of  lilood  from  those  areas  immediately  adjacent  to  the 
foreign  body.  The  conception  thus  indicated,  i.e. 
that  the  svmptoms  of  sudden  increase  in  intracranial 
press\ire  are  due  to  anemia  from  expression  of  blood 
from  capillary  fields — is  beautifully  supported  by 
Hill's  experimental  work.  The  major  symptoms  of 
increase  of  intracranial  volume  are  strictly  com- 
parable to  those  produced  by  sudden  cerebral  anemia, 
and  appear  experimentally  when  the  intracranial 
pressure  reaches  that  of  arterial  pressure.  Below  that 
point,  the  increase  is  compensated  by  a  rise  of  capil- 
lary and  venous  pressure  which  results  in  the  main- 
tenance of  flow  until  such  time  as  the  pressure  reaches 
the  arterial  ten.5ion.  In  other  words,  the  obstruction 
to  the  flow  through  a  given  vascular  field  by  com- 
pression of  its  capillaries,  results  in  transmission  of 
greater  and  greater  pressure  untU  the  resistance  is 
overcome,  except  when  this  equals  or  exceeds  arterial 
pressure. 

The  effects  of  discontinuity  of  pressure  are,  however, 
evident  experimentally,  as  shown  by  the  amount  of 
displacement  required  to  cause  death  in  (1)  the  cere- 
brum, (2)  the  cerebellum,  and  (3)  the  medulla.  Hors- 
ley  and  Spencer  found  that  a  foreign  body  of  6  to  8 
c.c.  in  volume  would  produce  death  when  applied 
over  the  cerebrum  of  the  dog,  while  2  to  4  c.c.  was  suf- 
ficient over  the  cerebellum,  and  0.6  to  1.5  c.c.  over 
the  medulla. 

In  addition  to  the  influence  of  the  position  of  the 
hemorrhage  on  the  occurrence  of  the  major  symptoms, 
the  rate  of  outflow  must  be  considered.  In  the  pro- 
duction of  anemia  of  the  brain  it  can  be  shown  ex- 
perimentally that  the  rapidity  with  which  the  anemic 
.state  is  reached,  plan's  an  important  part  in  the  tj-pe 
and  the  severity  of  the  manifestations.  Similarly  rapid 
and  slow  injections  into  the  cranial  cavity  give  rise 
to  different  results,  and  the  amount  necessar.v  to  pro- 
duce major  symptoms  is  much  greater  when  its  intro- 
duction is  slow  than  when  it  occurs  suddenly.  Large 
amounts  of  blood  may  be  slowly  extra vasated  into  the 
cranial  cavity.  Bergmann  records  the  finding  of  a 
blood  clot  weighing  ISO  grams.  Similarly  slow  grow- 
ing tumors  may  reach  a  relatively  enormous  size  with 
comparatively  small  amounts  of  compensatory  atro- 
phy of  brain  substance  by  reduction  in  the  blood 
volume  of  the  cerebral  vascular  fields. 

Hill's  work  with  injections  of  serum  and  normal 
saline  show  the  rapidity  and  ease  with  which  fluids  are 
absorbed  from  the  meningeal  spaces,  and  supports  his 
view  which  is  now  widely  accepted,  that  edema  of  the 
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pia  cannot  be  a  canse  of  increased  intracranial  pres- 
sure, l^xpopt  in  tlie  case  of  rapid  infhuiunatory 
transudate,  such  lluid  cannot  remain  in  the  cranial 
cavity  at  a  greater  pressure  than  that  of  the  intra- 
cranial venous  circulation.  From  this  view])oint 
then,  subpial  edema  as  found  at  autopsy,  must  be  the 
result  of  (1)  cereliral  atrophy,  (2)  infUmunatory 
transudation,  or  (.'!)  disturbaticeof  circ\ilation  wliereby 
some  i)art  of  the  normal  intracranial  lilood  volume  is 
lacking.  Hill  states  that  'Wtous  apo)>lexy  is  an 
impossil)ility,  and  the  operation  of  trei)liininK  in  such 
cases  as  general  paralysis  of  the  insane,  can  receive 
no  justification  on  experimental  grounds." 

Symptomatolocy. — The  symptoms  of  cerebral  hem- 
orrhage may  perha])S  best  be  considered  under  several 
headings:  (1)  Prodromes;  (2)  symptoms  of  the  stroke 
or  attack;  (3)  syni[)toms  of  the  period  of  reaction,  and 
(4)  chronic  or  residual  symptoms. 

True  prodromes  in  the  sense  of  those  ushering 
in  the  infectious  diseases,  do  not  precede  cerebral 
hemorrhage.  There  nuiy  be,  however,  various  vague 
phenomena  preceding  the  attack  by  a  consider- 
able period,  tho\igh  their  occurrence  is  rare  and 
care  should  be  taken  to  exclude  from  considera- 
tion in  this  connection,  cases  of  localizing  brain 
disease  of  other  types.  Thus  prodromes  preceding 
a  stroke  due  to  syphilitic  disease  of  the  arteries 
or  hemorrhages  into  a  tumor  mass,  might  give 
misleading  data.  Cases  of  hemorrhage  established 
by  autopsy  examination  do  not,  as  a  rule,  show- 
prodromes.  Rarely,  however,  one  does  meet  in 
this  type,  prodromes  which  antedate  a  hemiplegia, 
von  Monakoiv  considers  these  under  two  heads — 
general  and  focal.  The  general  symptoms  include 
irascibility,  ringing  in  the  ears,  flashes  before  the  eyes, 
hypochondria,  forgetfulness,  vertigo,  headache,  tend- 
ency toward  somnolence,  lassitude,  speech  disorders, 
etc.  These  are,  as  he  points  out,  not  characteristic  and 
are  common  to  a  variety  of  chronic  diseases,  and  as 
such  are  of  little  value.  Of  their  possible  relation  to 
vascular  disease  which  may  later  result  in  hemorrhage, 
nothing  is  known.  The  rare  occurrence  of  focal  symp- 
toms is  of  greater  .significance.  Facial  pareses, 
dysarthria,  diplopia,  alexia  and  dyslexia,  and  unilateral 
subjective  disturbances  of  the  senses  of  heat  and  cold, 
numbness  or  tingling,  or  a  feeling  of  weight  in  one-half 
the  body  are  included  among  this  group.  Many  of 
these  are  also  associated  with  arteriosclerotic  brain 
disease  of  a  different  type  than  that  which  leads  to 
hemorrhage. 

D6jcrine,  while  recognizing  the  occasional  occur- 
rence of  prodromes  before  cerebral  hemorrhage,  sug- 
gests that  such  symptoms  are  frequently  of  service  in 
determining  other  causes  for  hemiplegic  disturbances. 
Thus  prodromal  headaches,  dizziness,  and  visual  dis- 
orders suggest  brain  timiors;  prodromal  mental  dis- 
turbances, general  paralysis;  tremors  of  the  intention 
type,  multiple  sclerosis  which  occasionally  is  as.sociated 
with  a  hemiplegia.  Hemianesthesia  without  reflex 
disorders  always  suggests  hysteria.  Prehemiplegic 
pains  on  the  side  later  affected  by  the  paralysis  are 
recorded  by  Weir  Mitchell,  Weisenburg,  and  others. 
They  may  exist  for  comparatively  long  periods — 
several  years — before  the  actual  attack.  IVIotor  dis- 
turbances of  a  paretic  type  may  also  be  evident  for  a 
considerable  time  and  ultimately  be  followed  by  a 
typical  apoplectic  stroke.  No  conclusive  explanation 
of  these  phenomena  is  forthcoming.  They  are  gen- 
erally explained  on  the  basis  of  poorly  understood  dis- 
turbances of  nutrition  in  the  area  of  distribiition  of  the 
vessels,  which  are  the  seat  of  lesions,  which  in  time 
result  by  rupture  in  a  hemorrhage.  In  some  of  the 
more  immediately  preceding  prodromes,  slight  blood 
extravasations  at  the  site  of  miliary  aneurysms  or 
other  lesions  are  offered  as  the  causative  factors, 
von  Monakow  records  a  case  of  rapidly  fatal  cerebral 
hemorrhage  with  prodromes  lasting  over  the  month 


preceding,  in  which  a  careful  study  of  the  brain  re- 
vealed no  definite  explanatory  hwions. 

In  the  great  majority  of  cerebral  hemorrhages, 
however,  the  only  prodromes  are  those  associated 
with  the  immediate^  on.set  of  the  stroke,  and  even 
these  may  be  lacking  so  that  unconsciousness  may 
come  witiiout  warning. 

'I'lie  AUiick. — (jenerally  the  attack  comes  on  while 
the  patient  is  in  good  health  and  often  while  at  his 
ordinary  occupation.  .Sometimes  it  is  i)receded  by 
an  unusua  muscular  effort,  such  as  lifting  a  heavy 
weight,  etc.,  or  again  it  may  occur  during  a  period 
of  rest  or  during  sleej).  Not  infrequently  the  onset 
is  on  arising  in  the  morning.  In  the  typical  case, 
there  is  a  feeling  of  malai.se,  often  a  feeling  of  jjain 
in  one-half  of  the  body  and  a  word  or  two  of  complaint 
of  the  head,  and  unconsciousness  s\ipervenes. 
There  may  be  a  few  conv\ilsive  or  choreiform  move- 
ments, or  even  a  true  convulsion  early  in  the  attack. 
In  other  cases  the  onset  is  more  gradual  and  several 
minutes  may  pa.ss  between  the  first  definite  symp- 
toms and  final  loss  of  conscio\isness,  or  the  patient 
may  still  be  conscious  when  paralysis  first  becomes 
evident.  Again  imconsciousness  may  not  occur  at  all, 
but  paralysis  gradually  appears.  In  .still  another 
form,  the  whole  coiu-se  of  the  appearance  of  symj)- 
toms  is  a  slowly  progressive  one — gradual  loss  of 
power,  mental  confusion  slowly  developing  into 
unconsciousness,  and  finally  into  deep^coma — this  is 
the  so-called  ingravescent  apoplexy. 

These  variations  in  intensity  of  onset  are  dependent 
on  three  factors:  (1)  the  site;  (2)  the  amount  of 
hemorrhage,  and  (3)  the  rate  of  extravasation.  Com- 
paratively large  slow  hemorrhages  beneath  the  dura 
may  give  only  slight  symptoms,  and  similarly  some 
cortical  hemorrhages  are  associated  with  symptoms 
of  rather  minor  severity.  Oppenhein  makes  the  state- 
ment that  a  rapid  hemorrhage  in  the  region  of 
the  basal  ganglia,  which  reaches  the  size  of  a  cherry 
or  a  hazel  nut,  is  followed  by  a  greater  or  less  degree 
of  unconsciousness.  Hill's  work  on  the  dog  gives  an 
insight  into  the  relation  of  rate  of  extravasation  to 
the  development  of  unconsciousness.  Foreign  bodies 
suddenly  injected  into  the  cranial  cavity  were  effective 
in  less  bulk  than  those  which  were  more  slowly 
introduced.  The  slow  injection  gives  time  for  the 
escape  of  cerebrospinal  fluid  from  its  spaces  and  of 
venous  blood  from  tlie  sinuses  and  larger  vessels, 
thus  making  room  for  the  foreign  body  without 
unduly  comjiressing  capillary  fields. 

Occasionally  death  supervenes  rapidly  after  the 
stroke.  This  occurrence,  as  a  rule,  points  to  hemor- 
rhage of  the  cerebellum,  pons,  medulla,  or  fourth 
ventricle,  i.e.  those  structures  beneath  the  tentorimn 
where  the  pressure  is  confined  and  affects  the  impor- 
tant medullary  centers.  Abercrombie's  case,  with 
death  within  five  minutes  after  the  stroke  is  the 
shortest  recorded,  and  proved  to  be  a  cerebellar 
hemorrhage  which  broke  through  into  the  fourth 
ventricle  and  thus  produced  direct  pressure  on  the 
medulla.  Death  after  one  to  two  hours  is  inore 
common  in  cases  of  hemorrhage  near  the  medulla, 
while  in  severe  hemiplegic  apoplexy  twelve  to  thirty- 
six  hours  more  conomoniy  elapse  before  a  fatal  issue. 
Occasionally  after  a  short  period  of  unprovement  in- 
cluding return  of  consciousness,  a  relapse  occ\irs  which 
is  not  infrequently  fatal.  This  frequently  follows  the 
rupture  of  a  hemorrhage  into  the  lateral  ventricles  and 
occasionally  in  large  subdural  hemorrhages. 

During  the  comatose  period,  the  pulse  is  usually 
full,  of  high  tension,  and  slow — about  50  to  00  per 
minute.  With  long-continued  coma  or  in  event  of 
rise  of  temperat\n'e,  the  pulse  rate  may  increase  some- 
what. In  the  fatal  cases  it  becomes  small,  irregular 
and  soft  shortly  before  death  and  may  disappear 
before  respiration  ceases. 

Breathing  is  slow,  deep,  and  stertorous  and  main- 
tains atjout  its  normal  ratio  with  the  pulse.     The  face 
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is  sometimes  pale,  but  more  frequently  cyanotic,  while 
the  lips  and  cheeks  are  flaccid  and  are  blown  in  and 
out  loosely  with  each  respiration.  Not  infrequently 
a  clue  can  be  gained  to  tlie  existence  of  paralysis  by 
observation  of  the  relati^'e  range  of  motion  of  the 
two  cheeks  at  this  time.  The  flaccid,  paralyzed  side 
moving  in  and  out  a  little  more  easily  and  loosely  than 
the  unparalyzed,  which  even  in  the  deepest  coma 
maintains  some  of  its  normal  muscular  tonus.  Simi- 
lar differences  in  the  muscular  activity  of  the  two  sides 
of  the  chest  in  respiratory  movements  may  be  noted. 
Cheyne-Stokes  respiration  may  occvir  and  is  taken 
to  be  a  distinctly  unfavorable  sign,  referable  to  serious 
involvement  of  the  medulla. 

The  temperature  sinks  after  the  stroke  to  35.5°  C. 
(95.9°  F.)  or  below  and  rises  again  to  normal  or 
slightly  above  when  resorption  begins  in  the  clot. 
This  is  usually  within  twelve  to  twenty-four  hours, 
following  the  onset,  and  at  this  period  a  temperature 
of  38.2°  C.  (100.7°  F.)  need  cause  no  undue  alarm. 
Greater  or  more  rapid  rise,  or  rise  at  an  earlier  period 
is,  however,  considered  as  a  distinctly  unfavorable 
sign.  Gowers  observed  a  rise  to  40°  C.  (104°  F.)  and 
41°  C.  (105.8°  F.)  within  an  hour,  in  a  hemorrhage 
into  the  pons  and  medulla.  H^-postatic  or  insufflation 
pneumonia  may  also  cause  a  rise  of  temperature  and 
whUe  these  complications  are  serious  they  are  of  not 
quite  so  grave  import  as  the  rapid  increase  in  tempera- 
ture in  their  absence.  The  temperature  of  the  two 
halves  of  the  body  may  vary  0.5  to  1.0°  C., 
that  on  the  paralyzed  side  being  lower  than  that  of 
the  normal.  The  period  of  inflammatory  reaction 
may  continue  for  from  one  week  to  two  months, 
according  to  Osier,  and  the  patient  may  die  in  this 
period,  or  if  consciousness  be  regained  there  may  be 
delirium  or  recurrence  of  the  coma. 

Generally  the  pupils  are  dilated,  sometimes  un- 
equally. In  deep  coma  they  fail  to  react  to  light. 
In  hemorrhage  into  the  medulla  or  pons  they  may  be 
strongly  contracted  even  to  pin-point  size.  When 
unecjual,  the  ■nide  pupil  is  usually  on  the  side  of  the 
lesion.  According  to  Hutchinson  unilateral  dilata- 
tion is  associated  with  failure  of  the  light  reaction 
in  that  pupil. 

Conjugate  deviation,  i.e.  turning  of  the  head  and 
eyes  toward  the  same  side  is  not  an  imusual  symptom. 
Its  relation  to  the  lesion  is,  however,  a  rather  complex 
one.  When  the  hemorrhage  is  in  the  cortex,  and  as 
usually  its  action  is  purely  that  of  destruction,  the 
head  and  eyes  turn  toward  the  side  of  the  lesion,  i.e. 
the  paralysis  of  the  muscles  of  the  opposite  side  results 
in  rotation  by  the  greater  pull  of  the  tonic  non-para- 
lyzed muscles.  When,  however,  the  more  rare  effect 
of  irritation  by  the  hemorrhage  is  evident,  the  muscles 
which  will  later  become  paralyzed  are  in  a  state  of 
spasm  or  convulsive  contraction  which  results  in  turn- 
ing the  head  and  eyes  away  from  the  lesion.  In  the 
pons,  however,  where  hemorrhage  affects  the  fibers 
after  their  decussation,  these  conditions  are  exactly 
reversed,  i.  e.  without  spasm  the  deviation  is  from  the 
lesion,  with  spasm  toward  it. 

The  occasional  occurrence  of  convulsions  at  the  time 
of  the  stroke  may  be  explained  by  either  of  two  condi- 
tions— anemia  or  irritation.  Kussmaul  and  Tenner 
have  sho-wn  that  suddenly  produced  complete  anemia 
of  the  brain  results  in  convulsions,  and  Leonard  Hill 
has  demonstrated  that  the  effect  of  a  sudden  increase 
in  intracranial  volume,  at  a  pressure  equal  to  that  of 
arterial  pressure,  probably  produces  its  effects  by 
the  production  of  anemia,  b\'  expression  of  blood  from 
the  capillary  fields.  True  discharging  or  irritating 
effects  of  hemorrhage  are  rare,  but  when  the  lesion  is 
in  the  cortex,  or  very  close  to  it,  such  effects  are  occa- 
sionally observed,  and  may  be  the  cause  of  the  con^nil- 
sions.  Thus  cortical  hemorrhages  occasionally  give 
rise  to  one-sided  Jacksonian  convulsions  which  may 
recur  over  a  period  of  several  days.  The  parasthesias 
of  the  prodromal  period  must  be  considered  as  irrita- 
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tive  phenomena  of  subjective  type,  but  as  a  whole 
discharging  effects  of  a  hemorrhage  are  rare  and  of  mi- 
nor importance  when  contrasted  with  the  destructive. 
During  the  period  of  deep  coma,  the  reflexes,  both 
superficial  and  deep,  are  abolished.  In  lighter  stupor, 
however,  or  when  recovery  from  the  coma  has  begun, 
the  reflexes  by  their  imilateral  return  give  evidence  of 
value  concerning  the  side  of  paralysis.  The  time  of 
return  is  variable — usually  the  reflexes  of  the  non- 
hemiplegic  side  return  with  regained  consciousness  or 
slightly  before,  while  on  the  affected  side  they  are 
much  delayed,  sometimes  for  several  weeks.  The 
skin  reflexes  give  evidence  of  value  only  when  they  are 
consistently  unilateral.  The  abdominal  cremasteric 
and  scrotal  reflexes  may  be  absent  or  very  slight  in  the 
normal  individual.  This  is  especially  true  of  the 
abdominal  in  cases  with  excess  of  fat  or  relaxed  ab- 
dominal walls.  Erection  of  the  nipple  and  wrinkling 
of  the  areola  on  stimulation  of  the  skin  of  the  breast 
near  the  areola,  in  both  males  and  females,  i.e.  the 
nipple  reflex,  may  by  its  unilateral  absence,  add  to  the 
available  data. 

Babinski's  reflex,  dorsal  flexion  of  the  great  toe  on 
stimulation  of  the  sole  of  the  foot,  or  the  allied  Oppen- 
heini  and  Gordon  reflexes  may  be  an  early  and  im- 
portant sign  of  the  side  affected,  as  may  the  unilateral 
absence  of  the  patellar  and  achilles  reflexes.  Later 
the  deep  reflexes  of  the  affected  side  become  increased. 
The  muscles  may  during  the  period  of  coma  indicate 
the  affected  side.  While  both  sides  at  this  stage  are 
relaxed,  the  flaccidity  of  the  hemiplegic  side  may  be 
greater  than  the  opposite  as  is  evidenced  by  the  looser 
movements  of  the  cheek  with  respiration  mentioned 
above,  the  more  rapid  and  flail-like  fall  of  passively 
raised  extremities  and  less  resistance  to  passive  mo- 
tion. Observation  of  the  large  muscle  masses  such 
as  the  thigh  may  show  that  those  of  the  paralyzed  side 
hang  loosely  from  the  bones  like  semi-fluid  masses  in 
contrast  to  the  unaffected. 

The  frequent  association  of  aphasia  and  its  concomi- 
tants with  right-sided  hemiplegia  in  right-handed  in- 
dividuals and  viee  versa  in  left-handed  ones,  makes 
the  determination  of  the  paralyzed  side  of  importance 
from  a  prognostic  standpoint. 

Urine  and  feces  are  usually  passed  during  the  coma- 
tose period — rarely  there  is  retention.  This  is,  how- 
ever, not  a  permanent  condition,  as  the  sphincters  are 
not  affected  by  the  residual  paralysis.  The  amount  of 
urine  passed  during  the  first  day  or  so  after  a  stroke 
is  abundant — probably  due  to  the  increased  blood 
pressure.  Albiunin  may  be  present  in  small  amounts 
in  occasional  cases,  but  is  then  probably  referable  to 
nephritis,  rather  than  to  the  apoplexy.  Sugar  is  not 
infrequently  found  early  in  the  attack  in  small  amounts. 
When  in  large  quantity  or  present  over  a  long  period  it 
probably  refers  to  severe  involvement  of  the  mediilla 
either  by  direct  damage  or  indirectly  through  pressure, 
and  is  of  the  gravest  significance. 

Trophic  changes  of  the  skin  may  appear  within 
forty-eight  hours  of  the  stroke  and  are  then  of  un- 
favorable import.  Sloughing  eschars  of  the  thigh  or 
sloughing  and  vesiculation  of  the  skin  are  included 
here,  while  some  also  consider  the  congestion  and 
edema  of  the  dependent  portions  of  the  lung  as  trophic 
in  origin.  The  explanation  of  these  latter  phenomena, 
as  results  of  disorder  of  circulation  from  interference 
with  the  bulbar  nervous  mechanisms,  seems  more 
acceptable. 

If  death  does  not  occur  in  the  first  few  hours  after 
the  stroke  there  are  evident,  usually,  gradual  signs  of 
improvement.  The  deep  coma  slowly  gives  way  to 
stupor  and  this  to  a  heavy  somnolence  in  which  return- 
ing consciousness  is  e\'ident  from  the  occasional  open- 
ing of  the  eyes  and  sluggish,  purposeless,  or  tossing 
motions  of  the  non-paralyzed  limbs.  The  mind  is, 
however,  often  markedly  confused  and  the  outward 
reaction  to  disturbance  is  surly,  sullen,  or  morose. 
There  is  with  the  confusion  a  noticeable  apathy  like 
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tliat  of  ojjprpssivo  Sdniiiolcnpe.  Yawninp  may  lie 
proiniiipiit.  Speech  if  attempted  is  almost  always 
slow  and  fliftifult  and  answers  are  often  irrelevant 
or  confnsed.  Artieulalion,  while  slow  and  evidently 
only  carried  (Uit  with  effort,  is  (•oin])aratively  \nKlis- 
tnrtied,  tlionnh  in  cases  of  right  hemii)lenia  in  right- 
handed  (lersons  there  may  t)0  distinct  evidence  of 
motor  ai)hasia.  Occasionally  the  confusion  may  he 
rciilaced  by  slight  delirium.  The  pidse  gradually 
increases  in  rate  and  is  usually  of  lower  tension. 
The  res(Mration  becomes  less  lai)ored  and  the  tem- 
perature rise  described  above  may  be  made  out.  The 
skin  becomes  warmer  and  moist.  \\'ith  returning 
consciousness,  complaint  may  be  made  of  pains  or 
parasthesias — formication  is  not  infrequent — in  the 
paralyzed  limbs. 

ffrar/ion. —These  conditions  lead  up  gradually 
after  twenty-four  to  forty-eight  hours  to  the  reaction 
stage  in  which  the  patient,  while  conscious,  oriented, 
and  with  clear  mental  grasp  on  siirroundings,  shows 
sleepiness,  aiiatliy  of  varying  degree,  and  exhibits 
anorexia,  chstnrbances  of  digestion,  freqiiently  inor- 
dinate tliirst,  and  complains  of  headache  or  a  sense 
of  pressure  in  the  head.  This  group  of  symjjtoms 
is  generally  referred  to  the  .stage  of  early  reaction 
around  the  blood  clot  and  parallel  such  change  eUisely 
in  time.  They  are  variable  in  their  intensity  and 
in  duration.  Von  Monakow  states  that  their  flur:ition 
is  from  two  to  six  weeks  in  case  of  a  hemorrhage  the 
size  of  a  hazelnut  or  walnut  in  the  neighborhood  of  the 
ba.sal  ganglia. 

During  this  period  observation  can  be  made  with 
sufficient  accuracy  to  give  considerable  evidence 
concerning  the  site  and  relative  destructiveness  of  the 
lesion. 

Paralysis  is  in  the  usual  type  of  case,  the  most 
prominent  symptom  and  commonly  this  is  of  the 
hemiplegic  tj-pe — i.e.  leg,  arm,  and  face  of  one  side. 
No  attempt  will  be  made  here  to  give  a  full  review  of 
regional  diagnosis,  but  some  combinations  are  so  well 
illustrated  in  cases  of  hemorrhage  that  they  may  well 
be  included  briefly. 

With  a  cortical  lesion,  unless  very  large,  the  paraly- 
sis is  of  monoplegic  distribution,  or  limited  to  a  part 
of  one  limb.  In  internal  capsule  hemorrhages  (the 
most  common  tj-pe),  the  distribution  is  that  men- 
tioned above,  i.e.  arm,  leg,  and  face  of  one  side.  The 
eye  muscles  are  not,  however,  involved  and  there  is  a 
considerable  variation  in  the  severity  of  involvement 
of  the  various  regions  of  the  atfected  side.  The  arm 
usually  suffers  more  comjjletely  than  the  leg.  The 
involvement  of  the  face  may  be  severe  together  with 
an  arm,  but  in  this  case  the  leg  is  less  affected.  Less 
commonly  the  leg  bears  the  brunt  of  the  attack, 
and  in  this  case  the  facial  disturbance  is  usually 
comparatively  slight.  Facial  paralysis  is  readily 
made  out,  but  here  again  the  involvement  is  apt  to 
be  incomplete — the  upper  segments  suffering  rela- 
tively less,  so  that  the  frontalis  muscle  and  the 
orbicularis  maintain  their  activity.  Even  in  com- 
plete facial  paralysis  of  this  central  type,  bilateral 
movements,  such  as  those  of  laughing,  crying,  etc., 
are  preserved.  The  paralysis  is,  however,  readily 
apparent  on  any  attempt  at  volitional  motion  such 
as  whistling.  The  tongue  is  also  involved,  and  when 
in  the  mouth,  its  tip  is  turned  toward  the  soimd  side 
of  the  body  (i.e.  toward  the  brain  lesion),  due  to  the 
greater  bulk  of  the  relaxed  intrinsic  muscles.  When 
protruded,  its  tip  points  toward  the  paralyzed  side 
(away  from  the  brain  lesion)  from  the  iniopjiosed 
action  of  the  non-paralyzed  muscles.  Lesion  of  the 
crura  cerebri  gives  a  group  of  symptoms  known  as 
Weber's  syndrome — hemiplegia  of  the  type  described 
above,  but  comjjlicated  with  a  peripheral  or  lower 
motor  neurone  paralysis  of  the  oculomotor  group 
of  the  opposite  side  of  the  body  (i.e.  same  side  as  the 
lesion).     Hemorrhage    into    the    pons    and    medulla 


give  a  similar  type  of  crossed  paralysis  except  that 
in  tliis  instance,  the  eye  muscles  will  be  free  and  the 
face  or  tongue  or  both,  of  the  side  opposite  to  the 
arm  and  leg  will  be  i)ariilyzed. 

l<"xan'i':ition  of  the  skin  sensations  generally  show.s 
a  decrease  or  loss,  occasionally  an  increase,  of  the 
sensations  of  pain,  touch,  and  temperature.  During 
the  stage  of  reaction  there  is  always,  according  to 
von  Monakow,  a  difTerence  in  the  sensation  of  the 
two  sides  and  its  distribution  is  similar  to  that  of  the 
liaralyses,  i.e.  a  leg  suffers  more  severely  than  an  arm 
or  vice  versa.  Total  hemianesthesia  is  usiudly  of 
functional  origin  and  'is  very  rare  in  hemorrhage. 
As  with  motion  the  distribution  depends  on  the  side 
of  the  lesi<ui.  Strictly  monoplegic  loss  of  sen.sation 
is  usually  the  result  of  a  cortical  lesion  and  crossed 
anesthesias  are  of  bulli.ar  or  pontine  origin.  Accord- 
ing to  Osier,  bulbar  lesions  affecting  the  fifth  cranial 
nerve  are  apt  to  exhibit  a  svTingomyelic  type  of 
dissociation  of  touch  from  pain  and  temperature 
sense.  (Jenerally  the  sensory  disturbances  disappear 
rapidly  and  very  much  more  completely  than  the 
motor.  When  tliis  is  not  the  case  it  points  to  a 
lesion  involving  the  posterior  limb  of  the  Internal 
capsule.  Correlation  between  severe  involvement 
of  the  leg  (posterior  part  of  the  anterior  limb  of  the 
internal  capsule)  and  the  degree  of  anesthesia  (adja- 
cent po.sterior  limb  fibers)  is  occasionally  possible. 
The  reflexes  at  this  stage  begin  to  take  on  tlie  char- 
acteristics of  the  chronic  or  residual  stage.  The 
deep  or  tendon  reflexes  on  the  paralyzed  side  are 
increased.  Babinski's  sign  and  ankle  clonus  are 
present.  In  the  majority  of  cases,  the  skin  reflexes 
return  and  are  apparently  etiual  on  the  two  sides. 
Sometimes,  however,  especially  in  those  cases  where 
the  sensory  loss  is  disproportionately  great,  they 
may  remain  reduced  or  may  even  be  absent. 

Occasionally  there  occurs  in  the  comatose  period 
or  early  in  the  period  of  reaction,  a  rigidity  or  spastic 
condition  of  the  muscles  of  the  involved  side  which  is 
probably  of  the  nature  of  a  discharge  through  irrita- 
tion. This  is  called  early  or  primary  rigidity  and 
generally  disappears  early. 

In  the  special  sensations  many  t\-]3es  of  disturbances 
may  be  apparent.  The  coinmonest  is  incomplete 
homonymous  hemianopsia.  Cowers  states  that  hemi- 
anopsia may  be  exjjected  in  cases  in  which  conjugate 
deviation  of  the  head  and  eyes  has  been  prominent 
during  the  comatose  period. 

Symptoms  of  grave  cerebral  disorders,  svich  as 
aphasia,  alexia,  agraphia  and  apraxia  nuiy  be  manifest 
at  this  stage,  but  it  is  well  to  liear  in  mind  that  speech 
is  almost  always  slow  and  labored  at  this  time,  and 
that  slight  confvision  may  interfere  with  proper  and 
relevant  replies,  and  aiiathy  may  to  some  extent 
mask  the  reaction.  This  dysarthrio  disturbance, 
however,  tends  to  disappear  rapidly  except  when 
the  speech  centers  or  paths  are  involved  as  is  quite 
frequent  in  right-sided  hemiplegia. 

Subjective  disorders  may  lie  evident  in  the  form  of 
mild  hallucinations  of  the  special  senses.  As  a  rule 
these  are,  however,  associated  with  insight  into  their 
pathological  origin,  and  do  not  carry  with  them  the 
convincing  sense  of  objective  reality  of  the  hallucina- 
tions of  some  mental  disorders.  In  general,  hallucina- 
tions may  be  regarded  as  rare  unless  one  includes  in 
this  category  as  hallucinations  of  the  common  sensory 
sphere,  those  subjective  feelings  of  numbness,  tingling, 
formication,  etc.  which  so  frecpiently  usher  in  a  stroke 
and  which  are  probably  of  the  same  origin.  When  the 
hallucinations  are  presented  in  the  special  sensory 
spheres,  they  form  an  important  clue  to  the  site  of  the 
hemorrhage,  which  is  sometimes  of  prognostic  value. 
Thus  hallucinations  of  sight  are  apt  to  be  followed  by 
permanent  hemianopsia,  etc. 

Resiiiiial  Symptom.'^. — The  chronic  symptoms  or,  as 
more  commonly  known,  the  residuals,  like  the  symp- 
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toms  of  the  third  period  vary  markedly  in  distribution 
and  severity,  depending  on  the  site  and  amount  of 
destruction  at  the  point  of  lesion.  The  greater  num- 
ber of  hemorrhages  result  in  hemiplegia  through 
involvement  of  the  internal  capsule,  but  the  amount 
of  destruction  here  and  consequently  the  permanent 
disability  vary  greatly.  The  brunt  of  the  destruc- 
tion of  most  hemorrhages  of  this  neighborhood  is 
borne  by  the  basal  ganglia,  and  as  a  rule  only  a  part 
of  the  capsular  fibers  imdergo  complete  severance. 
Immediately  after  the  stroke,  however,  a  considerable 
part  of  the  surrounding  substance  is  involved  either  by 
pressure  and  consequent  anemia  or  by  reactive  edema, 
■which  interferes  with  the  functional  acti\-ity  of  parts 
which  are  not  destroyed.  During  resolution  and  re- 
sorption of  the  clot,  however,  these  conditions  are 
markedly  alle\-iated  and  the  paralysis  undergoes  a 
parallel  improvement  so  that  it  is  usual  for  a  con- 
siderable amount  of  muscular  control  to  be  recovered 
in  at  least  some  part  of  the  paralyzed  side.  The 
recovery  follows  the  order  outlined  above.  The  arm 
is  usually  the  last  to  show  improvement  and  remains 
with  the  greatest  permanent  disability.  More  rarely 
the  leg  bears  the  brunt.  Occasionally  the  whole  of  the 
pyramidal  tract  is  broken  through  in  the  capsule  and 
permanent  total  hemiplegia  results.  The  paralysis  of 
of  the  face  generally  imdergoes  marked  improvement. 
In  some  cases  practically  all  of  the  paralysis  dis- 
appears, but  such  recovery  is  unusual  in  hemorrhage 
and  should  make  one  suspect  cerebral  si,-phLlis,  or 
the  apoplectiform  attack  of  early  general  paralysis. 
In  hemorrhage,  the  recovery  is  rarely  complete  and 
while  the  leg  and  face  may  regain  their  activity  and 
some  power  may  be  restored  to  the  arm,  the  finer 
motions  of  the  hand  will  be  lost  permanently.  The 
recovery  is  gradual  and  variable  and  no  definite  period 
can  be  assigned.  Osier  says  that  when  hemiplegia 
has  persisted  for  three  months  and  contractures  have 
developed,  the  condition  is  past  relief.  The  classical 
residuals  are  a  more  or  less  complete  paralysis  of  the 
arm  with  contracture  which  draws  the  arm  into  a 
characteristic  position,  but  recovery  in  the  leg  suf- 
ficient to  allow  the  patient  to  get  about  with  a  limp. 
The  hemiplegic  gait  is  characterized  b}'  a  stilTness  of 
the  affected  limb  with  a  tendency  to  dragging  of  the 
toes  and  a  pivotal  motion  of  the  hip,  whereby  the 
paralyzed  leg  is  lifted  from  the  ground  by  tOting  the 
pelvis  up  on  the  sound  leg  as  a  fulcrum  and  then  a 
swinging  forward,  often  in  more  or  less  of  a  circular 
sweep  of  the  pelvis  and  paralyzed  leg  about  the  sound 
hip  as  a  pivot. 

The  muscles  become  spastic  and  the  deep  reflexes 
exaggerated  on  the  affected  side.  This  is  a  constant 
result  of  lesions  of  the  pyramidal  tract,  and  is  prob- 
ably due  to  the  withdrawal  of  the  inhibitory  activity 
of  the  corticospinal  neurone  with  preserved  activity  of 
the  gangliospinal,  deiterospinal,  rubrospinal,  and  other 
neurones  tending  to  maintain  tonus  in  the  spino- 
muscular  system,  or  final  common  path.  The  cortico- 
spinal, or  volitional  motor  path  seems  to  hold  a  certain 
degree  of  prepotence  over  the  lower  motor  neurone, 
or  final  common  motor  path,  for  the  maintenance  of 
which  it  is  essential  that  the  continuous  flow  of  im- 
pulses from  the  kinesthetic  apparatus  and  adjuvant 
motor  paths  be  held  in  partial  check,  in  order  to  pre- 
vent an  overriding  by  them  of  the  volitional  impulses, 
and  it  is  the  withdrawal  of  this  cheek  or  inhibition 
which  results  in  the  spasticity  and  increase  of  reflexes. 

Marked  atrophy  of  the  paralyzed  muscles  is  rare. 
It  is  not  uncommon  to  find  some  reduction  as  con- 
trasted with  the  sound  side,  but  much  of  this  is  prob- 
ably the  result  of  trophic  disturbance  of  a  less  direct 
t\-pe  than  that  of  lower  motor  neurone  disease,  and  is 
not  associated  with  any  alteration  in  the  electrical 
reactions  of  the  muscles,  or  the  peripheral  nerves. 
Occasionally,  however,  marked  atrophy  may  result, 
which  has  generally  been  considered  to  be  due  to 
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secondary  involvement  of  the  lower  motor  neurone. 
Cases  are  recorded,  however,  in  which  postmortem 
examinations  have  revealed  normal  anterior  horn  ceUs 
in  the  corresponding  segments.  The  mechanism  of 
this  t}-pe  of  muscular  atrophy  of  cerebral  origin  is 
obscure.  In  hemorrhages  resulting  in  paralysis  in 
childhood,  it  is  common  to  find  that  the  affected  limb 
has  not  kept  up  in  growth  and  development  with  the 
normal.  This  is  to  be  distinguished  from  that  de- 
scribed here.  i.e.  atrophy  setting  in  in  the  adult.  . 

Occasionally  the  affected  limb  maintains  the  con- 
dition of  flaccidity  of  the  early  period.  This  is  usually 
in  parah'sis  occurring  early  in  life.  Generally  the 
spasticity  is  marked  and  contractures  develop. 
The  arm  usually  shows  the  greatest  amount  of  con- 
tracture (secondary  or  late  rigidity).  Permanent  flex- 
ion of  the  elbow  on  the  arm,  of  the  wrist  on  the  fore- 
arm, and  of  the  fingers  on  the  hand,  with  adduction 
and  slight  limitation  of  the  movements  of  the  shoulder, 
make  up  the  features  of  the  characteristic  result. 
There  maj'  be  considerable  pain  with  the  development 
of  contractures.  The  leg  rareh'  suffers  so  much,  but 
in  bedridden  cases,  it  is  not  unusual  to  see  the  leg 
fixed  in  flexion,  and  adduction  at  the  hip,  flexion  at  the 
knee,  and  plantar  flexion  of  the  foot  and  toes.  In 
some  patients  with  sufficient  recovery  to  be  about, 
flexion  at  the  knee  and  plantar  flexion  of  the  foot 
modify  the  tjTiical  gait,  the  partly  bent  limb  swing- 
ing forward  from  the  pelvis  without  the  circum- 
ferential swing  mentioned  above. 

There  are  frequently  evidences  of  trophic  disorder 
of  more  or  less  severe  grade.  The  early  and  very 
rapid  decubitus  has  been  mentioned.  Decubitus  of 
the  more  ordinary  and  slowly  developing  type  is  not 
uncommon  in  bedridden  cases  and  is  usually  trouble- 
some. The  skin  of  the  parts  showing  the  greatest 
residual  effect  is  cool,  dry,  tense,  and  shining,  and 
gives  the  impression  of  thinness.  Slight  edema  of  the 
paralyzed  parts  is  frequent.  Arthropathies  are  apt 
to  develop  and  in  cases  where  contracture  has  been 
marked  the  joints  may  be  firmly  fixed  so  that  separa- 
tion of  aU  of  the  inserted  muscles  on  the  autopsy 
table  will  still  not  permit  of  straightening  out  of  the 
limb,  without  the  application  of  considerable  force. 

In  hemiplegia  in  childreii,  epilepsy,  chorea,  or 
athetosis  may  result.  There  is  some  question  here, 
however,  whether  these  results  are  not  at  least  more 
commonly,  if  not  constantly,  associated  with  lesions 
resLdting  in  marked  gliosis,  than  with  true  hemorrhagic 
lesions.  Occasionally,  however,  the  jerky  purposeless 
movements  of  chorea,  or  the  rhythmic,  sinuous  orderly 
movements  known  as  athetosis,  may  occur  in  the 
parah'zed  limbs  of  cases  of  cerebral  hemorrhage  in  the 
adult. 

Recent  work  on  the  region  of  the  basal  ganglia 
suggests  that  the  choreiform  movements  may  be  the 
result  of  damage  to  the  lenticular  nucleus  and  the 
athetosis  to  discharging  lesions  of  the  optic  thalamus. 
Epilepsy  is  an  occasional  result — this  again  is  more 
common  in  children  than  in  the  adult.  Another  rare 
result  of  early  hemorrhage  is  the  phenomenon  of  asso- 
ciated movements  in  which  the  paralyzed  limbs  re- 
spond to  efforts  of  volitional  motion  on  the  sound  side. 

Motor  aphasia  is  an  important  and  not  infrequent 
concomitant  of  hemiplegia  from  hemorrhage  in  the 
left  hemisphere  (right  hemiplegia)  in  right-handed 
individuals  and  vice  versa. 

Various  mental  disturbances  may  follow  in  the 
train  of  cerebral  hemorrhage,  varying  in  type  from 
minor  emotional  instability  to  severe  grades  of  de- 
mentia. The  latter  do  not,  however,  seem  to  accom- 
pany so  frequently  the  classical  type  of  hemorrhage 
as  the  attacks  of  cerebral  softening  associated  with 
advanced,  widespread  cerebral  arteriosclerosis. 

Diagnosis. — During  the  comatose  period,  diagnosis 
is  frequently  difficult.    WTien  consciousness  has  been 
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regained  and  paralysis  or  hemianopsia  is  jjfcsent, 
hemorrhage  is  easily  difTerciitiated  from  most  of  the 
conditions  with  which  the  comatose  ix-riod  might  he 
confused,  bvit  it  is  often  very  liiflicult  to  distingviish 
between  a  heniiplegie  or  other  destnietive  attack  due 
to  hemorrliage  an<l  (hat  dne  to  cerebral  softening. 
From  all  other  conditions,  however,  unilateral  altera- 
tions of  the  reflexes  or  rigidity,  or  iiiulue  flaecidity 
of  the  muscles  of  one  side  of  the  body  are  important 
and  practically  diagnostic. 

In  sirujjle  syncope,  the  pulse  is  usually  snuill  and 
in  sharp  contrast  to  that  in  a  ease  of  apoplexy.  There 
is  also  little  or  no  stertor  and  the  face  is  pale  rather 
than  cyanotic,  and  the  vmcoiisciousness  is  not  so  deep, 
and  rather  short  lived. 

In  uremia  if  a  sample  of  the  urine  can  be  obtained 
by  catheterization  it  will  often  give  a  clue  to  the 
origin.  It  must  be  rcmendjered,  however,  that  cere- 
bral hemorrhage  is  not  infretiuently  a  coniplica- 
cation  in  Bright's  disease  and  hence  too  much  dejjend- 
ence  must  not  be  placed  on  a  urine  examination. 
This  is  especially  true  of  the  albuminuria  which 
frecjuently  occurs  in  cerebral  hemorrhages.  Micro- 
scopic examination  of  the  sediment  may  give  clearer 
facts.  The  presence  of  edema,  especially  of  the  feet 
and  beneath  the  eyes,  the  occurrence  of  albumimiric 
retinitis,  and  the  peculiar  pasty  anemia  of  chronic 
nephritis  are  all  very  valuable  evidence  pointing 
toward  uremia.  Tyson  says  that  coma  in  a  puerperal 
woman  associated  with  dropsy  and  albuminuria  means 
Bright's  disease.  Usually  uremia  does  not  appear  with 
the  suddenness  of  hemorrhages,  but  gives  warning 
over  some  time  preceding  the  onset  of  unconscious- 
ness. 

Diabetic  coma  may  be  mistaken  for  apoplexy. 
Examination  of  the  urine  or  the  odor  of  acetone  on 
the  breath  gives  important  chies.  It  is  well  to  re- 
member, however,  that  sugar  may  appear  in  the  urine 
in  considerable  quantities  in  hemorrhages  involving 
the  medulla.  Here  again  as  in  uremia,  the  onset  is 
rarely  as  rapid  as  in  typical  cerebral  hemorrhage. 

Coma  from  .acute  poisoning  by  narcotics,  especially 
alcohol,  opium,  and  chloral  and  chronic  poisoning  by 
lead  may  give  difficulty.  The  odor  of  alcohol  on  the 
breath  in  the  absence  of  history  of  marked  excesses 
cannot  be  depended  on,  as  not  infrequently  an  alco- 
holic debauch  is  the  excitiug  factor  in  a  hemor- 
rhage. Opium  or  morphine  poisoning  gives  rise  to 
the  pin-point  pupil,  but  as  has  been  mentioned  above 
a  similar  result  may  occur  from  hemorrhage  into  the 
pons,  medulla,  cerebellum,  or  fourth  ventricle.  The 
cool,  livid  skin  and  rajjid  small  pulse  of  opium  poison- 
ing with  the  difference  in  temperature  of  these  two 
conditions  are  points  of  importance.  In  poisoning 
by  chloral  and  other  narcotics,  it  is  often  impossible 
unless  a  history  of  the  administration  be  obtained, 
to  reach  a  diagnosis  during  the  comatose  period. 
Here,  however,  it  may  be  well  to  mention  again 
unilateral  reflex  disturbances  and  inequality  of  the 
muscle  tonus  of  the  two  sides.  Chronic  lead  encepha- 
litis occasionally  results  in  attacks  of  coma.  The 
anamnesis  and  other  signs  of  chronic  lead  poisoning 
will  usually  make  diagnosis  easy  here. 

In  hysterical  coma,  the  eye  refle.xes  and  deep  reflexes 
are  not  disturbed.  This  is  of  course  also  of  value  in 
diagnosis  of  an  hysterical  hemiplegia  following  the 
coma. 

The  coma  following  an  epileptic  convulsion  offers 
difficulty,  especially  when  it  is  liorne  in  mind  that 
convulsions  may  usher  in  large  sudden  hemorrhages 
such  as  those  that  rupture  into  the  ventricle.  Uni- 
lateral sj'mptoms  are  lacking  and  a  fresh  wound  or 
old  scars  on  the  tongue  may  aid.  History  of  previous 
attacks  may  be  obtainable. 

Apoplectic  attacks  occasionally  occur  in  the  course 
of  growth  of  a  brain  tumor.  Probably  these  are 
dependent   on    hemorrhages    into    the    tumor    mass, 


though  other  causes  may  play  a  i)nrt  in  the  sudden 
v.iriations  of  intracranial  pressiire  here.  History  of 
headache,  projectile  vomiting,  and  localizing  signs 
of  brain  dise;ise  will  aid,  while  an  oi>hthalmoscopic 
cxMinination  usually  reveals  a  choked  disc. 

Similar  attacks  are  of  .some  freipience  in  the  course 
of  general  jjaresis  or  paralytic  dementia.  They  tend, 
however,  to  clear  up  rapidly,  leaving  little  orno clear- 
cut  residual  jjaralysis.  Most  of  these  cases  will 
have  .shown  the  various  mental  manifestations  of 
the  early  stages  of  paresis  before  the  attack,  though 
occasionally  the  stroke  is  the  first  thing  to  receive 
notice  and  the  mental  symptoms  are  dated  by  friends 
from  that  time.  Rapid  disapi)earance  of  paralysis 
with  remtiining  bilateral  rellex  alterations  s\ich  as 
increase  or  decrease  of  the  knee-jerk,  doiible  Habin- 
ski,  or  double  ankle  clomis,  the  Argyll-Robertson 
pupil,  and  the  characteristic  shirring  speech  defect 
are  usually  of  great  aid,  while  the  application  of  the 
more  recent  laboratory  tests,  such  as  tlie  Wassermann 
reaction  of  the  blood  and  of  the  spinal  fluid,  and  further 
tests  of  the  fluid  for  protein,  cell  content  both  in 
numbers  and  difTerentially,  jdaces  the  diagnosis  among 
the  most  definite  of  any  of  the  brain  diseases. 

Injury  to  the  head  should  be  excluded  when  a  case 
with  no  history  available  is  seen  first  in  the  comatose 
period. 

Acute  hemorrhagic  encephalitis  may  commence 
with  loss  of  consciousness,  but  usiuvlly  this  .stage  is 
preceded  by  marked  jiremonitory  symptoms,  such 
as  headache,  confusion,  or  a  delirium  which  is  some- 
times very  active,  and  the  temperature  in  this  con- 
dition is  high  and  the  reflexes  are  not  so  completely 
abolished  as  in  hemorrhage. 

Unconsciousness  from  rupture  of  an  aneurysm  or 
rupture  of  the  heart,  or  from  an  aciite  paralysis  of 
the  heart,  may  be  differentiated  usually  with  some 
security  by  the  condition  of  the  pulse. 

Diagnosis  between  cerebral  hemorrhage  and  on- 
cephalomalacia,  due  to  thrombosis  and  embolism, 
is  difficult  and  often  impossible.  The  age  of  the 
patient  may  give  a  clue.  Hemorrhage,  as  can  be 
seen  from  the  above  table,  is  distinctly  less  frequent 
before  the  age  of  forty.  Thrombosis  and  embolism 
are  more  so.  The  association  of  thrombotic  or  em- 
bolic processes  elsewhere  in  the  body  will  of  course 
aid.  As  a  rule,  thrombosis  is  accompanied  by  nmch 
more  gradual  onset  of  symjjtoms  than  hemorrhage, 
though  rapidly  forming  thrombi  may  give  rise  to 
symptoms  closely  paralleling  ingravescent  apoplexy. 
When  the  thrombus  is  septic  an  elevation  of  tempera- 
ture is  to  be  expected.  Embolic  foci  of  softening 
do  not  give  as  a  rule  the  secondary  rise  of  tempera- 
ture which  is  explained  in  hemorrhage  on  the  basis 
of  inflammatory  reaction  about  the  clot.  The  clear- 
ing up  of  the  paralysis  except  in  those  parts  whose 
central  connections  have  been  actually  severed  is 
miich  more  rapid  in  embolic  softening  than  in  hemor- 
rhage. Softening  from  syphilitic  endarteritis  may 
also  be  difficult  to  distinguish.  Generally,  however, 
in  this  type  prodromes  in  the  form  of  pareses  or 
paresthesias  have  been  noted  and  the  depth  and 
duration  of  the  coma  are  less  than  in  hemorrhage. 
Here  again  the  serological  and  eytological  findings 
are  imjiortant.  Concomitant  heart  disease,  espe- 
cially acute  valvular  conditions,  or  history  of  chorea, 
or  rheumatism  with  valvular  lesions  all  suggest 
embolism. 

Prognosis. — The  jirognosis  as  to  both  life  and  the 
extent  of  recovery  following  a  cerebral  hemorrhage 
is  dependent  on  two  prime  factors — the  site  and  size 
of  the  extravasation.  The  mortality  table  by  Jones, 
in  Lewandowsky's  Handbuch  der  Xeurologie,  which 
is  inchided  in  the  article  dealing  with  disturbances 
of  the  cerebral  circulation  is  here  repeated  as  of 
interest. 
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First    24 
hours. 


To  end  of     To  end  of 
first  week,  i  first  month. 


Per  cent.  Per  rent. 

Cerebral  hemorrhage ;       37.7  ,  72.5 

VentriciiLir  hemorrhage |       60.0  '  90.0 

Cerebral  thrombosis ;          8.7  1  30 . 4 

Cerebral  embolism '         0.0  I  30.7 


Per  cent. 


60.8 
30.7 


Lewandowsky  .suggests  that  the  figures  here  for 
cerebral  hemorrhage  are  too  high,  as  they  were  made 
from  aiit«psied  cases  in  a  large  hospital  and  con- 
sequently contained  a  large  percentage  of  the  severer 
types. 

"  There  are,  as  suggested  under  the  heading  of  symp- 
tomatology, many  symptoms  which  indicate  a  guarded 
or  u7ifavorable  prognosis.  Rapid  or  early,  or  un- 
usually high  rise  of  temperature  is  an  unfavorable 
sign.  In  general,  it  may  be  said  that  the  longer  the 
period  of  deep  coma,  the  more  grave  is  the  prognosis. 
A  rapid  small  pulse  is  unfavorable.  Hemorrhages 
into  the  medulla  are  almost  always  fatal,  into  the 
pons  frequently  so,  hence  symptoms  pointing 
to  involvement  of  these  structures  are  always  of 
the  gravest  import.  Of  these,  the  commonest  are 
Cheyne-Stokes  re.=piration,  crossed  paralyses,  and 
contraction  of  the  pupils,  while  occasionally  vomiting 
and  sugar  in  the  urine  are  noted.  Early  and  ad- 
vancing decubitus  as  pointed  out  by  Charcot  and 
others  is  almost  always  a  fatal  indication.  Pneu- 
monia and  congestion  and  edema  of  the  limgs  are 
fref|uently  the  cause  of  death  following  hemorrhage, 
and  must  always  be  considered  as  very  serious  com- 
plications even  though  the  involvement  be  of  minor 
grade.  In  the  ingravescent  form  the  prognosis  is 
bad.  In  cases  of  rapid  recovery  from  an  apoplecti- 
form attack  with  little  residual  effect,  one  must  con- 
sider general  paralysis  and  cerebral  s^-philis  and  if 
these  be  determined,  the  prognosis  must  be  altered 
acordingly. 

With  regard  to  improvement  in  those  cases  in 
which  the  outcome  is  not  fatal  early  in  the  attack,  it 
may  be  said  that  there  is  almost  always  a  consider- 
able regain  of  function  in  the  paralyzed  areas,  but 
also  that  there  is  almost  always  some  loss  of  muscular 
power  or  control.  This  is  especially  noticed  in  the 
finer  movements  in  the  hand.  Hemianopsia  is  apt 
to  improve,  but  if  well  marked  on  regaining  conscious- 
ness there  will  probably  be  a  residual  permanent 
loss.  Anesthesias  and  paresthesias  are  very  much 
more  apt  to  disappear  than  paralyses.  The  early 
dysarthria  of  returning  consciousness  generally  com- 
pletely disappears,  but  if  aphasia  is  present,  the  prog- 
nosis should  be  more  guarded,  for  while  recovery 
sometimes  takes  place  and  iTuprovement  is  the  rule, 
there  is  occasionally  a  permanent  defect.  The  prog- 
nosis of  an  aphasia  as.sociated  with  hemiplegia  is, 
however,  relatively  much  more  favorable  than  other 
types  of  aphasia.  It  is  well  even  early  in  the  attack 
to  give  a  guarded  prognosis  in  right  hemiplegia  in  a 
right-handed  indi\ndual  on  account  of  possible  per- 
manent aphasia. 

Occasionally  an  apparently  complete  recovery  fol- 
lows a  cerebral  hemorrhage.  This  seems  more  fre- 
quent   in    small    cortical    lesions,    especially    of    the 

"silent  areas"  of  the  brain.  The.se  cases  are  rare 
enough,  however,  to  be  excluded  from  consideration 
in  giving  a  prognosis.  Nearly  always  there  is  some 
residual  mental  or  physical  defect  of  greater  or  lesser 
importance.  Tyson  states  that  a  stroke  of  paralysis 
is  justly  regarded  as  a  blow  which  marks  the  begin- 
ning of  inevitable  decline  in  health  and  usefulness. 
Slight  alterations  in  emotional  stability  are  very  fre- 
quent, and  occasionally  a  cerebral  hemorrhage  marks 
the  beginning  of  dementia.    Second  and  third  attacks 


are  not  infrequent  and  the  prognosis  is  progressively 
less  favorable  in  each.  Anything  tending  to  increaes 
the  diseases  associated  with  high  blood  pressure, 
such  as  chronic  nephritis,  h\-pertrophy  of  the  heart, 
or  arteriosclerosis,  naturally  makes  the  outlook  more 
serious.  Finally  as  to  prognosis  of  the  recovery  of 
fimctional  acti-\nty  in  the  paralyzed  limbs.  Osier 
states  that  if  paralysis  is  present  at  the  end  of  a  month 
some  grade  of  permanent  palsy  is  certain  to  remain. 
The  super\-ention  of  late  rigidity  is  to  be  considered 
the  end  of  the  period  of  recover}-. 

Treatment. — Treatment  will  be  considered  under 
the  following  heads:  (1)  prophylactic;  (2)  treatment 
during  the  attack;  (3)  treatment  of  the  residuals  and 
general  treatment  after  the  attack. 

Under  the  head  of  prophylaxis  is  included  the  vari- 
ous measures  aimed  at  the  underlying  causes  of 
chronic  increase  of  arterial  tension,  such  as  neph- 
ritis, cardiac  hypertrophy,  and  arteriosclerosis.  Our 
knowledge  of  the  etiology  of  niDiary  aneurysms  is 
so  meager  that  nothing  in  the  way  of  specific  prophy- 
laxis can  be  indicated.  \Yhen,  however,  undoubted 
prodromes  of  focal  brain  disturbance  are  present 
all  excessive  physical  strain  should  be  avoided.  Alco- 
hol should  be  prohibited  or  used  very  sparingly. 
Mental  exhaustion  and  sudden  emotional  stress  are 
also  to  be  avoided. 

During  the  attack,  treatment  is  largely  dependent 
on  a  correct  diagnosis,  as  measures  adopted  in  cere- 
bral hemorrhage  are  contraindicated  in  softening 
from  thrombosis  and  embolism.  In  either  condition, 
the  patient  should  be  kept  quietly  and  comfortably 
in  bed  with  the  head  slightly  raised  and  the  neck 
free.  Absolute  quiet  and  freedom  from  emotional 
stress  shoiild  be  assured  even  by  the  exclusion  of  mem- 
bers of  the  family  if  necessary.  In  the  event  of  marked 
dyspnea  and  signs  of  mechanical  respiratory  dis- 
turbance, a  position  on  the  side  instead  of  on  the 
back  will  sometimes  aid  in  preventing  congestion 
of  tlie  bases  of  the  lungs.  It  is  probably  better  to 
place  the  patient  on  the  soimd  side,  thus  rendering 
more  easy  the  return  of  blood  from  the  lung  of  the 
paralyzed  side  where  respiratory  motions  are  some- 
what limited.  Care  must  be  taken,  however,  that 
this  position  is  not  maintained  if  it  tends  to  increase 
the  respiratory  difficulty.  Enemata  and  nvild  laxa- 
tives are  indicated  in  both  conditions. 

If  the  diagnosis  of  cerebral  hemorrhage  is  certain, 
measures  for  the  relief  of  the  high  blood  pressure  are 
usually  advised.  This  is  one  of  the  conditions  in 
which  venesection  stOl  finds  employment.  Probably 
equally  effective  is  free  purgation.  It  appears,  how- 
ever, from  e.vperimental  results  that  the  rise  in  blood 
pressure  is  a  compensatory  effort  on  the  part  of  the 
vasomotor  mechanism  t<3  overcome  the  resistance 
to  cerebral  circulation  caused  by  the  rise  of  intra- 
cranial pressure.  This  is  particularly  true  in  the 
progressive  rise  of  pressure  accompanying  a  con- 
tiiiTiing  hemorrhage  and  here,  especially,  if  the  hemor- 
rhage be  subdural,  craniotomy  and  removal  of  the 
clot  may  be  considered.  Even  in  other  types  of 
hemorrhage.  Hill  advises  decompression  on  experi- 
mental grounds.  He  offers  the  warning,  however, 
that  a  small  opening  will  probably  prove  ineffective 
and  that  either  the  clot  must  be  reached  and  removed, 
or  the  opening  must  be  of  such  size  as  to  permit  of 
compensatory  ex-pansion  of  the  cranial  contents 
equivalent  to  the  amoimt  of  the  clot,  and  that  even 
here,  the  viscosity  of  the  brain  may  prevent  effective 
relief.  Surgical  renioval  of  the  clot  would  undoubt- 
edly ser\'e  to  hasten  recovery  of  some  of  the  primary 
paralysis,  and  relieve  the  secondary  symptoms  as- 
sociated with  the  period  of  resorption  and  might 
reduce  the  amount  of  the  residual  or  permanent 
disability. 

Ice  packs  and  other  locally  applied  measures  to 
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the  hp:id  are  without  jiistification,  but  as  Oppeii- 
heiiii  suggests,  are  harmless  ami  may  be  aiiplied  if 
desired. 

Horsley  and  Spencer  recommended,  on  experi- 
meTita!  grounds,  compression  of  the  carotid  artery 
in  ingravescent  cases. 

Venesection  and  purges  are  contraindicated  in  cases 
with  slow,  feeble  pulse  and  in  embolism  and  thrombo- 
sis. Drugs  are  not  of  especial  avail,  tlunigh  they  may 
be  exhibited  to  meet  individiial  symptoms.  .Strvch- 
nine  is  occasionally  of  value  as  a  stinuilant.  Digitalis 
should  not  be  used.  Mild  hypnotics  may  be  reciuired 
to  control  restlessness,  insomnia,  or  headaches.  Diet 
should  be  light  and  readily  assimilalile,  and  indigestion 
should  be  avoided,  especially  if  provocative  of  vomit- 
ing with  its  concomitant  danger  of  iiisullhitlon  pneu- 
monia. Potassium  iodide  is  frequently  administered 
to  promote  absorption,  but  its  use  except  in  syphilitic 
cases  is  of  doulitfvil  value. 

The  paralyzed  limbs  should  be  kept  warm  and  in  a 
comfortable  position,  bvit  care  must  be  taken  with 
hot-water  bottles  as  the  trophic  disturbances  render 
the  skin  more  susceptible  to  burns,  and  conse(|uent 
troublesome  sloughs,  than  in  the  normal.  Attention 
to  cleanliness  is  necessary  to  prevent  decubitus  in 
those  cases  where  the  patient  is  in  bed  for  some  time. 

Treatment  of  the  Residuals. — Within  a  few  days 
after  the  attack  gentle  massage  and  passive  motions 
of  the  paralyzed  limbs  may  be  begun.  The  massage 
should  be  gentle  and  toward  the  body  to  promote 
return  circulation.  Passive  motions  should  be  care- 
fully made  and  not  excessive  in  sweep.  \\'ithin  two 
weeks  or  longer  in  very  severe  cases  electrical  applica- 
tions may  be  made  to  the  paralyzed  muscles.  Faradic 
application  seems  the  most  satisfactory.  When 
contracture  begins  to  be  apparent  it  should  be  applied 
to  the  antagonists  of  the  contracted  muscles  only. 
Active  gymnastics  of  the  recovering  muscles  may  be 
tried,  but  should  be  started  ^'ery  gradually  and  em- 
ployed cautiously.  In  advanced  contracture  with 
marked  deformity  and  pain,  tendon  transplantation 
or  section  of  the  nerves  or  nerve  anastomoses  may  be 
tried. 

The  development  of  contractures  generally  marks 
the  end  of  the  stage  of  im])rovement,  and  further 
exhibition  of  electricity  massage,  etc.,  is  justifiable 
only  for  the  anielioration  of  the  effects  of  the  contrac- 
ture. 

One  attack  of  cerebral  hemorrhage  gives  evidence 
of  cerebral  vascular  disease  which  mav  lead  to  others, 
and  hence  a  well-regulated  life  with  the  avoidance  of 
exertion  or  mental  or  emotional  stress  is  to  be  advised. 

Samiiel  T.  Orton. 
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Cerebrospinal     Fluid. 

liquor  cerebrospinalis. 


-Sijnonyms:     celiolymph; 


Anatomy. — The  cerebrospinal  fluid  is  found  in  the 
encephalic  and  myeUc  ventricles,  and  in  the  subarach- 
noid and  subdural  spaces.  It  varies  in  amount  from 
60  to  200  c.c,  increasing  somewhat  with  age.  It  is 
not  lymph  and   is   sufficiently   characteristic   in   its 


reactions  to  be  distinguislied  from  otlier  .serous  fluids. 
The  subarachnoid  space  is  the  interval  between  the 
arachnoid  and  the  pia,  v<'rv  narrow  on  the  U|)pcr  and 
lateral  aspects  of  the  cnccplialon,  cro.«sed  by  numerous 
bands  of  arachnoid  tissue,  but  enlarged  in  certain 
regions  at  tlie  base,  above  tlie  corpus  callosum  and  over 
the  optic  lobes,  called  the  cisteriue  subarachnoidales. 

The.se  are  in  communication  with  one  another  and 
have  as  tributaries  the  clefts  along  the  great  fissures 
(flumina),  which  tliem.selves  hav(!  as  tributaries  the 
spaces  along  the  secondary  and  tertiary  fissures  (rivi 
and  ri villi  of  Duret).  There  are  prolongations  of  this 
space  around  the  optic,  olfactory,  and  auditory  nerves, 
and  a  connection  with  the  lymph  spaces  around  tlie 
other  cranial  and  spinal  nerves.  Communications 
with  tlic  lymphatic  vessels  of  the  nasal  mucous  mem- 
brane and  deep  ve.s.sels  and  nodes  of  the  neck  also 
exist.  These  connections  have  been  demonstrated 
by  the  injection  of  the  .subarachnoid  space  with  colored 
fluids  which  have  tilled  tlie  lymph  vessels  of  the  na.sal 
mucous  membrane,  traversed  the  lymph  spaces  of  the 
nerves,  and  penetrated  tlie  deep  cervical  vessels  and 
nodes.  The  colored  fluid  has  also  been  observed  to 
pass  into  the  dural  sinu.ses  tlirough  the  arachnoidal 
villi,  probably  indirectly  by  filtration.  Flatau,'  by 
the  injection  of  colored  tluicis,  was  able  to  make  them 
escape  from  the  no.se.  Naunyn  and  Schreiber,  quoted 
by  Flatau,  have  demonstrated  the  .same  thing,  using 
salt  solution,  tlie  flow  from  the  ncsc  being  accompanied 
by  protrusion  of  the  eyeball  and  cliemosis. 

According  to  Binswanger  and  Herger-  the  .subaracli- 
noid  space  also  receives  the  lymph  from  the  adventi- 
tial lymph  spaces  of  the  cerebral  cortex.  They  ob- 
served that  in  cases  of  intraventricular  hemorrhage  in 
the  human  subject,  blood  would  make  its  way  into 
the  subarachnoid  space  and  thence  into  the  intra- 
adventitial  spaces  of  the  cortex.  Injection  of  a 
carmine  mixture  into  the  subarachnoid  of  a  dog  like- 
wise filled  the  cortical  intraadventitial  .spaces.  These 
ob.servations  confirm  those  of  Key  and  Ketzius. 

Subdu.al  injection  of  colored  material  has  demon- 
strated tlie  following  connections  with  the  subdural 
space  (Sehwalbe'):  (1)  The  deep  lymph  ves.sels  and 
nodes  of  the  neck.  (2)  The  subdural  spaces  of  the 
nerve  root  and  lymph  paths  of  peripheral  nerves 
(Key  and  Retzius).  (3)  Tlie  lymph  patlis  of  the  dura 
through  fine  clefts  (Michel).  (4)  The  dural  sinuses 
through  the  arachnoidal  villi. 

The  ventricles  communicate  with  the  subarachnoid 
space  by  the  foramen  of  Magendie  (nietapore)  and  the 
aperturae  laterales  (foramina  of  Luschka).  The  con- 
nection described  by  Merkel  and  Mierzejewsky  in  the 
descending  horn  of  the  lateral  ventricle  is  probably  an 
artifact.  The  existence  of  the  nietapore  and  the 
aperturai  laterales  has  recently  been  confirmed  by 
Blake.* 

There  is  no  direct  connection  between  the  subarach- 
noid and  subdural  spaces,  but  the  lymphatics  of  the 
na.sal  mucous  memlsrane,  the  lymph  spaces  of  the 
nerves,  and  the  cranial  sinuses  through  the  arachnoidal 
villi  can  be  injected  from  both  cavities. 

The  histology  of  the  clioroid  plexuses  of  the  lateral 
ventricles  lias  recently  been  investigated  by  Findlay,' 
who  finds  that  there  are  for  the  most  part  several 
layers  of  cells  on  the  villi  and  that  the  surface  cells  may 
contain  globules  which  arc  extruded,  leaving  the 
empty  cell  membrane.  These  globules  may  be  found  in 
the  ventricular  fluid.  They  darken  with  osmic  acid 
and  are  probably  fattj-  in  nature.  Yoshiniura"  has 
shown  that  glycogen,  fibrin,  lecithin,  and  fat  exist 
in  the  cells  of  the  clioroid  plexus,  and  Pellizzi-'"  that 
the  fat  is  tripalmatin  and  tristearin. 

Blood-ves.sels  are  very  numerous  in  the  choroid 
plexuses,  and  nerves  too  have  been  demonstrated  in 
the  plexuses  of  the  lateral  and  fourth  ventricles  (Bene- 
dikt),  so  that  structurally  they  are  secretory  in  char- 
acter. 

The  morphological  elements  are  very  scarce  in  the 
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normal  fluid  and  consist  of  a  few  leucocytes,  endothe- 
lial cells,  and  occasional  globules  of  a  fatty  nature 
derived  from  the  cells  of  the  choroid  plexuses. 

The  experiments  of  Key  and  Retzius,''  confirmed  by 
KoUman,  seem  to  show  that  one  of  the  outflow  paths 
for  the  subarachnoid  and  subdural  spaces  is  by  the 
way  of  the  arachnoidal  villi  into  the  cranial  sinuses. 
Other  paths  are  along  the  cranial  and  spinal  nerves  to 
the  general  lymphatic  system.  More  recently  it  has 
been  demonstrated  that  normal  saline  solution  tinged 
with  methylene  blue  and  injected  into  the  subarach- 
noid space  can  be  traced  passing  into  the  sinu.ses  and 
veins,  and  in  a  few  minutes  the  blue  is  found  in  the 
stomach  and  bladder;  but  it  is  only  after  one  hour  of 
steady  injection  that  the  deep  cervical  nodes  begin  to 
be  tinged.  The  rapid  ab.sorption  then  takes  place 
rather  by  the  blood-vessels  than  by  the  lymphatics. 

The  amount  of  cerebrospinal  fluid  increases  with 
age  and  with  brain  atrophy,  and  decreases  in  those 
diseases  in  which  the  volume  of  the  brain  is  augmented ; 
it  also  varies  with  the  amount  of  blood  in  tlie  intra- 
cranial vessels. 

Phtsiology. — The  cerebrospinal  fluid  forms  a  water- 
bed  on  which  rests  the  base  of  the  middle  and  poste- 
rior parts  of  theencephalon.  It  performs  an  important 
function  in  protecting  the  brain  from  injury  and  the 
circle  of  Willis  from  compres!5ion.  It  also  helps  to 
dissipate  the  force  of  a  blow,  so  that  less  injury  is  done 
at  the  point  of  its  reception.  This  may  result  in  a 
disruption  of  brain  substance  in  a  region  far  removed 
from  the  place  of  injury.  For  example,  a  blow  re- 
ceived on  the  front  of  the  head  in  a  direction  down- 
ward and  backward  may  cause  hemorrhages  in  the 
region  of  the  medulla  and  fourth  ventricle,  as  a  re.sult 
of  the  ventricular  fluid  trying  topass  through  the 
narrow  aqueduct  of  Sylvius  (Park"). 

Sudden  tapping  of  this  water-bed  may  occasionally 
result  in  injury  to  the  brain  from  the  sudden  changed 
relations  of  the  eneephalon  to  its  rigid  bony  case;  also 
when  the  ventricles  nave  been  distended,  the  sudden 
withdrawal  of  fluid  may  leave  parts  unsupported,  re- 
sulting in  injury  to  the  brain  tissue. 

According  to  A.  and  E.  Cavazzani*  secretion  and  ab- 
sorption of  the  cerebrospinal  fluid  proceed  slowly.  To 
test  the  rate  of  secretion,  ferrocyanide  of  potassium 
was  injected  into  the  peritoneal  cavity  of  a  curarized 
dog.  The  salt  did  not  appear  in  the  cerebrospinal 
fluid  until  after  an  hour  had  elapsed. 

To  test  the  rapidity  of  absorption  the  posterior 
occipito-atlantal  ligaments  were  opened  and  4  c.c. 
of  a  fifty-per-cent.  solution  of  iodide  of  potassium  was 
injected  into  the  arachnoid  space,  and  the  same  solu- 
tion wa  also  injected  into  the  encephahc  arachnoid 
cavity.  The  salt  was  found  in  the  urine  in  a  minimal 
time  of  twenty  minutes,  and  a  maximal  time  of  two 
hours.  The  great  difference  of  time  in  absorption  was 
accounted  for  by  the  variations  in  presisure  of  the  cere- 
brospinal fluid  and  the  blood. 

Thomson's"  observations,  in  several  cases,  of  the 
spontaneous  flow  of  cerebrospinal  fluid  from  the  nose 
show  that  the  secretion  may  be  quite  rapid,  the  flow 
averaging  500  c.c.  in  twenty-four  hours.  Hill'"  has 
shown  that  the  rate  of  secretion  depends  on  the  cere- 
bral capillary  pressure  and  that  this  can  be  easily 
raised  (a)  by  compression  of  the  abdomen,  (b)  by 
assumption  of  the  horizontal  position,  and  sometimes 
(c)  by  forced  expiration  with  the  glottis  closed,  i.e.  in 
straining.  When,  however,  the  amount  of  fluid  is 
increased,  its  chemical  characters  change,  the  pro- 
portion of  solids  decreasing. 

A.  Spina"  has  shown  that  increased  arterial  pressure 
due  to  intravenous  injections  of  suprarenal  extract  in 
curarized  dogs  causes  a  clear  fluid  to  exude  from  the 
cerebral  surface  drop  by  drop.  This  fluid  he  considers 
a  transudate.  It  is  probable  that  the  cerebrospinal 
fluid  retains  its  peculiar  characters  under  normal  con- 
ditions of  pressure  only,  and  after  it  is  withdrawn,  its 
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place  is  taken  largely  by  extraventricular  serous 
tran.sudate. 

There  are  three  sources  for  cerebrospinal  fluid,  and 
its  character  is  dependent  upon  the  proportions  fur- 
nished by  the  different  sources.  The  first  and  most 
important  origin  is  as  a  secretion  into  the  ventricle 
from  the  choroid  plexu.ses;  second  in  importance,  as 
a  transudate  into  the  subarachnoid  and  subdural 
cavities;  and  third,  from  the  intraadventitial  lymph 
spaces  of  the  corte.x.  The  relative  amount  of  the 
intra-  and  extraventricular  fluid  varies  from  time  to 
time,  depending  on  the  intravascular  and  intracranial 
pre.ssures,  a  preponderance  of  the  intravascular  pres- 
sure resulting  especially  in  an  increase  of  the  extra- 
ventricular fluid.  The  tension  of  the  cerebrospinal 
fluid  is  from  5  to  7. .3' mm.  of  mercury,  and  about 
equals  that  of  the  blood  in  the  capillaries,  varying, 
however,  in  different  individuals. 

The  osmotic  tension  of  the  cerebrospinal  fluid  is 
greater  than  that  of  serum  (Zanier). 

The  cerebrum  increases  in  volume  with  the  cardiac 
systole  and  expiration,  and  decreases  with  the  cardiac 
diastole  and  inspiration.  Accompanying  the  cerebral 
movements  is  an  ebb  and  flow  of  the  cerebrospinal 
fluid  from  the  cranial  into  the  spinal  spaces  where 
extra  room  can  be  had  by  the  expansion  of  the  liga- 
ments and  the  spaces  around  the  spinal  nerves. 
More  room  may  also  be  had  for  the  brain  by  the 
expres.sion  of  blood  from  the  encephalic  veins  and 
sinuses.  There  is,  however,  very  little  motion  of 
tran,slation  of  the  fluid  accompaying  the  cerebral  move- 
ments (Elder).  Whenever  the  intracranial  pressure 
exceeds  the  cerebral  venous  pressure,  the  fluid  rapidly 
leaks  away,  and  hence  may  be  left  out  of  account  in 
the  pathology  of  compression  (Hill). 

The  effect  of  intravenous  injection  of  cerebro- 
spinal fluid  has  been  investigated  by  Mott  and  Halli- 
burton.'- Theyfoimd  that  if  the  fluid  is  taken  from 
animals,  or  from  cases  of  meningocele  or  chronic 
hydrocephalus  in  man,  and  injected  into  the  veins  of 
animals,  no  efl'ect  is  produced.  If,  on  the  contrary, 
the  fluid  is  obtained  from  cases  of  brain  atrophy, 
espcciallv  from  cases  of  general  paralysis  of  the  in- 
sane, then  a  marked  lowering  of  arterial  tension  is 
noticed,  partly  cardiac  in  origin  but  principally  due 
to  the  local  action  of  the  poison  on  the  neuromuscular 
apparatus  of  the  peripheral  vessels,  especially  in  the 
splanchnic  area.  This  is  believed  to  be  due  to  a  toxic 
substance  called  cholin  derived  from  the  disintegra- 
tion of  the  lecithin  in  the  brain. 

Chemistry. — There  are  several  ways  in  which  the 
cerebrosjiinal  fluid  may  be  obtained  for  examination. 

(1)  From  cases  of  chronic  hj'drocephalus,  either  by 
puncture  during  life  or  after  death.  In  acute  hydro- 
cephalus the  fluid  is  not  normal,  but  is  an  exudate. 

(2)  In  cases  of  meningocele  and  spina  bifida  the  fluid 
is  normal,  but  only  the  first  tapping  can  be  so  con- 
sidered, as  its  character  changes  in  the  later  tappings. 

(3)  By  lumbar  puncture.  (4)  The  fluid  may  be  col- 
lected in  cases  of  fracture  at  the  base  of  the  cranium, 
as  it  drops  from  the  nose  and  ear.  (5)  In  cases  of 
spontaneous  flowing  from  the  nose  and  ear.  (6)  In 
animals,  by  establishing  a  permanent  fistula,  as  sug- 
gested and  employed  by  Cavazzani,"to  study  qualita- 
tive and  quantitative  variations. 

The  cerebrospinal  fluid  is  a  clear  watery  fluid, 
slightly  saline  to  the  taste,  of  low  specific  gravity, 
about  1.007.  The  density  increases  in  proportion  to 
the  greater  amount  of  transuded  to  secreted  fluid,  and 
it  is  also  higher  in  the  morning  than  in  the  even- 
ing (Thomson).  Its  reaction  is  slightly  alkaline  or 
neutral,  being  more  alkaline  in  the  morning  than  at 
night.  The  reaction  has  been  investigated  in  diseased 
conditions  by  Turner,"  who  found  in  thirty-seven 
cases  of  insanity  that  it  was  acid  to  phenolphthalein, 
alkaline  to  methyl  orange;  and  in  thirty  cases  tested 
with   litmus   there   was  an   amphoteric   reaction   in 
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twenty-nine,  the  red  paper  finally  turning  blue,  with 
an  acid  reaction  in  one  case  only.  These  same  re- 
actions were  found  whether  the  test  was  made  imme- 
diately after  death  or  several  lumrs  later.  Its  cryo- 
scopio  point  is  —  .(iO"  C.  to  —  .()5°  C,  but  it  is  some- 
what variable  and  in  acute  infections  approaches 
that  of  the  blood,   -.56°  C. 

The  chemical  composition  of  the  cerebrospinal  fluid 
is  shown  in  the  following  analysis,  made  by  Halli- 
burton," of  fluid  removed  from  cases  of  spina  bifida 


Case  1. 

Female  ased 

nineteen  years, 

in  partii  per 

1.000. 


Water I  989.75 

Solids i  10.25 

Proteins I  0.S42 

Extractives.  .  .  J  \  «  ^n- 

Salts )  ^-^-^ 


Case  2. 

Child  aged 

eleven  days. 

first  tapping. 

in  parts  per 

1.000. 


989.877 

10.12.3 

1.602 

0.831 

7.890 


Case  3. 

Child  aged 

thirteen  weeks. 

fourth  tapping. 

in  parts  per 

1 ,000. 


991.658 
8.342 
0.199 
3.028 
5.115 


A  comparison  of  the  relative  proportion  of  solids  in 
several  of  the  watery  fluids  of  the  body  is  shown  in 
the  subjoined  table  (Beaunis): 

Water.  .SoliJs. 

Lymph ,  95.8  4.2 

Serum I  95.9  4.1 

Aqueous  humor 98.6  1.4 

Tears 98.2  1.8 

Cerebrospinal  fluid 98.8  1.2 


In  normal  cerebrospinal  fluid,  proteins  are  small  in 

amount,  and  somewhat  variable  in  quantity  and  kind. 
Fibrinogen  is  absent,  as  no  fibrin  is  formed  by  the  addi- 
tion of  fibrin  ferment.  Serum  albumin  is  absent,  as 
aU  of  the  protein  is  precipitated  by  saturation  with 
magnesium  .sulphate.  There  are  probably  present, 
however,  serum  globulin,  generally  protoalbumose, 
sometimes  heteroalbumose,  and  occasionally  pep- 
tones. An  increase  in  proteins  is  likel}'  to  occur  in 
tappings  sub.sequent  to  the  first,  but  never  equalUng 
that  found  in  inflammatory  hydrocephalus. 

The  following  analysis,  in  the  case  of  a  boy  six 
months  old  with  chronic  hydrocephalus,  illustrates 
this  (Halliburton'^'): 


Protein. 

"     Per- 

o  ^        cent- 

S  .■?  ,    ages  of 

Kinds  of  protein 

Reducing 

o  g  ,      total 

present. 

substance. 

,  cc  M  ; 

pro- 

i    ( 

teins. 

11 

First  tapping. .  1 . 006     0. 045 

Globulin 

Proto-albumose . 
H  e  t  e  r  o-albu- 

Traces. 

1 

mose. 

Second  tap-  l.OlOi 

0.069 

Same     as     first 

Fairly  abundant 

ping. 

tapping. 
Serum  globulin. 

Third  tapping.  1.010 

0.272 

Serum  albumin. 
Traces  of  albu- 
moses. 

More  abundant. 

One  of  the  most  interesting  features  of  the  chemistry 
of  the  cerebrospinal  fluid  is  the  presence  of  a  substance 


which,  like  .sugar,  reduces  copper  .salts.  It  has  been 
considered  grape  sugar  by  many  observers  (Bernard. 
Cavazzani,  Nawratzki,'"  and  Panzer"). 

Nawratzki  studied  tliis  fluid  in  the  calf,  hor.sp,  and 
man.  In  the  calf,  working  with  two  liters  of  fluid,  he 
found  a  substance  wliich  reduces  copper  and  bismuth 
oxide  in  alkaline  solution,  and  gives  the  phenyl- 
hydrazin  reaction.  He  obtained  crystals  having  the 
form  and  melting-point  of  piienylglucosazon,  205°- 
20()°  C.  He  failed  to  find  pyrocatechin,  peptone,  or 
albumose.  and  considers  the  protein  a  globulin.  He 
claims  that  the  reducing  substance  di.-sappears  shortly 
after  death,  and  cites  two  cases  in  which  the  fluid 
drawn  by  lumbar  ptmcture  during  life  showed  strong 
reducing  action,  but  in  the  same  individuals  after 
death  this  action  was  lost.  Hallibiirton  always 
finds  the  reducing  substance,  but  claims  it  is  not 
grape  sugar  for  the  foUowing  reasons:  (1)  It  does 
not  reduce  bismuth  salts;  (2)  it  does  not  ferment  with 
yeast;  (3)  it  does  not  rotate  the  polarization  plane; 
(4)  it  does  not  yield  a  crystalline  compound  with 
phenylhydrazin,  as  does  sugar. 

This  reducing  body  can  be  obtained  as  follows: 
"Acidified  alcohol  is  added  in  excess  to  the  fluid,  to 
precipitate  proteins;  this  is  filtered  off.  The  filtrate 
is  evaporated  to  dryness  over  a  water-bath;  the  dry 
residue  is  again  taken  up  with  alcohol,  filtered,  and 
again  evaporated  to  dryness"  (Halliburton). 

The  crystalline  deposit  is  the  reducing  substance 
and  belongs  to  the  aromatic  group  of  organic  com- 
pounds. It  is  soluble  in  ether,  alcohol,  and  water, 
gives  a  green  coloration  with  ferric  chloride,  brown 
with  caustic  alkalies,  has  a  pungent  taste  and  an 
acid  reaction,  and  its  crystals  are  needle-like  and 
similar  to  those  of  pyrocatechin.  Halliburton  con- 
siders the  reducing  substance  a  normal  constituent 
of  the  cerebrospinal  fluid,  contrary  to  Hoppe-Seyler, 
who  finds  it  sub.sequent  to  the  first  tapping  only.  It 
certainly  increases  in  amount  after  the  first  tapping 
(see  analysis).  Whether  it  exists  in  a  combined  or  an 
uncombined  state  is  not  known. 

Some  observers  have  noted  an  unusual  preponder- 
ance of  potassium  salts,  but  later  ones  have  found 
the  proportion  no  greater  than  that  of  the  blood, 
lymph,  or  transudates  generally.  Ferments  in  the 
cerebrospinal  fluid  in  health  and  disease  have  been 
studied  by  Pighini,='  Kaffka,"  and  Dochez.-'  Pro- 
teolytic and  diastatic  ferments  have  been  described 
in   dementia   praecox  and   dementia   paralytica.     Li- 

f)olytic  ferment  is  found  increased  in  dementia  para- 
ytica  and  cerebral  lues.  Tryptic  and  antitrv-ptic 
ferments  are  found  mostly  in  dementia  paralytica. 
Oxj'dases  also  are  present  in  small  amount  and  per- 
haps are  brought  in  close  relation  with  the  nerve  cells 
by  the  intracerebral  circulation  of  the  fluid.  These 
ferments  exist  only  in  small  amounts  and  are  not  at 
present  of  diagnostic  significance. 

Brieflj'  stated,  the  chief  chemical  characteristics  of 
the  cerebrospinal  fluid  are  the  foUowing:  (1)  It  is  a 
clear  watery  fluid,  faintly  alkaline,  of  low  specific 
gravity,  about  1.007.  (2)  It  contains  no  fibrin  and 
gives  no  precipitate  (mucin)  on  adding  acetic  acid. 
(3)  On  boiling,  not  more  than  a  trace  of  turbidity 
(serum  globulin)  is  observed.  (4)  It  reduces  Feh- 
ling's  solution.  (5)  A  reducing  substance,  obtained 
by  evaporating  to  drj'ness  an  alcoholic  extract  of 
the  fluid,  is  found  in  needle-like  crystals  having  a 
pungent  taste  and  an  acid  reaction,  and  resembling 
pyrocatechin.  This  reducing  substance  does  not 
ferment  with  yeast,  nor  give  the  phenylliydrazin  re- 
action, nor  turn  the  polarization  plane.  (())  It  con- 
tains a  small  proportion  of  proteins  and  generally  no 
albumin. 

Pathological  and  Clinical  Consideratinris. — Since 
Quincke  called  attention  to  the  value  of  puncture''of 
the  vertebral  canal  as  a  diagnostic  and  therapeutic 
measure,  and  to  the  ease  with  which  it  could  be  per- 
formed, it  has  frequently  been  resorted  to. 
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The  method  of  procedure  is  as  follows:  The  patient 
is  preferably  placed  in  the  recumbent  posture  on  the 
left  side,  with  the  body  strongly  flexed  in  the  lumbar 
region.  The  puncture  is  made  with  a  long  platinum- 
iridium  aspirating  needle  between  the  second  and 
third  or  the  third  and  fourth  lumbar  vertebriE,  a  few 
millimeters  outside  the  median  line.  In  a  child  of 
about  two  years,  the  pimcture  should  be  opposite  the 
mid-point  between  the  lumbar  spines,  and  at  a  depth 
of  about  two  centimeters  the  subarachnoid  chamber 
will  be  reached.  In  the  adult  the  puncture  should  be 
made  at  a  point  just  below  the  end  of  the  .spine  above, 
and  on  account  of  the  downward  inclination  of  the 
spines,  the  needle  should  slope  upward  and  inward 
toward  the  median  line.  If  the  puncture  be  made  in 
the  median  line,  it  should  be  at  the  mid-point  between 
the  spines;  and,  in  children  the  needle  should  penetrate 
in  a  nearly  horizontal  direction,  while  in  the  adult  it 
should  slope  upward  parallel  to  the  spines.  Sahli'* 
recommends  that  the  puncture  be  made  between  the 
fifth  lumbar  and  the  base  of  the  .sacrum,  especiallj'  if 
the  morphological  elements  are  to  be  sought  for.  Anes- 
thesia is,  as  a  rule,  unnecessary,  but  an  ethyl  chlorid 
spray  may  be  used. 

Where  there  are  symptoms  of  intracranial  pressure 
and  only  small  amounts  of  fluid  can  be  obtained  by 
puncture,  the  cause  will  probably  be  an  interruption 
of  the  connection  between  the  encephalic  and  spinal 
spaces  due  to  e.xudate  or  tumor,  especially  of  the 
cerebellum.  It  is  possible,  however,  that  the  lack  of 
fluid  might  be  due  to  the  closure  of  the  acjueduct  of 
Sylvius  or  the  metapore.  Small  quantities  of  fluid 
exclude  tuberculous  meningitis,  acute  hydrocephalus, 
and  tetanus. 

The  cerebrospinal  pressure  can  be  judged  by  the 
strength  of  flow  from  the  cannula,  a  strong  spurt 
indicating  an  increased  pressure,  .slow-coming  drops 
a  decreased  pressure.  It  can  be  more  aecuratelj' 
measured  b)'  attaching  the  cannula  to  a  mercury,  or, 
better,  to  a  water  manometer,  the  normal  pressure 
being  from  5  to  7.3  millimeters,  mercury.  When  the 
pressure  is  much  raised  (fifteen  to  sixty  millimeters 
of  mercury)  meningitis  or  brain  tumor  is  indicated, 
but  variations  in  pressure  are  not  of  much  diagnostic 
value.  The  specific  gravity  is  somewhat  variable,  but 
an  increased  density  points  to  meningitis,  although 
this  affection  may  exist  with  normal  specific  gravity. 

Proteins  may  be  found  increased  in  tuberculous 
meningitis  and  degenerative  diseases  of  the  central 
nervous  system:  decreased  in  brain  tumors  and  serous 
meningitis.  Lichtheim  and  Quincke  claim  to  find 
sugar  in  most  cases  of  brain  tumor.  This  does  not 
agree  with  the  observations  of  Furbringer,  who  found 
sugar  only  in  cases  of  diabetes  associated  with  tuber- 
culosis. Cholesterin  (Pighini-*'  -')  appears  as  a  patho- 
logical component  of  the  cerebrospinal  fluid  and  is 
found  increased  in  degenerative  diseases  of  the  cen- 
tral nervous  system,  as  dementia  paralytica,  severe 
cases  of  dementia  prrecox  and  epilepsy.  Cholesterin 
is  one  of  the  active  principles  in  the  cerebrospinal 
fluid  giving  the  Wassermann  reaction.  According  to 
some  observers,  cholesterin  may  normally  exist  in 
the  fluid  to  a  slight  extent.  Cholin  is  another  path- 
ological constituent  of  the  fluid  indicative  of  degener- 
ating nerve  tissue  and  has  been  found  in  dementia 
paralytica  by  Laignel-Lavastine  and  Lasausse.-' who 
also  found  in  this  disease  another  compound  ha%^ng 
the  peculiarities  of  trimethylamine. 

A  turbid  appearance  is  due  to  leucocj'tes  and  indi- 
cates inflammation,  but  in  tuberculous  meningitis, 
the  fluid  is  clear. 

In  tuberculous  meningitis,  tumor,  abscess,  and 
chronic  hydrocephalus  only  a  few  leucocytes  and  endo- 
thelial cells  are  to  be  found,  while  in  acute  menin- 
gitis the  leucocytes  are  more  plentiful,  and  in  the 
purulent  form  they  are  ver3'  numerous.  It  is  impor- 
tant, before  advising  operation  in  cases  of  abscess  of 
brain  and  sinus  thrombosis,  to  exclude  purulent  men- 
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ingitis.  This  is  often  readily  done  by  a  microscopic 
examination  of  the  puncture  fluid. 

Pure  blood  in  the  subarachnoid  space  indicates 
either  extensive  brain  laceration  or  intraventricular 
hemorrhages.  In  subdural  hemorrhages,  a  small 
amount  of  blood  may  be  found;  but  in  epidural 
hematoma,  and  in  hemorrhagic  pachymeningitis  only 
very  small  quantities  of  blood  are  found.  In  severe 
traumatic  cases  the  presence  of  nearly  pure  blood 
would  indicate  serious  brain  injury  and  contraindicate 
operation,  and  vice  I'ersa  the  absence  of  blood  might 
indicate  the  advisabihty  of  an  operation.  In  non- 
inflammatory di.seases  of  the  brain,  as  tumors  or 
abscess,  no  clotting  occurs,  except  a  slight  one  in 
tuberculous  meningitis. 

In  ca.ses  in  which  tuberculous  meningitis  is  sus- 
pected, some  of  the  puncture  fluid  should  be  centri- 
fugahzed  and  examined  for  tubercle  bacilli.  Fiir- 
bringer  has  found  the  bacilli  in  thirty  out  of  thirty- 
seven  cases.  Other  organisms  that  have  been  found 
are  the  diplococcus  intracellularis  (Weichselbaum) 
in  cases  of  epidemic  cerebrospinal  meningitis,  and  the 
streptococcus  and  the  diplococcus  pneumoniae  in 
purulent  meningitis  secondary  to  otitis  media.  The 
staphylococcus  pyogenes  aureus  and  albus  are  also 
sometimes  found,  also  B.  typhosus,  B.  coM  communis 
B.  pyogenes  foetidus,  B.  mallei,  B.  of  Neumann- 
Schafer  and  Pfeiffer's  influenza  bacillus. 

St.  Clair  Thomson  has  collected  from  the  literature 
nine  cases  of  undoubted  spontaneous  flow  of  the 
cerebrospinal  fluid  from  the  nose,  and  twelve  probable 
cases.  This  condition  he  has  named  cerebrospinal 
rhinorrhea.  It  affects  the  sexes  about  equally,  and 
is  a  disease  of  adult  middle  life,  frequentlj-  pre.'^enting 
cerebral  and  eye  .symptoms.  The  flow  is  usually  from 
the  left  side  of  the  nose  and  is  generally  continuous 
day  and  night,  but  long  or  short  periods  of  intermis- 
sion may  occur. 

The  method  of  escape  of  the  fluid  was  found  in  one 
ca.se  to  be  through  an  aperture  in  the  cribriform  plate 
of  the  ethmoid.  A  pos.sible  explanation  is  that  the 
lymph  vessels  of  the  nasal  mucous  membrane,  which 
are  in  communication  with  the  subarachnoid  cavitj', 
maj'  furnish  the  exit.  No  efficient  method  of  treat- 
ment has  been  found.  One  case  of  spontaneous  flow 
from  the  ear  is  recorded  in  which  the  membrana 
tympani  was  intact  and  no  evidence  of  injury  or 
disease  was  present. 

Di.\GNOsis.- — The  examination  of  the  cerebrospinal 
fluid  for  diagnostic  purposes  may  be  conducted  in 
four  ways:  (1)  Bacteriological,  (2)  chemical,  (3) 
serodiagnosis,  (4)  cytodiagnosis. 

Bacteriological. — The  lumbar  puncture  fluid  should 
be  centrLfuged  and  the  bacteria  identified  by  staining, 
culture,   and   inoculation   methods. 

Chemical. — Various  observers  during  the  past 
decade  have  studied  the  protein  content  in  many  dis- 
eases. Among  these  the  following  may  be  mentioned: 
Reichman,-'  Ziveri,-'*  Nonne  and  Holzman,-'  Apelt,'° 
Eichelberg  and  Pfortner,^'  Szecsi, '-' '^' ^*'  Jach,^' 
Franz, '^  Assmann,''  and  Andermack.'" 

The  results  of  these  investigators  seem  to  show  that 
the  proteins  and  especially  globulin  are  increased  in 
degenerative  diseases  of  the  cerebrospinal  system  as 
dementia  paralytica,  tabes,  and  cerebrospinal  syphilis 
and  is  usually  accompanied  by  a  lymphocytosis. 
The  total  proteins  are  usually  estimated  by  the 
Esbach  method.  For  the  determination  of  the  globu- 
lin the  Nonne-Apelt  test  with  ammonium  sulphate 
has  been  generally  used.  Szecs,'-  has  devised  a 
graduated  centrifugalizing  tube  in  which  the  amount 
of  globuhn  can  be  directly  read. 

Serndiagnosis.- — Wassermann 's  reaction  in  the  cere- 
brospinal fluid  has  been  studied  in  various  forms 
of  syphilis  and  metasyphilis  by  Wolff,"  Eichel- 
berg,'" and  others.  The  hpoid  and  cholesterin  in  the 
fluid    are    believed    to    furnish    the    antibodies.     In 
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cerebrospinal  sypliilis  the  blood-AVasserinann  seems 
less  certain  anil  positive  than  the  reaction  obtained 
from  the  cerebrospinal  fluid. 

In  epidemic  cerebrospinal  meningitis  an  aid  to 
diagnosis  is  found  in  Vincent's"  precipitin  reaction. 
This  is  performed  as  follows:  Centrifuge  the  cerebro- 
spinal fluid  tlien  take  three  lubes;  in  one  place  100 
drops  of  the  fluid,  in  tlie  second  fifty  dro|)s,and  in  the 
third  fifty  drops.  Add  to  the  first  and  .second  tubes 
one  drop  of  antinieningococcus  .serum  and  place  in 
the  incubator  at  .55°  C.  for  eight  to  twelve  houns. 
If  a  turbidity  occurs  in  the  first  and  second  tubes 
while  the  third  renuiins  clear  the  diagnosis  is  epi- 
demic cerebrospinal  meningitis.  Louis"  has  .sub- 
stantiated Vincent's  conclusion  as  to  the  diagnostic 
value  of  this  precipitin  reaction.  Also  Vincent  and 
Combe"  have  shown  that  a  similar  precipitation 
occurs  in  tuberculous  meningitis  when  cerebrospinal 
fluid  from  this  di.sease  is  mixed  with  tvdierculin  and 
incubated.  It  is  not  possible  to  diagnose  anterior 
poliomyelitis   by   serological   means    (WoUstem"). 

Cytodiagnosis. — Considerable  attention  has  been 
given  to  this  subject  during  the  last  few  years  and 
notable  advances  made.  Among  the  contributors 
are  Szecsi,'^'  ''"  •"  Nonne  and  Holzman,'"  lU'ichman,-' 
Andermack,"  Cotton,  '^  and  Kiclielbergand  I'fnrtner". 
One  method  of  studying  the  cellular  content  is  by 
means  of  smears  of  the  sediment  obtained  by  centri- 
fugalizing  the  fluid,  then  fixing  and  staining  with  tol- 
uidin  blue  or  pyronin-methyl  green.  A  differential 
count  can  be  made  from  the  smear  and  the  number  of 
cells  may  be  roughly  determined  by  counting  the  cells 
in  several  fields.  This  is  es.sentially  Widal's  method 
and  is  not  considered  accurate  by  most  observers. 

For  the  quantitative  determination,  probably  the 
Fuchs-Rosenthal  method  or  one  of  its  modifications 
is  best.  It  may  be  performed  as  follows :  The  staining 
solution  is  50  c.c.  of  a  two-percent,  solution  of  glacial 
acetic  acid  containing  0.1  gram  of  methyl  violet.  A 
mixture  is  made  in  the  leucocyte-counting  pipette  by 
drawing  in  the  staining  solution  to  0.1  and  cerebro- 
spinal fluid  to  11.  The  counting  chamber  holding 
3.2  cubic  milhmeters  is  filled  and  the  cells  counted, 

^,        ,,      number  of  counted  cells         ,  „,      .„  , 

then  the  ^-- X   1.01  will  equal 

the  number  of  cells  in  one  cubic  millimeter  of  the  fluid. 
One  to  five  cells  are  normal,  ten  cells  are  distinctly 
pathological. 

For  a  differential  determination  of  the  cells  Alz- 
heimer's method  is  probably  the  best.  The  procedure 
is  as  follows:  5  or  G  c.c.  of  cerebrospinal  fluid  are 
collected  from  the  needle  in  a  centrifuge  tube  con- 
taining 7  or  S  c.c.  of  ninety-six-per-cent.  alcohol. 
Then  shake  and  allow  several  minutes  for  the  coagu- 
lum  to  form;  centrifuge  at  a  high  rate  for  one-half 
hour.  Pour  off  supernatant  fluid,  dehydrate  the 
coagulum  with  alcohol,  infiltrate,  and  embed  in 
celloidin  and  section.  Many  stains  may  be  used  suc- 
cessfully but  toluidin  blue  or  Pappenheim's  pyronin- 
methyl  green  gives  excellent  results.  In  making  the 
diff'erential  count  300  to  500  cells  should  be  counted, 
necessitating  several  sections.  Alzheimer's  method 
has  been  used  for  quantitative  determinations  as  well, 
by  comiting  the  cells  in  the  immersion  fields,  but  it 
is  not  so  reliable  as  the  Fuchs-Ro.senthal  method 
(Hough«-). 

The  following  kinds  of  cells  have  been  described  in 
the  cerebrospinal  fluid  in  pathological  conditions. 

Polymorphonuclear  Cells. — These  show  the  usual 
characters  of  the  leucocyte  except  that  the  cytoplasm 
frequently  does  not  stain  so  readily  and  the  granules 
are  usually  absent;  eosinophiles  may  also  occur. 
They  are   increased   especially   in   acute   meningitis. 

Small  Mononuclear  or  Lymphocytes. — These  are 
similar  to  ordinary  lymphocytes,  but  occasionally  the 
cytoplasm  is  lacking,  or  is  irregular,  or  mostly  on  one 
side.  These  are  the  most  numerous  of  all  the  cellular 
elements  in   chronic   inflammation   of   the   meninges 
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and  are  likewise  increased  in  dementia  paralytica, 
tabes,  and  cerebrospinal  .syphilis. 

Lariic  Monnnuclcar.- — These  cells  resemble  some- 
what large  mononuclear  leucocytes,  but  the  nucleus 
is  more  irregvdar  and  eccentric.  They  are  phagocytic 
and  found  mostly  in  dementia  paralytica  and  cercbro- 
s))inal  syphilis.     Their  origin  is  not  certaiidy  known. 

Miicrophaycs. — Thes(\  ceils  have  somewhat  the 
appearance  of  the  large  mononuclear,  but  are  greater 
in  size,  with  the  nucleiis  frequently  near  the  periphery; 
they  contain  included  cells  or  other  substances  and  are 
actively  phagocytic.  Thej'  may  arise  from  the  large 
mononuclear  and  they  have  the  same  significance. 

Endothelial  Cells. — These  probably  come  from  the 
meninges,  their  nuclei  are  oval,  the  cvtojjlasin  small 
in  amount,  and  they  are  found  mostly  in  dementia 
paralytica  and  ceri'l)rospinal  syphilis. 

Kiirclienzellcn. --'Vhey  are  large  round  cells  with 
lightly  staining  nuclei  at  the  i)eri])hery,  the  cyto- 
plasm contains  globules  probably  of  a  fatty  nature, 
and  they  are  found  in  dementia  paralytica  and  other 
degenerative  conditions  of  the  central  nervous  system 
and  may  be  modifications  of  the  large  mononuclear 
cells. 

Plasma  Cells.- — These  cells  are  of  moderate  size  and 
rounded  with  a  single  and  often  eccentric  nucleus. 
The  cytoplasm  is  usually  deep  staining  and  granular. 
Possibl}'  they  are  derived  from  the  lymphocytes,  but 
more  probably  they  come  from  the  i)ia  as  similar  cells 
are  found  there.  They  an^  present  chiefly  in  dementia 
paralytica,  but  are  not  pathognomic  of  that  condition. 

Fibroblasts  are  small  slender  cells  with  elongated 
nuclei  and  are  of  unknown  origin  and  significance. 

Ependymal  cells  are  small  cells  with  spherical  nuclei 
with  little  or  no  cytoplasm,  found  mostly  in  postmor- 
tem fluid  and  may  possibly  be  shed  cells  of  the  epen- 
dyma.  According  to  Hough"  protagon  granules  may 
sometimes  be  found  in  the  fluid. 

In  general,  increased  proteins,  globulin,  and  a 
pleocytosis  especially  of  tne  lymphocytes  indicate 
degenerative  di.sea.ses  of  the  cerebrospinal  system  as 
opposed  to  functional  neuro.ses.  No  kind  of  a  cell 
is  pathognomic  of  any  disease  (Jach")  and  lympho- 
cytosis in  the  cerebrospinal  fluid  is  not  parallel  with 
that  of  the  blood.  Apelt"  has  shown  that  in  trypano- 
somiasis in  dogs  the  cerebrospinal  fluid  shows  an  in- 
crease of  proteins,  globulin,  and  a  lymphocytosis  as 
well  as  the  presence  of  the  trypanosomes.  Martin 
and  Leboeuf*'  have  found  that  a  lymphocytosis  like- 
wise occurs  in  man.  Harky    B.  Fioiiuis. 
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Cerebrospinal       Meningitis,      Epidemic. — See 

under  Meningitis. 

Cerebrin. — See  Cerehrosides. 
Cerebron. — See  Cerehrosides. 

Cerebrosides  are  iiitrogeiiotis  substances  free  from 
pliosphorus  which  on  boiling  with  dilute  mineral  acids 
yield  a  reducing  substance  wliich  has  been  identified 
as  galactose.  From  their  resemblance  to  ghicosides 
on  treatment  -with  acid  has  been  derived  the  term 
cerebrosides.  These  compounds  are  found  in  nervous 
tissue  in  comparative  abundance.  Those  that  have 
received  recognition  as  chemical  entities  are  cerebrin, 
cerebron,  kerasin,  and  enceplialin.  It  is  probable 
that  the  same  body  of  varying  purity  has  been  isolated 
at  times  and  given  a  new-  name.  The  substances 
p.vosin  and  pyogenin  isolated  from  pus  also  belong 
to  the  cerebrosides.  The  cerebrosides  have  solubilities 
similar  to  those  of  the  fats. 

Fkan-k  p.  Underhill. 

Cerium. — A  single  salt,  only,  of  cerium  is  official  in 
the  United  States  Pharmacopoeia,  namely,  cerium 
oxalate,  entitled  Cerii  Oxalas.  This  salt  is  "a  fine 
white  powder,  without  odor  or  taste,  and  permanent 
in  the  air.  Insoluble  in  water,  alcohol,  ether,  or  in 
solutions  of  potassium  or  sodiimi  hydroxide;  insoluble 
in  cold,  but  soluble  in  hot  diluted  sulphuric  or  hydro- 
chloric acid."  (U.  S.  P.)  In  effect  cerium  oxalate 
resembles  the  insoluble  bismuth  compounds,  being, 
from  its  insolubihtj',  devoid  of  active  properties, 
but  j-et  like  many  other  insoluble  metallic  powders, 
having  a  power  to  allay  local  nervous  irritability, 
This  influence  is  utilized  to  combat  reflex  nausea 
and  vomiting,  especially  the  vomiting  of  preg- 
nancy, and  also  to  repress  irritative  dry  coughs.  In 
this  latter  application,  when  successful,  the  present 
drug  has  the  advantage  over  the  ordinary  run  of 
cou.gh  medicines  of  not  disordering  the  stomach, 
but,  on  the  contrary,  of  tending  to  quell  any  irri- 
tation of  that  organ.  The  oxalate  may  be  given  in 
doses  of  gr.  v.  to  x.  (0.3-0.6)  several  times  a  day, 
best  taken  drj'  upon  the  tongue.  Such  doses  may 
be  kept  up  for  a  number  of  daj's  in  succession  with  no 
other  effect  than  causing,  at  first,  a  little  dryness  of 
the  mouth.  For  cough,  the  medicine  should  be  per- 
sisted in  even  if,  as  may  happen,  there  be  no  benefit 
for  the  first  two  or  three  days;  and  especially  should 
doses  be  given  on  the  empty  stomach  early  in  the  morn- 
ing and  late  at  night.  The  pharmacopceial  dose  of  one 
grain  is  eminently  safe;  but  it  is  doubtful  if  it  is 
accompanied  by  any  beneficial  result. 

ED-n-.\RD  Curtis. 

R.  J.  E.  Scott. 


Cerumen  is  the  mixture  of  substances  contained  in 
the  secretions  of  the  sebaceous  and  sweat  glands  of 
the  outer  passages  of  the  ear.  In  it  may  be  found 
soaps  and  fats,  protein,  fatty  acids,  cholesterol,  and 
a  red  alcohol-soluble  bodv  with  a  bitter  sweet  taste. 

F.  P.  U. 

Cervical  Ribs. — A  cervical  rib  is  a  congenital 
error  of  de\'elopment,  an  evidence  of  atavism,  char- 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


Cervical  Ribs 


acterized  by  unusual  development  of  the  anterior 
tubercle  of  the  transverse  process  of  the  seventh 
cervical  vertolira.  Such  ribs  may  vary  from  mere 
nodules  to  full  ribs  that  are  attached  to  the  manu- 
lirhnu  through  their  cartilape.  They  usually  arise 
from  the  anterior  tubercle  of  the  transverse  process, 
the  so-called  costal  process;  they  sometimes  arise 
from  the  body  of  the  vertebra  or  from  the  inter- 
vertebral disk.  The  vertebral  attachment  may  be 
either  with  or  without  an  articulation. 

The  following  forms  of  cervical  ribs  may  be  recog- 
nized: (1)  Rudimentary,  simply  a  projection  from 
the  body  of  the  vertebra.      {2)  .\n  inch  or  so  in  length 


Cervical  Rib  s.        ^^    "^^^ 

jominj  first  nb      ^^     *^  -■ 


Fu;.  13[):.'. — Cervical  Rib.  (Elder,  from  a  specimea  ia  the 
Anatomical  Museum,  McGiil  University,  Montreal.)  Note  deformed 
first  rib. 


and  free.  (3)  Apparently  connected  by  means  of  a 
ligament  to  the  first  rib.  (4)  Articulating  directly 
with  the  first  thoracic  rib. 

Gruber  gives  the  following  classification  of  cervical 
ribs: 

First  degree:  marked  by  only  a  slight  increase  of 
the  costal  process,  not  reaching  beyond  the  true 
transverse  process. 

Second  degree:  protruding  beyond  the  transverse 
process,  ending  free  or  attached  to  the  first  rib. 

Third  degree:  marked  by  a  complete  body,  extend- 
ing approximately  to  the  cartilage  of  the  first  rib, 
being  united  to  the  cartilage  directly  or  bj'  means  of 
a  ligament. 

Fourth  degree:  a  complete  cervical  rib,  attached  to 
the  manubrium  through  the  cartilage  of  the  first  rib. 

Cervical  ribs  have  been  known  as  postmortem 
curiosities  since  the  time  of  Galen.  With  the  advent 
of  radiography,  the  literature  began  to  teem  with 
reports  of  cases  in  which  the  diagnosis  was  made 
during  life. 


The  age  at  which  the  defect  is  recognized  has 
varied,  in  the  reported  cases,  from  the  fetus  of  six 
months  to  advanced  life.  Symptoms  usually  do  not 
ai)pear  until  ariolescence  or  later.  From  the  re- 
ported cases,  this  anonuily  seems  to  show  a  decided 
preference  for  the  female  sex,  the  proportion  being 
about  .'1:1.  This  may  be  because  the  neck  of  the 
female  is  more  commonly  subjected  to  scr\itiny  and 
examination. 

Pilling,  in  1804,  from  a  .study  of  139  cases  collected 
from  the  literature  up  to  that  time,  believed  the 
affection  to  be  bilateral  in  about  two-thirds  of  the 
cases.  Radiography  has  shown  the  fallacy  of  this 
view,  which  seems  to  have  been  entertained  be- 
cause only  the  larger  rib  produces  symptoms,  the 
smaller  rib  on  the  opposite  side  being  frequently 
overlooked.  It  is  rare  that  symptoms  have  been 
recorded  upon  both  sides. 

Anatomical  Relations. — In  two  of  the  cases 
(Stnithers  and  Ehrich)  two  ribs  were  found  on  one 
sifie,  arising  from  the  sixth  and  seventh  cervical 
vertebra;.  Several  other  cases  of  cervical  ribs  aris- 
ing from  the  sixth  cervical  verteVjra  have  been  re- 
IMirted,  but  are  open  to  doubt.  In  Czerny's  case, 
a  lijioma  was  removed  from  the  neck,  the  pedicle 
of  the  tumor  being  a  cervical  rib  attached  to  the 
tiftli  cervical  vertebra.  These  are  mentioned 
rather  as  curiosities.  Almost  invariably  the  cer- 
vical ribs  arise  from  the  seventh  cervical  vertebra, 
llalbertsma  declared  that  when  the  length  of 
the  rib  is  under  5.1  centimeters  the  artery  passes  in 
front,  but  when  the  length  is  5.6  centimeters  or 
more  the  artery  passes  over  it.  This  is  appar- 
ently the  rule,  though  there  are  many  exceptions 
to  it.  It  would  seem  that  the  artery  never  runs 
under  the  cervical  rib,  so  that  in  these  cases  the 
artery  is  always  more  accessible  for  compression 
than  in  the  normal  individual.  The  vein  is  in 
front  of  and  below  the  artery,  so  placed  that  it  is 
not  compressed  between  the  cervical  rib  and  the 
scalenus  anticus.  Therefore,  these  cases  usually 
do  not  show  edema  of  the  arm. 

The  brachial  plexus  accompanies  the  subclavian 
artery,  above  and  to  the  outer  side.  Therefore,  in 
the  removal  of  a  cervical  rib,  it  is  usually  practi- 
cable to  displace  the  brachial  plexus  upward  and 
outward,  and  the  artery  downward  and  inward. 

If  the  cervical  rib  is  well  developed,  an  inter- 
costal muscle,  usually  the  external  one,  may  be 
present.  The  scalenus  anticus  may  be  inserted 
into  the  anterior  extremity  of  the  rib.  Sometimes 
the  scalenus  medius  and  posticus  are  also  attached 
to  the  well  developed  rib,  occasionally  the  artery 
and  nerve  penetrating  the  former. 

The  pleura  is  described  as  arising  higher  up  in 
the  neck  in  these  cases,  though  it   is  not  encoun- 
tered in  some  cases  in  the  operation  of  removal  of  the 
rib.      On  the  other  hand,  the  pleura  may  be  firmly 
adherent  to  a  cervical  rib. 

Symptoms. — These  are  conveniently  classified  as 
local,  nervous,  vascular,  and  nuiscular  .symptoms. 

Local  Sy7»ploms. — The  tumor  in  the  neck  is  u.sually 
both  palpable  and  visible  an  inch  or  so  above  the 
middle  of  the  clavicle.  Upon  i)alpation  we  find  a 
rounded  hard  mass,  sometimes  movable,  more  often 
immovable.  The  mass  extends  back  toward  the 
seventh  cervical  vertebra.  Above  the  mass,  running 
downward  and  outward  may  be  felt  and  sometimes 
seen  the  pulsating  subclavian  artery.  Above  and  to 
the  outer  side  of  this  vessel  is  the  brachial  plexus,  a 
region  nuirked  by  tenderness. 

Nervous  Symptoms. — These  are  present  in  about 
two-thirds  of  the  cases.  Shooting  pains  radiate  from 
the  neck  down  the  arm,  sometimes  as  far  as  the  elljow, 
possibly  to  the  hand,  following  the  ulnar  more  oft€n 
than  the  radial  side  of  the  forearm.     Less  often  the 
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pain  radiates  to  the  head  or  to  the  chest.  Sometimes 
it  begins  in  the  fingers  and  extends  upward.  The  pain 
is  often  attributed  to  hard  work  or  muscular  exercise 
by  tlie  patient,  and  is  said  in  some  cases  to  be  worse  in 
winter  than  in  summer. 

Often  there  is  anesthesia,  more  or  less  complete. 
More  frequently  there  is  paresthesia,  such  as  tingling, 
formication,  and  numbness. 

Depending  upon  the  degree  of  injury  of  the  nerve, 
there  may  be  alterations  in  the  electrical  reaction. 
advanced  cases  showing  the  reaction  of  degeneration. 


Fig.  1303. — Rudimentary  Rib  in  its  Relations  to  Surrounding 
Parts.  (From  Luschka.)  1.  Rudimentary  rib  with  its  knobbed 
end,  to  which  is  attached  the  scalenus  anticus.  2;  3,  subclavian 
artery:  4,  ligamentous  cord,  by  which  the  rib  is  prolonged  to  the 
sternum;  5,  first  dorsal  rib:  6.  intercostal  muscle  between  the 
cervical  rib  and  the  first  dorsal  rib:  7,  the  lung:  S,  left  carotid 
artery;  9,  esophagus:  10.  trachea;  11,  sternum.  Note  the  relation 
of  the  pleura  and  lung  to  the  cervical  rib. 

Affection  of  the  sympathetic  nerve  has  been  ob- 
served frequently.  Thus,  there  may  be  profuse 
sweating  and  coldness  on  one  side  with  dryness  of  the 
skin  on  the  other;  rapid  pulse  due  to  irritation  of  the 
sympathetic ;  possibly  dilatation  of  the  pupil.  Hoarse- 
ness has  been  observed  in  some  cases,  and  in  at  least 
one  case  there  was  paralysis  of  the  right  vocal  cord. 
However,  that  was  a  case  showing  syringomyelia, 
which  seems  to  be  not  uncommon  in  cases  showing 
this  defect  in  development. 

Vascular  Symploms. — Pulsations  of  the  subclavian 
artery,  to  which  we  have  referred,  may  be  absent, 
the  artery  in  some  cases  being  converted  into  an  im- 
permeable cord,  probably  through  thrombus  or 
aneurysm.  Therefore,  it  is  not  surprising  that  the 
radial  pulse  is  often  absent.  The  resulting  ischemia 
causes  the  hand  to  become  cold,  blanched,  possibly 
blue,  resembling  much  the  picture  observed  in  Ray- 
naud's disease.  Gangrene,  however,  is  not  common, 
because  of  the  establishment  of  more  or  less  complete 
collateral  circulation.  The  thrombus  may  extend 
upward  to  the  subclavian.  In  the  rare  cases  in  which 
gangrene  supervenes,  it  involves  the  tips  of  the  fingers 
and  does  not  extend  above  the  first  phalanx.  In  this 
connection,  it  may  be  remarked  that  raising  the  arm 
favors  the  circulation  and  tends  to  lessen  pain. 
Edema  is  usually  absent. 
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The  subclavian  artery  is  sometimes  found  enlarged 
at  operation,  but  aneurysm  is  probably  much  less 
common  than  the  clinical  records  would  indicate. 

In  the  cases  of  aneurysm  observed  by  .\dams  and 
Keen,  the  dilatation  of  the  vessel  occurred  distal  to 
the  cervical  rib  and  scalenus  anticus  muscle  (Fig. 
1.30-1).  Bruit  or  thrUl,  one  or  both,  may  be  present. 
The  bruit  is  not  propagated  and  tends  to  disap- 
pear when  the  arm  is  raised.  It  is  doubtful  whether 
these  dilatations  of  the  subclavian  artery  are  true 
aneurysms. 

Musctilar  Sytnpioms. — Both  the  muscular  and  sen- 
sory symptoms  seem  to  indicate  involvement  of  the 
lower  cords  of  the  brachial  plexus.  Wasting  of  the 
muscles  leads  to  a  diminution  of  the  circumference  of 
the  arm  and  forearm  on  the  aflfected  side  from  one  to 
four  centimeters.  The  atrophy  of  the  thenar,  hj-po- 
thenar,  and  interossei  muscles  is  often  apparent.  The 
patient  tires  more  readily  on  the  aflfected  side,  and 
there  is  more  or  less  interference  with  the  more  deli- 
cate movements,  observable  especially  in  writing,  sew- 
ing, etc.  Dysphagia  has  been  mentioned  in  a  number 
of  cases,  but  seems  to  be  hysterical  in  nature. 

Scoliosis  is  remarkably  common  in  cases  of  cervical 
rib,  the  convexity  being  usually  toward  the  larger 
cervical  rib. 

Di.\GN"osis. — As  is  true  in  the  diagnosis  of  many 
conditions  met  by  the  physician  and  surgeon,  much 
depends  upon  the  readiness  with  which  we  suspect 
the  existence  of  the  malady.  It  is  usually  easy  enough 
to  confirm  or  disprove  a  tentative  diagnosis,  once  our 
suspicion  is  aroused.  And  so  it  is  in  the  cases  of 
cervical  rib.  Here  the  tentative  diagnosis  is  readily 
proven  true  or  false  by  resort  to  radiography.     The 


Fig.  1304. — Rudimentary  Rib.  (Case  of  Dr.  W.  W.  Keen.) 
1.  Cervical  rib:  2,  subclavian  artery;  3,  scalenus  anticus  muscle. 
Xote  the  marked  increase  in  size  of  the  subclavian  artery  after 
escaping  from  behind  the  scalenus  anticus.  (Am.  Practice  of 
Surgery.) 

presence  of  the  characteristic  tumor,  with  the  presence 
of  more  or  less  of  the  vascular,  nervous,  and  muscular 
manifestations  of  the  aflfection,  to  which  we  have  re- 
ferred, should  lead  to  the  suspicion  of  the  presence  of 
a  cervical  rib,  when  radiography  wQl  make  the 
diagnosis. 

Radiographs  are  sometimes  misleading.  Two  of 
the  leading  x-ray  experts  of  Berlin  are  reported  to  have 
been  misled  by  the  radiographs  of  conspicuous  lateral 
processes  of  the  seventh  cervical  vertebra.  At  any 
rate,  it  is  safer  for  the  radiograph  of  such  a  case  to 
be  made  and  interpreted  by  one  familiar  with  this 
work. 
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Prognosis. — Often  tlioro  is  nil  entire  nbsoiice  of 
symptoms,  the  welfare  of  tlie  patient  being  ajiiiarentlv 
unafTeeteil  by  the  jiresence  of  tlie  anomaly.  'I'lie  i)res- 
enoe  of  vascular,  nervous,  or  museular  symptoms,  in- 
dicative of  injury  to  the  lirachial  plexus  or  the  sub- 
clavian artery,  may  .sometimes  be  relieved,  at  least 
temporarily,  by  so-called  medical  means,  more  es- 
pecially rest  witli  the  arm  raised,  massage,  and  elec- 
tricity. However,  after  the  development  of  such 
symptoms,  the  result  of  treatment  is  visually  not  sat- 
isfactory unless  the  otTending  ril)  is  removed.  \\'lien 
required,  the  earlier  tliLs  operative  [irocedure  is  re- 
sorted to,  the  better  is  the  outlook  regarding  the  resto- 
ration of  function  of  both  the  nerve  plexus  and 
artery. 

Tre.\tment. — The  treatment  is  essentially  opera- 
tive, the  removal  of  the  offending  cervical  rib,  incases 
presenting  marked  symptoms.  The  operation  is  done 
under  aseptic  precautions,  such  as  all  modern  cutting 
operations  entail.  The  incision  may  be  made  parallel 
with  the  clavicle,  or  vertical,  between  the  sterno- 
cleidomastoid and  the  trapezius.  The  latter  is  prefer- 
able for  long  thin  necks,  the  latter  for  a  stout  neck  of 
medium  length.  Often  a  combination  of  these  two 
incisions  is  more  satisfactory.  At  any  rate,  the  in- 
cision should  be  such  as  to  give  ample  room.  The 
pleura  may  or  may  not  be  encountered.  The  cervical 
rib  is  then  exposed  by  blunt  dissection,  the  intervening 
vessels  being  double  ligated  and  divided.  The  rib  is 
then  freed  from  any  attached  muscles  and  isolated  by 
careful  dissection.  Sometimes  the  dome  of  the  pleura 
is  attached  to  the  rib.  The  bracliial  plexus  is  drawn 
outward  and  upward,  the  subclavian  artery  down- 
ward and  inward. 

No  careful  surgeon  would  thus  injure  the  artery, 
but  a  number  have  dragged  upon  the  brachial  plexus 
to  such  a  degree  as  to  produce  severe  pain  for  several 
days.  This  may  be  necessary  but  usually  may  be 
avoided.  The  exposed  rib  is  then  removed  as  far 
backward  and  forw-ard  as  necessary  and  the  remaining 
stumps  rounded  off.  Ordinarily  the  wound  is  closed 
without  drainage,  depending  largely  upon  the  operat- 
or's confidence  in  his  asepsis.  Tears  in  the  pleura 
are  of  no  consequence  if  immediately  closed,  avoiding 
the  entrance  of  air,  kept  free  from  infection,  and 
promptly  repaired. 

After  removal  of  a  cervical  rib,  as  described,  union 
occurs  in  a  few  days.  In  the  way  of  after-treatment, 
massage,  electricity,  and  active  and  passive  move- 
ments are  of  value  in  the  restoration  of  function. 

George  E.  M.\lsbart. 


Cesarean  Section. — Cesarean  section  is  a  term 
used  for  operations  which  remove  a  fetus  from  the 
uterus  through  the  abdominal  wall,  the  peritoneal 
cavity  being  opened  in  all  eases.  Historically  it  is 
one  of  the  oldest  of  obstetrical  operations  recorded. 

It  is  generally  supposed  to  have  received  its  name 
from  Ciesar,  who  was  believed  to  have  been  born  by 
abdominal  section.  But,  whether  this  be  true  or 
not,  it  was  performed  many  years  before  his  time. 
Furthermore,  the  name,  according  to  Pliny,  was 
derived  from  the  Latin  cmdere,  "to  cut,"  which 
makes  the  term  cesarean  section  rather  meaningless 
and  the  u.se  of  the  capital  C  inappropriate,  but  usage 
gives  it  a  definite  meaning  and  place. 

Until  the  Middle  Ages  the  o|)eration  was  largely 
performed  only  to  deliver  a  child  when  the  mother 
was  dying.  The  Roman  laws  forbade  the  burial  of  a 
pregnant  woman  until  the  child  had  been  removed. 
The  first  performance  of  the  operation  on  a  living 
woman  which  is  recorded  was  in  1500  a.d.,  the 
operator  being  a  butcher  named  Jacob  Nufer,  in 
Switzerland.  In  Germany,  Trautmann,  of  Witten- 
berg, inaugurated  the  procedure  in  the  year  1610. 
The  patient  lived  three  weeks. 


Until  the  advent  of  antiseptic  surgery  in  rec(!nt 
times  the  mortality  following  the  operation  was  too 
great  to  (Micourago  its  employment  in  any  but 
extreme  circumstances. 

Until  the  introduction  of  recent  modifications 
the  various  steps  in  the  o|)eration  were:  1.  Section 
of  the  atjdominal  wall,  usually  in  the  nwMlian  line 
between  the  pubes  and  umbilicus.  2.  Section  of 
the  uterus  in  situ,  the  incision  being  made  upon  the 
middle,  anterior  surface  from  above  downward. 
3.  Removal  of  the  child  and  plaeenta.  4.  In  some 
cases  suturing  of  the  utcriiK!  wound,  ami  in  others 
leaving  it  to  clo.se  by  general  contraction  of  the 
uterus;  and  suturing  of  the  abdominal  wound. 

The  three  improvements  that  have  brought  the 
mortality  of  cesarean  .section  from  nearly  one  hundred 
per  cent,  to  about  five  per  cent,  are:  antisepsis  and 
a.sepsis;  complete  muscular  and  serous  suturing; 
coaptation  in  the  uterine  wound;  operation  at  the 
selected  time,  instead  of  wlu^n  patients  were  mostly 
moribund,  or  exhausted  by  long  labors;  and  the 
Porro  hysterectomy. 

Methods  of  Opkk.\ting. — Sanger's  name  has  been 

given  to  Celiohyalcrntmny  (the  Sanger  operation). 
The  simple  celiohysterotomy  form  of  cesarean  .section. 
For  performing  this  o|)eration  the  patient  is  prepared 
as  for  any  abdominal  section.  The  urine  should  be 
carefully  tested,  the  bowels  thoroughly  emptied,  the 
abdomen  washed  with  green  soap  and  tincture  of 
iodine.  The  pubes  should  be  shaved,  and  the  vulva 
and  vagina  made  as  aseptic  as  possible.  This  latter 
is  best  accomplished  by  first  douching  with  hot  bi- 
chloride solution  and  by  dusting  boric-acid  powder 
into  all  the  crevices  of  the  introilus  vagina;  and  the 
vulva.  The  urine  should  after  this  be  drawn  with  a 
.soft  catheter.  The  instruments  needed  are:  scalpels, 
two  mouse-toothed  di.s.secting  forceps,  one  dozen 
artery  forceps,  scissors,  long-curved  needles,  as  well 
as  some  that  are  small  and  short,  needle-holders, 
.sutures  of  medium-sized  silk,  silkworm  gut,  and  cat- 
gut; two  pieces  of  either  solid  rubber  ligatures  or 
tubing,  each  about  eighteen  inches  long;  several 
pedicle  clamps;  right  and  left  aneurysm  needles,  and 
one  large  vulsella  forceps. 

When  to  Operate. — There  are  some  advantages  in 
operating  wdien  the  patient  is  in  labor,  the  choice 
moment  being  when  the  uterus  is  awakened  to 
active  rlwthmic  pains,  but  previous  to  any  exhaustion. 

There  is  less  liability  to  failure  of  the  uterus  to  con- 
tract after  section  and  removal  of  its  contents.  The 
cervi.x  is  also  more  succulent,  and  will  permit  delivery 
of  the  placenta  per  viitu  naturales  if  that  proves  best. 
On  the  other  hand,  it  is  difficult  to  make  as  thorough 
preparation  for  operation  and  perform  it  before  any 
exhaustion  of  the  patient  occurs,  if  the  time  is  decided 
by  the  occurrence  of  labor,  which  may  be  at  an 
inconvenient  hour.  Generally,  when  the  operation 
has  already  been  decided  upon,  the  operator  selects 
his  time.  This  time  should,  of  course,  be  as  near 
term  as  possible,  unless  there  are  special  indications 
to  the  contrary. 

Steps  of  the  Operation. — The  abdominal  incision  is 
mad(!  in  the  median  line,  running  from  one  inch  and 
a  half  below  the  uml.iilicus  to  just  above  the  pubes, 
or  in  the  median  line  above  the  umbilicus  (Bar's 
incision).  Inasmuch  as  incision  of  the  uterus  at 
the  upper  instead  of  middle  anterior  part  is  now 
most  in  favor,  the  high  abdominal  incision  is  prefer- 
able. With  the  u.se  of  io<line  for  sterilizing  the 
abdominal  wall,  care  is  needed  to  prevent  contact 
of  the  intestines  with  the  skin,  lest  the  iodine  nrovoke 
postoperative  intestinal  ailli(\sions.  Usually  the 
uterus  lies  in  contact  with  the  abdominal  wall,  the 
omentum  and  intestines  being  above  and  somewhat 
to  the  left  of  that  organ,  but  it  is  not  wise  to  assume 
this  and  cut  at  one  stroke  through  the  abdominal 
wall.     There  is  no  need  of  such  effort  at  speed. 
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There  are  at  tliis  stage  two  methods  of  handling 
the  uterus:  one  to  incise  it  in  situ,  and  the  other  to 
hft  it  out  of  the  abdominal  cavity  and  then  incise  it. 
The  first  method  can  be  used  when  the  uterus  is  free 
from  infection  and  the  fetus  of  moderate  size.  It 
has  the  advantage  of  requiring  less  length  of  incision 
in  the  abdominal  wall  than  the  second  method,  and 
of  causing  less  exposure  and  displacement  of  the 
intestines.  The  second  method  has  the  advantage 
of  more  thoroughly  keeping  the  fluids  from  the  uterus 
out  of  the  abdominal  cavitj',  and  permits  better 
control  of  uterine  hemorrhage.  There  are  also  two 
methods  emploj'ed  for  the  control  of  hemorrhage. 
By  one  the  uterus  is  constricted  by  means  of  a 
rubber  hgature  (this  is  about  one-eighth  of  an  inch 
thick  and  eighteen  inches  long),  or  by  rubber  tubing, 
which  is  passed  around  the  lower  portion  of  the 
uterus,  and  either  tied  tight  with  the  knot  in  front, 
or  a  single  turn  in  the  knot  is  made  and  constriction 
apphed  according  to  the  need  during  the  operation. 
By  the  other  method  an  assistant  grasps  the  lateral 
attachments  of  the  uterus  with  the  thumbs  and 
fingers  of  both  hands  and  makes  compression  of  the 
uterine  and  ovarian  arteries  as  required.  The 
advantages  of  the  rubber  constrictor  are:  that  it 
does  not  require  an  individual  assistant,  that  it  more 
surely  prevents  hemorrhage,  and  that  it  is  less  in  the 
way  of  the  operator  than  are  the  hands  of  an  assistant. 
It  has  a  distinct  disadvantage  in  its  Uability  to  cause 
asphyxiation  of  the  child;  and  it  has  a  tendency  to 
cause  partial  paralysis  of  the  uterus,  and  so  favors 
bleeding  by  preventing  uterine  contraction  after  the 
organ  is  emptied.  A  good  assistant  holding  the 
uterus  can  both  estimate  the  degree  of  compression 
required  and  applj^  it  with  lessened  habiUty  of  fetal 
asphyxiation.  He  can  also  be  of  service  in  steadj'ing 
the  uterus  for  the  operator. 

The  uterine  incision  should  be  a  clean  cut,  which 
should  be  made  at  first  only  large  enough  to  admit 
two  fingers,  when  the  opening  can  then  be  enlarged 
with  the  fingers  holding  it  open,  and  either  a  bistoury 
or  blunt  scissors  used  for  making  the  enlargement. 

Many  different  incisions  of  the  uterus  have  been  ad- 
vocated, but  only  one — the  longitudinal — can  be 
employed  with  the  uterus  in  situ.  Following  is  a  hst 
of  the  various  incisions  advocated:  the  longitudinal 
middle  tliird  (Sanger);  the  posterior  surface  (Cohn- 
stein);  the  transverse  lower  segment  (Kehrer);  the 
transverse  fundal  (Fritsch);  the  sagittal  fundal 
(Miiller-Caruso);  and  the  longitudinal,  from  fundus 
to  Bandl's  ring  (Bar).  Originahty  has  evidently 
found  its  hmit  in  methods  of  making  uterine  incision; 
even  the  cer\ical  incision  of  the  discarded  laparo- 
elytrotomy  is  excluded  from  the  pioneer. 

Of  the  above  methods  only  those  of  Bar,  Sanger, 
and  Fritsch  need  to  be  considered.  The  Sanger  in- 
cision is  not  rightfully  his,  as  it  was  performed  long 
before  his  time.  The  choice  between  it  and  that  of 
Bar  would  depend  largely  upon  the  location  of  the 
placenta,  if  that  could  be  determined — which  it  usually 
cannot.  There  is  less  certainty  of  contraction  of  the 
lower  portion  of  the  uterus,  which  gives  Bar's  incision 
an  advantage  for  securing  both  greater  avoidance  of 
hemorrhage  and  better  behaxior  of  the  wound  when 
sutured.  It  is  claimed  for  Fritsch's  transverse  in- 
cision that  there  is  less  hemorrhage  than  in  the  longi- 
tudinal incision  because  the  uterine  vessels  pursue  a 
transverse  course;  also  that  there  is  least  UabiMty  of 
finding  the  placenta  in  this  region.  Neither  of  these 
views  nas  any  special  foundation  in  fact.  It  might  be 
claimed  for  the  method  that  the  risk  of  infection  is 
lessened  by  having  the  Une  of  incision  run  at  right 
angles  to  the  abdominal  incision,  whereby  possible 
infection  of  the  latter  would  be  less  Uable  to  come  in 
contact  with  the  former.  Hahn,  in  18S9,  gave  a 
summary  of  a  total  of  fiftj--one  cases  of  cesarean 
section  performed  by  Fritsch's  method  up  to  date. 
Two  died,  both  from  circumscribed  peritonitis.     The 
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summary  is  inconclusive  so  far  as  showing  any  special 
advantage  over  Bar's  incision.  In  the  absence  of 
special  indications,  Bar's  incision  is  best. 

While  the  uterus  is  being  incised  an  assistant  should 
endeavor  to  keep  the  lips  of  the  abdominal  wound 
closely  coaptated  to  the  uterus  to  prevent  the  entrance 
of  fluids  into  the  abdominal  cavity. 

There  are  certain  advantages  in  bringing  the  uterus 
out  of  the  abdominal  cavity  before  incising  it,  and 
Mkewise  disadvantages.  The  advantages  are:  the 
uterus  can  be  better  handled,  its  contents  can  be  kept 
out  of  the  abdominal  cavity,  and  some  time  can  be 
saved.  The  disadvantages  are:  the  long  abdominal 
incision,  and  the  greater  habihty  to  hernia  and  to 
adhesions. 

The  disadvantages  are  subject  to  control  by 
perfect  technique,  so  that  the  well-known  surgical 
rule  can  be  applied,  that  free  incision  with  perfect 
technique  appeals  to  first-class  operators  as  against 
the  opposite  method.  The  method  with  the  uterus 
brougnt  out  should  alwaj's  be  selected  when  there  is 
any  suspicion  of  an  infected  uterine  ca«ty. 

the  length  of  the  incision  of  the  abdominal  wall  can 
best  be  determined  in  each  case.  Before  drawing  the 
fundus  out  of  its  bed  it  is  well  to  pass  two  long  sutures 
through  the  upper  abdominal  wound.  These  can  be 
used,  after  removal  of  the  uterus  from  its  bed,  to  hold 
the  intestines  back  in  place.  When  the  uterus  is 
drawn  out  it  should  be  covered  with  warm,  sterile 
cloths.  Pads  or  mats  of  sterile  gauze  should  be  packed 
underneath,  to  protect  the  abdominal  cavity  from 
fluids.  In  cases  of  special  sepsis,  in  wliich  it  is  neces- 
sary to  incise  the  uterus  before  ablating  it  in  order  to 
save  the  child,  it  is  a  good  measure  to  slip  a  large  sheet 
of  pure  rubber,  properly  sterihzed  and  punctured, 
over  the  entire  uterus  down  to  the  cervical  portion. 
It  wiU  automatically  keep  out  every  drop  of  fluid 
from  the  cavity. 

Location  of  the  Placenta. — As  the  result  of  unusual 
opportunity  and  very  careful  observation,  G.  Leopold 
has  been  able  to  formulate  a  rule  for  determining  the 
placental  site  when  the  uterus  has  been  brought  into 
view  by  abdominal  section.  There  is  a  constant  re- 
lation between  the  placental  site  and  the  direction  of 
the  tubes,  the  latter  extending  backward  when  the 
after-birth  is  on  the  anterior  wall,  and  remaining 
laterally,  or  rather  directed  forward,  when  it  is  on  the 
posterior  wall.  In  some  cases  there  is  a  bulging  of 
the  uterus  over  the  site  occupied  by  the  placenta. 
These  are  means  of  diagnosis  which  come  within  reach 
when  the  uterus  has  been  exposed  by  abdominal  sec- 
tion, and  which  can  therefore  be  utilized  in  cesarean 
section.  If  the  placenta  were  thus  indicated  as  being 
upon  the  anterior  middle  surface  of  the  uterus,  it 
would  be  weU  to  make  the  incision  transversely  across 
the  fundus  (Fritsch's  incision),  or  transversely  across 
the  posterior  fundus  (Cohnstein's). 

In  making  the  incision  through  the  uterus  the 
placenta  must  be  disregarded  once  the  incision  has 
been  started.  It  can  either  be  cut  through,  or  sep- 
arated if  its  edge  is  near  the  wound.  The  wound  being 
of  suflicient  size,  the  child  is  drawn  out  either  head  or 
foot  first,  whichever  way  proves  most  convenient. 
The  placenta  may  then  either  be  removed  through  the 
opening  or,  the  cord  dropped  back  within  the  womb, 
be  extracted  through  the  cerrix. 

In  the  treatment  of  the  uterine  wound  it  is  only  a 
matter  of  historical  interest  that  it  was  formerly 
thought  unnecessary  to  suture  this  wound.  It  was 
thought  that  the  uterus,  being  a  contracting  com- 
pound of  variously  running  muscular  fibers,  would 
close  the  wound  without  the  assistance  of  any  sutures; 
but  this  view  has  been  found  to  be  altogether  wrong, 
and  no  further  discussion  of  it  is  permissible.  The 
opposite  treatment,  that  of  water-tight  suturing  of  the 
wound,  is  now  altogether  employed. 

To  get  the  most  absolute  coaptation  and  impervious 
union  of  the  lips  of  the  wound,  Sanger  went  to  the 
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extreme  of  advoeating  the  dissection  of  a  thin  strip 
of  niusele  from  each  raw  surface  of  the  wound  in  order 
that  tlie  peritoneum  could  be  enfohled  on  liotli  sides 
and  prompt  sealin;;  of  thi>  wound  l)y  peritoneal  aKKhiti- 
nation  (hereby  secured.  lC\en  this  time-takinf;  and 
troublesome  dissection  has  already  become  historical. 
It  is  found  correct  in  aim,  but  entirely  unneces.sary, 
as  the  same  degi-ee  of  coaptation  can  be  secured  by 
enfolding  superficial  sutures. 

It  should  be  borne  in  mind  that  perfect  closure  of 
the  uterine  wound  is  essential  to  success,  and  the 
method  employed  should  not  be  sliKhted  l)y  any  one. 

First,  a  row  of  deep  sutures  of  silk  should  be  in.serted, 
extensive  enough  to  include  the  muscle,  but  not  the 
endometrium  or  dccidua.  These  sutures  should  be 
placed — interruptedly — about  1.5  centimeter  (3/5 
inch)  apart,  and  should  emerge  at  the  same  distance 
from  the  edges  of  the  wound.  Between  these  should 
be  inserted  a  similar  series  of  sutures  at  half  the  depth 
of  the  first  set.  In  inserting  the.se  sutures  care  should 
be  taken  to  have  the  opposite  surfaces  meet  without 
irregularity  in  spacing,  lest  wrinkling  result  and  afford 
a  pocket  for  infected  secretion.  As  the  uterus  will 
sustain  constant  rhythmical  contractions  and  relaxa- 
tions, it  is  well  to  tie  the  sutures  a  little  too  tightly 
rather  than  too  looselj'.  A  slight  blanching  of  the 
included  tissues  is  evidence  of  proper  tension  by  the 
sutures.  When  both  layers  of  the  deep  and  half- 
deep  sutures  have  been  tied,  a  superficial  row  which 
includes  only  the  peritoneum  should  be  introduced. 
These  are  intended  to  enfold  the  peritoneum  and  bury 
the  other  sutures.  Fine  silk  should  be  used.  These 
sutures  include  just  enough  peritoneum  to  secure  a 
good  hold,  and  run  entirely  over  the  deeper  layers. 
They  may  be  either  interrupted  or  continuous,  follow- 
ing the  method  of  Lembert  in  suturing  the  intestine. 
The  latter  method  is  quite  as  effective  as  interrupted 
suturing,  and  has  the  advantage  of  saving  time. 

As  in  every  abdominal  operation,  very  careful 
cleansing  of  all  parts  by  gauze  sponging  should  be 
employed,  the  region  behind  the  uterus  receiving 
special  attention.  Hunter  Robb  advises  drawing 
the  omentum  down  behind  instead  of  in  front  of  the 
uterus  in  making  the  final  toilet  of  the  abdominal 
cavit}',  as  proving  less  likely  to  cause  omental  ad- 
hesions and  subsequent  hypogastric  and  epigastric 
pains  after  the  uterus  has  contracted. 

In  removing  the  placenta,  it  is  possible,  with  a  little 
care,  to  avoid  bringing  the  hands  in  contact  with  the 
uterine  wall  by  keeping  them  within  the  amnion,  the 
placenta  being  grasped  on  its  fetal  surface  with  the 
amnion  entirely  enveloping  the  hands. 

Irrigation  of  the  uterus  after  section  is  not  usually 
indicated,  inasmuch  as  this  method  of  operating 
should  not  be  performed  if  infection  has  already  taken 
place,  the  Porro  method  being  employed  instead. 
There  may  be  circumstances  present  in  the  operation 
interfering  with  perfect  asepsis,  in  which  case  thorough 
douching  with  bicliloride  solution — 1  to  10,000 — 
should  be  employed. 

In  the  after-treatment  of  the  patient  but  little  varia- 
tion from  ordinary  management  in  abdominal  opera- 
tions is  indicated.  If  the  bowels  were  not  properly— 
i.e.  thoroughly — emptied  previous  to  operation  (this 
is  peculiarly  liable  to  be  the  case  in  cesarean  section, 
where  so  many  cases  are  emergency  operations), 
efforts  should  be  made  to  secure  thorough  cleansing 
at  once.  Otherwise  the  second  day  will  be  best  for 
the  administration  of  cathartics. 

The  vagina  should  be  douched  after  operation  to  re- 
move blood  accumulations,  and  then  treated  as  in 
ordinary  labors  in  which  douching  is  not  necessary; 
but  careful  dressing  of  the  vulva  with  sterile  gauze 
and  cotton  pads  is  essential.  Voluntary  micturition 
is  preferable  to  catheterization.  There  is  a  physio- 
logical advantage  in  placing  the  child  to  the  breast  at 
regular  intervals,  as  this  stimulates  the  uterus  to 
healthy     contraction    and    favors    involution.     The 


patient  should  not  be  asked,  however,  to  feed  the 
child  from  the  breasts,  un'ess  she  is  quite  able  to  do  so 
without  feeling  the  drain. 

The  patient  should  be  allowed  partially  to  sit  up  in 
bed  after  eight  or  nine  days,  according  to  the  con- 
ditions. To  avoid  abdominal  liernia,  it  is  best  not 
to  hurry  getting  the  piitient  on  her  feet,  the  fourth 
week  being  usually  tinu'  enough.  .\n  abdominal 
bandage,  or  tru.ss,  should  be  worn  for  a  while. 

Celiohyslerectomri  (the  Porro  operation). — In  1876  a 
modification  of  the  classical  cesarean  .section  was  per- 
formed by  Edward  Porro,  which  consisted  in  ligation 
of  the  uterine  and  ovarian  arteries  and  removal  of 
the  uterus  at  the  cervix,  the  stump  being  brought  into 
the  abdominal  wound  and  there  fixed. 

There  are  two  methods  of  performing  this  opera- 
tion: one,  the  original  Porro  method,  in  which  the 
same  steps  are  taken,  as  in  the  method  just  described, 
up  to  the  retnoval  of  the  child,  after  which  the  ova- 
rian and  uterine  arteries  in  the  broad  ligaments  are 
tied,  and  the  uterus  is  then  cut  away  just  above  the 
ligature;  and  the  other  known  as  the  Porro-Muller 
method,  in  which  the  abdominal  incision  is  made 
sufficiently  large  to  permit  bringing  the  uterus  out  of 
the  abdominal  cavity  before  removing  the  child, 
when  the  latter,  if  still  ahve,  is  removed  by  opening 
the  uterus;  or  if  the  child  is  dead,  or  the  uterus  is 
dangerously  septic,  the  entire  uterus  is  cut  away  with- 
out opening  it. 

When  the  Porro  method — removal  of  the  uterine 
contents  with  the  uterus  in  situ — is  employed,  great 
care  is  necessary  to  prevent  contact  of  any  of  the 
uterine  fluids  with  the  abdominal  cavity,  inasmuch 
as  this  operation  is  generally  done  in  preference  to  the 
so-called  Sanger  operation  because  the  uterus  is  be- 
Ueved  to  be  septic.  It  is  better,  when  doing  the 
operation,  to  hgate  the  neck  of  the  uterus  more  tightly 
tnan  is  done  in  the  Sanger  ojieration,  as  it  is  most 
desirable  to  avoid  flowing  into  the  abdominal  cavity, 
while  there  is  no  need  of  preserving  uterine  tonicity. 

In  doing  this  operation  there  is  no  necessity  for  care 
in  making  the  opening  into  the  uterus,  and  it  is  per- 
missible to  tear  the  opening  with  the  hand  instead  of 
cutting  to  the  desired  size  with  knife  or  scissors.  This 
may  save  some  time  and  lessen  hemorrhage.  It  is 
also  well  to  draw  a  pad  of  sterile  gauze  down  behind 
the  uterus  before  making  the  incision  into  it.  This 
will  best  prevent  the  entrance  of  fluids  into  the  ab- 
dominal cavity.  After  the  uterus  has  been  emptied 
it  should  be  cut  away  with  scissors  at  about  one  inch 
above  the  hne  of  constriction,  the  tubes  and  ovaries 
being  included.  The  vessels  should  then  be  hgated, 
including  those  in  the  stump.  The  raw  surface  of  the 
stump  is  ne.xt  seared  with  pure  carbolic  acid.  The 
abdominal  wound  is  then  sutured  down  to  the  stump. 
Knitting  needles,  or  pins  si.x  inches  or  more  in  length, 
are  passed  through  tne  stump,  including  the  hgature, 
and  are  protected  from  c\itting  into  the  abdominal 
wall  by  pads  of  gutta-percha  or  closely  folded  gauze. 
The  stump  is  generally  well  dusted  with  iodoform  and 
boric-acid  powders,  though  there  is  a  developing  ten- 
dency to  discard  iodoform  at  the  present  time.  The 
entire  wound  is  then  covered  with  sterile  gauze  pads 
and  absorbent  cotton.  These  dressings  may  require 
removal  and  fresh  ones  to  be  put  in  their  place  in  two 
or  three  days,  especially  if  sepsis  develops  in  the 
stump. 

A  modification  of  this  method  of  treating  the  stump 
is  known  as  the  subperitoneal  method,  in  which,  in- 
stead of  bringing  the  stump  into  the  abdominal  wound 
and  fixing  it  there,  it  is  left  in  situ,  and  a  layer  of  peri- 
toneum from  the  posterior  surface  of  the  lower  uterus 
is  dissected  free  from  the  uterus  Ijefore  the  constrictor 
is  appUed,  and  then  closely  stitched  over  the  stump  to 
the  peritoneum  in  front.  This  method  requires,  in 
place  of  the  constriction  hgature  around  the  neck  of 
the  uterus,  the  application  of  clamps  to  the  vessels 
in  the  broad  ligaments;  then,  after  removal  of  the 
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uterine  contents,  the  peritoneal  flaps  are  dissected 
loose.  The  constrictor  can  then  be  applied  without 
involving  the  flaps.  This  method  requires  more 
time  than  the  older  one,  but  is  preferable  when 
feasible. 

Complete  Hysterectomy. — The  removal  of  the  entire 
uterus  and  cer\-ix  is  necessary  in  conditions  such  as 
cancer  involving  the  cervix.  When  this  is  done,  in- 
stead of  hgaturing  the  stump  the  vessels  are  tied  in 
the  broad  ligament  and  the  uterus  dissected  out  com- 
plete, as  in  ordinary  hysterectomies  in  gj-necological 
work. 

Indic.*.tions  for  Ces.\rean  Section. — Certain 
cases  of  pregnancy  are  met  with  in  which  the  phy- 
sician has  the  choice  of  only  one  method  of  relief — 
cesarean  section. 

Tumors  and  Diseases. — Tumors  of  the  lower  seg- 
ment of  the  uterus  which  cannot  be  removed  by  vagi- 
nal operation,  and  which  are  of  such  size  as  to  prevent 
dilatation  of  the  cervix  sufficient  to  permit  passage  of 
the  fetus,  necessitate  celiohysterotomy.  Fibroids  are 
most  frequent  in  this  Ust.  "Ovarian  tumors  impacted 
in  advance  of  the  head,  and  occupying  the  pelvic 
basin  to  the  obstruction  of  the  fetus;  rarely  a  dis- 
located and  adherent  kidnej';  intestinal  displacement; 
carcinomata  of  the  cervix,  rectum,  sigmoid  flexure, 
and  vagina,  and  certain  obstructive  growths  following 
old  cases  of  appendicitis,  compose  most  of  the  abnor- 
malities necessitating  cesarean  section.  Exostoses 
mav  also  compel  the  operation.  Cicatrices  of  the 
vagina  may  be  of  sufficient  size  to  compel  cesarean 
section.  It  is  not  worth  while  to  classify  some  of 
these  obstructions  as  "  absolute  "  indicators  of  cesarean 
section,  because  every  case  offers  an  individual  equa- 
tion, and  must  be  decided  by  itself. 

It  may  be  that  shtting  the  cervix  in  some  cases  of 
tumor,  such  as  myoma,  wiU  be  less  dangerous  than 
cesarean  .section;  or  a  tumor  of  the  ovarj'  prolapsed 
into  the  pehis  may  be  removed  with  less  danger  than 
a  cesarean  section  involves.  In  tumors  of  the  lower 
uterus  the  imminent  danger  of  rupture  of  that  organ 
in  cervical  dilatation  must  be  given  much  weight.  In 
cicatrices  of  the  vagina  it  may  seem  feasible  to  cut  and 
dilate  them,  but  they  are  liable  to  tear  much  beyond 
safe  limits  in  the  passage  of  the  fetus. 

In  aU  these  various  indications  the  general  rule  pre- 
vails among  experienced  operators  that  a  controllable 
operation  like  cesarean  section  is  much  safer  than 
severe  straining  and  mashing  of  tissue  involved  in 
drawing  a  fetal  body  through  an  abnormalh-  obstructed 
vagina.  Incisions  of  the  cervix  or  of  vaginal  cica- 
trices, with  blind  traction  and  distention,  cannot  equal 
aseptic,  clean  abdominal  incisions  and  neat  suturing 
of  wounds,  even  though  the  latter  be  great  in  extent. 

Pelvic  Contraction  and  Large  Head. — When  a  pelvis 
is  too  small  to  allow  passage  of  the  head  of  the  fetus 
by  symphyseotomy  or  pubiotomy ,  or  when  craniotomy 
would  be  "as  difficiilt  and  dangerous  as  a  cesarean  sec- 
tion, the  indications  for  the  latter  operation  may 
be  classed  as  absolute.  But  it  is  almost  useless  to 
define  such  conditions  by  fi."ced  pehic  diameters.  A 
conjugata  veraof  but  two  inches  would  be  "absolute," 
but  between  two  and  one-half  and  three  inches  it 
is  not  possible  to  classify  the  indications.  The  only 
proper  method  of  determining  the  dimension  indica- 
tions for  cesarean  section  is  to  learn  the  relative  pro- 
portions existing  between  fetal  head  and  peMc  caliber; 
and  peh-ic  measurement  is  only  one-half  of  the 
problem. 

Contraction  of  the  peh-ic  canal  of  sufficient  degree 
to  render  craniotomy  as  dangerous  as  cesarean  section 
is  one  of  the  rarest  abnormahties  in  obstetrics.  The 
degree  of  contraction  which  renders  the  operation  of 
symphyseotomy  or  pubiotomy  out  of  the  question 
should  be  determined.  This  method  of  delivery  oc- 
cupies a  field  hmited  to  such  degree  of  disproportion 
as  will  permit  passage  of  the  fetal  head  after  section 
of  the  pubic  joint  or  ramus  without  necessitating  a 


separation  of  the  pubic  bones  of  more  than  two  and 
three-fourth  inches.  A  greater  separation  of  these 
bones  involves  such  risk  to  the  sacroiliac  joints  and 
the  vaginal  wall  and  bladder  as  to  condemn  either 
operation.  Cesarean  section  should  be  the  absolute 
choice  in  such  cases.  Symphyseotomy  or  pubiotomy 
should  be  performed  only  when  the  patient  is  in  labor, 
and  the  most  useful  and  the  safest  method  of  deter- 
mining how  much  separation  of  the  pubic  bone  would 
be  required  is  direct  palpation  of  the  head  and  pelvic 
inlet  with  the  hand  in  the  vagina.  Approximately 
indicating  by  figures  the  Hmits,  we  would  state  that 
a  conjugata  vera  of  three  inches  and  a  fetal  biparie- 
tal  diameter  of  from  three  and  one-half  to  four  inches 
would  not  cause  too  great  separation  of  the  pubic 
joint.  Wotherspoon  delivered  a  child  weighing  fif- 
teen and  one-half  pounds  with  a  separation  of  nearly 
five  inches;  and  the  patient  recovered,  but  with  a  torn 
vagina,  urethral  fistula,  and  one-half  of  an  inch  sepa- 
ration of  the  pubic  bones.  Such  cases  get  beyond  the 
control  of  the  operator,  and  are  not  justifiable  when 
foreseen. 

The  comparative  mortaUty  and  morbidity  of  cesa- 
rean section,  induced  labor,  sj-mphj-seotomy,  and 
pubiotomy  depend,  in  the  answer,  upon  many  variable 
points.  Induced  premature  labor  is  safest  for  the 
mother  and  most  dangerous  for  the  child  in  cases 
requiring  dehvery  before  the  thirty-second  week. 
Cesarean  section  is  most  dangerous  for  the  mother  and 
safest  for  the  child;  symphyseotomy  and  pubiotomy 
are  safer  for  the  mother  than  cesarean  section,  and 
somewhat  more  dangerous  than  induced  premature 
delivery.  They  are  less  dangerous  for  the  child  than 
the  latter  method,  and  more  so  than  is  cesarean 
section. 

The  essential  operative  mortality  (that  percentage 
of  fatalities  which  wiU  foUow  the  surgical  work  of  the 
best  operators  in  cases  taken  at  the  time  most  favor- 
able, and  which  must  follow  present  methods  of  per- 
formance in  these  several  ways  of  delivery)  must  be 
the  foundation  for  selection  of  method. 

Induced  premature  labor  for  dystocia  is  essentially 
always  of  the  above  class,  as  it  is  performed  voluntarily 
and  at  the  convenience  of  operator  and  patient.  The 
mortality  is  about  four  per  cent.,  but  should  not  be 
more  than  one  per  cent,  higher  than  pertains  to  spon- 
taneous ordinary  labors.  Its  relative  safety  for  the 
mother  is  unquestioned. 

The  mortaUty  for  the  child  is,  and  always  will  be, 
very  high. 

Eighteen  per  cent,  of  all  babies  born  die  within 
the  first  year.  The  death  rate  within  full  term  for 
six-months  time  babies  is  nearly  ninety  per  cent.,  at 
seven  months  seventy-five  per  cent.,  and  at  eight 
months  fifty  per  cent.  These  figures  are  higher  than 
those  given  by  French  writers,  but  they  aim  to  include 
private  as  well  as  hospital  cases.  Induced  labor  at 
a  period  nearer  term  than  eight  months  would  not  in- 
dicate cesarean  section  as  an  alternative  operation. 
Efforts  have  been  made  by  Prochownick  and  others  to 
keep  the  fetal  cranial  bones  soft  up  to  term  by  diet,  and 
so  accompUsh  dehvery  without  operation.  The  re- 
sults obtained  justify  further  effort  in  this  direction. 

The  essential  mortahty  from  symphyseotomy  or 
pubiotomy  is  about  2. .5  per  cent.;  this  in  the  hands 
of  experienced  operators  and  when  the  method  was 
properly  selected.  Pinard  gives  five  per  cent,  as  the 
mortaUty  of  160  symphyseotomies  done  at  the  Baude- 
locque  CUnic  1S92-1S99,  excluding  seven  deaths  due 
to  outside  causes.  The  writer  has  operated  thirteen 
times  without  a  death  from  symphyseotomy.  The 
general  fetal  mortaUty  is  given  as  14.5  per  cent. 
Pubiotomy  has  grown  in  favor  of  late  in  preference 
to  symphyseotomj-,  although  with  equal  skill  and  ex- 
perience the  operator  will  find  no  special  preference. 

The  essential  mortaUtj'  from  the  Sanger  cesarean 
section  can  be  given  only  by  estimate.  Reynolds, 
taking  the  cases  of  Leopold,  Everke,  and  himself  in 
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whidi  tlu"  patients  wore  free  from  sepsis  and  exhaus- 
tion from  labor,  reports  eighty-eight  cases  with  but 
two  d(!atlis  whieh  ooeurred  some  years  ago  from  ope- 
rative sepsis.  In  the  hands  of  operators  in  general 
we  would  expeet  a  percentage  mortality  from  selected 
cases  of  about  five.  For  the  children  it  sliould  scarcely 
exceed  the  results  in  normal  labors. 

The  actual  nuirtality  from  the  Sanger  operation  is 
from  six  to  eight  per  cent,  in  the  work  of  the  leading 
operators.  From  all  sources  we  find  the  actual  mor- 
tality fron\  cesarean  .section  to  be  from  twenty-five 
to  thirty-three  per  cent,  to-day.  From  syniphy.seot- 
omy  it  is  about  ton  per  cent.  The  mortality  from 
the  Porro  operation  is  necessarily  higher  than  from 
the  S:inger  operation,  even  in  the  best  of  hands,  in- 
asmuch as  the  cause  of  its  .selection  is  often  the  septic 
condition  of  the  uterus. 

From  craniotomy  there  should  be  in  favorable  cases 
no  greater  mortality  than  from  forceps  deliveries. 
The  operation  is  seldom  pi'rformed  until  after  the  for- 
ceps has  been  tried  severely,  and  the  patient  been 
bruised  and  often  infected.  In  view  of  the  very  low 
death  rate  of  other  methods,  it  should  not  be  the  pri- 
mary selection  of  method  in  the  hands  of  experienced 
and  properly  prepared  obstetricians;  but  it  may  often 
be  the  most  expedient  method  for  the  general  practi- 
tioner, in  who.se  hands  most  labors  occur  outside  of 
hospitals. 

Given  a  patient  not  in  labor  but  requiring  induced 
premature  labor,  symphyseotomy,  pubiotomy,  or 
cesarean  section  to  secure  delivery  of  a  living  child 
and  an  obstetrician  of  equal  experience  in  each  method 
and  regularly  engaged  in  doing  abdominal  surgery, 
due  regard  being  given  to  both  mother  and  child,  in 
cases  of  medium  contraction  not  permitting  forceps 
deUvery,  symphyseotomy  or  pubiotomy  should  be 
selected.  With  more  marked  contraction  the  Bar 
cesarean  section  should  be  preferred.  Cases  of  severe 
manipulation,  with  the  child  in  good  condition,  with 
probable  infection  of  the  uterus  present,  call  for  sym- 
physeotomy or  pubiotomy  in  preference  to  the  Porro 
operation.  Symph5'seotomy  is  not  affected  by  in- 
fection if  the  writer's  subcutaneous  method  is  em- 
ployed; cesarean  section  is  markedly  affected.  If  the 
child's  condition  renders  deUvery  alive  very  problem- 
atical, further  effort  with  forceps  and  then  craniot- 
omy may  be  best.  The  o  priori  argument  in  cases 
eomphcated  by  tumors  and  local  diseases  is  in  favor 
of  cesarean  section.  Induced  labor  is  generally 
decided  upon  by  the  patient. 

If  the  physician  is  not  accustomed  to  abdominal 
surger}-,  he  should  select  symphyseotomj'  or  pubiot- 
omy in  preference  to  cesarean  section.  If  he  is  not 
accustomed  to  any  surgical  work,  he  should  choose 
induced  premature  labor,  or  perform  crauiotomy,  if 
he  must  deliver  the  patient  himself. 

The  Choice  of  Method  in  Cesarean  Section. — The 
Porro  method  is  not  only  indicated  but  requird  in  all. 
cases  of  suspected  existing  infection  of  the  euterus 
This  is  the  situation  in  cases  in  which  extensive  efforts 
ha\e  been  made  by  others  to  secure  delivery  by  use 
of  the  forceps  or  by  version;  when  the  amnion  has 
been  ruptured  for  hours  and  most  of  the  fluid  drained 
away;  when  the  cervix  is  swollen  and  edematous,  the 
vagina  hot  and  dry,  and  the  vulva  swollen;  also  when 
tumors  and  pathological  changes  are  present  in  the 
soft  parts  which  interfere  with  passage  of  the  fetus; 
in  rupture  of  the  uterus  at  sites  difficult  to  suture,  or 
when  it  seems  safer  to  do  a  hysterectomj'  than  to 
suture  a  jagged  wound  at  any  site.  It  may  be  indi- 
cated in  very  exhausted  conditions  of  the  uterus  with 
hemorrhage  present  or  threatening.  It  is  indicated 
in  certain  conditions  of  the  very  rare  occurrence  of 
combined  intrauterine  and  extrauterine  pregnancy. 
It  is  not  indicated  as  a  means  of  preventing  future 
pregnancy,  unless  the  operator  is  perfectly  satisfied 
that  he  can  perform  it  with  the  same  degree  of  safety 
that  he  could  a  Sanger  section. 


To  a  phy.sician  of  comparative  inexperience  in 
abdominal  operations  the  Sanger  cc^sarean  or  Har 
cesarean  section  is  probably  an  easier  and  .safer  method 
than  the  Porro  hysterectomy. 

Edward  A.  Ayers. 


Cestoda. — The  branch  or  phylum  Plntyhelminlhes, 
commonly  known  as  the  Flat  Worms,  is  characterized 
by  a  bilaterally  symmetrical  body  somewhat  flattened 
dor.soventrally  and  \is\ially  elongate,  by  the  mass  of 
parenchymatous  tissue  which  fills  all  the  spaces  of 
the  body,  by  the  absence  of  any  true  body  cavity, 
by  a  protonephridial  excretory  sy.stcm,  and  by  the 
complicated  sexual  apparatus  which  with  rare  excep- 
tions is  hermaphroditic,  and  which  produces  so-called 
compound  eggs.  Among  the  mo.st  prominent  orders 
of  the  branch  are  the  Trematoda  (q.v.)  or  Flukes  and 
the  Cestoda  or  Tapeworms  to  be  considered  here. 

The  order  Cestoda  includes  a  large  number  of 
forms  which  manifest  considerable  differences  in 
anatomical  detail,  but  are  comparatively  uniform  in 
general  appearance  and 
.structure.  The  small  group 
of  Cestodaria,  or  Monozoa, 
which  differ  from  all  others 
in  possessing  but  a  single 
set  of  reproductive  organs, 
and  consequently  but  a 
single  segment  in  the  body, 
is  included  by  some  investi- 
gators in  the  order  under 
consideration,  but  by  others 
placed  intermediate  be- 
tween the  trematodes  and 
the  cestodes,  forming  as  it 
undoubtedly  does  a  group 
transitional  from  the  one 
order  to  the  other.  The 
species  of  Cestodaria  are, 
however,  rare  and  infest  the 
lower  animals,  so  that  they 
will  not  be  discussed  here. 

In  the  Cestoda  s.  str.  the 
body  is  characteristically 
ribbon-like  and  divided  into 
"links,"  segments,  or  pro- 
glottides. In  most  cases, 
including  all  the  tape- 
worms of  man,  the  segmentation  is  evident  externallj-. 
W  the  posterior  end  of  the  chain  the  proglottides  are 
larger  and  more  distinct,  and  often  so  loosely  attached 
as  to  separate  from  the  series  under  the  slightest 
disturbance.  In  fact  such  separation  takes  place 
normally  as  the  segments  become  ripe.  Toward  the 
other  end  of  the  chain  the  proglottides  grow  gradually 
smaller  and  less  distinct  until  near  the  anterior  end 
it  is  usual  to  find  a  short  region,  the  neck,  in  which  no 
trace  of  segmentation  is  visible.  The  anterior  end 
has  the  form  of  a  bulbous  swelling,  known  as  the  head 
or  scolex  (.Fig.  1305),  on  which  are  borne  the  organs  of 
fixation.  The  latter  are  either  suckers,  hooks,  or 
both,  and  the  suckers  may  be  either  elongate  grooves 
or  bothridia,  cup-shaped  hollows  or  acetabula,  or, 
as  in  some  marine  tapeworms,  of  a  folded  form  which 
is  much  more  complicated. 

At  the  apex  of  the  head  is  found  in  the  Tseniadae  a 
muscular  organ,  the  ro.stellum  which  bears  the  hooks, 
usually  in  one  or  more  annular  rows.  In  form  and 
degree  of  development  the  rostellun  is  a  very  variable 
organ;  at  the  one  extreme  in  Taenia  saginata  it  is 
reduced  to  a  small  muscular  sucking  apparatus,  often 
spoken  of  as  the  apical  or  fifth  sucker  of  that  species, 
while  in  other  forms  it  is  powerfull.v  developed  and 
capable  of  extension  or  retraction  into  a  pocket  at 
the  apex  of  the  scolex.  It  is  a  valuable  feature  in  the 
distinction  of  various  species. 

761 


Fig.  130o. — Anterior  End  of 
TcEnia  solium.  Showing  Scolex, 
Suckers,  Rostellum  with 
Hooks,  and  Neck.     X45. 
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In  the  head  one  finds  the  central  nervous  system  in 
the  form  of  a  bilateral  ganglionic  mass  with  one  or 
two  rhig-like  commissures  from  wliich  nerves  are  given 
off  directly  to  the  suckers  and  rostellum,  and  from 
which  the  longitudinal  nerve  trunks  pass  backward 
throughout  the  length  of  the  chain.  Three  of  these 
trunks,  the  main  lateral  nerve  (Fig.  1306,  In)  and  two 
minor  {In')  are  grouped  together  on  each  side  of  the 
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Fig.  1306 — Transection  of  Proglottis  of  Tania  solium.  Somewhat  Diagrammatic. 
In,  Main  lateral  nerve:  In',  accessory  lateral  nerve:  In",  ventral  longitudinal  nerve: 
lex,  longitudinal  excretory  canal:  ml,  longitudinal  body  muscles:  me,  transverse  body 
muscles.  The  section  is  represented  as  having  cut  one  of  the  ring  commissures 
throughout  nearly  its  entire  extent.     (Original.) 


proglottis,  while  the  two  dorsal  and  the  two  ventral 
longitudinal  nerves  {In")  are  located  nearer  the  median 
line.  The  various  longitudinal  trunks  are  connected 
by  commissures  which  at  stated  intervals  pass  around 
the  proglottis;  they  also  give  off  branches  by  which 
the  various  organs  are  innervated. 

Near  the  lateral  nerve  trunks  are  located  the  main 
longitudinal  canals  {lex)  of  the  excretory  system  which 
originate  in  an  irregular  network  in  the  head  and 
from  which  are  given  off  numerous  branches  often 
in  the  form  of  a  network  of  fine  vessels  in  each  pro- 
glottis. In  many  forms  a  prominent  transverse 
canal  near  the  posterior  margin  of  each  proglottis 
joins  the  longitudinal  canals  (c/.  Fig.  1307,  C).  Ter- 
minating the  finer  canals  of  this  system  are  found  the 
characteristic  flame  cells  which  are  peculiar  to  this 
type  of  excretory  system. 

A  cross-section  of  a  proglottis  (Fig.  1306)  shows  the 
various  layers  of  which  it  is  composed.  Externally 
the  cuticula,  a  resistant,  elastic  membrane,  covers 
the  body  and  is  reflected  a  short  distance  inward  at 
the  various  external  orifices.  The  older  vdew,  by 
virtue  of  which  an  epithelium  is  wanting  in  cestodes 
and  the  outer  layer  represents  a  basement  membrane, 
has  been  definitely  set  aside  by  the  recent  investiga- 
tions of  Blochmann;  the  cuticula  is  really  the  product 
of  the  subcuticular  cells,  though  they  are  apparently 
separated  from  it  by  a  considerable  interval.  Imme- 
diately Ijeneath  it  occurs  a  delicate  double  laj-er  of 
dermal  muscles,  having  externally  circular,  and  in- 
ternally longitudinal  fibers,  the  myoblasts  of  which 
lie  deeper  in  the  body.  Between  these  fibers  the  bases 
of  the  subcuticular  cells  extend  from  the  cuticifla  to 
the  deeper  lying  bodies  of  the  cells;  the  remaining 
space  of  the  body  between  the  various  organs  is  filled 
with  parenchymatous  tissue.  Within  the  parenchyma 
occur  usually  large  numbers  of  calcareous  bodies, 
highly  refractive  spherical  or  oval  masses  of  small 
size,  the  function  of  which  is  yet  uncertain.  They 
are,  however,  characteristic  features  of  cestode 
structure. 

The  cross-section  is  divided  by  the  parenchyme  or 
body  musculature  into  two  regions,  an  external  cortical 
layer  and  the  median  area  or  medullary  region.  In 
the  latter  are  found  most  of  the  reproductive  organs, 
although  in  the  Bothriocephalidae  the  vitellaria  lie 
in  the  cortical  layer.  The  body  muscles  are  of  three 
sets,  longitudinal,  transverse,  and  dorsoventral  or 
sagittal.  The  longitudinal  muscles  (Fig.  1306,  ml) 
form  tlie  outer  layer  of  the  muscular  mass  broken 
only  at  the  sexual  pore,  and  though  variable  in  amount 
are  always  numerous.     The  transverse  muscles  {mc), 
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often  called  circular,  constitute  a  plate  just  within 
the  longitudinal  fibers ;  at  the  side  these  fibers  intersect 
and  spread  through  the  longit\idinal  muscles  like 
the  rays  of  a  fan.  The  sagittal  fibers  extend  singly 
or  in  small  bundles  from  dorsal  to  ventral  surfaces 
directly  through  the  proglottid;  they  are  scattered 
and  not  so  numerous  as  the  other  systems  of  fibers. 
Absolutely  no  trace  of  an  alimentary  tract  has  yet 
been  discovered  in  the  cestodes.  Im- 
bibition is  the  only  known  method  of 
taking  food,  and  the  adiflt  tapeworms  are 
accordingly  limited  to  those  organs,  ali- 
mentary canal  and  serous  cavities,  in 
which  the  parasite  is  bathed  in  a  nu- 
trient fluid. 

The  organs  of  the  reproductive  sj'stem 
are  grouped  so  that  each  proglottis  con- 
tains a  complete  set,  and  even  when  the 
body  is  not  segmented  externally,  ex- 
amination of  the  internal  structure  shows 
them  to  be  repeated.  Each  proglottis 
contains  all  the  organs  of  both  sexes 
(Fig.  1307;  and  appears  in  this  respect 
a  complete  hermaphroditic  individual. 
The  organs  first  make  their  appearance 
in  the'  anterior  proglottides  as  indis- 
of  cells  which  gradually  assume  the 
sexually  mature  condition.  In 
little  in 


tinct    cords 
character   of.  the 

general  the  male  organs  reach  maturity  a 
advance  of  the  female,  and  copulation  with  an  older 
proglottis  of  the  same  or  of  a  different  chain  may  hence 
be  inferred.  The  male  system  consist  of  numerous 
small  testes,  the  vasa  efferentia  of  which  unite  near  the 
center  of  the  segment  to  a  common  vas  deferens,  and 
the  latter,  which  is  commonly  provided  with  an  en- 
largement, the  vesicula  semmalis,  and  which  termi- 
nates in  a  copulatory  organ,  the  cirrus,  opens  with  the 
vagina  into  a  genital  cloaca  {cl)  at  the  common  genital 
pore,  located  either  at  the  margin  or  on  the  surface 
of  the  segment.  The  female  organs  may  be  said  to 
take  their  origin  from  the  genital  pore  with  the  vagina 


Fig.  1307. — Sexually  Mature  Proglottis  of  Taenia  snginata.  C, 
Transverse  commissure  of  excretory  canals:  Cl,  genital  cloaca; 
D.St.,  vitellarium;  H,  testicular  follicles:  .V,  lateral  nerve  trunk; 
Ov,  ovary:    Ul,  uterus:   W,  longitudinal  excretory  canal.     X  10. 

which  leads  inward,  furnished  at  some  point  with  an 
enlargement,  the  receptaculum  seminis,  in  which  the 
supply  of  sperm  is  stored  up.  The  ovary,  either  single 
or  paired,  empties  by  an  oviduct  which  joins  the  va- 
gina near  the  shell  gland  and  w  hich  often  has  near  its 
origin  a  muscular  organ,  the  oocapt,  by  which  the 
eggs  are  taken  from  the  ovary  and  forced  onward  to 
the  vagina.  The  vitellarimn  is  a  single,  large  race- 
mose gland  {D.  si.,  Fig.  1307),  or  a  nniltitude  of  small 
follicles  {fit.,  Fig.  1308)  in  which  are  produced  the 
masses  of  j-olk  material  to  be  included  in  the  eggs. 
Vitelline  duct  and  oviduct  join  the  continuation  of  the 
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vaginal  canal  in  the  shell  Rland,  and  to  this  portion 
of  the  duct  the  name  ootype  has  been  given.  Here 
the  ovum  coming  from  the  ovary  is  fertilized  by  the 
spermatazQon   from  the  seminal   receptacle,   is   sur- 


*.r 


■••■:^2i#^iAl^^ 


-■ .js. — f .  _:^ 

:   .  ^hQl.     otd. 

Fig.  1308. — Central  Portion  of  the  Sexually  Mature  Proglottis 
of  Dihothriocephalus  latus  from  the  Ventral  Surface,  cir.  Cirrus 
sac;  or,  ovary:  ord.,  o^nduct:  sh.gl.,  shell  gland;  ut.,  loop  of 
uterus;  raff.,  vagina;  rrf..  coil  of  dorsal  vas  deferens;  rif.,  vitellaria) 
Tit.d.,  yolk  duct.  The  numerous  follicular  testes  lie  beneath,  i.e. 
dorsal  to  the  vitellaria  shown  here.     (After  Sommer  and  Landois. 

rounded  by  a  mass  of  yolk  material  from  the  vitel- 
larium,  and  the  whole  encased  in  a  capsule  formed  by 
the  secretion  of  the  shell  gland,  which  rapidly  hardens 
into  a  thick  chitlnoiis  shell.  The  completed  eggs  are 
.  .        then  forced  onward  into  the  uterus. 

T^MIC^T  Since  the}'  consist  not  only  of  a  fer- 
tilized OATjm  but  also  of  a  mass  of 
disintegrated  yolk  cells,  the  name 
compound  egg  has  been  applied  to 
them.  Such  eggs  occur  oiily  in  the 
flat  worms. 

The  uterus  may  possess  a  special 
external  opening  or  may  be  T\nthout 
such.  In  the  latter  case  it  is  small 
at  first,  but  with  the  accumulation 
of  eggs  it  becomes  irregularly  en- 
larged by  the  formation  of  lateral 
outpocketings  so  as  to  occupy  with 
its  branches  almost  the  entire  space 
of  the  proglottis  (Fig.  1309).  In  the 
course  of  this  transformation  other 
organs  gradually  disappear  until  the 
ripe  segment  is  little  more  than  a 
muscular  sac  which  encloses  the  branchuig  uterus 
crowded  with  eggs.  The  manner  of  branching  is 
characteristic  of  the  species,  as  is  also  the  way  in  which 
ripe  proglottides  are  detached  either  singly  or  in 
groups,  and  both  features  together 
with  other  details  in  the  structure  of 
the  reproductive  s\'stem  are  dis- 
cussed in  connection  with  the  indi- 
vidual species. 

The  eggs  of  the  cestodes  are  oval 
and  provided  with  a  thin  shell  which 
is  often  supplied  with  a  lid.  Within 
this  occurs  in  many  eggs  (Fig.  1310) 
a  thicker  second  shell,  so-called,  of 
a  structure  characteristic  for  the 
family  in  which  it  occurs.  In  reality  this  inner  struc- 
ture is  not  a  shell  but  an  embryonic  membrane,  and 
takes  its  origin  during  the  early  growth  of  the  germ 
ceU,  which  occurs  in  most  cases  while  the  egg  is  still 


Fig.  1309. — Ripe 
Proglottis  of  T/^nisi 
sayinata  with 
branched  uterus. 
X2.  (After  Braun.) 


Fig.  1310.— Egg 
of  Ttmia  solium. 
X  380.  (After 
Leuckart.) 


retained  in  the  uterus  of  the  adult  ce.^tode.  When  the 
uterine  egg  is  examined  soon  after  its  formation,  the 
shell  is  seen  to  contain  a  single  germ  cell  surrounded 
by  a  number  of  yolk  cells  which,  in  some  cases,  have 
lost  their  cellular  identity  and  constitute  merely  a 
mass  of  granular  yolk  substance. 

The  embryo  originates  from  the  development  of 
the  egg  cell  alone  while  the  yolk  cells  serve  as  nutri- 


FlG.  1312.— 
Free  O  n  c  h  o- 
sphere.  Mag- 
nified. 


Fio.  1311. — Free  Swimming  Onchosphcre  of  Dibothriocephalua 
^/U5  ia  ciliated  mantle.      XoOO.      (After  Schauinsland.) 

ment  during  its  early  growth.  From  the  division  of 
the  egg  cell,  which  undergoes' total  cleavage,  there 
arises  a  spherical  embryo  surrounded  by  one  or  more 
enbryonic  membranes.  From  the  latter  may 
originate  an  inner  shell,  as  is  the  case  in  Tajniadae  (Fig. 
1310),oraciliatedmantle,asin  Bothriocephalidae  (Fig. 
1311).  The  spherical  embryo  (Fig.  1312),  which  is 
known  as  the  onchosphere,  is  uniformly  characterized 
by  the  presence  of  three  pairs  of  hooks 
.^S^  of  variable  shape  and  by  great  mobil- 

^    J  ity,  and  in  this  condition  is  ready  for 

\m^  introduction  into  the  secondary  host. 

This  may  be  the  result  of  a  direct  mi- 
gration, as  when  the  ciliated  bothrio- 
cephalic! embryo,  swimming  about  in 
the  water,  is  swallowed  by  a  suitable 
host;  or  it  may  be  of  passive  character,  as  when  the 
tsenioid  egg  containing  an  embryo  enveloped  in  its 
membranes  arrives  by  chance  in  the  alimentary  canal 
of  the  larval  host;  in  the  latter  case,  at  least,  it  is 
necessary  that  the  eggs  should  be  introduced  into  the 
stomach  and  be  subjected  to  the  action  of  the  gastric 
juice  to  disintegrate  the  shell  and  membrane.  Were 
this  not  so  it  is  clear  that  the  harboring  of  the  adult 
in  the  intestine  would  be,  in  those 
cases  in  which  the  larva  parasitizes 
in  the  same  animal,  a  source  of  ex- 
tensive secondary  infection.  In  such 
cases  it  is  well  known,  as  for  instance 
in  Toenia  solium  of  man,  that  any 
reversal  of  the  ordinarv  peristaltic 
action  of  the  canal,  which  brings 
loose  proglottides  into  the  stomach 
and  subjects  them  to  gastric  diges- 
tion, will  result  in  the  release  of  the 
six-hooked  onchospheres,  and  in  the 
infection  of  the  host  with  the  larv  ae. 
Once  that  the  membranes  are  broken 
tlown  and  the  onchospheres  set  free 
they  bore  their  way  actively,  by 
virtue  of  the  hooks,  through  the  wall, 
probably  in  most  cases  of  the  [jroximal  portion  of  the 
Intestine,  and  are  believed  to  be  distributed  further 
by  virtue  of  the  portal  circulation;  at  least  the  liver 
and  the  connective  tissue  adjacent  to  it  are  the  chief 
seats  of  the  larvae.  Having  come  to  rest  at  such  a 
point  the  embryo  throws  off  its  hooks  and  forms  on  its 
surface  a  thick  cuticular  layer  beneath  which  are  dif- 
ferentiated the  muscle  fibers,  while  about  each  embryo 
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Fig.  13  13. — 
Young  Cysticercus 
of  Ta-nia  saginaia 
with  beginliiiig  of 
Scolex  Ingrowth, 
Seen  in  Optical 
Section.  M  a  g  n  i- 
fi  e  d  .  (.\  f  t  e  r 
Leuckart.) 


Cestoda 
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is  formed  a  cyst  by  the  activity  of  the  host.  The  cen- 
ter of  the  sphere  is  filled  at  first  with  a  loose  paren- 
chymatous tissue  in  which  soon  appear  irregular 
spaces  that  later  fuse  to  form  a  large  central  cavity. 
Thus  has  been  reached  the  first  form  of  the  larval 
stage  known  as  the  bladder  worm  or  cysticercus  (Fig. 
1.313).  A  growth  of  two  to  four  weeks  is  sufficient 
in  most  cases  to  bring  the  cysticercus  to  the  diameter 
of  a  millimeter,  when  the  second  stage  in  the  develop- 
ment is  entered  upon  by  the  appearance  of  a  meniscoid 
proliferation  of  cells  at  some  point  on  the  bladder; 
into  this  projection  there  penetrates  from  the  exterior 
a  hollow  cylindrical  ingrowth  of  the  cuticula  (Fig. 
1314)  forming  the  starting-point  of  the  scolex  of  the 


FiQ.  1314. — Formation  of  Scolex  in  Reverse  on  Cysticercus  of 
Tania  serrata.  A,  Early  stage;  B,  fully  developed  scolex.  Mag- 
nified.    (After  Leuckart.) 


adult  worm.  .\s  the  growth  becomes  larger  the  in- 
growth presents  the  form  of  a  flask  (Hg.  131-1,  .■!);  it  is 
still  covered  throughout  by  a  cuticular  layer,  and  at 
the  Viase  of  the  Mask  there  arise  in  reverse  the  structures 
which  characterize  the  head  of  the  tapeworm;  at  the 
center  the  rostellum  with  its  crown  of  hooks,  and  on 
the  sides  the  suckers  having,  when  fully  developed, 
the  characteristic  form  and  size  (Fig.  1314,  B)  of  the 
adult. 

Under  proper  conditions  the  head  begins  to  be 
everted,  starting  from  the  base  and  contiiuiing  until, 
with  the  neck,  it  ultimately  projects  above  the  surface 
of  the  bladder  (Fig.  1315).  This  process  may  at 
times  take  place  while  the  bladder  worm  is  still  re- 
tained within  its  host.  In  other  instances  the  eon- 
sumption   of  the   flesh   in   which   the   cysticercus   is 


Fig.  1315.— Cysti- 
cercus of  TcEnia  ser- 
rata with  Everted 
Scolex.  (.4  f  t  e  r 
Leuckart.) 


A. 

F  I  o  .  13  10.— 
Young  Tcpniii  ser- 
rata. A,  Immedi- 
ately after  diges- 
tion of  bladder  by 
new  host;  B,  with 
a  few  proglottides. 
(After  Leuckart.) 


enclosed  and  the  digestion  of  the  surrounding  tissue 
form  the  stimulus  for  the  evagination  of  the  scolex. 
It  is  interesting  to  note  that  under  the  influence  of 
the  alimentary  secretions  of  the  definite  host  the 
bladder  of  the  cysticercus  is  entireh'  digested,  its 
remnant  appearing  as  a  ragged  fringe  (Fig.  1316,  A), 
at  the  base  of  the  fully  extended  scolex  and  neck. 
Having  attached  itself  the  scolex  enters  upon  a  period 
of  rapid  increase  in  length,  which  is  soon  accompanied 
by  the  appearance  of  the  first  proglottides  (Fig.  1316, 
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B).  The  scolex  system  of  excretory  canals  originates 
early  (Fig.  1314)  even  before  the  suckers  and  rostellum 
have  appeared,  and  persists  unchanged  in  the  scolex 
of  the  fully  developed  adult. 

In  the  foimation  of  the  proglottides  it  may  be  noted 
that  the  terminal  proglottis  is  the  oldest,  and  that 
new  segments  are  continually  formed  in  the  vicinity 
of  the  neck.  The  sexual  organs  appear  early  as  strings 
or  masses  of  embryonic  cells  in  the  midst  of  the 
parenchyma.  Formation  of  proglottides  and  growth 
proceed  so  rapidly  that  the  tapeworm  has  matured 
and  set  free  the  posterior  joints  in  a  brief  period. 
These  reach  the  exterior  with  the  fecal  matter,  often 
manifesting  great  independence  and  power  in  move- 
ment. They  contain  masses  of  eggs  stored  up  in 
the  uterus  with  which  the  beginning  of  the  life  cycle 
is  again  reached. 

The  normal  seat  of  the  tapeworm  is  in  the  ali- 
mentary canal,  and  usually  in  the  small  intestine, 
where  the  worm  lies  close  to  the  wall  with  its  head 
more  or  less  embedded  in  the  villi.  Occasionally  one 
of  the  smaller  species  wanders  from  this  place  into  the 
ductus  choledochus,  and  more  rarely  into  the  liver 
itself.  This  seems  to  be  the  normal  habit  of  a  few 
species  not  found  in  man.  The  occurrence  of  tape- 
worms in  the  human  stomach  or  anterior  thereto,  as 
reported  by  various  medical  observers,  is  due  either 
to  a  postmortem  wandering  or  to  regurgitation.  On 
the  other  hand  the  reported  occurrence  of  Cestoda 
in  the  bladder,  and  the  discharge  of  proglottides  from 
the  urethra,  can  be  explained,  in  so  far  as  the  cases 
do  not  rest  on  erroneous  observations,  only  on  the 
basis  of  injury  or  accidental  introduction.  Portions 
of  a  ta]5eworm  have  been  at  times  discharged  from 
abscesses  or  fistute  which  have  probably  had  at  some 
time  a  connection  with  the  intestine.  Leidy's  dis- 
covery of  a  specimen  in  a  cucumber  admits,  however, 
of  no  such  natural  explanation.  Though  often  torpid 
when  examined  after  discharge,  the  tapeworm  is 
undoubtedly,  it  must  be  remembered,  active  in  its 
warm-blooded  host.  To  its  contractions  are  due  the 
serious  .s.vmptoms  which  often  accompany  its  presence. 
Even  the  discharged  proglottides  live  for  several  days 
outside  the  host  under  ordinary  circumstances  and 
perform  migrations  and  movements  of  considerable 
extent.  By  virtue  of  this  apparent  completeness  and 
activity,  the  separate  proglottides  are  frequently 
diagnosed  as  flukes. 

The  effect  of  the  parasite  on  its  host  may  be 
regarded  first  from  the  standpoint  of  loss  of  nutriment. 
This  has  been  carefully  computed  by  Leuckart  for 
the  largest  human  tapeworms,  and  amounts  in  one 
year  for  a  single  specimen  of  Dibothriocephalus  lalus  to 
from  500  to  700  grams,  and  for  Tuenia  saginata  to 
from  1,500  to  2,000  grams.  Although  the  presence 
of  a  number  of  individuals  may  heighten  this  materi- 
ally, yet  the  amount  is  entirely  inadequate  to  explain 
the  far-reaching  effects  which  are  manifested  by  man 
as  the  result  of  the  presence  of  only  a  single  one  of 
these  parasites.  The  severe  symptoms  are  notice- 
ably of  a  nervous  character.  Anemia  is  a  frequent 
manifestation,  and  this  displays  at  times  a  pernicious 
tendency  which  in  rare  cases  has  terminated  fatally. 

Many  of  the  symptoms  affecting  individuals  who 
harbor  tajjeworms  have  been  attributed  to  poisons 
developed  by  the  parasite  within  the  body  of  the  host. 
Not  only  is  this  evinced  by  the  subsidence  of  the  nerv- 
ous and  epileptic  symptoms  on  the  removal  of  the 
tapeworms,  but  the  affections  of  the  eyes  so  frequent 
in  those  afflicted  may  naturally  be  due  to  the  effects  of 
a  poison  absorbed  from  the  intestine  and  circulating 
in  the  blood.  The  fluid  extracted  from  a  hyfiatid 
cyst  has  been  shown  by  experiment  on  man  and  ani- 
mals to  be  toxic.  To  this  quality  may  doubtless  be 
attributed  the  severe  symptoms  or  even  death  con- 
secjuent  upon  the  rupture  of  such  a  cyst  or  its  opera- 
tive puncture.  An  extract  from  Dibothriocephalus 
latus  has  been  shown  to  exert  a  globulicidal  effect  on 
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dogs,  and  one  of  Taenia  saginata  has  been  found  to 
kill  tubercle  bacilli. 

The  synii)toms  of  taiieworm  disease  are  by  no  means 
well  defined  and  may  include  almost  any  possible 
combination.  In  experimenting  upon  himself,  how- 
ever. Stiles  noted  during  the  presence  of  Titnia 
saginntn  as  the  most  constant  symi)tom  one  not  here- 
tofore recorded.  He  says:  "  During  the  time  of 
infection  it  would  very  fro(Hiently  ha|)pen  as  I  walked 
along  the  street  or  across  the  roo:n  that  1  suddenly 
felt  a  peculiar  sensation  almost  exactly  similar  to  the 
sensation  one  feels  upon  the  sudden  descent  of  an 
elevator."  Despite  the  indefiniteness  of  the  clinical 
aspect  of  tajjeworm  infection,  any  suspicions  of  such 
troulile  may  be  detinitely  tested  by  a  microscoyiical 
investigation  of  the  feces.  The  presence  of  adult 
cestodes  w  ill  be  manifested  by  an  abundance  of  their 
characteristic  eggs. 

The  specitics  which  are  most  frequently  employed 
in  driving  out  tapeworms  are  cortex  granati,  of  which 
the  effective  principle  is  an  alkaloid  known  as  "pelle- 
tierine,"  fiores  kusso  containing  the  amorphous 
koso toxin,  rhizoma  filicis  containing  the  amorphous 
tilicic  acid,  and  kamala  with  the  resinous  kamalin 
(see  Anlhehninthicn).  In  bringing  about  the  evacua- 
tion of  the  parasite  some  precautions  are  necessary 
to  insure  success.  When  a  patient  is  passing  a  tape- 
worm the  parasite  sometimes  breaks  in  two  owing  to 
the  transition  from  the  warm  bowels  to  the  cold  air 
or  to  a  cold  porcelain  vessel.  By  the  use  of  a  vessel 
containing  warm  water  this  sudden  change  and  its 
consequent  evil  effects  may  be  avoided.  In  the  next 
place  cestodes  are  frequently  expelled  in  a  knotted 
mass,  and  any  obstruction  in  the  lower  portion  of  the 
eanal  may  delay  their  passage  sufficiently  to  permit 
the  parasite  to  secure  a  new  hold  on  the  wall.  Conse- 
quently success  may  depend  upon  thoroughly  clearing 
out  the  canal. 

The  distribution  of  each  species  will  be  considered 
under  its  proper  heading;  here,  however,  some  general 
items  may  be  noted  concerning  the  frequency  of  tape- 
worms.    Stiles  gives  the  following  table  of; 


Cases  of  Tapeworm  tx  Max. 


Sex  of  Patients. 


Total  number 
of  cases 

1      reported.      \ 

1                           1 

Male. 

Female. 

Wawruek 

173 

56 

117 

Crisp 

247 

96 

151 

Seeger 

26 

10 

16 

Monti 

240* 

111 

129 

Rojrer 

10* 

3 

7 

Krabbe 

367 

126 

241 

Total 

i.niw 

402 

601 

•Children. 

He  attributes  the  evident  sex  difference  merely  to 
the  fact  that  women  ordinarily  prepare  the  food,  and 
are  hence  more  exposed  to  chance  infection  than  men. 
Statistics  of  French  maritime  hospitals  give  for  the 
period  1886-90  about  1.5  per  cent,  of  cases  for  tape- 
worm infection,  and  records  of  the  United  States 
hospital  service  diiring  the  war  contain  a  total  of 
only  0.012  per  cent,  treated  for  tapeworms.  This 
percentage  is  under  the  circumstances  naturally 
abnormally  low  as  compared  with  conditions  in  times 
of  peace. 

The  occurrence  of  various  species  in  different  regions 
may  be  adjudged  from  the  follow-ing  table.  Such 
figures  e.xist  only  for  a  very  few  localities : 


Author- 
ity. 

Country. 

Dates  of 
rocordB. 

if 

n 

E.S 

Tenia 
aolium. 

Is 

Dipyl. 
oaninura. 

Hymen, 
diminuta. 

1 

Milan 

1899... 
1868-99 
ISfiO. . . 
1809-87 
1887-95 
1897. . . 

1.50 
513 
100 
200 
100 

121 
397 

37 
153 

89 
Many 

11 
71 
53 
24 

Rare 

2^6 
9 

16 
5 
3 

14 

Italy 

Denmark 
Denmark 
Denmark 
U.S.  A.   . 

10 

Krabbe. 
Krabbe. 
Krabbe. 

1 
8 
6 

"i' 

Cestodes  have  been  known  from  the  earliest  times, 
and  both  tapeworms  and  bladder  worms  are  dis- 
tinctly recognized  in  the  oldest  medical  works  which 
have  come  down  to  us.  One  of  tlie  hermetic  books 
of  the  Egyptians,  that  on  medicaments  now  known 
as  the  Pajjyros  Ebers,  and  dated  about  1550  B.C., 
gives  in  hieratic  writing  extensive  sections  on  these 
parasites  and  their  treatment,  which  are  taken  in 
part  from  the  writings  of  earlier  physicians.  The 
proscription  placed  by  Moses  on  the  use  of  certain 
flesh  has  its  undoubted  ground  in  the  abundant 
presence  in  such  animals  of  bladder  worms.  Hippo- 
crates notes  the  presence  of  echinococcus  bladders  in 
man  and  an  operative  method  for  removing  them. 
He  also  speaks  of  the  evacuation  of  fragments  like 
pumpkui  seeds  as  diagnostic  of  the  tapeworm.  Both 
he  and  Aristotle  speak  of  the  bladder  worm  of  the 
pig  as  well  known,  and  advLse  the  detection  of  its 
presence  by  examining  the  lower  surface  of  the  pig's 
tongue  where  the  cysticerci  appear  as  swellings. 
This  method  is  followed  even  to-day.  .\ristotle 
showed  also  that  the  tapeworm  in  contrast  with  the 
free  round  worms  of  the  mtestine  was  attached  to  the 
wall  of  the  canal.  Pliny  adds  to  the  accounts  of  his 
predecessors  which  he  quotes  only  fabulous  reports  of 
the  length  of  tapeworms  (up  to  three  hundred  feet!) 
and  erroneous  observations  on  their  presence  in  cold 
springs.  Galen  mentions  bladder  worms  from  the 
abdomen  of  slaughtered  animals  and  notes  the  tend- 
ency of  the  liver  to  "produce"  these  forms  in  its 
surrounding  fascia. 

It  was  IbOO  A.D.,  however,  before  even  two  species 
were  differentiated  among  human  tapeworms,  and 
1700  A.  D.  before  the  tapeworm  head  was  recognized. 
About  this  time  cestodes  from  other  hosts  began  to  be 
studied  and  the  animal  nature  of  the  bladder  worms, 
which  had  previously  been  regarded  as  tumors  or 
concretions,  was  successfully  maintained.  Even 
then  authors  noted  the  resemblance  of  certain  cestodes 
and  cysticerci,  and  in  1782  Goeze  united  the  two 
groups,  but  this  procedure  was  not  accepted  by  later 
authors  for  more  than  half  a  century. 

The  origin  of  these  parasites  was  universally  attrib- 
uted to  spontaneous  generation,  the  tapeworm  being 
said  to  originate  from  tlie  inner  wall  of  the  canal, 
from  surplus  food  of  a  thick  character  like  milk  or 
cheese,  or  from  febrile  muco\is  secretions,  while  the 
cysticerci  were  generally  regarded  as  tumors  (hydat- 
ids). This  belief  lasted  long,  even  after  the  discovery 
of  the  eggs  in  many  species.  Linnaeus  was  responsible 
for  propagating  another  serious  error,  that  the  cestodes 
were  free  living  as  well  as  parasitic;  and  this  was  not 
finally  refuted  until  the  end  of  the  eighteenth  century. 
It  was  Zeder  who  in  ISOO  first  divided  the  parasitic 
worms  into  five  classes  to  which  lludolphi  in  1804 
gave  the  Cireek  names,  Xematoidea,  .\canthocephala, 
Trematoda,  Cestoidea,  Cystica,  which  they  still  bear. 
Of  the  last  two,  the  tapeworms  and  bladder  worms, 
Kiichenmeister  was  able  to  prove  about  the  middle 
of  the  century  by  feeding  experiments  that  the  latter 
were  only  developmental  stages  of  the  former,  thus 
incorporating  botli  in  the  group  of  cestodes.  .-Vmong 
these  those  forms  with  only  a  single  segment  may  be 
distinguished   as   the   Cestodaria   from   the   Cestoda 
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5.  sfr.,  in  which  group  are  included  the  large  majority 
of  the  tapeworms,  and  all  of  the  forms  reported  from 
man.  The  latter  may  be  arranged  according  to  the 
following  scheme  which  adopts  the  system  proposed 
by  Braun.  The  groups  omitted  here  contain  no 
forms  recorded  as  human  parasites.  Annotation  is 
made  of  the  stage  in  which  each  species  is  a  human 
parasite  and  of  those  forms  thus  far  recorded  in  this 
country : 


Order  Cyclophyllldea. 

Tsenia  saginata.  Adult  in  man 

Tffinia  solium. 

Taenia  confusa. 

Taenia  hominis 

Taenia  philippina. 

Taenia  bremneri. 

Taenia  africana. 

Taenia  marginata. 

Taenia  serrata. 

Taenia  crassicoUis 

Taenia  echinococcus. 

Hymenolepis  nana. 

Hymenolepsis  dirainuta. 

Hymenolepis  lanceolata. 

Davainea  madagascariecsis. 

Davainea  asiatica. 

Dipylidium  caninum. 
Order  Bothriocephaloidea. 

Dibothriocephalus  latus. 

Dibothriocephalus  cordatus. 

Dibothriocephalus  parvus. 

Sparganum  mansoni. 

Sparganum  basteri. 

Plerocercoides  prolifer. 

Diplogonoporus  grandis. 

Diplogonoporus  brauni. 

Braunia  jassyensis. 


S.  A. 
S.  A 
S.  A. 


Adult  in  man 
Adult  in  man 
Adult  in  man. 
Adult  in  man. 
Adult  in  man. 
Adult  in  man. 

I  ar\-a  in  man.     U.  S.  A. 
Larva  in  man.     (?) 
Larva  in  man.     (?) 
Larva  in  man.     U.  S.  A. 
Adult  in  man.     U. 
Adult  in  man.     U. 
Adult  in  man.     U. 
Adult  in  man. 
Adult  in  man 
Adult  in  man 


(?) 


S.  A. 
S.  A. 
S.  A. 


U.  S.  A. 


Adult  in  man.     U.  S.  A. 

Adult  in  man. 

Adult  in  man. 
Larva  in  man. 
Larva  in  man. 
Larva  in  man.  U.  S-  A. 
Adult  in  man. 
Adult  in  man. 
Adult  in  man. 


The  Cyclophyllldea  possess  a  scolex  with  four 
circtilar  suckers,  often  with  an  apical  rostellum  on 
which  hooks  are  found  when  present.  Segmentation 
is  pronounced  and  the  ripe  proglottides  do  not  separate 
until  fully  developed.  There  is  no 
uterine  aperture  and  the  common 
sexual  pore  is  located  on  the  margin 
of  the  proglottides.  The  eggs  are 
thin  shelled  and  without  a  cover. 
The  adults  are  found  in  the  ali- 
mentary canal  of  the  liigher  verte- 
brates. 

P"or  the  genus  Twnia  the  following 
characteri.stics  are  diagnostic.  Large 
species  with  ripe  proglottides  much 
longer  than  broad.  Uterus  with 
median  trunk  and  subsec|uenth- 
formed  lateral  branches  during  the 
development  of  which  the  remaining 
sexual  organs  disappear  save  cirrus 
and  vagina.  Larva,  a  cysticercus  or 
large  bladder  worm,  found  in  her- 
bivorous mammals  and  also  in  man; 
adult  in  man  and  the  carnivorous 
mammals. 


Fig  1317. 
terior  End  of  Taenia 
saginata,  S  o  m  e  - 
what  Contracted. 
X  S.  (After 
Leuckart.) 


T.EXIA  Saginata  Goeze. — T.  iner- 
mis  Brera,  T.  dentata  Nicholai,  T. 
lata  Primer,  7'.  mediocanellata  Kiich- 
enmeister,  T.  tropica  Moq.-Tand.* 
Length  4  to  8  meters  or  even  to  74 
meters  (Berenger-Feraud).  Head  (Fig.  1317)  some- 
what four-sided,  1.5  to  2  millimeters  in  diameter, 
without  rostellum  and  circle  of  hooks  but  with  a 
sucker-like  depression  in  its  place  which  is  often  pig- 
mented. Neck  long,  narrower  than  head.  Proglot- 
tides number  more  than  1,000  and  increase  gradually 
in  length  until  the  ripe  segments  of  characteristic 
pumpkin-seed  appearance  measure  16  to  20  milli- 
meters long  by  4  to  7  millimeters  broad.      Genital 

•Only  the  synonyms  most  frequently  met  are  given  under  each 
species. 


Fig.  IIU^ — Iterine  Ege:  of 
Tcenia  saginnln  Showing  Shell  with 
Polar  Filaments  and  in  the  Centre 
Onchosphere  within  the  Embryo- 
phore.    X  375.     (After  Leuckart.) 


pores  irregularly  alternating,  marginal,  and  posterior 
to  the  center  of  the  proglottis.  Uterus  in  ripe  pro- 
glottis with  median  stem  and  twenty  to  thirty-five 
slender  lateral  branches,  themselves  often  branched. 
Egg  shell  delicate  with  one  or  two  polar  filaments 
(Fig.  1318),  embryophore  ovoid  35  to  40,(i  by  20  to 
30u  in  diameter.  Adult  exclusively  in  small  intestine 
of  man;  larva  {Cysticercus  boiis)  in  the  muscles  and 
viscera  of  cattle. 

Structure. — The  arrangement  of  the  reproductive  or- 
gans in  a  sexually  mature  proglottis  (Fig.  1205)  is  best 
visible  in  a  segment  taken  about  40  to  50  centimeters 
from  the  head.  The  general  structure  of  these  organs 
has  been   described   above.     Characteristic   for  this 

species  are  the  two  ovar- 
ies of  unequal  size,  that 
at  the  pore  side  being  the 
smaller  and  without  the 
small  accessory  lobe  cut 
off  by  the  vagina  as  in 
T.  soliinn.  The  whole 
proglottis  has  a  more 
open  aspect,  and  the 
various  organs  show 
relatively  greater  antero- 
posterior diameter  than 
in  T.  solium.  The  uterus 
in  the  ripe  proglottis  (Fig.  1309)  manifests  a  more 
crowded  structure,  the  lateral  branches  are  slenderer 
and  more  numerou,';,  and  two  or  three  are  stunted  or 
lacking  opposite  the  sexual  pore. 

Development. — In  1861  Leuckart  fed  ripe  pro- 
glottides of  this  species  to  calves  and  succeeded  in  ob- 
taining the  then  unknown  cysticercus,  although 
varioiis  facts  had  pointed  out  cattle  as  the  probable 
intermediate  host.  These  results  have  been  confirmed 
by  many  other  investigators.  At  six  weeks  the  size  of 
the  cysticercus  (Fig.  1313),  shelled  out  from  its  cyst,  is: 
length  3  millimeters.,  breadth  5  millimeters,  diameter 
of  the  head  1  millimeter;  at  twelve  weeks  correspond- 
ing meastirements  are  4,  4,  1.8  millimeters  (length  of 
head):  at  twenty-four  weeks,  6,  4,  2  millimeters,  at 
forty-eight  weeks  7,  5,  2.5  millimeters.  The  length 
of  life  of  the  cysticerci  is  brief;  at  less  than  eight 
months  they  have  been  found  completely  calcified. 
A  temperature  of  47°  to  48°  C.  is  always  fatal  for  them. 
Of  course  the  internal  portions  of  roasting  pieces  are 
often  far  from  reaching  this  temperature.  On  the 
other  hand  exposure  to  cold-storage  conditions  for 
three  weeks  is  sufficient  to  destroy  all  these  cysticerci 
contained  in  a  piece  of  beef. 

Artificial  infection  of  man  with  the  adult  by  eating 
flesh  containing  living  specimens  of  Cysticercus  bovis 
has  been  tried  with  equal  success.  An  average  growth 
of  72  millimeters,  or  about  thirteen  to  fourteen  pro- 
glottides daih",  was  determined. 

Anomalies. — T.  saginata  appears  to  be  peculiarly 
subject  to  variation  and  malformation.  Excessive 
pigmentation  of  the  head  and  chain  led  to  the  estab- 
lishment of  the  species  T.  nigra  Laboulbene  (1875)  for 
a  tapeworm  expelled  by  a  Frenchman  who  had  lived 
for  some  time  in  the  United  States.  Two  genital 
pores,  on  the  same  or  opposite  margins  of  the  proglottis, 
but  each  connected  -nith  a  set  of  reproductive  organs, 
indicates  the  probable  disappearance  of  the  segmental 
boundaries,  and  this  may  be  manifested  over  a  con- 
siderable stretch  of  the  worm,  giving  the  appearance 
of  an  unsegmented  body.  Welch  has  observed  stich  an 
unsegmented  region  5  centimeters  in  length.  Inter- 
calated proglottides  or  roughly  triangular  joints  are 
not  of  infrequent  occurrence.  A  common  malforma- 
tion consists  in  the  perforation  of  a  series  of  pro- 
glottides. This  anomaly  has  received  a  specific  name, 
7'.  fencstrata,  at  the  hands  of  one  observer.  The 
fenestration  appears  fir.st  at  the  center  of  the  pro- 
glottis and  becomes  more  accentuated  toward  the 
posterior  end  of  the  chain.  Its  cause  is  probably  the 
accumulation  of  eggs  in  the  uterus  with  consequent 
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Fir,.  I.il'.l. — Portion 
of  the  Chain  from  Pris- 
matic Specimen  of 
Ttinia  saginnta.  Show- 
ing also  the  Occasional 
Separation  of  the 
Three  Wings  for  a 
Short  Distance.  oSt 
Sexual  Pore.  Natural 
size.     (After  Cattaert.) 


pressure  on  the  wall  of  the  proglottis  produciriK  a 
rupture  when  the  wall  happens  to  be  thinner  than 
usual. 

Finally  there  occurs  a  prismatic  or  triradial  variety 
(Fig.  1319)  which  was  descrilied  by  Breniser  as  the 
result  of  the  fusion  of  two  individuals.  The  proglottis 
is  Y-shaped  in  cross  section,  and  the  scolex  bears  six 
acetabula.  Specimens  of  this  sort  were  named  T. 
capciisis  by  Kuchenmeister  and 
T.  lophnsomn  by  Cobbold. 

Onchospheres  of  T.  saginata 
have  been  observed  of  considera- 
ble size,  and  armed  with  from 
twelve  to  twenty-two  hooks;  and 
Coljbold  has  described  specimens 
of  Cyslirrrcus  bovis  from  the  heart 
of  a  calf  with  only  three,  two, 
one,  and  even  no  suckers  on  the 
head. 

The  form  described  by  Wein- 
land  as  T.  solium  var.  abielina, 
from  a  specimen  collected  by 
Agassiz  from  a  Chippewa  Indian, 
is  regarded  by  many  as  a  small 
specimen  of  T.  saginata  with 
unusually  dense  and  delicate 
branches  of  the  uterus  (Fig.  1320). 
Braun  thinks  it  may  be  identical 
with  T.  confusa  {g.v.).  Stiles  has 
restudied  this  material  and  re- 
gards it  as  a  doubtful  subspecies 
of  T.  saginata. 

Distribution. — The  adult  occurs 
only  in  man  and  is  cosmopolitan. 
Its  presence  in  the  Orient  is  recorded  in  writings  of 
great  antiquity;  in  .Africa,  Europe,  and  America  it  is 
also  abimdant,  and  its  frequence  has  increased  dviring 
recent  years,  whereas  the  contrary  is  true  of  T.  solium. 
The  evident  reason  lies  in  custom  of  eating  beef  rare, 
but  pork  well  done.  The  figures  given  by  Berenger- 
Feraud  for  French  maritime  hospitals  dviring  the  six 
quinquennial  periods  from  IStU  to  1890  show  a  steady 
relative  increase  of  cases  from  0.2  to  1-1.8  per  mille. 
In  Paris  the  increase,  though  real,  was  much  less, 
being  from  0.3  to  0.6  per  cent,  in  the  same  time. 

The  larval  form,  C.  bovis,  has  been  produced  ex- 
perimentally in  rare  instances  in  other  hosts,  sheep 
and  goat,  but  many  experiments  on  these  and  other 
hosts  have  been  entirely  without  results.  In  its  nor- 
mal host  (cattle)  the  bladder  worm  was  apparently 
rare,  even  in  regions  where  T.  saginata 
occurred  abimdantly.  This  apparent 
contradiction  has  been  explainecl  by  the 
demonstration  that  in  most  cases  normal 
infection  is  only  mild  and  the  cysticerci 
are  so  small  and  scattered  as  not  to  be 
easily  found  in  the  beef.  Their  predi- 
lection recently  discovered  for  the 
pterygoid  muscles  affords,  however,  a 
surer  means  of  diagnosis  now  than  was 
formerly  known. 

A  limited  number  of  observations  on 
the  presence  of  C.  bovis  in  man  are  on 
record.  They  include  cases  from  the 
brain  and  eye,  and  the  determination 
of  the  species  rests  on  the  absence  of 
hooks  and  rostellum.  Since,  however, 
these  organs  may  be  wanting  in  C.  cellu- 
losa;  the  larva  of  T.  solium  {q.v.),  the  determination 
in  the  cases  under  discussion  must  be  viewed  with 
suspicion. 

Pathology. — Most  common  in  hosts  betw-een  twenty 
and  forty  years  of  age,  the  beef  tapeworm  has  been 
encountered  in  the  aged  and  even  in  new-born  infants. 
Its  normal  place  of  fixation  is  near  the  pylorus,  where 
the  head  is  firmly  fastened  to  the  mucosa  by  its  suckers. 
It  may,  however,  be  found  exceptionally  in  the  stom- 
ach.    Symptoms  of  its  presence  are  direct  and  local 


Fig.  1320. — 
Ripe  Proglottis 
of  Tcenia  ftolium 
i=  T.  saginata 
var.)  var.  abie- 
lina Weinland. 
(After  W  e  i  u- 
land.) 


in  the  digestive  system,  or  nervous  and  reflex  in  char- 
acter. The  latter  are  rarer  but  may  be  severe.  A. 
Stieda  has  recently  described  a  case  in  which  this 
species,  in  spite  of  its  lack  of  hooks,  had  bored  through 
tiie  wall  of  the  duodenum  and  some  distance  in  a  cir- 
cuitous course  into  the  pancreas.  In  this  ea.se  there 
were  neither  abscesses  nor  preformed  orifices  of  which 
the  worm  could  have  made  use,  while  other  evidence 
supported  the  view  of  active  burrowing  on  its  part. 
Possibly  the  rare  cases  in  w-hich  tapeworms  have  made 
their  exit  through  the  navel  or  bladder  may  be  sus- 
ceptible of  a  similar  explanation.  This  is,  however, 
the  only  case  on  record  which  has  been  subjected  to  a 
thorough  scientific  investigation. 

The  proglottides  of  this  species  are  expelled  spon- 
taneously and  in  the  interval  between  .stools.  The 
movements  after  expulsion  are  active  and  long  con- 
tinued as  is  evinced  by  the  discovery  of  .segments  high 
on  the  walls  of  sick-room  or  outhouses.  The  anterior 
margin  is  lacerated  by  separation  from  the  chain,  and 
in  crawling  the  proglottis  distributes  eggs  from  the 
uterine  branches.  These  detached  segments  are  fre- 
ciuently  diagnosed  as  flukes,  a  conclusion  apparently 
strongly  confirmed  by  their  independent  activity. 

This  species  cannot  be  regarded  as  equally  danger- 
ous with  T.  solium  since  here  there  is  no  chance  for 
autoinfection  by  the  onchospheres.  The  disturb- 
ances attending  its  presence  in  the  alimentary  canal, 
however,  are  such  as  to  call  for  its  removal.  Despite 
the  absence  of  hooks  in  the  species  this  is,  as  a  rule, 
more  difficult  of  accomplishment  than  in  the  case  of 
the  pork  tapeworm.  The  remov.al  of  the  body  with- 
out the  head  and  neck  constitutes  only  temporary 
relief  since  the  worm  soon  grows  to  full  size  again. 

T-ENIA  SoLrtTM  L.  1767.— T.  pellucida  Goeze  1782  T. 
vulgaris  Werner  1782,  T.  solium  Rud.  1810.  Length 
2  to  3  meters,  rarely  6  to  8  meters.  Head  (Fig.  130,5) 
spherical  0.6-O.S  millimeter  in  diameter.  Rostrum 
short,  often  pigmented,  with  a  double  crown  of  twenty- 
four  to  thirty-two  hooks 
in  which  large  and  small 
alternate  regularlv  (Fig. 
1321).  Large  hooks  0.10 
to  0.18  millimeter  long, 
smaller  0.1 1  to  0.14  milli- 
meter long.  Neck  long- 
and  slender.  Proglot- 
tides 800  to  900  in 
number,  at  1  meter  from 
the  head  square  with 
sexual  organs  fully  de- 
veloped ;  at  end  of  chain 
when  ripe,  10-12  milli- 
meters long,  .5-6  milli- 
meters broad.  Uterus 
with  pronaineut  median 
stem  and  on  each  side 
seven     to     ten     heavy 

branched  lateral  outpocketings.  Embryophores  31- 
36,u  in  diameter.  Aflult  in  small  intestine  of  man; 
larva  {Cysticercus  ceUulosa-)  in  muscles  and  viscera  of 
domestic  pig,  rarely  also  of  dog,  man,  and  ape. 

Slrurture. — In  general  appearance  the  pork  tape- 
worm is  distinctly  more  delicate  and  its  chain  less 
muscular  than  tiie  beef  tapeworm,  previously  de- 
scribed, and  all  its  measurements  disjilay  this  differ- 
ence. The  scolex  is  decidedly  smaller  and  has  a  promi- 
nent rostellum  with  two  rows  of  hooks.  The  points 
of  the  hooks  lie  in  a  circle,  but  since  they  alternate 
regularly  in  size,  the  bases  form  two  concentric  circles. 
The  hooks  of  the  two  sets  show  characteristic  differ- 
ences in  figure  (Fig.  1322)  as  well  as  in  size. 

The  sexually  mature  proglottides  do  not  exceed 
4.5  to  5  millimeters  in  width  by  2.5  to  3  millimeters 
in  length,  being  thus  decidedly  inferior  in  ,size  to  those 
of  T.  saginata.  On  examination  one  sees  the  same 
organs  in  much  the  same  relation  as  in  the  beef  tape- 
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Fig.  1321. — Apical  View  of  Sco- 
lex of  Ttrnia  soiium.  X60.  (After 
Leuckart.) 
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Fig.  1322.— Large  and  Small  Hooks  of 
Tamia  solium.     X 180.     (.Alter  Leuckart.) 


worm;  but  there  are  minor  differences  which  ser^'e  to 
distinguish  the  two  species.  Most  prominent  is  the 
unequal  size  of  the  two  ovaries  (Fig.  1323),  the  one 
nest  the  genital  pore  being  the  smaller  and  being  oval 
in  outline  rather  than  circular.  In  addition  a  small 
ovarian  lobe  lies  in  the  angle  between  the  vagina  and 
the  uterus,  as  if  cut  off  by  the  former  canal  from 
the  ovary  to  which  it  apparently  belongs.  This  acces- 
sory lobe  is  a  constant  and  reliable  peculiarity  of 
the_pork  tapeworm.  One  may  notice  also  the  gener- 
ally compressed 
form  of  the  vari- 
ous organs  most 
marked  in  the 
flattened  vitellar- 
ium  near  the  pos- 
terior edge  of  the 
proglottis. 

The  differences 
between  the  two 
species  are  less 
evident  from  e.xamination  of  the  ripe  proglottides. 
I  sually  the  segments  of  the  pork  tapeworm  are  given 
off  in  set5  of  two  or  three  rather  than  singly.  The 
individual  proglottis  is  thinner,  less  muscular,  in 
general  also  smaller  and  more  transparent;  yet  these 
are  highly  variable  features  and  often  deceptive. 
The  form  of  the  uterus,  however,  gives  to  the  proglot- 
tis a  characteristic  appearance.  There  are  only 
seven  to  ten  lateral  branches  which  are  more  heavily 
and  unevenly  branched,  while  the  ends  of  the  branches 
are  not  infrequently  enlarged  (Fig.  1324). 

Development. — The  eggs  (Fig.  1310)  are  oval,  the 
outer  shell  is  thin  without  polar  filaments  and  tran- 
sient; the  inner  shell  is  thick,  radially  striated,  and 
spherical.  The  onchosphere  is  also  spherical,  meas- 
uring 20«  in  diameter.  The  development  of  the 
embryo  is  slow;  in  eight  days  it  had  only  reached  a 
size  of  33  by  24u,  and  at  the  end  of  three  weeks  its 
diameter  was  but  O.S  millimeter,  while  in  thirty-two 
days  different  individuals  measured  from  1  "  to  6 
millimeters  b.v  0.7  to  2.5  millimeters.  Even  in  the 
smallest,  however,  a  head  projection  could  be  seen, 
and  in  the  second  month  suckers  and  hooks  are  formed 
while  the  neck  has  grown  so  long  as  to  produce  one 
and  a  half  complete  circles  within  the  bladder.  By 
the  close  of  the  third  month  the  bladder  worm  fs 
probably  ripe  and  capable  of  successful  transference. 

The  longevity  of  the  Cysticercus  cellulosce  is  depend- 
ent upon  various 
circumstances. 
Not  infrequently 
it  degenerates  at 
an  early  period, 
but  more  often 
later,  by  the  loss 
of  its  liquid  and 
by  deposition  of 
lime,  into  a  mere 
calcareous  gran- 
ule. The  same 
individual  has. 
however,  by 
means  of  the  op- 
fa  thai  moscope, 
been  obseri'ed  liv- 
ing in  the  eye  for  twenty  years.  Free  cysticerci  live 
only  a  brief  time  in  water,  but  in  flesh  at  normal 
temperature  they  remain  living  up  to  twentv-nine 
days. 

Many  experiments  have  demonstrated  that  the 
Cysticercus  celiulosa-  of  the  pig,  when  introduced  into 
the  human  alimentary  canal,  gives  rise  to  Tcenia 
solium.  From  ten  to  twelve  weeks  are  necessarv 
for  full  development  and  for  the  expulsion  of  the  ripe 
proglottides.  Effort.s  to  bring  the  cysticercus  to 
development  in  other  hosts  than  man  have  as  vet 
failed. 
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Fig.  1323. — Sexually  Mature  Proglottis 
of  Ttrnia  solium.  Showing  Reproductive 
Organs.      X  10.     (-\fter  Leuckart.) 


Fig.  1324.— 
Ripe  Proglott- 
ides of  Tasnia 
solium,  Sliow- 
i  n  g  Form 
of  Uterine 
Branches.  X2. 
(After  Braun.) 


Anomalies. — Though  less  frequent  than  T.  saginata, 
much  the  same  malformations  occur.  Both  incom- 
plete and  complete  fusion  of  trwo  or  more  segments 
and  fenestration  of  parts  of  the  chain  are  on  record. 
An  unusually  slender  structure  of  the  chain  gave  rise 
to  Cobbold's  species,  T.  tenella,  sometimes  regarded 
as  a  distinct  variety  even  yet.  A  scolex  bearing  six 
suckers  has  been  observed  both  with  an 
,  I        ordinary   chain    and  with   one    of  the 

prismatic  or  triradial  variety  with  pro- 
glottides Y-shaped  in  cross-section. 

The  onchosphere  has  at  times  more 
than  the  usual  six  hooks,  and  the  Cys- 
ticercus cellulosce  is  subject  to  various 
malformations.  Absence  of  hooks,  of 
a  rostellum,  and  presence  of  six  acetab- 
ula  may  be  noted.  Some  abnormal 
forms  have  received  special  names; 
such  a  one  is  C.  racemosus  (C.  botyroides 
or  C  multilocularis)  which  is  very  irreg- 
ular in  form.  This  variety  occurs  espe- 
cially at  the  base  of  the  brain  and  is 
not  surrounded  by  a  cyst,  to  which,  no 
doubt,  is  due  its  peculiar  form,  adapted 
to  the  space  in  which  it  lies.  In  some 
cases  this  variety  is  without  a  scolex 
or  possesses  at  most  but  an  abnormal 
rudiment  of  one. 

Most  Interesting  of  aU  is  the  form 
which  led  to  the  establishment  of  a  new 
species,  Cysticercus  acanthotrias,  and  by 
deduction  a  new  tapeworm,  Tcenia 
acanthotrias.  The  Cysticerctis  acantho- 
trias was  first  observed  by  W'einland  in 
185S  at  an  autopsy  of  a  white  con- 
sumptive in  Virginia.  The  bladder 
worms  were  In  the  dura  mater,  muscles, 
and  subdermal  tissues.  Though  In  size 
and  form  like  C.  cellulosw  these  hydatids  (Fig.  1325) 
possessed  three  rows,  each  of  fourteen  to  sixteen  hooks, 
longer  and  slenderer  than  those  of  that  form  and 
measuring  severally  153  to  196.!i,  114  to  140,£!,  and  63 
to  70/1.  The  discovery  in  several  cases  of  identical 
bladder  worms  in  European  countries  and  the  im- 
probability of  the  existence  there  of  an  unknown 
large  tapeworm  with  three  circles  of  hooks,  together 
with  the  occurrence  in  one  case  at  least  of  this  peculiar 
form  side  by  side  with  C.  cellulosw,  have  led  most 
investigators  to  regard  C.  acanthotrias  as  merely  a 
variety  of  the  common  pork  bladder  worm. 

D  istribution . — 
Tania  solium  is  not 
so  widely  distributed 
as  T.  saginata,  al- 
though partaking  of 
the  cosmopolitan 
character  of  the  lat- 
ter. It  is  rare  in 
tropical  lands,  and 
wanting  among  such 
races  as  abstain  from 
the  use  of  pork.  On 
the  other  hand,  es- 
pecially in  those  re- 
gions where  the  in- 
habitants are  accus- 
tomed to  eat  the  flesh 
of  the  pig  in  a  poorly 
cooked  condition,  the 
parasite  is  most 
abundant.       Certain 

provinces  of  continental  nations  come  within  these 
limits.  Contrary  to  the  statements  of  a  number  of 
older  authorities,  I  am  confident  from  the  eWdence 
gathered  that  this  species  is  very  rare  at  present  in 
the  United  States.  Some  figures  have  been  adduced 
to  show  that  it  is  becoming  decidedly  rarer  in  both 
France  and  Germany.     In  Denmark  it  was,  in  1869, 


Fig.  l.iJo. — .\pical  View  of  Scolex 
and  Hooks  of  Cysticercus  acanthotrias. 
X  50.     (.Wter  Weinland.) 
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the  commonest  human  cestode,  being  present  in  53 
out  of  100  cases;  in  1887-95  it  was  not  found  once 
in   100  cases  (Krabbe). 

Ci/sticercus  cellulosa-  is  present  not  only  in  the  piR 
but  also  in  the  wild  boar,  deer,  dog,  eat,  rat,  brown 
bear,  ai>e,  and  even  man  himself.  In  the  i)ig  the 
bladder  worm  is  more  al)undaut  in  such  animals  as 
are  allowed  to  range  than  in  those  that  arc  stall  fed. 
In  Cerniany  the  ratio  of  infected  animals  varies  in 
different  provinces  from  1  in  100  to  1  in  2,000  accord- 
ing to  reports  of  meat  inspectors.  As  these  cover, 
however,    only   the   cases   in   which   the   infection   is 

Erominent,  the  actual  figures  are  much  larger, 
euckart  calcidated  some  years  ago  that  two  to  three 
pigs  per  hundred  were  infected.  This  Ijladder  worm 
also  seems  to  be  growing  rarer  during  recent  years. 

fathology. — Toetiia  solium  lies  with  the  head  fast- 
ened in  the  anterior  portion  of  the  small  intestine. 
The  proglottides  are  passetl  in  groups  with  fecal 
matter;  exceptionally  through  abnormal  communica- 
tions they  reach  the  body  cavity,  bladder,  and 
abscesses,  or  finally  are  thrown  out  per  os  by  vomiting. 
The  troubles  caused  by  tlie  worm  do  not  differ  from 
those  due  to  T.  saginala,  yet  the  former  is  a  much  more 
dangerous  parasite  since  its  bladder  worm  may  also 


FiQ.  1326. — Braia  Cysticprcus  1'  i  .sli  specimen  opened  to  show 
internal  structure,  a-a'.  Stalk  of  racemose  body  (scolex).  X3. 
(After  Kratter  and  Bohmig.) 

develop  in  man.  When  abundant  the  bladder  worms 
produce  in  pork  the  conditions  known  as  "measles," 
and  measly  pork  is  the  ordinary  means  of  introducing 
T.  solium  into  the  human  system.  Rarely  it  may  be 
caused  by  the  consumption  of  the  infected  flesh  of 
the  wild  pig  or  deer.  Smoking  and  salting,  unless 
extended  and  thorough,  will  not  kill  the  bladder 
worms  in  pork  and  ham.  Thorough  cooking,  however, 
renders  them  entirely  harmless.  As  early  as  1558 
the  cysticerci  were  observed  in  the  dura  mater  of  an 
epileptic.  While  the  brain  and  eye  are  apparently 
the  most  frequent  seats  of  the  bladder  worms,  the 
latter  occur  also  in  the  muscles,  subdermal  tissue, 
heart,  lung,  liver,  peritoneum,  etc.  Particularly 
dangerous  are,  of  course,  the  cerebral  cysticerci  (Fig. 
1326)  which  produce  effects  parallel  to  brain  tumors. 
In  this  location  they  are  not  rarely  the  cause  of  sudden 
death.  According  to  Verdim  and  Iversenc  the  blad- 
der worm  of  the  cerebral  vesicles  is  ordinarily  free  and 
not  of  the  racemose  variety.  The  acephalocystic 
vesicle  is  most  common,  next  comes  the  simple  form 
with  a  single  head,  and  rarest  are  those  consisting  of 
Si  few  vesicles  united  by  the  stalk.     The  fourth  ven- 

VoL.  II.— 49 


tricle  is  tlie  mo.st  frequent  location  of  the  parasite. 
The  symptcuns  due  to  tlie  presence  of  such  cysticerci 
do  not  permit  of  certain  diagnosis;  most  general  are, 
however,  signs  of  compression  due  to  ventricular 
hydrocephaly. 

The  introduction  of  the  onchospheres  into  the 
human  stomach,  which  is  a  necessary  preliminary  to 
further  development  in  the  system,  is  Ijrought  about 
by  impure  drinking-water,  b.v  the  use  of  salads  or 
uncool<ed  vegetaliles  contaminated  by  the  embryo- 
phores,  and  by  the  careless  use  of  unsanitary  closets. 


FlQ.  1327.- 


-Ripe  Proglottis  of  Tania  confusa. 
photomicrograph.) 


X  2.5.     (Original 


More  frequently,  no  doubt,  the  host  of  the  adult  tape- 
worm infects  himself  through  lack  of  cleanliness  in 
defecation,  or  possibly,  as  lias  been  suggested,  by 
internal  autoinfection.  Any  circumstances  which 
might  lead  to  the  passage  of  adult  proglottides  con- 
tauiing  ripe  onchospheres  from  the  intestine  back 
into  the  stomach  would  result  in  infection  by  those 
onchospheres  which  remained  there  a  short  time  as 
if  they  had  been  introduced  through  the  mouth. 

The  danger  of  internal  or  external  autoinfection 
demands  immediate  action  by  the  physician  for  the 
removal  of  the  parasite  under   great  care   that   all 


hgl. 


Fig.  1328. — Sexually  Mature  Proglottis  of   Tania  confusa.     X  15. 
(After  Guycr.) 

regurgitation  should  be  prevented.  The  success  of 
the  operation  must  be  confirmed  by  the  discovery  of 
the  tapeworm  head,  and  the  parasite  destroyed 
rather  than  merely  thrown  awaj'. 

T^NiA  CONFDSA,  Ward,  189(5. — This  species,  origi- 
nally described  by  the  writer  and  later  studied  in  greater 
detail  l>y  one  of  his  students  (Guyer),  was  obtained  in 
Lincoln,  Neb.  In  general  appearance  it  is  much  like 
the  two  species  just  described,  but  may  be  recognized 
at  once  by  the  extraordinary  length  of  the  ripe  pro- 
glottides,   some   measuring   as    much   as   thirty-five 
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millimeters  long  by  only  four  to  five  millimeters 
broad.  The  shape  of  these  proglottides  differs  also 
from  that  of  the  terminal  segments  in  the  other  species 
(Fig.  1327,  cf.  Fig.  1309  and  Fig.  1324).  The  head  of 
this  species  is  imkno-nn,  consequently  its  exact  posi- 
tion and  relationship  are  for  the  time  being  imcertain. 
The  whole  body  is  thinner  and  more  fragile  than  that 
of  T.  saginata.  It  measures  five  to  eight  meters  in 
length  and  has  some  700  to  SOD  proglottides,  nearly 
all  of  which  are  longer  than  broad.  The  sexually 
mature  proglottides  (Fig.  1323)  are  distinguishable 
by  the  long  reniform  lobes  of  the  ovary.  In  the 
ripe  proglottides  the  median  stem  of  the  uterus 
bears  fourteen  to  eighteen  irregularly  branching 
offshoots  swollen  at  the  end  into  irregular  club-shaped 
masses.  Of  the  approximately  forty  points  of  differ- 
ence in  structure  between  this  and  the  common  spe- 
cies, T.  saginata  and  T.  solium,  as  tabulated  by  Guyer, 
the  most  important  are  subjoined.  Nothing  is  known 
of  the  life  liistory  of  this  species. 


T.  saginata. 


I 


T.  solium. 


T.  confusa. 


Size  of  terminal 

12-19  mm.  long 

10-12  mm.  long 

27-35  mm.  long 

proglottidea. 

by  5-6.5  mm. 

by  5  mm.  wide 

by  3.5-5  mm. 

wide. 

wide. 

Greatest 

12-14  mm 

7-8  mm 

8-10  mm. 

breadth. 

Length    of    pro- 

Only in  last  100 

In  last  half... 

In    nearly    en- 

glottidea       ex- 

tire worm. 

ceeds  breadth. 

Proglottidea     35 

1.5-2.6        mm. 

0.8    mm.    long 

1-2.5  mm.  long 

cm.  behind 

long  by  5-10 

by    1.3    mm. 

by  0.8-3  mm. 

head    meaaure. 

mm.  wide. 

wide. 

wide. 

Sexually  mature 

4-6  mm.  long, 

2.5-3  mm.  long 

4—4.5  mm.  long. 

proglottidea 

8-10          mm. 

4.5-5         mm. 

3.5-4.5      mm. 

measure. 

wide. 

wide. 

wide. 

NeckU 

Unsegmented. . 

Unsegmented.. 

Segmented. 

Calcareous 

Abundant;     to 

Sparse;            to 

Spaise:  to 

bodies. 

O.OIS  mm. 

0.012  mm. 

0.011  mm. 

Longitudinal 

Dorsal  to   gen- 

Ibidem     

Divide,      pass- 

nerve trunks. 

ital  ducts. 

ing  both  dor- 
sal   and    ven- 
tral to  ducts. 

Depth  of  genital 

0.22  mm 

Smaller 

0.05-O.OS  mm. 

cloaca- 

Width  of  genital 

1  mm 

Smaller 

0.45-0.6  mm. 

pore.                     ; 

Ovarian  lobes. . . 

t 

Round 

Part  of  smaller 
cut  ofif  by  va- 
gina. 

Reniform. 

Lateral  branches 

20-30 

7-10 

14-18 

of  uterus. 

Size  and  form  of 

0.03          mm.. 

0.03  mm.,  near- 

0.039   by    0.03 

eggs.                     , 

slightly  oval. 

ly  round. 

mm  ,  oval. 

Pyriform     proc-! 

Present 

In  young  pro- 

Absent entirely. 

ess. 

1 

! 

glottides. 

Further  information  is  needed  regarding  the  fre- 
quence and  distribution  of  this  form,  which  though 
distinguishable  on  careful  examination,  has  doubtless 
often  been  regarded  as  the  common  species — whence 
the  name  confusa.  Braun  is  inclined  to  think  that  in 
spite  of  the  differences  this  may  be  the  same  as 
Weinland's  variety  abirtina  from  a  Chippewa  Indian. 
The  size  of  the  embryophores  as  given  by  StUes  after 
a  careful  reexamination  of  the  original  material  hardly 
conforms  to  this  wew. 

A  single  specimen  from  Aschabad,  Turkestan,  70 
millimeters  long  and  immature,  was  described  by 
von  Linstow  as  Tania  hominis.  The  rudimentary 
unarmed  rostellum  is  2  millimeters  broad  and  1.34  milli- 
meters long  with  an  annular  ridge  about  its  base. 
In  the  opinion  of  the  author  it  cannot  be  the  species, 
Davainea  asiatica,  he  originally  described  from  the 
same  region  and  has  the  aspect  of  a  large  species  like 
T.  saginata  or  T.  solium  from  which,  however,  it  can 
readily  be  distinguished  on  the  basis  of  the  data  given. 
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T.E-vi.\  PHiLippiNA,  Garrison,  1907. 

Length  of  chain,  80  centimeters,  composed  of  800 
proglottides,  breadth  1  centimeter  in  maximum. 
Head  1  to  1..3  millimeter  in  diameter,  suckers  0.35  by 
0.40  millimeter.  Neck  segmented.  Sexual  maturity 
reached  at  about  the  470th  proglottis.  Ovarian  lobes 
and  vitelline  gland  greatly  elongated  transversely. 
Uterus  compact,  vas  deferens  looped.  L'terine  stem 
spiral  anteriorly  and  showing  a  ^" -shaped  portion  in 
posterior  half  of  proglottis.  Embryophore  oval,  35 
to  41/!  long  by  26  to  35«  broad. 

A  single  specimen  was  obtained  from  a  prison  in 
Manila  in  1905  and  described  by  Garrison  in  1907. 
Nothing  further  has  been  ascertained  regarding  it« 
life  historv  or  distribution. 


Fig.  1329. — Ripe  Proglottis  of   TtFtiia  africana,   X  5.    C-^Iter  von 
Linstow.) 

T^xn  BREMXERi,  Stephens,  1907. 

Known  only  from  a  few  proglottides  passed  by  a 
native  in  northern  Nigeria.  Said  to  be  common  in 
that  region.  Noteworthy  for  the  extreme  size  of  the 
proglottides  which  measure  in  maximum  32  X  9  milli- 
meters and  commonly  29X10  millimeters.  The 
uterine  branches  number  22  to  24;  the  eggs  measure 
34  to  45  by  30  to  42u  and  average  30  by  38/i.  The 
segments  suggest  strongly  those  of  Taenia  confusa 
although  in  the  extreme  the  segments  of  the  latter 
species  are  somewhat  longer  and  narrower. 

T^xi.\  .\FRic.iNA,  V.  Linstow,  1900. 

Length  about  1.5  mUlimeter,  or  more;  breadth 
increasing  posteriad,  near  end  greatest,  12  to 
15  millimeters.  Scolex  unarmed  with  apical  sucker 
notably  small,  1.4  millimeter  wide  by  0.5  millimeter 
long.  Proglottides  number  about  600,  always  de- 
cidedly broader  than  long,  ripe  proglottides  (Fig.  1329) 
measure  7  millimeters  long  by  12  to  15  millimeters 


Fig.  1330. — Sexually  Mature  Proglottis  of  Ttxnia  africana.  dr.. 
Cirrus:  r.s.,  receptaculus  seminis;  i^h.gl.,  shell  gland;  t,  testis:  tag., 
vagina:  rit.,  vitellarium.     X  5.     (.Aiter  von  Linstow.) 

broad.  Cirrus  and  vagina  armed  with  minute  chitin- 
ous  bristles.  Uterus  with  15  to  24  simple  branches 
radiating  from  median  trunk.  Eggs  thick  shelled,  31 
to  34,K  in  diameter.  Hooks  of  onchosphere  S/i  long. 
Adult  parasitic  in  natives,  German  East  Africa; 
development  unknown. 

The  peculiar  arrangement  of  organs  in  the  sexually 
mature  proglottis  (Fig.  1330)  gives  an  easy  means  of 
diagnosing  this  species.  The  tn-o  known  specimens 
of  this  form  were  obtained  from  negro  soldiers  near 
Lake  Nyassa  in  .\frica.  It  differs  radically  from  the 
common  unarmed  tapeworm  of  man.  Possibly  the  un- 
known bladder  worm  occurs  in  the  zebu  of  which  it 
is  said  that  these  natives  are  accustomed  to  eat  the 
flesh  raw. 
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TiENIA  MAHOINATA,  Batsch,  178(5. 

LeiiRth  1.5  to  5  meters.  Head  roiiifonu,  1  iiiilli- 
meter  in  diaineter.  Hooks  30  to  -11  in  n  douhlo  row; 
the  larger  measure  180  to  '2'20(i  in  length,  the  smaller 
llOto  l(iO/i.     Ripe  proglottides  lOto  14  millimeters  by 

4  to  7  millimeters.      Uterus  with  short  main  trunk  and 

5  to  8  large  branches  on  each  side.     Embryopliores 
spherical  ;U  to  3(>;!  in  diameter. 

The  adult  lives  in  the  small  intestine  of  dog  and 
wolf;  the  l)lad(ier  worm  (Cystirircus  Icniiicollig)  is 
found  in  the  peritoneum  of  apes,  cattle,  sheejj,  and  pigs. 
Experiment  has  shown  that  the  cysticercus  will  not 
develop  to  the  adult  in  the  h\iman  alimentary  canal. 
The  lar\'a  has  been  reported  twice  as  a  human  parasite; 
Eschricht  records  its  presence  in  the  liver  of  man  in 
Iceland,  but  this  is  clearly  an  error  in  diagnosis. 
Hodges  also  reported  its  occurrence  in  man  in  the 
United  States,  but  Wyman  who  examined  the 
specimens  stated  that  the  hooks  resembled  rather 
those  of  Cyniicercus  celliilostv,  although  the  size  of 
the  cyst  and  the  number  of  hooks  favored  C. 
tenuicollis.  These  latter  features  are  recognized  as 
much  more  varialile  in  this  species  than  the  former, 
So  that  in  all  probability  the  determhiation  is  erro- 
neous. 


dog  tapeworms  are  evidently  most  important  for  the 
physician  from  the  sanitary  [xjint  of  view,  quite  apart 
from  the  fact  that  by  virtue  of  their  serious  effects 
on  other  domestic  animals  these  cestodes  demand 
attention  from  an  economic  standpoint.  A  strict 
control  sliould  be  exercised  over  the  condition  of  the 
dog  in  every  household  where  such  a  |)('t  is  found,  and 
the  removal  of  the  army  of  stray  curs  sho\ild  be  urged 
in  every  community;  for  these  vagrants  are  the  very 
ones  uiost  likely,  by  virtue  of  their  omnivorous  habits, 
to  become  infected  and,  in  consequence  of  their  no- 
madic life,  to  carry  i)arasites  from  place  to  place.  The 
presence  of  tapeworms  in  dogs  may  be  recognized  by 
the  proglottides  found  in  the  feces,  and  I  have  known 
of  sucli  having  been  taken  from  the  back  of  a  dog  and 
submitted  to  a  physician  as  a  curiosity!  Manifesta- 
tion of  an  a!\al  or  subca\idal  pruritus  on  the  part  of 
tlie  dog  is  also  good  evidence  of  their  presence.  In 
all  such  cases  the  health  of  the  family  demands  that 
the  physician  insist  on  the  treatment  of  the  dog  for 
their  removal. 

As  the  determination  of  the  species  may  be  of  impor- 
tance in  such  cases  there  is  appended  a  table,  modified 
from  Neumann,  of  the  canines  cestodes  thus  far 
reported : 


Four  suckers  on 
the  head. 


I  Head  armed;  geni- 
tal pore  mar- 
ginal and — 


Numerous  proglottides. 
Strobila  several  centi- 
meters long.  Seg- 
ments— 


Never  more  than 
slightly  broader 
than  long.  Small 
hooks  with  guard- 


230-260/1     long,     genital 
pore  very  salient. 

TcEnia  serrata. 
13(y~l57ti     long,     genital 
pore  not  very  salient. 
T.  9erialin. 
180-220/1  long,  length  of 
mature  segments   dou- 
ble that  of  their  width. 
T.  marginata. 
150-170,,  long,  length  of 
mature  segments  treble 
Single    I  their  width. 

T.  cmnuTus. 
Much  broader  than  long  except  the  distal  segments  which  sud- 
[      denly  elongate:  genital  pore  usually  large  and  prominent. 

T.  Ktabbei. 

\  Three  or  four  segments;  some  millimeters  long T.  echinococcus. 

Double  and  bilater.nl Dipylidium  caninum. 

L  Head  unarmed.     Sexual  orifices  on  the  ventral  surface Mfsocestoides  lineatus. 

Two  suckers  on  the  head:  genital  pores  on  the  ventral  surface Dibothriocephatus  fuscus. 


Bifid;   hooks 


Entire:    large 
hooks — ■ 


Tmsja  serrata,  Goeze,  1782. 

Length  0.7  to  2  meters.  Head  1.3  millimeter  in 
diameter  with  a  double  crown  of  34  to  48  (usually  40) 
hooks,  the  larger  225  to  250;t  long,  the  smaller  120  to 
160;i.  Embryophores  oval,  36  to  40^  by  31  to  36/( 
Adult  in  small  intestine  of  dog;  larva  {Ct/sticercus 
pisiformis,  Fig.  1213)  in  peritoneum  of  rabbits. 

Records  of  its  presence  in  man  from  Algeria  prob- 
ably are  based  on  an  error  in  the  determination.  In 
the  dog  it  is  abundant  ever>^^•here  and  other  cases 
would  surely  occur  if  the  human  host  were  susceptible. 
Experiments  to  infect  man  by  swallowing  the  bladder 
worm  have  been  without  results. 

T^NiA  cRAssicoLLis  Rudolphi,  1810. 

Length  0.15  to  O.G  meters.  Head  1.7  millimeter  in 
diameter,  with  a  double  crown  of  20  to  52  hooks,  the 
larger  380  to  420/(  long,  the  smaller  250  to  270^. 
Embryophores  spherical,  31  to  37/x  in  diameter. 
Adult  in  small  intestine  of  domestic  cat  and  related 
wild  species;  larva  (C i/siicercus  fasciolaris)  in  rats, 
mice,  etc. 

Braun  records  after  Krabbe  that  in  Jutland  chopped 
mice  are  consumed  uncooked  on  bread  as  a  popular 
remedy  for  enuresis.  It  is  apparent  that  the  intro- 
duction of  living  larvae  of  this  species  into  the  human 
alimentary  canal  might  readily  occur  and  the  infec- 
tion of  man  results  therefrom. 

Since  the  most  dangerous  of  all  human  parasites  is  a 
dog  tapeworm,  and  since  several  other  canine  cestodes 
are  either  known  to  be  found  or  suspected  to  be  para- 
sitic in  man  at  some  age  or  in  some  stage  of  life,  the 


T^NiA  ECHINOCOCCUS,  von  Siebold,  1853. — Small  ces- 
todes (Fig.  1331)  measuring  from  2.5  to  5  or  6  milli- 
meters in  length  with  only  three  to 
four  proglottides  the  last  of  which 
measures  when  ripe  2  millimeters  in 
length  by  0.6  millimeters  in  breadth. 
Head  0.3  millimeter  broad  with 
prominent  rostellum  bearing  in  a 
double  row  twenty-eight  to  fifty 
hooks  which  vary  considerably  in 
form  and  size.  Onchospheres  oval, 
32  to  26^1  by  25  to  30,u.^  Adult 
found  in  large  numbers  in  small 
inte.stine  of  dog,  wolf,  jackal,  dingo; 
the  larva  {Echinococcus  polyinorphus) 
in  many  organs  of  a  multitude  of 
hosts,  including  man. 

Structure. — The  adult  of  this 
species  was  long  regarded  as  an 
immature  form  by  virtue  of  its  small 
size  and  limited  number  of  proglot- 
tides until  von  Siebold  produced  it 
by  feeding  dogs  with  echinococcus 
bladders  from  sheep.  The  experi- 
ment has  been  repeated  successfully 
many  times  with  echinococcus  from 
various  sources  including  man,  and 
shows  a  developmental  period  of 
seven  to  eight  weeks  to  be  necessary 
for  the  production  of  ripe  individuals. 
The  experimental  production  of  the  echinococcus  has 
proved  more  difficult,  but  Leuckart  has  succeeded  in 
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FlQ.  1331. — En- 
tire Specimen  of 
Tania  echinococcua 
from  the  Dog. 
X  12.  (.\  f  t  e  r 
Claus.) 


Cestoda 
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following  it  by  feeding  the  adult  tapeworms  to  suck- 
ling pigs.  The  development  proceeds  so  slowly  that 
in  one  month  there  has  been  formed  a  spherical  solid 
only  0.25  to  0.35  millimeter  in  diameter  enclosed  in  a 
connective-tissue  cyst  formed  by  the  host,  the  entire 
miass  making  nodules  in  the  liver  barely  1  millimeter 
in  diameter.  At  two  months  the  larvs  are  twice  as 
large,  the  wall  consists  of  a  thick  external  lamellar 
cuticula  and  a  delicate  granular  internal  :nembrane 


Fig.  1332. — Diagrammatic  Representation  of  Echinococcus  Seen  in  Section-  a,  Origin  of  a 
brood  capsule:  b,  c,  d,  further  stages  in  its  development;  e,  fully  developed  brood  capsule;  .s,  en- 
dogenous daughter  cyst  formed  from  brood  capsule;  g,  origin  of  an  exogenous  daughter  cyst: 
h,  i, ;,  k,  its  further  development:  ?.  an  exogenous  daughter  cyst  forming  an  exogenous  and  an  endog- 
enous cyst  of  the  third  generation:  m,  origin  of  a  scolex  as  a  minute  elevation  in  the  wall  of  a 
brood  capsule:  n,  its  delimitation  by  a  shallow  internal  groove:  o,  later  stage;  p,  the  same  as  last, 
but  invaginated;  q,  the  enclosing  of  the  papilla  by  a  second  outer  furrow;  r,  a  fully  developed 
scolex  with  head  inverted.      (Original.) 

enclosing  a  watery  fluid.  At  five  months  the  diameter 
of  the  parasite  has  become  10  to  12  mOlimeters,  but  no 
structure  is  yet  \'isible  in  the  interior.  To  the  parasite 
in  this  condition,  consisting  of  cuticula,  parenchyma 
layer  (endocyst),  and  fluid  contents,  the  name 
Acephalocystis  has  been  applied  by  some  authors, 
and  frequently  the  organism  makes  no  advance  in 
structure  beyond  this  condition.  Normally,  however, 
there  appears  a  protuberance  on  the  endocyst  (Fig. 
1332,  a)  which  develops  rapidly  into  a  brood  capsule 
(b)  in  which  the  parenchyma  is  external  and  the  cuticu- 
lar  layer  internal.  According  to  the  \-iews  of  some 
investigators  these  may  become  detached  and  continue 
their  development  floating  (/)  in  the  cavity  of  the 
mother  cyst,  in  which  case,  however,  a  cuticular 
layer  is  formed  on  the  outside  and  disappears  within. 
In  the  opinion  of  others  such  free  daughter  cysts  or 
secondary  capsules  arise  in  the  wall  of  the  parasite 
■when  a  cuticular  layer  is  formed  about  small  centers 
of  detached  parench>-ma;  as  these  grow  they  burst 
out  from  the  wall,  and  if  they  fall  within  the  mother 
cyst  and  continue  their  development  within  the 
cavity  of  the  latter,  the  form  known  as  an  endogenous 
echinococcus  is  produced;  this  variety  occurs  most 
frequently  in  man,  pig,  and  horse.  If,  on  the  other 
hand,  the  daughter  cysts  burst  out  from  the  w-all  of 
the  mother  cyst,  their  continued  growth  [g-l)  outside 
gives  rise  to  exogenous  echinococci.  Evidently  a 
group  of  several  distinct  individuals  may  easily  be 
confounded  with  a  group  consisting  of  mother  and 
daughter  cysts.  Further  development  may  also 
give  rise  to  a  third  generation  of  cysts  inside  the 
second  (l).     Any  or  all  capsules  may  remain  sterile, 
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i.e.  without  heads,  and  such  are  the  acephalocystic 
forms  noted  above.  In  most  cases,  however,  heads 
are  formed  on  the  brood  capsules  or  on  the  secondary 
cysts.  According  to  the  recent  investigations  of 
Goldschmidt  a  proliferation  of  the  parenchyma  layer 
in  a  brood  capsule  forms  a  low  elevation  (m)".  As  this 
grows  there  arises  inside  the  capsule  an  annular  furrow, 
and  tliis  gromng  outward  cuts  off  a  pyramidal  eleva- 
tion (i)  which  by  virtue  of  its  early  developed  muscles 
displays  great  mobUitv, 
hanging  outward  from  the 
brood  capsule  (o)  or  thrust- 
ing itself  into  the  same  as  a 
solid  unguiform  structure 
(p).  The  external  chitinous 
covering  of  the  fully  formed 
head  takes  its  origin  in  a 
second  annular  furrow 
outside  the  first,  which 
gradually  surrounds  the 
parts  already  described  (g) 
and  on  its  completion  leaves 
the  head  projecting  into  the 
cavity  of  the  brood  capsule. 
Suckers  and  hooks  originate 
and  the  entire  structure 
presents  the  form  of  an  in- 
verted scolex  (r).  In  each 
daughter  cyst  (d,  e)  five  to 
ten,  or  even  as  many  as 
thirty-four  heads  may  de- 
velop, so  that  the  entire 
number  in  one  echinococcus 
reaches  into  the  thousands. 
By  the  rupture  of  the  brood 
capsule  scolices  may  extend 
directly  into  the  cavity  of 
the  hydatid  or  even  be  found 
floating  free  in  its  contents. 
The  echinococcus  is  now 
mature,  and  if  eaten  by  a 
suitable  host  these  scolices 
will  develop  in  its  alimentary 
canal  into  adult  tapeworms. 
The  form  of  the  hydatid  cyst  is  subject  to  considera- 
ble variation,  the  more  extreme  types  of  which  have 
received  special  names.  Evaginations  in  the  walLCs) 
frequently  occur  under  mechanical  influences  in  the 
environment  and  suggest  the  origin  of  the  form  known 
as  E.  racemosus  (Fig.  1333),  from  which,  however, 
E.  multiloculariB  cannot  be  distinctlj'  separated  in  all 
cases.  The  latter,  known  also  as  an  alveolar  colloid, 
represents  a  mass  of  many  small  hydatids  0.1  to  5 
millimeters  in  diameter  which  in  section  display 
numerous  irregular  cavities  filled  with  a  transparent 
gelatinous  substance  and  embedded  in  a  common 
stroma  of  connective  tissue.  Gall 
duct  and  boodvessels  may  be  de- 
tected in  places,  but  the  liver 
cells  are  completely  atrophied. 
These  growths  were  long  inter- 
preted as  colloid  cancers  imtil 
Mrchow  demonstrated  their  hy- 
datid origin.  The  scolices  or 
hooks,  often  rare  and  single  or 
at  most  few  in  any  bladder,  are 
entirely  wanting  in  forty  per  cent, 
of  the  specimens  tested.  These 
multUocular  hydatids  undergo  regularly  degenerative 
processes  by  which  a  central  cavity  is  formed  filled 
with  a  fluid  containing  among  tissue  remnants  also 
calcareous  corpiiscles  secondary  bladders,  brood  cap- 
sules, scolices,  hooks,  hematoidin  and  margarin 
crystals,  concretions,  etc.  The  size  of  the  hooks 
(Fig.  1334),  which  varies  very  considerably,  is  due,  as 
Leuckart  has  shown,  to  the  age  and  stage  of  develop- 
ment of  the  specimen. 


Fig.  1333. — Echino- 
coccus racemosus. 
Natural  size.  (After 
Leuckart.) 
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Annmalies. — A  specimen  of  T.  echinococcus  has  been 
describod  with  six  suckers  on  the  head.  RegardinR 
tlu>  larval  fonn  some  observers  liold  tliat  the  varieties 
noted  above  as  Anphalocystis,  E.  racemosiix,  and  E. 
7iiuttiU)rnlnri!i  arc  abnormal,  .\ccording  to  others 
the  latter  form,  which  appears  to  be  confined  to 
Switzerland,  represents  a  different  species  from  the 
common  type.  Isolated  cases  have,  however,  been 
reported  from  other  localities,  one  even  from  the 
United  States  (Stiles). 

Ditilnliiition. — The  adult  parasite  appears  to  be 
most  common  in  Iceland,  where  it  occurred  in  28  i)er 
cent,  of  the  dogs  examined.  In  .\ustralia  the  per- 
centage  is   even   higher,    40  to   50   per   cent,    being 

recorded.  On  the 
continent  of  K\irope 
it  occurs  in  from  0.4 
to  7  per  cent,  of  the 
dogs  examined  in 
different  localities. 
Stiles  records  its 
presence,  though 
very  rarely,  in  dogs 
examined  at  Wash- 
ington, D.  C.  I 
have  found  no  other 
record  of  the  pres- 
ence of  the  adult 
tapeworm  in  this 
country.  When 
present  its  occur- 
rence in  large  num- 
bers is  natural.  The 
hydatid  is  most 
abundant  in  Iceland 
and  in  India,  where 
from  one-fourth  to 
three-fourths  of  all 
domestic  animals 
are  infected.  In 
Germany,  where 
recorrls  are  of  a  most  precise  nature,  the  percentage  of 
infection  varies  verj'  greatly,  being  as  low  as  5  per 
cent,  in  a  few  cases  and  as  high  as  6.5  per  cent,  in  one 
locality  (for  precise  figures  see  Stiles  and  Hassall, 
p.  122).  In  the  United  States  hydatids  have  been 
recorded  from  cattle,  hog,  and  camel,  and  for  localities 
in  Maryland,  the  District  of  Columbia,  Missouri, 
Nebraska,  and  Louisiana.  In  New-  Orleans  117  cases 
of  liver  echinococcus  were  recorded  from  2,000  hogs. 

In  man  the  frequency  of  hydatid  disease  corre- 
sponds in  general  with  that  for  domestic  animals. 
In  Iceland  estimates  of  the  number  of  inhabitants 
infected  vary  from  2  to  1.5  per  cent.;  in  Australia 
3,000  cases  were  reported  between  the  years  1861  and 
1882.  In  Europe  the  results  of  autopsies  are  given 
in  the  accompanying  table,  which  is  taken  from 
Ostertag. 


EiQ.  1334. — Echinococcus  Hooks, 
o,  From  bladder  worm  of  cow;  fe, 
from  young  Tirnia  echinococcus;  c, 
from  adult  T<r?tia  echinococcus;  d,  the 
three  forms  superposed  to  show  gradual 
modification  in  form.  X  500.  (After 
Leuckart.) 


Total 
number  of 
autopsies. 

Hydatids  present. 

Locality. 

Cases. 

Percentage. 

1.025 
1.360 
4,470 
639 
2,002 
1,229 
1,287 
1.812 

25 
20 
33 
3 
7 
3 
3 

2.43 

1.47 

Berlin   

0.7fi 

0.4B 

0.34 

0.24 

0.03 

2               0.01 

In  this  country  the  hydatid  is  rare  in  man.  Som- 
mer  has  compiled  statistics  of  100  recorded  cases 
from  which  the  follo\\ing  data  are  taken.  It 
is  entirely  unknown  how  many  patients  were  infected 


outside  the  limits  of  this  continent;  certainly  some  of 
them  ac(|uircd  the  parasite  in  other  countries. 

By  Sex. 

M:ilc.s 47  I  Unstated 25 

Temales 28  | 

Bt  Nativity. 

Azorian 1  I  Mulatto 2 

Colored 1  Negro 2 

Knglish 5  Pole 1_ 

I'orc'igners 2  .Swede 1* 

French 2  Welsh 1 

German 15  White 4 


Irish 

Italian... 
.Japanese. 
Mexican.. 


1 


Unstated 54 

Total 100 


Hy  States. 


Alabama 2  ' 

California 1 

Connecticut I 

District  of  Columbia. . .  4 

Illinois 3 

Indiana 1 

Kentucky 2 

Louisiana l(or2?) 

Massachusetts 5(or  6?) 

Michiiran 1 

Missouri 7 

New  Jersey 1 


New  York 33 

Ohio 7 

Pennsylvania 10 

Tennessee 1 

Texas 1(  +  T) 

Vermont 1 

Virginia 2 

Washington 1 

Unstated 15 

Total 100 


Caution  should  be  exercised  in  the  identification  of 
supposed  echinococcus  bladders  from  domestic  ani- 
mals since  the  hydatid  of  Tania  serialis  of  the  dog, 
which  is  abundant  in  the  United  States,  is  large,  at 
times  even  of  very  considerable  size,  and  produces 
numerous  secondary  bladders  both  interiudly  and 
externally,  so  that  the  general  appearance  suggests 
that  of  echinococcus.  The  size  and  form  of  the 
scolices  and  of  the  hooks  are  so  very  different  that  even 
a  siiperficial  microscopic  examination  servos  to  dis- 
tinguish the  two  forms.  The  hydatid  of  Twnia  serialis 
is  common  in  the  rabbit  and  has  also  been  reported 
from  the  horse. 

Pathology. — The  larva  gives  rise  to  the  hydatid  or 
echinococcus  disease,  the  symptoms  of  which  vary 
with  the  seat  of  the  parasite.  Cases  are  on  record 
in  which  the  hydatid  has  existed  for  two,  four,  eight, 
fifteen,  eighteen,  and  even  thirty  years  in  man.  It 
may  be  found  in  any  organ,  but  is  most  frequently 
recorded  from  the  liver  or  lungs.  At  times  its  pres- 
ence is  not  suspected  until  revealed  by  postmortem 
examination;  and  the  danger  depends  in  any  case  upon 
the  precise  location  and  the  size  attained  by  the  hyda- 
tid. In  some  situations  hydatids  exert  a  fatal  pres- 
sure upon  important  vessels  or  nerves  or  destroy  the 
tissue  of  essential  organs.  They  often  cause  fatal 
results  by  bursting  into  a  serous  cavity  or  a  blood-ves- 
sel, the  toxic  effect  of  the  fluid  having  been  noted 
already.  Somer  gives  the  following  table  for  1,806 
cases  recorded  in  various  countries: 


Classification  hy  Habitat, 


1  United 


States. 


Liver 62 

Lung 7 

Passed  per  rectum 2 

Spleen 3 

Brain 3 

,\bdominal  wall 1 

Vomited 2 

Expectorated 2 

Common  bile  duct 2 

Bones I  1 

Bladder I  6 

Eye {  1 

Pericardium 1 

Ovaries 1 


Total. 
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Classificatios  bt  Habitat. — (( 

Continued.) 

United 
States. 

1 
Canada. 

Other 
countries. 

Total. 

Uterus 

3 

3 

Trunk  and  limbs 

4 
123 

4 

Kidneys 

Neck  (fascia) 

3 

1 
1 
1 
1 

126 
1 

1 

o 

Rx+*n<»nrs  nf  thigh 

1 

Pleura 

Circulatory  apparatus. . . . 

ig' "■ 

53 
91 
13 
70 

61 

20 
53 

Cranial  cavity 

91 

Spinal  canal 

13 

Pelvis 

3 

1 
1 

2 

75 

Peritoneum  and  omentum 

62 

1 

60 

n 

41 

IS 

60 

mammaries. 

9 

Face,  orbit,  and  mouth. . . 

41 

Neck 

18 

Abdomen 

2 

1 
1 

2 

Omentum 

1 



1 

Totals 

113 

12 

1,681 

1,806 

Prevention. — As  "hydatid  disease  is  the  most  fatal 
zoo-parasite  disease  which  affects  man,  fifty  per  cent. 
of  the  cases  dying  within  five  years  after  infection," 
too  great  insistence  cannot  be  laid 
upon  the  necessity  of  guarding  against 
the  disease  and  stamping  it  out. 
Measures  should  be  taken  to  destroy 
all  stray  dogs,  to  prohibit  the  pres- 
ence of  dogs  at  abattoirs,  to  destroy 
all  hydatids  found  in  slaughtered 
animals,  and  to  discourage  all  inti- 
mate association  with  dogs.  Meth- 
ods for  the  treatment  of  echinococcus 
diseases  in  man  have  been  suggested, 
but  surgical  interference  alone  has 
met  ^\-ith  satisfactory  results. 

Htmenolepis  Weinland,  1858. — 
DipJacanthus  Weinland. 

Scolex  small,  rostellum  retractile 
armed,  suckers  unarmed.  Genital 
pores  on  left  margin;  three  testes  in 
each  proglottis.  Ripe  uterus  fills 
entire  proglottis.  Eggs  spherical  or 
elongated  with  three  widely  separate 
membranes.  Larval  stage  a  cerco- 
cystis  or  staphylocystis. 

Htsienolepis  nana  R.  Blanchard, 
1891. — Tunia  nana  von  Siebold,  T. 
wypliaca  BUharz,  Diplacanthus  nanus 
Weinland  (Fig.  1335). 

Length  10  to  25  millimeters,  rarely 
40  millimeters,  breadth  0.5  to  0.7 
miUimeters,  Scolex  spherical  (Fig. 
1336),  0.25  to  0.3  miUimeters  in 
diameter,  ha\'ing  a  retractile  rostel- 
lum armed  with  a  single  circle  of  24 
to  30  hooks  which  are  only  14  to  IS.u 
long.  Neck  long;  proglottides  from 
100  to  200  in  number,  very  short, 
the  largest  measuring  onlj^  0.4  to  0.9 
millimeters  wide  by  0.14  to  0.3  milli- 
meters long.  External  egg  mem- 
brane measures  30  to  40,  rarely  50,u 
in  diameter,  the  onchosphere  mem- 
,  branes    16    to    20/i.      Adult  in  the 

Fio    1335.    En-   gmall  intestine  of  man,  and  possibly 

tire     Specimen    of       ,        ,,  ,  '  ^ 

H..«.««i^«.'.  ««««    also  the  rat. 

Hymenolepis  nana.  j  -t      u  ■  ,  r<  •  j      ^w 

X    IS.      (After       ^f^  History. — (jrassi  regards  this 
Leuckart.)  species  Es  identical  with  H.  murina 


Fig.  1336. — Srolex  of  Hy- 
menolepis  nana  with  Rostellum 
Retracted.  X  SO.  o.  Isolated 
hook.  X  480.  (After  Leuck- 
art.) 


from  the  rat.  According  to  him  the  bladder  worm 
develops  as  a  cyst  in  the  intestinal  villi  and  when 
full  grown  falls  into  the  lumen  of  the  canal  and 
becomes  mature.  If  so  the  chance  consumption  of 
ripe  proglottides  or  onchospheres  would  ultimately 
produce  the  adult  tapeworm.  Moniez,  Blanchard, 
and  others  have  emphasized  differences  between  the 
rat  and  the  human  form.  In  experiments  with  six 
persons  who  had  swallowed  ripe  proglottides  of  H. 
murina  Grassi  obtained  specimens  of  H.  nana  only  once 
and  this  proves  nothing  in  a  region  where  the  latter  is 
abundant.  On  the  other 
hand  he  was  unable  to 
infect  rats  by  feeding  them 
ripe  proglottides  of  H. 
nana.  The  e\idently  close 
relationship  of  the  two 
species  is  presiunption  in 
favor  of  a  similar  mode  of 
development. 

The  dwarf  tapeworm 
which  is  much  the  smallest 
of  aU  human  cestodes  and 
accordingly  difficult  to  de- 
tect was  formerly  regarded 
as  very  rare.  Now  it  is 
known  to  be  exceedingly 
conunon.  Discovered  in 
1851  by  Bilharz  in  Egi,-pt 
in  enormous  numbers  at  an 
autopsy,  it  has  since  been 

reported  from  nearly  every  part  of  continental  Europe, 
from  Siam,  Japan,  and  the  Philippines,  and  may  justly 
be  regarded  as  cosmopolitan  in  its  distribution. 

To  the  single  record  in  the  United  States  of  Spooner 
in  1873  reported  in  the  previous  edition  of  this  work, 
have  been  added  about  200,  most  of  very  recent 
date,  observed  since  attention  has  been  directed 
to  the  parasite.  Ramsom  (1904)  published  a  valuable 
monographic  account  of  the  worm  and  its  effects 
with  116  cases.  These  and  later  cases  show  that  the 
parasite  is  generally  distributed  over  the  Southern 
States,  and  occurs  also  in  New  York,  Philadelphia, 
and  Colorado.  Doubtless  future  study  will  result 
in  extending  its  range  stUl  further.  The  cases  occur 
in  general  under  unfavorable  hygienic  conditions  and 
infection  is  probably  traceable  to  the  contamination 
of  food  by  mice  and  rats.  Uncleanly  habits  will  no 
doubt  result  in  autoinfection,  but  the  eggs  produced 
in  the  intestine  of  the  host  and  discharged  per  anum 
must  be  introduced  per  os  and  undergo  stomach 
digestion  before  they  will  hatch.  These  conditions 
explain  the  greater  frequence  of  the  parasite  in  chil- 
dren and  especially  in  infants.  The  parasite  rarely 
occurs  in  adults.  When  present  it  is  often  found  in 
large  numbers,  even  up  to  4,000  or  5,000  in  a  single 
host. 

The  infection  is  diagnosed  by  the  discovery  of  the 
cestode  or  more  commonly  it«  eggs  in  stools.  The 
difficulties  in  diagnosis  have  been  shown  by  Bass  and 
Gage  who  adopt  centrifuging  to  secure  the  eggs  which 
are  easily  recognized  when  found.  In  some  cases 
gastric  disturbances  and  reflex  nervous  symptoms  are 
present;  these  may  become  severe  and  may  rise  to 
obscure  gastrointestinal  or  ner\"ous  disorders  in 
children  (Schloss)  or  adults  (Bass  and  Gage).  Male 
fern  is  said  b\-  some  to  be  the  only  remedy  of  value 
and  to  expel  the  worms  readily;  but  others  find 
repeated  treatment  necessary  even  with  this  drug, 
and  still  others  report  th\-mol  efficacious.  I  have 
myself  discovered  specimens  among  hook  worms 
removed  in  Kentucky-  by  thymol  treatment;  the  ces- 
tode was  neither  suspected  nor  recognized. 

Hymexolepis  Dimintjta  R.  Blanchard,  1891. — 
T.  diminuta  Rud.,  T.  leptocephala  Creplin,  T.  fiavo- 
punclala  Weinland,  T  varesina  Parona,  T.  minima 
Grassi. 


77-4 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Ccstoda 


Length  20  to  (iO  centimeters,  width  3.5  millimeters. 

Head  small,  elaviforni,  with  rudimentary  unarmed 
rostellnm;  neck  short  (Fig.  1337). 
Proglottides  short  and  indistinct 
at  fir.st,  increasing  gradually  to  a 
maximum  near  the  posterior  end 
of  the  chain  of  O.tiG  millimeters 
long  by  3.5  millimeters  wide. 
External  egg  membrane  60  to  86/i 
in  lengtli,  internal  with  polar  pro- 
jections; onchosphere  3()  by  2S/(. 
Adults  in  the  small  intestine  of 
various  rats  and  mice,  and  rarely 
also  of  man;  larva  (cercocystis) 
in  various  insects,  chiefly  the 
meal  worm  {Asopia  farinalis). 

This  typical  species  has  been 
studied  with  great  care  by 
Zschokke.  The  structure  of  the 
sexually  mature  proglottid  is 
shown  in  the  figure  (Fig.  1338). 
In  the  ripe  proglottis  the  egg- 
filled  uterus  occupies  the  entire 
space  within  the  walls  of  the  seg- 
ment save  for  the  large  flask- 
shaped  cirrus.  Sterile  proglot- 
tides of  smaller  size  and  without 
eggs  occur  at  times  in  the  series. 
The  larval  form,  a  cercocystis. 
occurs  usually  in  the  larva  and 

adult  of  the  meal  moth  (Asopia). 

It  is  recorded  also  from  the  earwig  {Anisolabris) 


FlQ.  1337. — .interior 
End  of  Bymenolepis 
diminuta.  Magnified. 
(.4tter  Zschokke.) 


Fio. 


133S. — Reproductive  Organs  of  Hymenolepis  diminuta. 
(After  Zschokke.) 


two  beetles  (Akis  and  Scauriis)  and  by  Nickerson  at 
Minneapolis  also  in  two  thousand-legged  worms 
(Jvlus  and  Fontaria  virgijiia).  The 
adult  has  been  developed  in  white 
rats  and  in  man.  In  the  latter  fif- 
teen days  after  feeding  the  larvae 
ripe  eggs  were  found  in  the  feces. 

Nearly  a  score  of  cases  are  re- 
corded; the  first  specimens  were 
taken  in  Boston  by  Palmer  in  1842 
and  described  by  Weinland  in  1858. 
Leidy  recorded  it  from  Philadelphia 
in  1884;  Packard  from  the  same 
place  in  1900;  Deaderick  from 
Arkansas  in  1906,  and  Nickerson 
from  Minnesota  in  1911.  The  other 
cases  are  from  Italy,  France,  and 
South  America.  As  its  normal  host, 
the  rat,  is  cosmopolitan,  and  as  its 
larval  hosts  occur  in  and  about  food, 
its  occasional  appearance  as  a  human 
parasite  is  to  be  expected.  Infection 
is  undoubtedly  caused  by  the  con- 
sumption of  food  containing  infected 
insects. 

All  cases  except  one  concern  chil- 
dren or  infants,  and  only  mUd  infec- 
tions and  corresponding  symptoms 
are  recorded.  The  worm  is  readily 
diagnosed  by  its  ova  in  the  feces 
of  the  host  and  any  anthelmintic  "n-ill 
expel  the  parasite.  Even  a  cathartic  has  brought  it 
away  and  in  one  case  it  was  expelled  T\-ithout  medicine. 


Fig.    1339.— An- 
terior End  of    Da- 

Taiitea  madagascari- 
ensis.  X  14.  (After 
Blanchard.) 


A  third  species,  Hymenolepis  lariceolala  has  also 
been  reported  from  the  human  host  in  Europe.  It 
is  a  normal  parasite  of  geese,  ducks,  and  other  water 
birds  and  the  larva  is  said  to  occur  in  small  water 
animals  (('oi)epoda).  Human  infection  undoubtedly 
is  caused  by  drinking  water  containing  such  animals 
infested  with  the  larval  cestode. 

Davainea.  R.  Blanchard,  1899. 

Scolex  spherical  with  prominent  rostellum  some- 
times retractile,  armed  with  many  small  hooks  in 
two  rows  which  may  be  caducoiis.  CJenital  groove 
unilateral  or  alternating  irregularly.  Eggs  grouped 
in  capsules.     Development  unknown. 

Davainea  madagascarensis  R.  Blanchard,  1891. — 
Tania  demerariensis  C  \V.  Daniels,  1896. 

Length  25  to  40  centimeters  with  500  to  600 
proglottides.  Head  (Fig.  1339;  includes  retractile 
rostellum  having  many  hooks,  23-2.5;<  in  length, 
which  are  usually  partly  lacking.  Genital  pores 
unilateral  with  occasional  transpositions.  Ripe  pro- 
glottides 2  millimeters  long,  1.4  millimeters  broad. 
Eggs  in  groups  of  two  or  three  with  heavy  capsules 
of  parenchyma  forming  the  characteristic  egg  balls 
0.2  to  0.4  millimeters  in  diameter  which  fill  the  entire 
ripe  progottid.  Onchosphere  S/t,  or  15/i  (Garrison), 
in  diameter  with  6  delicate  nearly  straight  hooks  4 
to  5/1  long. 

The  growth  of  the  cestode  is  very  rapid.  At  3 
centimeters  from  the  head  proglottides  may  be  seen 
in  copula.  The  last  hundred  segments,  which  make 
more  than  half  of  the  entire  length  of  the  worm, 
contain  only  eggs  about 
which  the  capsules  are  form- 
ing (Fig.  1340).  Of  the  de- 
velopment nothing  is  known. 
The  ten  cases  reported  are 
widely  distributed,  coming 
from  Madagascar,  the  An- 
tilles, Siam,  British  Guiana, 
and  the  Philippines,  and 
show  its  general  occurrence 
throughout  the  tropical  belt. 
The  first  six  cases  were  all 
from  young  children,  and  the 
last  two  from  adults.  All  cases  have  been  found  in  sea- 
port towns  and  have  been  apparently  related  also  to 
ships  and  docks.  Blanchard  surmises  that  these 
facts  pointed  to  some  cosmopolitan  insect  found  in 
such  localities  as  the  intermediate  host  and  suggests 
the  cockroach.  But  the  investigation  of  tropical 
regions  has  hardly  begun  and  the  parasite  may  be 
even  more  frequent  in  the 
interior  of  these  countries. 
Many  have  accepted  the 
view  that  this  tapeworm  is 
an  occasional  or  erratic 
parasite  of  man  and  its 
normal  host  is  some  other 
animal.  Blanchard  and 
Garrison  cjuestion  this  ex- 
planation since  the  species 
have  never  been  reported 
from  any  other  host;  but 
its  infrequence  in  man  and 
the  lack  of  knowledge  con- 
cerning the  regions '  where 
it  occurs  are  strong  argu- 
ments on  the  other  side  of 
the  question 

Of     special    interest    to 
American  physicians  is  the 

recent  report  of  Garrison  (1911)  that  this  species  oc- 
curs in  ^lanila.  The  specimens  were  obtained  at  the 
necropsy  of  an  adult  male  Filipino.  The  case  is  the 
first  from  that  part  of  the  world  and  one  of  two 
only  from  adults.  The  detection  of  its  presence 
under  such  circumstances  may  indicate  a  wider  in- 
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(Letters  as  before.) 


Magnified. 


Fig.  1340. — Kipe  Proglottis 
of  Davainea  madagascarit-nsia 
just  Liberated  from  the  Chain. 
X  10.     (After  Davaine.) 
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fection  of  the  human  host  than  heretofore  assumed. 
A  parasite  of  such  insignificant  size  -nould  probably 
be  imnoted  unless  present  in  large  numbers  or  in 
young  children  'where  the  disturbance  to  normal 
functions  would  be  relatively  greater. 

Davainea  asiatica  (v.  Linstow)  1901  was  described 
from  a  specimen  in  the  St.  Petersburg  museum. 
This  came  from  Asia,  near  the  Persian  boundary, 
east  of  the  Caspian  Sea.  It  is  imperfectly  known  but 
apparently  cannot  be  identical 
with  the  previous  species. 

DiPTLEDruii  R.  Leuckart,  1863. 

Rostellinn  retractile,  armed 
with  several  annular  rows  of 
alternating  hooks.  Genital  pores 
opposite,  sexual  organs  doubled. 
L  terus  a  reticulum  which  later 
becomes  changed  into  sacs  hold- 
ing one  or  more  eggs  each.  Eggs 
with  double  shell. 

DiPYLiDruM  CANixtJM  RailUet, 
1893.— r.  moniliformis  Pallas,  T. 
cucumerina  Bloch,  T.  elliptica 
Batsch. 

Length  1.5  to  35  centimeters; 
maximum  width  1.5  to  3  milli- 
meters. Scolex  (Fig.  1341)  small, 
rhomboidal  with  retractile  club- 
shaped  rostellum  armed  with  3, 
or  4  rows  of  thorn-shaped  hooks, 
decreasing  in  size  from  15«  in  the 
first  row  to  6,u  in  the  last.  Suck- 
ers elliptical,  neck  ver_v  short. 
First  proglottides  small,  becom- 
ing trapezoidal  and  finally  char- 
acteristically of  melon-seed  form. 
Genital  pores  s\^nmetrical  on  both  sides.  Egg  sacs 
contain  8  to  lo  eggs;  the  ripe  proglottides  have  a  dis- 
tinct rose  tint.  Lggs  spherical,  43  to  oO.u  in  diameter. 
Onchospheres  32  to  36/i  in  diameter.  Adult  an 
abundant  parasite  in  the  small  intestine  of  the  dog, 
and  cat;  rarely  also  in  man;  larva  (cryptocystis)  in  the 
body  cavity  of  the  dog  flea  and  dog  louse.  In  this 
species  the  doubling  of  the  reproductive  organs  is 
striking,  a  complete  set  with  genital  pores  and  copula- 


- 


Fig.  1341. — .\nte- 
rtor  End  of  Dipylidium 
caninum.     (Original.) 


CM. 


Fig.  1342. — Median  Portion  of  Sexually  Mature  Proglottis  of 
Dipylidium  caninum;  c,  cirrus;  ov,  ovary;  rs,  seminal  receptacle:  (, 
testis;  u.  uterus;  u,  vagina;  t(,  vitellarium.  X  25.  (From  Railliet, 
after  Neumann.) 

tory  organs  being  present  on  each  side  of  the  pro- 
glottid (Fig.  1342).  The  branches  of  the  uterus, 
however,  become  cut  off  as  small  capsules  containig 
8  to  12  eggs  each;  and  in  the  ripe  proglottid  the 
mass  of  such  capsules  fills  the  entire  middle  field,  and 
a  reddish-brown  substance  deposited  about  the  eggs 
imparts  the  characteristic  pink  color  to  these  seg- 
ments.    Prismatic  and  doubly  fenestrated  specimens 
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have  been  obsen^ed  and  also  individuals  in  which 
four  sets  of  organs  lay  in  a  single  proglottid. 

The  onchosphere  is  transformed  in  the  body  cavity 
of  the  dog  louse,  dog  flea,  or  even  of  the  human  flea, 
into  a  tailed  lar\-a  or  cr\-ptocystis.  ^^'hen  the  dogs, 
annoyed  by  the  work  of  the  fleas,  hunt  and  destroy 
these  pests  it  is  eas}-  to  see  how  they  infect  themselves. 

While  formerly  this  species  was  regarded  as  very 
rare,  within  recent  years  cases  of  its  occurrence  have 
been  recorded  with  increasing  frequency  until  now 
at  least  75  to  100  cases  are  known.  The  first  on  rec- 
ord dates  from  Linnaeus.  Only  two  cases  have  been 
reported  in  this  country,  by  Stiles  and  by  Riley,  but 
doubtless  it  is  not  uncommon  among  children.  From 
75  to  85  per  cent,  of  recorded  cases  concern  children 
under  three  \'ears  of  age.  Infection  comes  from  ac- 
cidental ingestion  of  dog  fleas  that  harbor  the 
bladder  worm  stage,  and  intimate  association  with 
pet  cats  and  dogs  favors  such  transmission.  Younger 
children  pay  less  particular  attention  to  the  condi- 
tion of  food  and  drink  with  resulting  increased  lia- 
bility to  infection.  The  relatively  large  number  of 
cases  reported  from  Germany  is  explicable  on  the 
basis  of  more  careful  microscopical  diagnosis  in  Ger- 
man medical  practice  as  the  parasite  and  the  oppor- 
tunities for  infection  are  abundant  ever^-where.  In 
various  parts  of  the  L'nited  States  the  tapeworm  oc- 
curs in  numbers,  especially  in  the  smaller  dogs  and 
in  cats. 

The  order  of  the  Bothriocephaloidea  is  characterized 
liy  the  presence  on  the  scolex  of  two  poorly  developed 
sucking  grooves  which  occupy  the  dorsal  and  ventral 
surfaces  and  in  some  cases  are  modified  in  structure. 
Of  the  three  sexual  pores  the  uterine  aperture  lies 
always  on  one  surface  of  the  proglottis  whereas  the  two 
others  may  be  on  the  same  or  opposite  surface,  or  on 
the  margin  of  the  proglottis.  The  sexual  organs  are 
generally  single,  rarely  doubled;  this  development  does 
not  transcend  the  stage  of  maturity  so  that  no  parts 
degenerate.  Eggs  usually  with  cover;  much  like 
trematode  eggs.  Of  the  many  forms  known  only 
a  few  are  of  immediate  importance  here. 

DlBOTHEIOCEPH.^LUS  Liihe. 

Scolex  elongated,  suckers  unarmed,  not  powerfully 
developed.  Genital  organs  single.  Genital  pores  in 
midventral  line.  L'terus  in  coils  in  center  of  the  pro- 
glottis producing  a  characteristic  rosette  figure  (Fig. 
1343).     Eggs  brown,  thick-shelled  with  cap. 

DiBOTHRiocEPHALUs  LATTJS  Liihe,  1899. — Bolhrio- 
cephalus  latus  Bremser,  1819;  Toenia  vulgaris  and  T. 
lain  Linnaeus,  1748;  Dibolhriiim  laium  Diesing,  1850. 

Length  2  to  9  meters,  rarely  up  to  20  meters.  Gray- 
ish yellow.  Head  oval,  or  almond-shaped,  2  to  3  milli- 
meters long,  0.7  to  1  millimeter  broad,  traversed 
longitudinally  by  two  lateral  grooves.  Proglottides 
3,000  to  4,200  in  number,  usually  broader  than  long 
but  becoming  gradually  quadratic.  Sexual  pores  on 
midventral  line,  cirrus  and  vagina  opening  close  to- 
gether and  in  front  of  uterine  pore.  Eggs  68  to  70,«  by 
45.U.  Adult  parasite  in  small  intestine  of  man  and 
cat;  larva  (plerocercoid)  in  the  muscles  and  among 
the  viscera  of  many  fresh  water  fish. 

Structure. — The  longitudinal  sucking  grooves,  char- 
acteristic of  these  forms,  occupy  in  reality  the 
upper  and  lower  face  of  the  head,  appearing  at  the 
sides  in  consequence  of  the  torsion  of  the  neck. 
This  species  can  be  distinguished  easily  from  the  other 
large  human  cestodes,  Tania  saginaia  and  T.  solium, 
by  the  thickened  area  in  the  center  of  the  chain  and  by 
the  dark  irregular  rosette  figure  in  this  area.  The 
arrangement  of  the  sexual  organs  in  the  proglottid 
(Fig.  1308)  also  differs  radically  from  that  in  the  genus 
To'tna.  The  numerous  tests  occupy  a  dorsal  position 
on  both  sides  of  the  segment  and  vas  deferens  extends 
in  loops  toward  the  anterior  end,  terminatmg  in  a 
muscular  cirrus  pouch  with  a  seminal  vesicle.  Next 
the  male  genital  pore  lies  the  orifice  of  the  vagina 
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which  passos  directly  posteriari  in  the  median  line 
and  after  forming  a  receptaculum  seminis  joins  the 
common  yolk  duct  near  the  center  of  the  voluminous 
shell  glaiid.  The  vitellaria  or  yolk  glands  are  race- 
mose structures  occupying  the  cortical  layer  of  the 
segment  in  the  lateral  liclds;  their  numerous  ducts 
converge  and  vdtiniately  unite  into  the  common  yolk 
duct  noted  above.  The  paired  ovaries  lie  one  on 
either  side  of  the  shell  gland  in  the  posterior  region  of 
the  proglottis  and  the  oviduct  joines  the  vagina  and 
yolk  duct  in  the  shell  gland.  From  the  union  of 
these  ducts  originates  a  canal  which  expands  and  as 


Fia.  1343. — Ventral  Aspect  of  Sexually  Mature  Proglottis  of  Dibolhriocephalus 


latus.  Showing  Female  Reprodurtive  Organs. 
Leuckart.) 


(C/.  Fig.  130S.)      X    12.     (After 
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the  uterus  lying  in  irregular  loops  ventral  to  the  vas 
deferens  extends  forward  to  the  special  uterine 
orifice,  a  simple  pore  in  the  midventral  line  a  short 
distance  behind  the  common  opening  of  cirrus  and 
vagina.  In  the  last  proglottides  the  uterus  is  often 
empt.v  of  eggs  and  the  genital  glands  are  atrophied. 

Development. — Ripe  proglottids  contain  numbers  of 
brownish,  elliptical  eggs  in  which  may  be  distinguished 
the  egg  cell  surrounded  by  masses  of  yolk  cells.  These 
eggs  are  discharged  abundantly  in  the  feces  of  the 
host.  After  lying  in  water  several  weeks  a  ciliated 
onchosphere  (Fig.  1311)  is  hatched  out  and  .swims 
slowly  about  in  the  surrounding  water.  Sometimes 
this  larva  throws  off  the  ciliary  covering,  sinks  to  the 
bottom  and  creeps  about.  If  left  alone  it  dies 
ultimately  without  attaining  any 
further  development.  The  bladder- 
worm  of  Dihothriocephntus  talus  was 
first  discovered  liy  Braim  in  the 
muscles  and  viscera  of  food  fish  in 
the  Baltic  provinces.  It  is  an  elon- 
gated form  known  as  a  plerocercoid 
(Fig.  134-1),  and  measures  8  to  30 
millimeters  in  length.  These  larva; 
were  abundant  in  fresh  fish  from 
Dorpat  markets,  and  living  speci- 
mens were  also  obtained  from 
smoked,  salted,  and  frozen  fish  as 
well  as  in  roes  of  the  pike  which 
salted  are  eaten  raw-  as  caviar. 
About  a  dozen  kinds  of  fresh  water 
fish  may  be  infected.  Experimenta- 
tion on  dogs,  cats,  and  man  estab- 
lished the  connection  of  this  larva 
with  the  adult  Bolliriocephalus  laius. 
Other  authors,  notably  Zschokke  in 
Switzerland  (Geneva),  have  discovered  the  larva  in 
perch,  salmon,  trout,  grayling,  and  whitefish,  and  in 
some  instances  have  determined  experimentally  their 
relation  to  the  species  under  consideration,  confirming 
fully  the  discoveries  of  Braun.  In  Scandinavia, 
Lombardy,  Switzerland,  and  Japan  the  existence  of 
the  plerocercoid  in  various  fishes  and  the  consumption 
of  some  of  the  latter  in  a  raw  condition  by  the  native 
population  explain  the  method  of  human  infection 
which  has  been  further  demonstrated  experimentally 
in  specific  cases. 

Once  introduced  into  the  human  alimentary  canal 


Fig.  1344.— Ple- 
rocercoids  of  Di- 
bolhriocephalus ta- 
lus     from       Pike. 

A,  Natural      size; 

B,  C,  with  scolex 
protruded  and  re- 
tracted.  X2. 
(After  Leuckart.) 


the  development  of  this  tapeworm  is  very  rapid;  the 
growth  reaches  0  to  9  centimeters  per  day  in  the 
various  cases.  Eggs  appear  in  the  feces  of  man  in 
from  twenty-four  to  thirty  days  after  infection. 

Anomalies. — Slender  specimens  (var.  tenella)  have 
been  recorded  as  also  some  with  exceptionally  larger 
proglottids.  One  specimen  of  the  prismatic  variety 
is  on  record  (cf.  T.  saginala)  and  double  fenestration 
is  not  rare.  Most  frequent  however  is  the  reduplica- 
tion of  the  genital  pores  and  organs  which  Leukart 
says  he  has  never  failed  to  find  in  some  proglottid  of 
each  specimen  examined. 

Under  a  separate  name  (B.  crislalus) 
Davaine  described  a  variety  which  is  dis- 
tinguished from  the  common  form  by  pos- 
sessing a  projecting  longitudinal  ridge  on 
each  flat  surface  of  the  head. 

Geographical  Distrihution. — This  mode  of 
infection  from  fish  explains  the  occurrence 
of  this  parasite  which  in  certain  regions  is 
extremely  abundant  and  in  others  equally 
rare.  Around  the  shores  of  the  Baltic  it 
is  common,  especially  in  Russia  and  East 
Prussia;  in  Finland  and  Sweden  it  is  hardly 
less  abundant,  but  in  Germany,  Holland, 
and  Belgium  it  is  occasional.  Endemic 
centers  are  found  like  that  in  Munich  and 
around  Lake  Stannberg  in  Bavaria.  In 
Roumania  it  seems  to  be  general  and  in  the 
district  about  Lake  Geneva,  Switzerland, 
it  has  been  very  common;  according  to  Zschokke  it 
is  growing  rarer  in  the  city  of  Geneva,  as  its  fre- 
quence has  fallen  in  thirty  years  from  ten  per  cent,  to 
one  per  cent.  During  the  eighteenth  century  it  was 
abundant  in  Paris  but  now  occurs  only  in  cases  intro- 
duced from  without. 

In  Japan  and  Turkestan  the  broad  tapeworm  is 
said  to  be  the  most  abundant  parasite  of  man  and 
to  occur  generally  in  dogs  and  cats.  In  Africa  a 
center  is  reported  to  exist  around  Lake  X'gami, 
and  the  parasite  is  also  recorded  from  Angola  and 
from  Madagascar.  In  these  cases  the  record  may 
apply  to  some  allied  species,  one  of  which  at  least 
has  been  described  from  the  African  continent.  This 
or  some  related  species  may  confidently  be  expected 
when  regions  little  known  and  dependent  on  fresh- 
water fish,  such  as  those  near  the  Arctic  and  North 
Pacific,  or  Bering  Sea,  are  investigated. 

In  this  country  the  broad  tapeworm  was  formerly 
regarded  as  a  rare  curiosity;  in  recent  years  it  has 
been  reported  many  times.  About  one  hundred  cases 
are  listed  of  which  sixty-five  are  recorded  from  Minne- 
sota by  Nickerson,  The  first  case  was  studied  by 
Leidy  in  1879.  Like  many  of  the  later  cases  it  was 
observed  in  Philadelphia  and  was  imported  as  the 
host,  a  Swede,  harl  been  in  this  country  only  a  few 
months.  The  large  majority  of  American  cases  con- 
cern Russians  and  Scandinavians  some  of  whom, 
however,  had  been  here  for  several  years.  In  many 
it  is  reported  that  the  patient  had  been  entirely  free 
from  symptoms.  Willson  (1902)  published  a  most 
careful  study  of  cases  involving  anemia  and  included 
data  on  earlier  American  records.  In  1906  Nicker- 
son reported  cases  in  Finns  living  in  Minnesota,  and 
one  of  them  w-as  a  child  that  had  never  been  out  of  the 
state.  A  series  of  similar  cases  of  later  date  from 
Nickerson  and  Warthin  has  confirmed  this  view  that 
there  exist  centers  of  infection  in  this  country.  The 
liladder  worm  has  not  yet  been  found  in  American 
fresh-w-ater  fish,  although  I  know  that  plerocercoids 
indistinguishable  from  that  of  Dibolhriocephalus  latus 
occur  in  fish  from  the  Great  Lakes  and  from  smaller 
inland  lakes  near  them.  No  evidence  has  yet  been 
adduced  to  sliow  whether  the  species  is  autochtho- 
nous or  whether  it  was  introduced  by  immigrants 
who  thereby  infected  native  species  of  fish  in  waters 
afijacent  to  their  places  of  residence.  There  can  be 
little  doubt  that  northern  waters  are  infected  and 
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especial  care  must  be  taken  to  avoid  the  consump- 
tion of  imperfectly  cooked  fish  since  this  species  ranks 
rightlv  as  one  of  the  most  serious  of  human  parasites. 
The  iiifection  can  be  spread  through  dogs  and  cats 
which  are  hosts  of  this  species  and  thus  the  origmal 
area  of  infection  is  likely  to  be  extended  widely  The 
infected  areas  kno-n-n  at  present  are  located  in  N  orth 
Dakota,  Minnesota,  and  northern  Michigan.  In  the 
absence  of  well-enforced  protective  measures  these 
centers  are  likely  to  repeat  the  experience  of  com- 
munities in  the  Old  World  and  become  generally 
and  heavily  infected.  There  is  absolutely  no  danger 
of  direct  infection  from  carriers  of  the  adult  tapeworm 
and  the  factors  to  be  guarded  are  infection  of  fish  bv 
sewage  contaminated  with  eggs,  and  consumption  of 
insufficient  cooked  fish. 

Pathology. — The  parasite  is  sometimes  solitary, 
though  several  individuals  occur  together  in  the  ma- 
jority of  cases  and  nearly  one  hundred  have  been 
recorded  from  a  single  host.  Evidently  its  frequence 
depends  upon  the  habits  of  the  individual  in  eating 
raw  or  poorly  cooked  fish,  no  less  than  upon  the 
locality.  The  effect  of  the  parasite  is  often  unnoticed; 
in  other  cases  are  noted  gastric  and  nervous  disturb- 
ances, and  in  some  instances  an  extreme  anemia. 

This  so-called  bothriocephalus  anemia  is  character- 
istic of  certain  cases  of  infection  with  this  parasite. 
The  symptom  complex  is  typical  of  progres.sive  per- 
nicious anemia  which  according  to  Huber  gives  the 
disease  a  mortality  of  sixteen  per  cent.,  for  unless 
the  worm  is  removed  the  case  terminates  fatally. 
In  some  cases  this  occurs  even  though  the  parasite 
is  discharged  as  the  system  seems  unable  to  react 
from  its  depressed  condition.  It  has  often  been 
noted  that  in  certain  individuals  several  parasites 
produce  no  effect  and  vet  in  others  a  single  worm 
causes  a  profound  anemia.  The  method  of  cure  is 
the  prompt  expulsion  of  the  parasite.  ^^  ithm  a  few 
hours  after  this  the  condition  of  the  patient  under- 
goes marked  improvement  and  most  cases  recover 
absolutely.  If  the  removal  of  the  worm  is  only  in- 
completely eflected  the  symptoms  will  return  \vlien 
ripe  segments  are  again  ready  to  be  discharged.  I  his 
species  is  most  difficult  to  expel  completely  and  m 
consequence  recurrence  is  frequent.  Thymol  is 
highly  recommended  and  pelletierine  preceded  by 
twenty-four  hours  starvation  and  followed  by  a  purge 
has  yielded  most  successful  results.  An  enema  is 
useful  in  aiding  in  the  evacuation  of  the  worm  when 
free  Return  of  the  difficulty  may  be  expected  when 
the  head  is  not  secured  although  it  is  often  destroyed 
and  not  found. 

The  cause  of  the  anemia  is  generally  regarded  as  a 
toxin  which  brings  on  increased  albumin  disintegra- 
tion The  removal  of  the  worm  is  followed  m  most 
eases  immediately  by  well-marked  nitrogen  retention. 
Tallquist  extracted  from  ripe  segments  of  Biboth- 
riocephalus  Intus  three  well-differentiated  substances: 
a  proteolytic  ferment  (Bothriocephaloenzyme),  a 
hemagglutinin  (Bothriocephaloagglutinin),  and  a  hem- 
olysin (Bothiocephalolvsin).  Later  he  ascertained 
that  the  hemolytic  lipoid  substance  was  oleic  acid 
mostly  combined  with  cholesterin.  The  anemia  was 
accompanied  by  increased  absorption  of  oleic  acid 
due  to  a  local  stimulant  which  could  be  extracted  by 
ether  from  proglottids  of  the  worm. 

\ccording  to  his  investigations  the  hemolytic  sub- 
stance is  not  eliminated  from  the  cestode  during  life, 
but  only  as  the  terminal  proglottids  go  to  pieces  or 
the  entire  chain  is  destroyed  by  some  unfavorable 
condition  Then  this  substance  is  set  free  and  ab- 
sorbed by  the  host  with  the  result  of  producing  an 
anemia.  This  view  is  supported  by  clinical  observa- 
tions' in  70  per  cent,  of  Schauman's  cases  with  anemia 
the  parasite  was  disintegrating  or  had  gone  to  pieces. 

DiBOTHRioc-EPHALUs  coRDATOS  R.  Leuckart,  1863. 

Bolhrioccphalus  cordulus  Leuckart. 
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Fig.  1345. — k  n  t  e  r  i  o  r 
End  of  Dibolhriocephalus 
cordalus  in  Lateral  and 
Surface  Views.  X  5. 
(.\f  ter  Leuckart.) 


Length  80  to  115  centimeters.  Head  2  millimeters 
in  diameter  flattened,  cordiforni,  with  deep  sucking 
grooves  on  ventral  and  dorsal  surfaces.  No  neck. 
Segmentation  begins  directly  behind  the  head  (Fig. 
1345);  the  proglottides  which  increase  rapidly  in 
width  become  mature  within  3  centimeters,  the  largest 
proglottides  measure  7  to  8  millimeters  in  length  by  3 
to  4  millimeters  in  breadth  and  number  about  600. 
Eggs,with  cover  measure  75?i  by  bOn-  Adult  parasitic 
in  seal,  walrus,  dog,  and  man  in  Greenland;  larva 
unknown,  undoubtedly  in  some  fish. 

In  Greenland  and  Iceland  the  adult  is  a  common 
parasite  in  various  hosts,  but  records  of  its  presence 
outside  of  Greenland  are 
based  on  errors.  The  sup- 
posed introduction  of  the 
species  into  Germany  -n-ith 
Eskimo  dogs  rests  upon  an  in- 
correct determination  of  the 
form  observed.  At  most 
sporadic  cases  might  be  met 
in  natives  from  those  regions 
where  it  occurs,  on  its  visitors 
to  them. 

Dibothriocephalus     parmts 
Stephens,     1907,    is    reported 

from  Tasmania.  As  the  host  was  a  recent  inimigrant 
from  Syria,  the  parasite  may  have  been  imported 
from  the  Levant  and  not  be  of  Australian  origin.  The 
form  is  readily  distinguished  from  both  the  preceding 
species  by  marked  smaller  size  of  body  and  of  eggs, 
and  by  absence  of  calcareous  corpuscles. 

Sp«g^xxtmm.us-soni  Stiles  and  Taylor,  1902.— Ligula 
jnaiisoni  Cobbold;  B.  Uguloidcs  Leuckart,  Bothrioceph- 
alus mansoni  R.  Blanchard.  ^        ..-10  + 

Adult  unknown;  larva  a  pleroceroid.  i^ength  12  to 
60  centime  lers;  breadth  3-6-12  milluneters  flat- 
tened, without  proglottides  but  markedly  "jegular 
folds.  Anterior  end  enlarged,  bearing  the  head  which 
mav  be  dra'mi  in  or  evaginated  and  on  which  two  faint 
bothria  are  visible.  Pararasitic  In  connective  tissue  of 
man  in  Japan  and  China.  ,  .,,  .  -x 

Twenty  cases  of  the  occurrence  of  this  parasite 
are  reported,  a  few  from  Amoy  and  the  majority  from 
Japan  It  was  first  found  by  Manson  m  an  autopsy 
when  from  one  host  a  dozen  specimens  were  taken 
from  below  the  peritoneum  and  one  found  free  m  the 
peritoneal  cavity.  Ijima  and  Murata  have  described 
in  detail  seven  cases  from  Japan;  in  three  the  parasite 
was  passed  with  urine  or  taken  from  the  urethra,  m 
three  also  it  was  dra'tNTi  from  tumors  on  the  eye,  and 
in  one  from  a  cavity  in  the  subcutaneous  connective 
tissue  of  the  thigh.  Miyake  has  added  recently 
other  cases  from  Japan.  ,      *  ■     41,     u^a^. 

Apparently  the  larva  wanders  about  in  the  body 
of  its  host  in  which,  as  in  several  cases  described,  it 
mav  remain  active  for  some  time,  even  as  long  as 
nine  years.  Ultimately  it  reaches  the  .surface  of  the 
body  or  of  an  internal  "organ  (bladder)  from  which  it 
eventuallv  attains  the  exterior  ,    ,  . 

The  occurrence  of  such  a  larval  form  in  man  is 
accidental  and  yet  indirect  evidence  points  to  the 
frequence  of  this  occurrence  in  some  parts  of  the  East. 
What  is  diagnosed  as  the  same  species  is  reported 
from  an  ape  and  a  marten  in  the  Last  and  from  the 
jackal  in  Egypt.  Since  these  parasites  are  larvse 
with  no  trace  of  reproductive  organs  confusion  in 
diagnosis  is  easQy  possible  and  the  reports  may  con- 
cern several  species.  Of  the  origin  and  further 
development  of  all  of  them  nothing  is  knovnx.  Ihe 
geographical  distribution  of  the  human  forms,  the 
unusual  size  of  the  specimens,  and  the  P^-f  ence  of 
two  longitudinal  furrows  on  one  surface  of  the  body, 
are  sueeestive  that  this  form  may  be  the  larva  ot 
DiplogoTwpoTus  grandis  (q.v.)  of  which  the  adult  alone 
has  been  described. 
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Another  sudi  larval  species,  Sparganum  baxtcri, 
has  been  described  from  British  East  Africa;  and  tlie 
list  of  similar  occurrences  is  likely  to  be  still  further 
extended  in  time.  There  is  no  reason  for  considering 
them  other  than  occassional  parasites  of  man. 

PLERorERCoiDES  PROLiFEU  Ijima,  1905. — Plerorercns 
pTolifer  Ijima;  Spunjaniun  proliferum  .Stiles,  KMXi. 

Larval  form;  adult  unknown.  Length  1  to  12  milli- 
meters, breadth  about  2.5  millimeters.  Head  more 
motile  than  rest  of  body;  without  botliria,  with 
rudimentary  apical  sucker.  Capable  of  reproducing 
by  transverse  division  and  of  budding  off  extra 
scolices  (Fig.  1346)  which  may  separate  to  form  new 
individuals.  Life  history  unknown.  Found  en- 
cysted in  subdermal  connective  tissue  in  man.  Two 
cases  on  record  from  Japan  and  Florida. 

The  first  case,  reported  by  Ijima,  concerned  a 
Japanese  woman  of  lower  class  who  harbored  enoniious 
numbers  of  this  parasite.  She  came  to  the  hospital 
for  the  treatment  of  an  inguinal  hernia,  treacoable 
to  the  presence  of  these  parasites  in  Poupart's  liga- 
ment.    The  integiunent  of  the  thigh  was  swollen  and 


Fig.  1346. — Budding  Scolias  of  l'l€rortrcoidf':<  prnhj\r,  lar\al  form. 
Magnified.     (After  lijima.) 

bore  scattered  spots  of  acne-like  character.  The 
dermal  affection  which  had  much  the  appearance  of 
elephantiasis  had  been  noticed  for  two  years.  Itching 
led  to  scratching  and  consequent  breaking  of  the  skin 
from  which  came  out  soft  whitish  masses  with  fluid. 
Superfluous  tissue  removed  to  relieve  the  patient 
showed  that  the  subcutaneous  tissue  was  several 
centimeters  thick  and  rich  in  lymph.  Numerous 
capsules  containing  worms  were  visible  in  all  parts  of 
the  tissue. 

These  capsules  were  spherical  or  ovoid  and  meas- 
ured 1  to  3  millimeters  in  diameter  by  2  to  8  milli- 
meters long.  They  consisted  of  a  dense  felted  layer 
of  connective-tissue  libers  formed  by  the  liost.  The 
number  was  estimated  to  be  considerably  over  ten 
thousand  in  the  left  thigh  alone.  Some  parasites 
were  wnthout  any  capsule  and  siich  were  extended, 
slender  and  simple.  When  liberated  from  the 
capsule  and  placed  in  warm  salt  solution  the  worms 
manifest  some  motion,  most  evident  at  the  head  which 
was  retracted  and  again  everted.  In  the  course  of 
such  movements  a  small  apical  depression  appeared 
and  vanished.  The  body  showed  at  most  slow 
vermiform  movements. 

The  larger  capsules  contained  several  worms  and 
the  shape  of  many  specimens  shows  that  this  form 


has  the  power  of  dividing  transversely  and  of  budding 
to  produce  new  individuals,  thus  increasing  the 
infection  of  its  host.  The  buds  thus  formed  are 
motile  when  the  parent  stock  shows  no  motion. 
From  this  method  of  growth  result  shapeless  masses 
(Fig.  1347)  in  which  the  original  head  is  indistin- 
guishaljle.  The  enormous  infection  of  the  host  is 
undoubtedly  traceable  to  the  ability  of  the  larva; 
to  multiply  asexually.  The  structure  of  the  larva 
shows  it  to  belong  to  the  Dibothriocephalidaj.  Ex- 
perimental infection  of  pigs  and  dogs  and  cats  was 
tried  without  success. 

Two  years  later  Stiles  described  a  similar  case  from 
Florida.  The  trouble  was  of  much  longer  duration, 
having  been  fir.st 
noticed  apparently 
twenty-five  years  be- 
fore. The  infection 
increased  with  time 
from  a  few  pimples 
to  many  which  en- 
closed larvae  similar 
to  those  of  the 
Japanese  case.  An- 
other case  is  believed 
to  have  existed  earlier 
in  the  same  region. 

The  onlj-  difference 
observed  between  the 
larvae  from  Florida 
and  Japan  was  the 
size  of  the  calcareous 
corpuscles.  The  widely  separated  localities  agree 
in  proximity  to  the  ocean  and  fish  formed  a  consider- 
able part  of  the  diet  of  both  jjatients.  The  parasite 
is  unquestionably  a  serious  menace  by  virtue  of  its 
power  to  multiply  in  the  host  and  it  is  of  great  im- 
portance to  determine  the  origin  of  the  parasite  in 
order  to  guard  effectively  against  its  introduction 
into  the  human  host. 

DiPLOGONOPORUs  Lonnberg,  1892. — Krabbea  R. 
Blanchard,  1894. 

Scolex  with  powerfully  developed  sucking  grooves. 
No  neck.  Genital  organs  double  in  each  proglottid, 
but  each  group  is  identical  with  those  of  Dihothrio- 
cephalus.  Genital  orifices  of  each  set  ventral  on 
either  side  of  median  line  of  body  forming  a  series 
which  corresponds  to  the  median  line  of  the  uterine 
fields  on  that  side  of  the  chain. 


Fig.  1347. — Mass  Resulting  from 
the  Budding  of  the  larva  of  Plerocer- 
coides  prolifer.      (After  lijima.) 


Fig.  1,*^4S. — Sinistral  Set  of  Reproductive  Organs  from  Sexually 
Mature  Proglottis  of  Diplogonoporus  grandis.  X  140.  (After 
lijima  and  Kurimoto.) 

DiPLOGONOPOHCs  GRANDIS,  LUhe,  1899. — Krabbea 
grandis  R.  Blanchard. 

Length  10  meters  or  more,  maximum  breadth  at 
anterior  end  1.5  millimeters  in  broadest  region  25 
millimeters.  Proglottides  very  short,  near  posterior 
end  only  0.45  millimeters  in  length  bj'  14  to  16  milli- 
meters in  breadth.  Head  unknown.  Genital  organs 
double,  two  lateral  rows  of  sexual  openings  on  ven- 
tral surface  located  in  longitudinal  grooves  with  gen- 
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Fig.  1349  — Ven- 
tral View  of  Por- 
tion of  Chain  from 
Diplog  onopOTus 
grandis.  a.  Ven- 
tral groove.  Nat- 
ural size.  (After 
Ijima  and  Kuri- 
moto.) 


ital  simis  in  front  and  orifice  of  uterus  behind  it. 
Uterine  coils  few,  extending  far  lateral;  ovary  slender, 
transverse.  Eggs  brown,  thick  shelled,  63u  bj'  48 
to  50/!  in  diameter,  with  operciilum.  Found  in  man 
in  Japan;  larva  unknown. 

Ijinaa  and  Kurimoto  describe  this  species  as  uni- 
que not  only  in  the  extreme  size  manifested,  but  also 
in  the  double  genital  organs.  This  condition  is  found 
in  some  species  from  seals,  but  save  for  this  case  is 
unknown  among  human  parasites.  The  sexual 
organs  (Fig.  1348)  are  characteristically  bothrioceph- 
aline  but  they  are  found  in  double  sets  right  and  left 
in  each  segment  and  the  orifices  open 
at  the  bottom  of  two  longitudinal 
grooves  which  are  striking  features 
in  the  appearance  of  the  worm  (Fig. 
1349).  ^lention  has  already  been 
made  of  the  suggestion  that  Spar- 
gamim  mansoni  is  in  realit}"  the  larval 
form  of  this  species. 

The  patient  had  suffered  for  five 
years  from  dizziness  and  colic, 
which  had  finally  become  so  severe 
as  to  call  for  his  admission  to  the 
hospital  at  Nagasaki.  The  parasite 
yielded  at  once  to  treatment  with 
extract  of  male  fern,  and  even  on 
the  following  day  all  the  trouble  of 
long  standing  had  entirely  disap- 
peared. The  second  case  also  from 
Japan  passed  two  specimens  of  a 
worm  identical  with  the  first;  both 
scolices  were  lacking  here  also.  All 
specimens  showed  fenestration  of  the  proglottides, 
intercalated  segments,  and  others  of  asymmetrical 
form,  as  in  other  bothriocephaline  cestodes. 

The  occurrence  of  related  species  in  seals  and  whales 
makes  it  probable  that  the  intermediate  host  is  a 
fish  and  man  may  be  infected  by  the  consumption 
of  poorly  cured  or  insufficiently  cooked  fish.  The 
parasite  is  likely  to  be  present  in  Asiatic  immigrants, 
or  to  occur  on  the  western  as  well  as  the  eastern  shore 
of  the  Pacific.  Its  occurrence  is  most  likely  in  north- 
ern regions. 

A  sceond  species,  Diplogonoporus  Brauni,  has  been 
reported  from  Roumania  by  L4on.  Two  cases  are  on 
record  and  others  suspected.  In  both  specimens 
obtained  the  genitalia  were  not  developed  and  the 
description  remains  incomplete.  The  life  history 
and  origin  of  this  parasite  are  absolutely  unknown. 
As  in  other  species  this  is  conjectured  to  have  some 
fish  as  its  intermediate  host. 

A  related  species  which  is  assigned  to  a  new  genus, 
Braunia  jassyensis  has  been  described  also  from 
Roumania  by  Leon.  The  parasite  is  rare  and  imper- 
fectly knoisTi.  The  discoverer  thinks  that  the  larval 
form  came  from  a  fish  and  reached  the  human  host 
by  chance.  Hen-ry  B.  W.\rd. 
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Cetaceum. — Sperm.4ceti.  "  \  peculiar,  concrete, 
fatty  substance,  obtained  from  the  head  of  the  sperm 
whale,  Physeter  macrocephalus  L."      (U.  S.  P.) 

Tins  whale  is  the  largest  living  animal,  gregarious 
in  its  habits  and  found  in  the  oceans  of  both  hemi- 
spheres, from  the  extreme  north  to  the  tropics.  It  is 
hunted  for  its  oil,  which  is  one  of  the  most  valuable 
of  its  class. 

Crude  spermaceti  is  a  semi-solid,  yellow  siibstance 
as  it  is  scooped  out  from  its  reservoirs,  but  becomes 
hard  and  brittle  upon  exposure  to  cold;  for  purifica- 
tion, it  is  then  pressed  in  bags,  when  the  oil  squeezes 
through,  and  the  solid  cetaceum  is  left  behind.  This 
can  be  further  purified  by  melting  in  water,  skim- 
ming, and  recrystallizing.  Purified  spermaceti  is  a 
pearly  white,  glistening,  crystalline,  translucent,  odor- 
less, and  tasteless  solid,  insoluble  in  water;  soluble  in 
ether,  chloroform,  and  boiling  alcohol.  Melting 
point  111°  to  112°  F.  It  is  mostly  composed  of 
palmitic  acid  combined  with  celyl  (instead  of  glycerin); 
there  are  also  small  quantities  of  compounds  of 
stearic,  myrislic,  and  lauric  acids.  It  is  fairly  per- 
manent in  the  atmosphere,  in  this  respect  excelling 
most  fats. 

Use. — Spermaceti  has  no  active  medicinal  qualities. 
It  is  sometimes  used  in  sore  throats,  etc.,  where  its 
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value  is  mostly  as  a  protective.  It.s  principal  oniploy- 
inent  in  medicine  is  as  an  ingredient  of  cerates  and 
ointments,  to  which  it  gives  consistence,  blandncss, 
and  permanence.  Spermaceti  is  an  important  con- 
stituent of  ointment  of  rose  water  or  cold  cream 
{Unguentum  Aquoe  Rosa,  U.  S.  P.). 


Cctraria. — Iceland  Moss;  Lichen  Islandicus.  The 
dried  i)Iant,  Cctraria  islandica  (L.)  Acharius.  This 
is  a  good-sized  terrestrial  lichen,  with  an  upright  or 
ascending,  long  and  narrc^',  leathery,  wavy-margined, 
olive-green  thallus,  several  times  dichotomously 
branched  or  irregularly  fan-shaped,  with  linear  or 
cuneiform  lobes.  Apolhecia  shield-shaped,  on  the 
upper  surface  of  the  thallus.  This  lichen  grows  in 
great  abundance  on  the  surface  of  the  ground  in  open 
woods  and  heaths,  and  on  mountain  sides,  in  the 
arctic  and  the  colder  temperate  regions  of  both 
hemispheres. 

It  is  a  valuable  pasture  plant  in  the  extreme  North, 
and  is  also  employed  as  an  article  of  human  food  in 
parts  of  northern  Europe.  Its  medical  employment 
is  one  or  two  centuries  old. 

Dried  Cetraria  is  thus  described:  From  five  to  ten 
centimeters  long,  foh'aceous,  irregularly  branched  into 
fringed  and  channelled  lobes,  brownish  above,  whitish 
beneath,  and  marked  with  small,  depressed  spots; 
brittle  and  inodorous;  when  softened  in  water,  car- 
tilaginous, and  having  a  slight  odor;  its  taste  is  muci- 
laginous and  bitter. 

It  should  be  freed  from  pine  leaves,  mosses,  and  other 
lichens,  which  are  frequently  found  mixed  with  it. 

Composition. — About  two-thirds  of  it  is  Lichenin  or 
moss  starch  (C6Hio05)n,  a  starch-like  substance,  struc- 
tureless, soluble  in  boiling  water,  the  solution  gelatin- 
izing upon  cooling.  It  is  an  article  of  commerce  as  a 
gelatinous  mass  or  a  white  powder.  The  properties  of 
this  substance  are  purely  demulcent.  Cetrarin  or 
cclraric  acid  (CisHieOs)  is  the  bitter  principle,  and  gives 
to  the  drug  its  slight  medicinal  properties.  It  occurs 
in  commerce  in  white  masses  of  fine  needle-shaped 
crystals,  soluble  in  boiling  alcohol,  in  alkalies,  and  very 
slightly  in  water.  It  is  distinctly  stomachic,  like 
other  bisters,  and  antiemetic.  It  also  has  the  dis- 
tinct property  of  increasing  the  red  corpuscles  of  the 
blood.  It  is  therefore  in  an  exceptional  manner  tonic. 
Isolichenin  is  very  similar  to  lichenin,  but  gives  the 
starch  reaction  with  iodine.   It  is  apparently  not  active. 

Iceland  moss  is  a  very  useful  demulcent,  and  has 
gentle  tonic  cpialities,  for  which  it  is  indebted  to  the 
two  active  principles  above  mentioned.  It  has  no 
specific  action  upon  the  bronchi  or  lungs,  and  its  value 
in  bronchitis,  etc.,  for  which  it  is  mostly  prescribed, 
must  be  due  to  its  combined  demulcent  and  tonic 
actions.     Dose,  indefinite;  a  decoction  is  official. 

Cetrarin  is  given  alone  for  all  except  the  demulcent 
properties,  in  doses  of  gr.  jss-iij  (0.1-0.2). 

Henht  H.  Rdsby. 


Chaille,  Stanford  Emerson. — Born  July  9,  1S.30,  in 
Natcliez,  Mississippi;  his  father  was  of  French 
descent.  He  received  his  academic  education  at 
Harvard  College  (class  of  1851),  and  immediately 
afterward  began  the  study  of  medicine  at  the  Uni- 
versity of  Louisiana  (subsequently  named  the  Tulane 
University,  Louisiana).  This  institution  gave  him  the 
degree  of  Doctor  of  Medicine  in  18.53  and  his  asso- 
ciation with  the  university,  thus  begun,  continued  to 
the  end  of  his  long  life.  In  1858  he  was  appointed 
demonstrator  of  anatomy;  in  1867  he  was  called  to 
the  chair  of  physiology  and  pathological  anatomy 
and  soon  thereafter  was  made  Dean  of  the  Medical 
Department,  which  position  he  held  uninterruptedly 
until  190S  when  he  retired  with  the  title  of  Professor 
Emeritus.     In  preparation  for  his  professional  duties 
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he  studied  physiology  (ISOO-lSGl),  in  the  laboratory 
of  tlie  eminent  French  teacher  and  investigator, 
Claude  Bernard.  Soon  after  tlie  breaking  out  of 
the  Civil  War  he  returned  to  New  Orleans  and 
entered  the  Confeder- 
ate Army.  After  four 
years  of  service  in  dif- 
ferent parts  of  the 
South — first  as  a  pri- 
vate soldier,  afterward 
as  Surgeon-General  of 
Louisiana,  and  finally 
as  surgeon  in  charge  of 
various  army  hos|)itals 
— he  was  captured  and 
paroled.  This  was  in 
September,  1865,  and 
a  few  months  later  lie 
returned  to  Paris  to 
resume  his  studies  un- 
der Bernard.  In  1867 
he  came  back  to  Now 
Orleans  and  began  his 
lectures  at  the  Uni- 
versity. He  was  for 
several  years  one  of 
the  editors  of  the  \ew  Orleans  Medical  and  Surgical 
Jotirnnl.     He  died  May  27,  1911. 

Of  the  numerous  contributions  which  Chaille  made 
to  medical  literature  tlie  following  de.serve  to  be 
mentioned:  "State  Medicine  and  Medical  Organi- 
zation," Trans.  Louisiana  State  Med.  Society,  1879; 
"Sanitation  and  Evolution,"  Trans.  Amer.  Pub. 
Health  Assoc'n.,  vol.  vi.  1881;  "Importance  of  the 
Study  of  Hygiene  in  Schools,"  1882;  "Smallpox  and 
Vaccination,"  1883.  A.  H.  B. 


Chalybeate  Springs. — Meriwether  County,  Georgia. 

Post-office.  —  Chalybeate  Springs.  Hotel  and 
cottages. 

Access. —  Via  .\tlantic,  Birmingham  and  Atlanta 
Railroad.  The  Springs  are  about  seventy-five  miles 
south  of  Atlanta. 

These  springs  were  discovered  by  Mr.  Rawlings 
about  1835,  and  opened  by  him  for  "the  reception  of 
visitors  a  few  years  later.  The  improvements  were 
of  a  rude  character  until  about  1850.  at  which  time 
they  were  considerably  enlarged.  With  the  exception 
of  a  few  years'  interval  they  have  been  open  to  the 
pubhc  ever  since.  Analysis  by  Dr.  Eberhart,  under 
supervision  of  the  late  W.  S.  Yates,  State  Geologist: 

One  United  States  Gallon  Contains: 


Solids. 

Chalybeate 
spring. 
Grains. 

Sulphur 
spring. 
Grains. 

Magnesia 
spring. 
Groins. 

Potassium  chloride 

.Sodium  chloride.  .    . 

.222 
!l04 
.423 
.3.50 
1.060 
1.195 
.046 
.406 
.157 

.245 
.285 
.770 

.140' 

'*97 

.764 

Magnesium  sulphate 

Magnesium  carbonate .... 

Calcium  carbonate 

Manganese  carbonate 

1.656 
2.907 

1.225 
2.257 

Ferrous  carbonate 

Aluminum  sulphate 

.507 

.338 

.467 

.052 

2.193 

397 

Aluminum  o.\ide 

097 

1.225 

^.•M_ 

Total  solids 

5.188 
2.356 

9.082 
2.074 

7  949 

Free  carbon  dioxide 

4.199 

The  water  is  a  light  chalybeate.     There  are  also 
traces  of  hydrogen  sulphide,  crenate  of  iron,  and  a 
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minute  trace  of  nitric  acid,  lithium,  and  organic 
matter.  The  proportion  of  soluble  silicic  acid  is 
larger  than  usual.  This  compound  is  not  used  in 
medicine,  but  sihca  is  contained  in  the  human  body, 
and  mav  not  be  without  therapeutical  value.  It  is 
possible  that  the  trace  of  sulphureted  hydrogen  also 
slightly  influences  the  action  of  the  water.  It  has 
been  recommended  in  all  ca.ses  requiring  a  chalybeate 
water.  The  flow  is  abundant,  being  about  twenty- 
five  gallons  per  minute;  the  temperature  of  the 
water  is  60°  F.  These  waters  are  recommended  for 
stomach,  kidnev,  and  bladder  disorders,  skin  diseases, 
eye  troubles,  'and  as  a  general  tonic.  Bathing 
facilities  are  ample,  both  hot  and  cold  water  being 
supplied.  The  climate  of  tliis  region  is  of  a  salubrious 
character;  the  altitude  is  850  feet  above  sea  level. 

Emma  E.   Walker. 

Chamaelirium. — See  Helonias. 

Chamberlen  Family. — Afamily  of  British accou- 

chevirs,  surgeons,  and  physicians,  famous  through  four 
generations  for  their  monopoly  of  the  obstetrical 
forceps  during  the  first  century  of  its  e.xistence. 
This  monopoly  rested  upon  no  acquired  proprietary 
rights  but  solely  on  concealment,  not  only  of  the 
method  of  applying  the  instrument,  but  even  of  the 
very  nature  of  the  latter.  This  family  was  also  dis- 
tinguished in  other  respects,  such  as  for  the  royal 
favor  which  they  enjoyed — several  members  having 
been  Court  Physicians — and  for  a  tendency  to 
charlatanism  which  involved  them  in  frecjueut  clashes 
with  the  constituted  medical  authorities;  and  last 
but  not  least  for  the  number  of  "wild  cat"  and  some- 
times malodorous  financial  enterprises  which  they 
sought  to  promote.  Despite  these  drawbacks  hardly 
any  critics  dispute  their  great  abilities  and  the  enor- 
mous ser\'ices  rendered  by  them  to  humanity.  In  this 
article  we  seek  only  to  consider  the  relations  of  the 
family  to  the  obstetrical  forceps. 

The  founder  of  the  family  is  commonly  spoken  of 
as  a  Frenchman  self  exiled  to  England  in  1569  on 
account  of  his  Protestantism.  This  may  he  the  truth, 
but  does  not  account  for  the  fact  that  he  had  a  power- 
ful, near  kinsman  in  London,  Thomas  Chamberlen, 
"Master  of  the  Mercers."  There  is  no  evidence 
that  he  was  any  sortof  a  medical  practitioner  or  that 
he  either  possessed  or  originated  the  family  monop- 
oly, nor  is  there  anything  to  show  that  he  was  not 
familiar  with  the  forceps.  His  generation  is  there- 
fore excluded  from  consideration.  The  actual  first 
generation  to  possess  the  secret  represented  by  his 
two  sons,  each  called  by  the  same  Christian  name 
Peter  and  known  conuuonly  as  the  "elder"  and 
"younger  Peter"  (born  1596).  The  second  genera- 
tion was  represented  by  a  son  of  the  latter  known 
as  "Dr.  Peter"  (his  father  and  uncle  had  never  re- 
ceived full  membership  in  the  College  of  Physicians). 
The  third  generation  was  represented  by  the  "first 
Hugh"  (born  about  1630),  son  of  Dr.  Peter,  and  in 
a  small  way  by  his  brothers  Paiil  and  John.  The 
only  representative  of  the  fourth  and  last  generation 
was  the  "second  Hugh"  who  was  son  of  the  first 
Hugh.  The  second  Hugh  toward  the  close  of  his 
long  life  imparted  the  secret  of  the  forceps  to  several 
medical  friends.  He  was  perhaps  influenced  to  tliis 
step  because  in  1723  Palfyn  had  made  public  his 
independent  invention  of  the  forceps. 

It  is  commonly  stated  that  we  have  no  proofs  of  a 
knowledge  of  the  forceps  by  the  two  Peters  of  the 
first  generation,  and  that  the  history  of  the  forceps 
should  not  begin  with  the  latter.  It  was,  however, 
commonly  reported  in  their  day  that  they  employed 
a  secret  method  in  delivering  women,  and  it  is  sig- 
nificant that  Peter  the  elder  confined  the  Queens 
Anne  and  Henrietta,  in  1614  and  162S,  respectively. 

Dr.  Peter,  born  1601,  who  received  the  finest  aca- 
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demic  and  professional  education  possible  in  his  day, 
and  became  eminent  as  both  physician  and  sur- 
geon known  to  use  a  mysterious  instrument  for 
delivering  women  and  on  this  account  was  abused 
and  doubtless  slandered.     He  died  in  1683. 

The  first  Hugh  at  first  cared  much  less  for  general 
practice  than  for  midwifery,  in  which  branch  he 
achieved  great  fame.  Some  historians  would  even 
credit  him  with  the  invention  or  at  least  the  practical 
introduction  of  the  forceps.  He  tried  to  sell  the  se- 
cret to  Mauriceau  (whose  treatise  on  midwifery  he 
translated  into  English)  and  actually  did  sell  it  to 
Roonhuysen,  but  the  latter  seems  never  to  have  used 
it  and  is  therefore  believed  to  have  been  swindled. 

The  second  Hugh  was  distinguished  both  as  general 
practioner  and  accoucheur,  and  seems  to  have  been 
without  the  failings  of  his  predecessors.  As  already 
stated,  he  allowed  the  secret  of  the  forceps  to  become 
piiblic.  A  kinsman  named  Walker  claimed  to  retain 
the  family  monopoly  but  the  instrument  soon  came 
into  general  use. 

The  Chamberlen  forceps  is  described  under  Forceps. 
Some  of  the  instruments  actually  used  by  the  family 
have  been  preserved.  It  is  commonly  spoken  of  as 
a  low  forceps  with  no  pelvic  curve  and  the  wonder  is 
that  so  much  was  accomplished  with  so  primitive 
an  apparatus.  Edw-^rd  Preble. 

Chamomile. — See  Anthemis. 

Chamomile,  German. — See  Matricaria. 

Chamomile,  Spanish. — See Pyrelhrum. 

Chancre. — See  Syphilis. 

Chancroid. — Chancroid  is  a  local  contagious,  vene- 
real disease,  consisting  of  suppurating  lucers  on  or 
about  the  genitals,  generally  with  inflamed  lymphatics 
leading  to  swoUen  or  suppurating  glands  in  tne  im- 
mediate vicinity. 

The  disea.se  arises  from  contact  with  secretions  from 
like  lesions,  and  while  its  course  may  be  severe, 
destroying  large  areas  of  tissue,  it  stiU  remains  a  local 
process  never  causing  constitutional  infection.  For- 
merly .syphilis  and  chancroid  were  classed  together  as 
"The  Venereal."  Bassereau  in  1853  established  the 
fact  that  clinically  the  diseases  were  separate  and 
distinct,  each  with  its  natural  history  and  running  its 
peculiar  course.  In  1SS9  Ducrey  described  a  bacillus 
as  the  cause  of  chancroid.  His  claim  was  verified  by 
Ivrefting,  Unna,  MaUory,  and  others. 

Schaudinn  and  Hoffman  in  1905  demonstrated  the 
Spirochmta  pallida  as  the  cause  of  syphiHs.  Previous 
to  their  discovery,  the  diagnosis  rested  on  a  founda- 
tion built  up  almost  entirely  of  clinical  observations; 
the  microscope  and  animal  experimentation  having 
been  of  no  service  until  1903,  when  Metchnikoff  and 
Roux  successfully  inoculated  a  female  chimpanzee 
with  fresh  scrapings  from  a  syphilitic  chancre.  This 
achievement  was  of  value  in  verifying  the  clinical 
observations  on  the  longincubaton  period  of  syphiUs, 
a  most  important  fact  in  the  diagnosis  of  chancroid, 
which  has  practically  no  incubation  period,  the  sores 
appearing  a  few  hours  or  days  after  exposure  and 
continuing  to  spread  by  autoinfection  for  some  time. 

Too  much  emphasis  cannot  be  placed  on  the  impor- 
tance of  a  careful  examination  and  accurate  diagno- 
sis of  all  genital  sores,  as  extreme  penalties  are  fre- 
quently exacted  in  case  of  error.  Either  of  the 
following  mistakes  often  occurs:  a  patient  is  told  he 
has  simply  a  local  sore  and  is  allowed  to  marry,  carry- 
ing syphilis  to  his  wife  and  offspring — or  the  patient 
with  syphilitic  chancres  and  an  acquired  phimosis 
is  considered  by  his  doctor  to  have  chancroids  and 
circumcision  is  advised  to  expose  the  soft  sores.  It  is 
impossible  to  estimate  how  many  surgeons  infect  them- 
selves with  syphilis  in  performing  this  unnecessary  op- 
eration, where  the  true  condition  is  unsuspected. 
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Chancroid  is  less  common  than  syphihs  at  the 
present  time,  a  fact  not  generally  appreciated.  During 
the  years  immediately  following  our  Civil  War  and  to 
a  less  marked  degree,  the  Spanish  War,  chancroid  was 
much  more  prevalent,  partially  due,  no  doubt,  to 
lack  of  personal  cleanliness  on  the  part  of  the  men  and 
the  camp  followers. 

To  the  clinical  observer  the  purulent  secretion  from 
chancroids  is  the  medium  which  conveys  the  contagion. 

Cold  is  said  to  have  little  if  any  effect  on  the  vitality 
of  the  organism,  while  it  is  readilly  destroyed  by  dry- 
ing, heat,  and  antiseptics. 

Etiology.- — Chancroid  is  undoubtedlj-  due  to  a 
specific  microorganism,  and  now  the  streptobacillus 
of  Ducrey  is  accepted  as  the  etiological  factor  of  the 
true  chancroid,  but  the  name,  chancroid,  is  still 
applied  to  all  suppurating  local  lesions  about  the  geni- 
tals, whether  due  to  the  streptobaciUi  or  the  common 
pyogenic  bacteria.  Undoubtedly  this  accounts  for 
the  lack  of  uniformitj-  of  descriptions  and  micro- 
scopical findings. 

There  are  presumably,  widely  different  varieties 
of  chancroids  described  by  various  authors.  This 
being  the  case,  it  .«eems  reasonable  that  there  .should 
be  a  difference  in  their  character  also,  due  to  different 
causes.  This  explains  why  one  finds  only  pus  or- 
ganisms and  another  the  organism  of  Ducrey  from 
presumably  the  same  sort  of  sores.  In  reality  they 
are  e.xaniining  different  kinds  of  ulcerations.  In 
other  words,  certain  lesions  are  called  chancroid, 
which  if  they  occurred  on  the  bod}-  would  be  called 
staphylococcia,  while  others,  with  a  much  greater 
tendency  to  extension  and  destruction  would  show 
the  streptobacillus  of  Ducrey.  Such  cases  have  been 
observed  side  by  side.  Post  {Jour.  Boston  Society 
Med.  Sciences,  vol.  v..  No.  4,  1900)  reports  two  ca.ses 
under  his  care  at  the  same  time,  each  the  result  of 
contagion  and  each  diagnosed  as  chancroid.  The 
first  case  was  a  gangrenous  sore  which  destroyed  a 
large  portion  of  the  true  skin  of  the  prepuce  resulting 
in  a  ragged  circumcision.  Bacteriological  examination 
showed  only  the  ordinary  pus  cocci  and  aside  from  its 
extremel}'  destructive  nature  it  was  in  no  way  pecu- 
liar. In  the  second  case  the  original  sore  was  sit- 
uated on  the  reflected  prepuce.  Before  coming  under 
Post's  care  the  sore  had  been  cauterized  in  the  hope 
of  accomplishing  its  complete  destruction  if  it  was 
chancroid.  It  was  not  destroyed,  and  to  quiet  the 
patient's  fears,  his  doctor  resorted  to  autoinoculation 
to  determine  its  true  character.  This  inoculation  was 
made  about  half  way  up  the  shaft  of  the  penis.  Within 
forty-eight  hours  a  pustule  appeared  which  spread 
slowly  but  surely,  chiefly  subcutaneously,  the 
sloughing  of  the  skin  being  secondary  to  the  destruc- 
tion of  the  subcutaneous  tissue.  In  various  places  it 
travelled  through  the  subcutaneous  tissue  for  nearly 
an  inch  before  coming  to  the  surface.  This  process 
of  healing  in  one  spot  and  advancing  in  another  con- 
tinued until  the  skin  over  nearly  half  the  circum- 
ference of  the  penis  was  destroyed.  The  nearby 
Ijniph  glands  suppurated  and  .sloughed  and  these 
ulcerations  showed  this  same  tendency  to  extend. 
The  original  sore  healed  promptly,  but  the  one  result- 
ing from  the  inoculation  lasted  nearly  three  months 
and  from  this  lesion  the  bacilli  of  Ducrey  were 
demonstrated. 

Opposed  to  the  followers  of  Ducrey  are  those  who 
claim  chancroid  is  simply  a  manifestation  of  infection 
with  the  ordinary  pus-producing  organisms.  It  has 
even  been  stated  that  cases  have  arisen  de  novo 
there  being  no  active  chancroid  lesions  present  in  the 
party  giving  the  infection. 

In  asserting  that  soft  sores  are  of  purely  pyogenic 
origin,  it  is  claimed  that  secretions  from  chancroids 
always  show  the  presence  of  streptococci,  staphylo- 
cocci, and  non-pathogenic  bacilli  as  well  as  the  strepto- 
baciUi of  Ducrey.     It  is  claimed  that  chancroid  is  to 


mucous  membranes  what  impetigo  is  to  tlie  skin,  and 
that  StreptobaciUi  are  an  accidental  accompaniment 
and  not  the  cau.se.  Furthermore  chancroid  is  .said 
to  be  more  often  fo\ind  in  prostitutes  physically  below 
par  and  among  the  poorer  classes,  tlie  type  of  indi- 
vidual who.se  vitality  is  lowered  by  improper  food, 
overindulgence  in  alcoholics,  general  unhygienic  sur- 
roundings, and  lack  of  personal  cleanliness.  In 
short,  a  class  with  diminished  resistance  whore  slight 
abrasions  would  easily  become  infected  with  pus 
cocci,  suppurate  freely,  and  do  badly  in  general. 
Certainly  tne  genitals  in  the  uncleanly,  with  warmth, 
moisture,  and  decomposing  smegma,  furnish  an  ex- 
cellent medium  for  the  growth  of  pus  organisms. 

Unfortunately  for  the  pus  cocci  theory  of  the  origin 
of  chancroid,  the  disease  is  by  no  means  confined  to 
the  debilitated  but  may  occur  in  the  robust  when 
exposed  to  the  chancroidal  infection. 

If  pyogenic  bacteria  alone  are  responsible  for  pro- 
ducing soft  chancres,  then  individuals  with  long  fore- 
skins and  decomposing  smegma  orexcoriative  balani- 
tis, causing  acquired  phimo.iis  with  foul  subpreputial 
discharge  Mould  develop  these  lesions.  Furthermore, 
females  with  periurethral  and  vulvovaginal  abscesses 
occurring  during  the  course  of  gonorrnea,  and  men 
with  excoriations  dependent  upon  scabies  of  the 
genitals  would  also  develop  chancroid.  Chnical 
experience  shows  that  such  is  not  the  ca.se.  Ulcera- 
tions, undoubtedly  the  result  of  pus  infection,  occur 
about  the  genitals,  due  usually  to  a  staphylococcic 
infection  of  abrasions  or  excoriations  and  run  the 
same  course  as  similar  impetiginous  affections  of  the 
skin.  The  Ducrey  bacilli  are  much  more  destructive 
in  their  effect  upon  the  tissues  in  depth  as  well  as  in 
extent  and  heal  with  the  formation  of  permanent 
scars.  It  was  pointed  out  by  Ducrey  that  in  repeated 
inoculations  from  true  chancroid  lesions  the  accom- 
panj-ing  streptococci,  staphylococci,  and  other  bacteria 
disappeared  from  the  lesions  having  nearly  pure  cul- 
tures of  his  StreptobaciUi. 

B.^CTERiOLOGT. — According  to  Muir  and  Ritchie 
the  streptobaciUi  of  Ducrey  are  minute  oval  rods 
slightly  thicker  at  the  ends,  1.5  a  in  length,  and  0.5  /! 
in  thickness.  They  are  found  mixed  with  other 
organisms  in  the  purulent  discharge  and  are  arranged 
in  small  groups  and  chains.  Sections  through  the 
floor  and  waUs  of  the  ulcer  give  the  best  idea  of  the 
arrangement  in  chains.  They  are  situated  deeper 
tlian  other  organisms  and  are  found  in  nearly  a  pure 
state  among  the  infiltrated  leucocytes.  They  are 
usually  free  but  may  be  within  the  cells. 

These  baciUi  have  been  found  in  pure  culture  in 
man}'  cases  of  chancroidal  buboes  both  by  micro- 
scopic examination  and  by  cultures,  negative  re- 
sults of  some  observers  being  due  to  the  organisms 
having  died  out. 

The  weight  of  evidence  shows  the  bubo  associated 
with  chancroid  to  be  another  lesion  of  the  bacilli  of 
Ducrey.  Sometimes  contaminations  with  the  ordi- 
nary pus  organisms  occur. 

The  bacilli  stain  quite  readily  with  the  ordinary 
aniline  stains  but  decolorize  rapidly.  Smear  prepara- 
tions requiring  no  dehydration  can  be  easily  stained 
with  Loeffler's  or  Kuhne's  methylene  blue.  These 
are  preferable  because  they  do  not  overstain.  With 
sections  great  care  must  be  taken  in  the  process  of 
dehydration  and  the  aniUne-oil  method  should  be 
used,  as  alcohol  quickly  decolorizes  the  organism.  A 
little  methylene  blue  may  be  added  with  advantage 
to  the  anihne-oil  used  in  dehydration. 

Cultivation. — For  a  longtime  attempts  at  cultiva- 
tion were  unsuccessful.  However,  within  recent  years 
Benzanjon,  Griffin,  and  Le  Sourd  obtained  pure 
cultures  in  four  cases.  They  used  a  mixture  of 
rabbit's  blood  and  agar;  one  part  of  the  former  to 
two  of  the  latter.  'The  blood  is  added  to  the  agar 
when  melted  at  45°  C.  and  the  tubes  slanted. 
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Davis  confirms  these  results  and  states  that  freshly 
drawn  human  blood  distributed  in  small  tubes  is  a 
good  medium.  This  medium  is  of  especial  value  as 
the  blood  inhibits  the  growth  of  extraneous  organisms. 

On  solid  media  (blood-agar)  the  growth  appears  as 
small  round  globules,  attaining  complete  development 
in  forty-eight  hours,  having  then  a  diameter  of  one 
to  two  millimeters.  The  colonies  do  not  become  con- 
fluent. Under  the  microscope  these  colonies  show 
appearances  similar  to  those  seen  when  the  organism 
is  in  the  tissues.  OccasionaUy  long  undivided  fila- 
ments are  found  which  Davis  regards  as  degenerative 
forms. 

Cultures  undergo  marked  degenerative  changes  in 
a  comparatively  short  time,  and  great  irregularities 
of  form  and  shape  are  found.  A  relatively  large 
amount  of  blood  seems  necessarj'  for  their  growth, 
and  even  subcultures  in  the  ordinary  media  including 
blood  serum  give  negative  results.  No  results  are 
obtained  bj'  inoculating  the  ordinary  laboratory 
animals,  but  it  has  been  found  that  some  monkeys 
are  susceptible,  it  being  possible  to  produce  small 
ulcerations  by  superficial  inoculation,  the  organism 
being  demonstrated  in  these  ulcerations. 

Tomasczewski  cultivated  the  bacilli  for  several 
generations  and  reproduced  the  disease  by  inocula- 
tion of  the  human  subject. 

Muir  and  Ritchie  conclude:  "The  causal  relation- 
ship of  this  bacillus  (to  chancroid)  must  therefore  be 
completely  established,  and  the  conditions  under 
which  it  grows  show  it  to  be  a  strict  parasite,  a  fact 
which  is  in  conformity  with  the  known  facts  as  to  the 
transmission  of  the  disease." 

Unna  gives  a  very  clear  description  of  the  origin 
of  the  chancroid  lesion  as  follows:  The  bacilli  enter 
through  a  break  in  the  skin  or  mucous  membrane, 
and  cause  a  small  epidermal  pustule  which  is  quickly 
followed  by  shedding  of  the  whole  epidermis.  The 
bacUU  spread  in  radiating  lines  along  the  lymph 
vessels  into  the  skin  which  is  infiltrated  with  large 
numbers  of  plasma  cells  on  account  of  the  active 
toxicity  of  the  organisms.  The  skin  is  quickly  under- 
mined and  the  bacilli  penetrate  into  any  fragments  of 
tissue  causing  necrosis.  Living  bacilli  are  found 
chiefly  in  the  outer  zone  of  infiltration  near  the 
healthy  tissue.  They  die  off  along  the  surface  and 
in  the  areas  of  necrosis. 

Clinical  History. — The  time  between  inocula- 
tion and  the  appearance  of  the  soft  sore  is  so  short 
(twent3'-four  to  fortj' -eight  hours)  that  one  can  hardly 
speak  of  it  as  a  period  of  incubation.  This  is  the 
first  striking  difference  between  chancroid  and 
syphilis,  with  its  long  stage  of  incubation. 

The  lesion  is  said  to  begin  as  a  minute  papule  with  a 
yellowish  vesicle  in  the  center  haxing  a  slight  zone  of 
redness  and  inflammation  about  it.  It  increases  in  in 
size  usually  quite  rapidly,  and  the  vesicle  ruptures 
leaving  a  small  round  or  oval-shaped  ulcer  with  a  gray 
velvety  uneven  base.  The  edges  are  sharply  defined 
gi\ang  it  a  punched  out  appearance.  In  true  chan- 
croid the  edges  soon  become  undermined,  the  ulcer 
extending  in  this  manner,  and  the  extension  may  be 
extremely  rapid.  This  rapid  extension  and  deeper 
destruction  form  one  of  the  striking  contrasts  between 
lesions  caused  by  Ducrey  baciUi  and  the  ordinary  pus 
cocci.  The  chancroid  ulcer  secretes  pus  freely.  The 
base  is  dotted  here  and  there  with  small  red  points 
which  bleed  very  easily  on  rough  handling  or  in 
removing  dressings  that  have  been  allowed  to  stick. 
This  is  a  striking  difference  from  the  chancre  of 
syphilis  which  snows  httle  tendencj'  to  bleed. 
Whether  the  lesion  is  single  or  multiple  at  the  begin- 
ning, fresh  points  of  infection  soon  appear,  the 
process  spreading  more  or  less  rapidly  by  autoin- 
oculation,  the  lesions  passing  through  the  various 
stages  of  development  and  repair.  This  tendency  to 
spread  by  autoinfection  is  one  of  the  striking  and 
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constant  characteristics  of  the  disease.  Syphilis  is 
never  autoinfectious.  The  floor  and  margin  of  a 
chancroid  ulcer  is  never  indurated  except  as  tne  result 
of  cauterization  in  an  attempt  at  its  destruction. 
Generally  within  a  short  time  after  the  ulcers  appear 
the  lymphatics  and  nearby  glands  show  a  painful 
inflanimatory  swelling;  usuallj'  but  a  single  gland  in 
the  chain  is  involved.  The  skin  over  the  sweDing 
soon  takes  on  a  pinkish  hue,  then  a  deep  red,  and 
finally  a  dark  reddish  purple  or  even  a  bluish  tint, 
hence  the  popular  name  with  patients,  "blue  balls" 
or  "blue  boys"  (buboes).  Ordinarily  the  glands  in 
one  groin  only  are  affected  but  both  may  be  inflamed. 
Frequently  the  glands  break  down  and  require 
surgical  care.  In  determining  the  character  of  a 
doubtful  sore  careful  notice  should  be  taken  of  the 
character  of  the  nearby  lymph  glands,  for  their 
behavior  is  so  totally  different  in  chancroid  and  pri- 
mary syphilis,  as  to  be  of  great  value  in  making  a 
cUnical  diagnosis.  The  old  saying,  "soft  sore,  sup- 
purating bubo;  hard  sore,  non-suppurating  bubo," 
is  as  true  to-day  as  when  the  observation  was  first 
made. 

In  men  w-ith  long  foreskins,  chancroids  situated  on 
the  mucous  membrane  of  the  prepuce  or  along  its 
free  margin  often  cause  an  acquired  phimosis  wTiich 
tends  to  retain  secretions  causing  septic  absorption 
as  shown  by  the  local  heat,  redness,  swelling,  and  pain. 
The  whole  prepuce  may  feel  thick  and  brawny  and 
the  edema  cause  considerable  deformity  of  the  organ. 
As  the  process  advances  there  is  a  more  or  less  profuse 
thin  purulent  discharge  from  the  ostium  preputii, 
which  at  times  suggests  a  gonorrhea.  The  micro- 
scope easily  determines  this  point.  One  can  usually 
make  out  the  dorsal  lymphatic  in  these  cases  as  a 
hard  tender  cord  leading  to  a  small  gland  at  the  base 
of  the  penis.  When  chancroids  are  situated  at  the 
ostium  aU  attempts  at  retracting  the  foreskin  are 
painful  and  cause  more  or  less  stretching  of  the  lesions 
and  some  bleeding.  Micturition  causes  much  smart- 
ing as  the  urine  must  traverse  these  raw  surfaces. 
Tliis  pain  can  be  somewhat  lessened  by  immersing 
the  penis  in  warm  water  while  urinating. 

Location. — Chancroids  are  usually  situated  about 
the  genitals.  Extragenital  lesions  may  occur  but  are 
rare  compared  with  the  extragenital  primary  sore  of 
syphilis.  When  extragenital  chancroids  are  found 
they  are  due  to  the  transference  of  secretions  by  the 
hands  of  careless  patients.  In  men  soft  sores  are  most 
often  situated  in  the  sulcus  back  of  the  glans,  especially 
near  the  frenuni  along  the  mucous  membrane  of  the 
prepuce  to  its  junction  with  the  skin;  at  times  on  the 
skin  itself.  .■\t  the  frenum  minute  tears  occur  from 
mechanical  \aolence  during  coitus  and  are  readily  in- 
fected. Ulcerations  here  generaUy  perforate  and  de- 
stroy the  frenum.  These  lesions  are  painful,  bleed 
easily,  at  times  quite  extensive  hemorrhage  may  occur, 
and  heahng  is  often  .slow.  In  women  the  lesions  are 
situated  about  the  introitus  vaginae,  clitoris,  and  the 
labia  or  even  on  the  upper  part  of  the  thighs  and  about 
the  anus;  rarely  if  ever  on  the  cervix  uteri  or  the 
walls  of  the  vagina.  The  number  of  lesions  in  any 
case  is  variable.  They  are  generally  multiple  but  may 
remain  single.  The  multiphcity  is  due  to  the  auto- 
infectious character  of  the  secretions.  The  bacteria 
can  undoubtedly  penetrate  sound  mucous  membrane 
when  deposited  thereon,  while  entrance  through  the 
skin  is  gained  by  the  way  of  minute  abrasions  or  hair 
follicles. 

The  power  of  autoinfection  is  perhaps  best  seen  in 
the  ca.se  of  females  who  are  careless  about  personal 
cleanliness  and  allow  secretions  from  their  sores  to 
run  over  the  area  about  the  genitals  resulting  in 
new  foci  of  infection. 

In  determining  the  character  of  a  doubtful  sore  it 
was  formerly  common  to  test  its  autoinfectiousness. 
The  microscope  is  now  used  instead  and  is  quicker 
and  free  from  danger.     However,  if  this  old  time  test 
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is  made,  a  spot  well  removed  from  large  chains  of 
lymph  glands  should  be  selected. 

In  size  chancroids  vary  from  a  pea  or  smaller  in 
mild  cases  to  a  silver  dollar  or  larger  where  lesions 
run  together,  or  are  of  the  phagedenic  type.  The  size 
of  the  lesion  is  of  comparatively  little  importance 
in  making  a  diagnosis.  In  shape  the  ulcer  is  most 
often  rounded  or  oval.  Severe  chancroids  run  a 
tedious  course,  modified  somewhat  by  the  patient's 
general  physical  condition  and  habits  of  life  as  well  as 
the  medical  care.  There  is  no  tendency  toward  run- 
ning a  self-limited  course.  Too  strenuous  e.xercise, 
indulgence  in  alcohol,  and  complications  like  phimo- 
sis, suppurating  buboes,  gangrene,  and  phagedena  may 
prolong  the  case  indefinitely.  The  cour.^e  of  the  dis- 
ease may  be  divided  into  three  stages:  The  period  of 
destruction  followed  by  a  variable  length  of  time  in 
which  the  process  seems  to  remain  stationary,  and  then 
the  stage  of  repair.  The  ulcers  appear  more  healthy, 
necrotic  tissue  if  present  sloughs  away,  healthy  granu- 
lations spring  up  in  the  sluggi.^h  gray  base  of  the  ulcers, 
and  healing  bj'  granulation  occurs,  lea\ing  a  perma- 
nent scar  \vhere  there  had  been  a  loss  of  tissue. 

DiFFEREXTiAL  Di.vGxosis. — Chancroid  is  to  be  differ- 
entiated from  pustular  lesions  accompanying  .scabies 
of  the  genitals,  herpes  progenitalis,  the  primary  lesion 
of  syphilis,  syphilitic  mucous  patches,  particularly  in 
women,  ulcerated  papules,  and  ulcerating  gummata. 

Scabies  is  diagnosed  by  the  presence  of  burrows  and 
evidence  of  scratching  about  the  privates  as  well  as 
signs  of  scabies  on  other  parts  of  the  body.  Pustular 
lesions  of  the  glans  in  these  cases  are  simply  an  infec- 
tion with  pyogenic  bacteria.  The  condition  is  seldom 
severe,  rarel}'  causing  glandular  enlargement,  while 
itching  is  a  prominent  symptom. 

Herpes  progenitalis  should  rarely  if  ever  be  mistaken 
for  soft  chancres,  inasmuch  as  they  occur  regardless  of 
exposure  and  are  generally  preceded  by  a  sensation 
of  burning  and  itching.  The  eruption  appears  as  a 
group  of  minute  vesicles  which  rupture  so  easily  that 
they  often  are  broken  before  being  seen.  The  condi- 
tion first  noticed  is  a  small  erosion  of  the  mucous 
membrane.  The  lesions  may  gain  considerable  size  by 
the  coalition  of  several  vesicles.  They  secrete  serum 
rather  than  pus  and  there  is  rarely  any  glandular  in- 
volvment.  The  disease  runs  a  self -limited  course  of 
from  a  week  to  ten  days.  Certain  individuals  are  prone 
to  repeated  attacks.  C'a.«es  of  simultaneous  herpes  of 
the  genitals  and  of  the  hps  occur  but  with  no  great 
frequency.  The  attack  in  itself  is  of  slight  impor- 
tance. However,  much  mental  anguish  may  be  caused 
the  individual  who  is  leading  an  irregular  life.  Cases 
of  primary  syphihs  occur  where  the  virus  finds  en- 
trance through  an  herpetic  lesion.  All  but  one  of  the 
spots  heal  in  the  usual  time,  this  one  fails  to  do  so,  or 
if  cured  reulcerates  and  assumes  the  characteristics  of 
an  initial  lesion  of  syphilis. 

The  Primary  Sore  of  Si/phiHs. — Recent  years  have 
given  valuable  aids  in  the  differential  diagnosis  be- 
tween hard  and  soft  chancres.  As  we  have  seen, 
laboratory  methods  and  tests  are  uncertain  and  of 
little  help  in  making  the  diagnosis  of  chancroid. 
This  is  not  the  case  with  the  primary  lesion  of  syphilis. 
However,  one  should  study  the  clinical  signs  carefully 
and  look  to  the  laboratory  only  for  confirmation  of 
the  diagnosis,  not  the  diagnosis  itself.  It  is  still 
possible  to  make  correct  clinical  diagnosis  in  a  large 
majority  of  these  cases.  The  term  chancroid  is  still 
used  to  designate  all  non-syphilitic  ulcerating  lesions 
about  the  genitals,  whether  due  to  pus  cocci  or  the 
bacillus  of  Ducrey. 

Chancroid  has  a  short  incubation  period;  chancre 
three  to  four  weeks;  chancroid  is  autoinoculable; 
chancre  is  not;  chancroid  has  an  inflammatory  bubo, 
often  going  on  to  suppuration,  while  the  buboes 
of  syphihs  are  non-inflammatory  and  seldom  break 
down.     Chancroid  is  an  ulcerating  destructive  proc- 
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ess  free  from  the  firmness  known  as  induration 
while  the  chancre  is  an  erosion  on  an  indurated  base; 
a  constructive  lesion,  a  new  growth  due  to  the  in- 
filtration of  round  cells.  The  base  of  soft  chancre  is 
uneven,  of  a  dirty  gray  color,  showing  bleeding  points 
especially  on  handling.  The  edges  of  the  sore  are 
undermined  and  the  process  may  extend  over  quite 
large  areas,  healing  with  scar  formation.  The 
ero.sion  of  chancre  shows  little  tendency  to  bleed  or 
extend  and  when  resolution  occurs  often  leaves  little 
or  no  scar,  especially  on  mucous  membranes.  Chan- 
croid is  never  followed  by  constitutional  manifes- 
tations as  is  the  case  with  .syphilis.  As  has  already 
been  stated  the  laboratory  aids  to  diagnosis  in  soft 
sores  are  uncertain,  the  Ducrey  baciUi  being  rather 
diflicult  to  demonstrate  in  smear  preparations  and 
their  cultivation  is  still  more  uncertain.  With 
syphilis,  however,  it  is  usually  fairly  easy  to  demon- 
strate the  presence  of  Spirochita  pallida  in  primary 
lesions,  in  stained  smear  preparations,  or  the  spirilla 
are  seen  motile  in  serum  with  the  dark  stage  micro- 
scope. The  Wassermann  reaction  is  another  aid  of 
great  value  in  the  early  diagnosis.  The  reaction 
usually  becomes  positive  by  the  third  to  sixth  week 
in  nearly  100  per  cent,  of  the  cases.  Noguchi's 
luetin  skin  reaction  is  of  value  chiefly  in  the  later 
stages  of  the  disease,  where  it  gives  a  high  percentage 
of  positive  results,  higher  than  the  Wassermann. 
This  test  is  similar  to  the  von  Pirquet  tuberculin  skin 
reaction.  Hence,  with  the  Wassermann  for  early  and 
the  Xoguchi  for  late  cases  we  have  tests  of  much 
value  in  making  differential  diagnoses. 

The  mucous  patches  or  ulcerated  papules  of  second- 
ary syphilis,  especially  when  occurring  about  the 
vulva  and  anus  in  women,  are  at  times  mistaken  for 
chancroids.  These  lesions,  however,  have  a  thin 
serous  secretion  instead  of  pus,  are  seldom  ulcerations 
like  soft  chancres,  and  lack  the  accompanying  inflam- 
matory lymph  glands.  There  is  also  a  lack  of  in- 
cubation period  and  further  examination  of  the 
patient  will  probably  reveal  other  signs  of  syphilis. 
The  finding  of  spirochetes  in  these  lesions  and  a 
positive  Wassermann  will  reveal  the  true  nature  of 
the  condition.  Secretions  from  these  mucous  patches 
are  foul  smelling  and  highly  contagious  but  never 
autoinfectious.  At  times  a  late  specific  ulcerating 
papule  or  gumma  may  occur  about  the  genitals  and 
simulate  chancroid  or  even  the  primary  lesion  of 
syphilis  very  closely.  There  is  no  history  of  exposure, 
no  enlargement  of  glands,  or  autoinfection,  the  blood 
test  probably  positive,  and  a  history  of  preceding 
syphilis.  Testimony  to  this  in  the  shape  of  scars, 
periosteal  swellings,  or  trouble  with  eyes,  ears,  or 
nervous  system  is  usually  to  be  found  by  careful 
examination  and  questioning. 

A  periurethral  abscess  most  frenuently  occurs  in  the 
sulcus  near  the  frenum  and  might  at  first  suggest  a 
chancroid,  but  if  its  sharply  circumscribed  appearance 
and  inflammatory  character  are  noted  together  with 
the  history  of  a  previous  gonorrhea,  a  correct  diagnosis 
is  easily  made. 

CoMPLic.vTioxs. — The  complications  of  soft  chancres 
are  phimosis,  paraphimosis,  lymphangitis,  suppurating 
bubo,  gangrene,  and  phagedena;  fortunately,  the  two 
latter  are  seldom  seen  nowadaj-s. 

Phimosis  and  paraphimosis  are  not  infrequent.  In 
phimosis  the  whole  prepuce  may  become  swollen,  hot, 
red,  tender,  and  edematous.  There  is  a  varying 
amount  of  subpreputial  discharge  and  often  a  series 
of  chancroid  lesions  about  the  ostium  preputii  show 
the  character  of  the  sores  within.  Occasionally  in 
severe  cases  where  the  swelling  is  extreme  and  unre- 
lieved, the  ulcerations  extend  through  the  prepuce 
allowing  the  glans  to  protrude,  thus  rehe\ing  the 
tension  by  a  spontaneous  circumcision.  Paraphi- 
mosis is  less  common,  but  often  a  more  painful  com- 
plication.    It  is  usually  the  result  of  retracting  a  tight 
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foreskin  for  purposes  of  cleanliness,  and  congestion 
of  the  glans  from  constriction  prevents  its  return. 
Swelling,  inflammation,  and  edema  occur  accompanied 
by  much  pain  and  deformity,  the  constriction  in  the 
sulcus  at  times  causing  the  end  of  the  penis  to  point 
at  nearly  right  angles  to  the  shaft.  If  the  para- 
phimosis is  not  reduced  within  a  short  time,  an  uj. 
ceration  at  the  point  of  constriction  occurs,  which  is 
nature  s  method  of  relief.  These  ulcerations  fre- 
quently become  infected  with  the  chancroidal  pus 
and  extensive  destruction  of  tissue  may  result. 

Treatment. — There  is  no  specific  drug,  vaccine,  or 
antitoxin  in  the  treatment  of  chancroid.  It  is  essen- 
tial that  the  patient  keep  as  quiet  as  possible,  avoid- 
ing all  excessive  exercise  Uke  skating,  dancing,  run- 
ning, lifting,  etc.  This  somewhat  lessens  the  danger 
of  suppurating  bubo.  Cleanhness  is  of  the  utmost 
importance.  This  is  best  accomplished  by  the  free 
use  of  soap  and  water,  followed  by  anti.septic  solutions, 
which  should  be  used  as  hot  as  is  compatible  with  the 
patient's  comfort,  as  heat  in  itself  is  beneficial. 
Hence  prolonged  hot  soaks  or  the  application  of  hot 
compresses  play  an  important  role  in  the  treatment. 
Formerly  it  was  almost  the  universal  custom  to  cau- 
terize the.se  sores,  and  various  agents  were  employed 
such  as  sulphate  of  copper,  popularly  known  as  "blue- 
stone,"  nitrate  of  silver  stick,  nitric  acid,  acid  nitrate 
of  mercurv,  and  manv  others.  Their  use  accom- 
plished little  good  and  seemed  to  be  followed  by  more 
suppurating  buboes  than  occur  with  less  radical  meas- 
ures. Happily  caustics  are  in  little  favor  to-day.  If 
a  sore  is  sluggish  and  needs  stimulating,  touching  it 
with  ninety-five  per  cent,  carbohc  acid,  followed  by 
alcohol,  seems  to  accomplish  best  the  desired  result. 
This  is  an  attempt  to  change  a  sluggi.'^h  ulcer  into  a 
healthy,  granulating  sore.  The  pain  from  this  pro- 
cedure is  shght  owing  to  the  anesthetic  effect  of 
carbohc  acid. 

Following  the  cauterization  a  bland,  moist  dres.sing 
should  be  applied  for  a  few  hours.  Lead  wash  or 
boric-acid  solution  acts  well.  Later,  this  treatment 
should  be  changed  to  some  soothing  powder— boric 
acid,  aristol,  calomel,  iodol,  or  acetanilide.  The  same 
treatment  is  applicable  to  both  males  and  females, 
but  it  is  more  difficult  to  keep  lesions  clean  and  the 
dressing  applied  in  the  latter.  Probably  no  single 
drug  is  more  efficacious  in  these  cases  than  iodoform, 
but  its  odor  greatlv  restricts  its  use. 

Generallv  speaking  ointments  are  of  less  value  in  the 
treatment  of  chancroids  than  washes  and  powders. 

The  principal  antiseptic  solutions  in  use  are  satu- 
rated boric  acid,  creoHn  1  to  2.5,  carbolic  1  to  50, 
lysol  1  to  .50,  corrosive  sublimate  1  to  2,000.  In  their 
use  care  must  be  exerci.sed  to  avoid  dermatitis. 

The  stick  of  silver  nitrate,  popular  with  the  laity 
as  a  caustic,  is  of  Httle  value  as  its  action  is  .superficial, 
irritating,  and  especially  apt  to  be  followed  by  suppu- 
rating Ivmph  glands.  Its  only  use  should  be  in 
stimulating  small  areas  of  sluggish  granulations. 
Caustics  should  never  be  applied  to  a  sore  that  cannot 
be  thoroughly  exposed  and  properly  cared  for. 

As  a  rule  internal  medication  is  not  needed  unless 
the  patient  is  much  reduced  in  strength,  in  which 
case  general  tonics,  such  as  iron,  quinine,  cod-liver 
oil,  hypophosphites,  combined  with  fresh  air,  diet, 
and  general  hygiene  may  be  of  service. 

Mercury  should  never  be  given  in  cases  of  chancroid 
as  it  negatives  the  Wassermann  reaction,  which  might 
be  of  help  in  the  early  detection  of  syphiMs  compli- 
cating chancroids.  With  good  care  and  cooperation 
on  the  part  of  the  patient,  the  disease  should  run  its 
course  in  two  to  six  or  eight  weeks,  unless  extended 
by  complications.  C.  Morton  Smith. 

Change  of  Life. — This  term,  in  common  use,  signi- 
fies the  .series  of  phenomena  which  are  apparent  at  the 
end  of  the  child-bearing  period.     It  is  applied  exclu- 
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sively  to  women,  though  an  analogy  has  been  ob- 
served between  some  of  the  conditions  which  affect 
women  at  the  period  in  question  and  similar  condi- 
tions which  have  frequently  been  noted  in  men  at  the 
time  when  their  physical  powers  have  reached  their 
culmination.  The  term  which  is  generally  accepted 
and  used  by  medical  writers  as  correlative  with  change 
of  life  is  rnenopause.  This  term  is  sufficiently  explicit 
for  only  one  link  in  the  chain  of  phenomena  which 
comprise  the  change  of  life,  to  wit,  the  cessation  of  the 
monthly  flow.  For  this  reason  the  common  term  is 
the  more  exact  and  comprehensive  and  therefore 
presents  claims  for  its  general  use. 

The  change  of  life  is  really  one  of  the  great  epochs  in 
the  hfe  of  woman,  for  it  not  only  serves  as  the  boun- 
dary line  between  the  period  in  which  she  is  able  to 
reproduce  herself  and  her  species — period  of  fruitage— 
but  it  marks  the  hmit  of  the  progressive  stage  of  her 
physical  condition  in  general,  deterioration  being 
henceforth  the  prevaihng  process,  whether  it  develops 
slowly  or  rapidly. 

Time  of  Occurrence. — Like  aU  the  other  func- 
tions of  animal  hfe,  this  one  also  is  subject  to  great 
variations  as  to  both  the  time  of  its  occurrence  and 
the  events  which  characterize  it. 

According  as  it  occurs  early  or  late  in  life  it  maybe 
premature,  normal,  or  retarded,  and  it  may  be  natu- 
ral or  artificial  according  as  it  is  or  is  not  solely  the 
product  of  physiological  forces. 

In  temperate  chmates  we  may  expect  its  appearance 
in  the  majority  of  cases  between  the  fortieth  and 
forty-fifth  years;  family  or  race  pecuharities  may 
advance  it  two  or  three  years  or  defer  it  for  an  equal 
period.  It  is  premature  when  it  occurs  prior  to  the 
fortieth  year  and  it  is  retarded  when  it  occurs  later 
than  the"  fifty-fifth. 

Influences  which  Modify  its  Occurrence  and 
ITS  Course.— flacc. — The  nearer  a  tribe  or  race  of 
human  beings  approaches  the  lower  animals  in  its 
intellectual  development  the  less  marked  will  be  the 
menstrual  function  in  its  women. 

Menstruation  is  quite  clearly  the  development  or 
evolution  of  the  rut  or  estrualion  in  the  lower  animals. 
In  the  apes  and  monkeys  we  observe  very  frequently  a 
distinct  regularity  in  what  may  be  termed  for  them 
the  menstrual  flow.  Neither  in  the  animals  nor,  so 
far  as  my  knowledge  extends,  in  the  lower  orders  of 
human  beings  are  there  well-defined  conditions  which 
might  constitute  the  change  of  hfe,  at  least  as  this 
experience  is  observed  in  the  more  advanced  races.  _ 

In  proportion  as  a  communitv  or  race  advances  in 
civiUzation  do  we  see  the  menstrual  function  and  the 
change  of  hfe  assume  distinctness  and  character. 
While  it  does  not  follow  that  their  unusual  or  patho- 
logical features  are  necessarily  the  result  of  civiUzation, 
since  there  are  countless  examples  in  which  no  appre- 
ciable disturbance  is  experienced  from  either,  it  is 
certainly  true  that  such  disturbance  does  accompany 
civilization.  . 

Climate.— The  influence  of  extremes  in  temperature 
acts  upon  the  change  of  hfe  precisely  as  we  would  an- 
ticipate. In  the  tropics  vegetation  is  luxuriant^, 
matures  earlv,  and  is  profuse  in  its  fruitfulness,  but 
the  durationof  its  hfe  is  shortened  by  the  very  excess 
of  this  profuseness.  It  is  the  same,  to  a  certain 
extent  at  least,  with  human  females  who  are  native  to 
the  tropics:  thev  mature  and  bear  their  children 
earlv  and  in  frequent  instances  reach  the  menopause 
between  twenty  and  thirty.  This  has  been  observed 
especially  of  the  Arabs  of  the  desert.  To  the  Cauca- 
sian races  transplantation  to  the  tropics  means  a 
distinct  lowering  of  vitaUty,  with  a  great  diminution 
in  reproductive  power  and  a  consequent  tendency  to 
the  earlv  cessation  of  the  menstrual  function,  and  the 
advent  of  the  change  of  hfe.  In  the  Arctic  regions 
the  effect  of  extreme  cold  upon  vitality  is  similar  to  the 
effect  of  extreme  heat,  though  it  may  be  made  endur- 
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able  to  a  greater  degree  than  the  latter.  The  natives 
of  the  Arctic  regions  are  stunted  in  form  and  more  or 
loss  deficient  in  vitality.  This  is  especially  the  case 
after  they  have  endured  the  rigors  and  the  darkness  of 
the  long  Arctic  night.  The  women  .seldom  mature 
earlier  than  the  twentieth  year,  menstruate  very 
infrequently,  and  seldom  have  more  than  one  or  two 
children.  The  duration  of  hfe  is  not  great,  and  the 
change  of  life  comes  between  thirty  and  forty. 

Allitiulr. — The  significance  of  this  factor  is  due,  of 
course,  to  the  change  in  the  air  pressiirc.  Women 
may  gradually  become  habituated  to  any  condition  of 
atmospheric  pressure,  but  the  effects  which  obtain 
prior  to  such  habituation  are  very  distinct.  A  change 
to  the  sea  le\'el  by  one  who  has  lived  away  from  tlie 
sea  and  at  more  or  less  of  an  elevation  generally  sus- 
pends or  otherwi.se  disturbs  the  menstrual  flow,  and 
in  ca.ses  in  wliich  there  is  decided  constitutional  dis- 
turbance it  is  possible  that  the  change  of  life  might  be 
hastened  by  such  residence. 

Those  who  go  from  the  sea  level  to  reside  at  alti- 
tudes of  6,000  to  7,000  feet  or  more  experience,  on  the 
other  hand,  increased  profuseness  in  the  menstrual 
flow,  the  external  air  pressure  being  greatly  reduced. 
Of  the  influence  of  such  reduced  pressure  upon  the 
change  of  Hfe  except  in  prolonging  its  duration  and 
increasing  the  frequency  and  profuseness  of  its  hemor- 
rhages, I  am  not  prepared  to  speak.  I  know  of  no 
statistics  bearing  directly  upon  this  subject,  which  is 
one  of  the  many  fruitful  themes  in  climatology  still 
awaiting  investigation. 

General  Physical  CondUion. — The  general  condition 
of  a  woman  has  much  to  do  with  the  inauguration  of  the 
change  of  life  and  with  the  events  by  which  it  may  be 
characterized.  Those  who  suffer  with  grave  constitu- 
tional and  visceral  di.seases  which  seriously  impair 
their  vitahty  are  almost  certain  to  experience  an 
arrest  of  menstruation  and  often  other  symptoms 
which  accompany  the  change  of  Ufe.  Those  who  suf- 
fer from  tuberculosis,  syphihs,  general  anemia, 
chronic  diseases  of  the  liver  or  kidneys,  etc.,  are  in 
this  category.  The  acute  wasting  diseases  sometimes 
produce  so  profound  an  impression  that  the  menstrual 
function  is  entirely  obliterated.  On  the  other  hand, 
the  malignant  diseases  of  the  genital  organs,  if  present 
at  a  time  when  the  change  of  life  might  be  expected, 
cause  its  unlimited  delay.  I  do  not  recall  a  case  of 
such  disease,  in  a  very  large  experience,  in  which  the 
change  of  life  ensued  after  the  malignant  disease  had 
begun  its  destructive  career.  In  fibroid  tumors  of 
the  uterus,  especially  those  which  are  characterized 
with  much  discomfort  and  hemorrhage,  it  was  for- 
merly the  custom  to  hold  out  the  hope  that  all 
trouble  would  cease  when  the  change  of  life  brought 
its  beneficent  issue.  In  most  eases  this  has  proven 
the  most  unsatisfactory  will-o'-the-wisp  hunting  by 
which  a  poor  mortal  could  be  deluded.  The  change 
of  life  again  and  again  escapes  the  grasp,  until  finally 
it  comes  to  mean  that  transformation  which  arrives 
for  us  all  "  when  this  mortal  shall  have  put  on 
immortality." 

The  beneficent  influence  of  modern  gynecology  has 
removed  the  veil  of  ignorance  in  regard  to  this  sub- 
ject, and  the  early  removal  of  these  tumors  has  alike 
brought  on  the  change  of  life  and  the  rehef  of  many 
troublesome  symptoms.  The  change  of  hfe  comes 
quite  early  in  women  who  become  excessively  fat. 
Such  women  are  usually  sterile.  Their  physical 
condition  unfits  them  for  the  normal  experiences  of 
pregnancy  and  parturition,  menstruation  is  infre- 
quent, scanty,  and  painful,  and  it  is  not  unusual  for 
tlie  change  of  hfe  to  occur  within  a  few  years  of  the 
appearance  of  the  obese  condition. 

Surgical  Procedures. — Certain  surgical  operations 
are  conducted  with  the  deliberate  intention  and  pur- 
pose of  bringing  about  the  change  of  life.  Such  are 
all  operations  in  which  the  ovaries  are  entirely 
removed.     It  is  estimated  that  in  ninety  per  cent,  of 


cases  of  removal  of  the  ovaries  menstruation  is  at  once 
arrested.  If  the  uterus  and  Fallopian  tubes  are  also 
removed  the  percentage  in  which  such  a  result  is 
obtained  will  lie  even  greater.  There  are  no  other 
surgical  procedures  which  act  so  directly  to  induce 
the  change  of  life  as  does  extirpation  of  tlie  ovaries. 
Operations  which  ma\'  be  followed  by  prolonged 
suppuration  and  invalidism,  by  impairing  the  general 
nutrition  and  reducing  vitality  may  result  in  arresting 
menstruation  temporarily  or  permanently  and  in 
bringing  about  the  premature  appearance  of  the 
change  of  life. 

Occii pillion. — Both  a  direct  and  an  indirect  influence 
may  be  exerted  by  occupation  upon  the  subject  which 
is  under  consideration.  Such  occupations  as  keep  a 
woman  in  an  elevated  temperature  during  most  of  the 
day  are  very  disturliing  to  the  menstrual  function, 
h.'ive  a  very  decided  tendency  to  produce  obesity,  and 
may  induce  the  change  of  life  prematurely.  Cooks, 
laundresses,  and  bakers  are  particularly  subject  to 
such  influences.  Other  occupations  which  impair 
nutrition  and  vitality  also  disturb  the  menstrual 
function  and  hasten  the  change  of  hfe.  Workers  in 
chemical  factories  and  laboratories  upon  arsenic, 
copper,  lead,  phosphorus,  and  other  poisonous  sub- 
stances, workers  in  mines,  cellars,  in  badly  lighted, 
badly  ventilated,  and  damp  surroundings  are  included 
in  tliis  category.  Other  sufferers  are  tho.se  who.se  work 
is  exhausting  and  unwomanly  and  predisposes  to 
wrinkles  and  premature  old  age;  such  are  fishwives, 
field  workers,  bearers  of  heavy  burdens  on  the  shoul- 
ders or  head,  mechanics'  as.sistants  who  may  carry 
tubs  of  mortar,  casks  of  water  or  other  heavy  burdens, 
all  these  being  types  of  laborers  wliich  one  sees  much 
more  frequently  among  the  laboring  clas.ses  in  Europe 
than  in  this  country. 

Excessive  Fertility. — With  many  women  the  reserve 
capital  of  vital  force  is  not  large.  Bearing  children 
in  rapid  succession  until  five,  six,  or  more  nave  been 
borne  in  as  many  years  exhausts  that  capital,  and  then 
follows  the  change  of  Ufe  while  the  woman  is  yet 
young.  The  reason  for  this  is  perfectly  plain  and  is 
seen  in  the  results  which  follow  over-productiveness 
in  animal  or  vegetable  life  wherever  we  may  take  the 
trouble  to  investigate  it.  Such  a  result  can  hardly 
be  regarded  as  disease,  but  simply  as  the  taking  up  of 
a  certain  amount  of  capital  to  which  nothing  remained 
to  be  added  by  way  of  replenishment. 

Dissipation  and  Vice. — The  number  of  women  who 
lead  irregular  and  vicious  Mves  is  so  great  that  it 
would  seem  as  if  important  deductions  might  be  made 
from  the  study  of  such  fives.  It  has  happened  in  my 
experience  to  see  quite  a  large  number  of  women  of 
the  vicious  and  depraved  class  of  all  ages.  These 
women  suffer  greatly  from  both  acute  and  chronic 
diseases  of  the  pelvic  prgans;  they  frequently  suffer 
from  profuse  hemorrhage  from  the  uterus,  and  their 
excesses  very  often  result  in  sterility,  so  that  if  the 
vicious  life  is  followed  by  marriage,  it  is  not  likely  to 
be  a  fruitful  marriage.  It  has  been  a  matter  of  sur- 
prise to  me,  again  and  again,  that  the  excesses  in 
sexual  intercourse  on  the  part  of  prostitutes  and 
others  do  not  arrest  menstruation  and  bring  on  the 
change  of  hfe.  Of  course  irregular  habits,  late  hours, 
excesses  in  alcohol,  etc.,  frequently  break  down  the 
health,  and  the  menses  may  be  arrested  as  the  result 
of  anemia,  etc.,  if  the  woman  does  not  die  promptly 
from  exhaustion  or  some  acute  disease,  as  is  the  result 
with  many.  As  a  matter  of  fact  I  have  seldom  been 
called  to  record  such  an  occurrence;  indeed,  the  stimu- 
lation of  the  sexual  organs  and  the  careless,  irrespon- 
sible Ufe  of  many  of  the.se  women  seem  to  improve 
nutrition,  and  for  a  long  time,  at  least,  their  physical 
condition  is  surprisingly  good. 

Phenomen.v  .^nd  Duration. — There  are  certain 
phenomena  which  are  almost  invariable  and  others 
which  are  only  occasional  to  the  change  of  Ufe.     We 
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must  also  remember  that  with  some  women  the  transi- 
tion is  immediate  and  without  appreciable  symptoms, 
except  that  the  ordinary  monthly  flow  abruptly 
ceases.  The  leading  symptoms  are  practically  the 
same  whether  the  condition  is  the  natural  change  or 
one  which  is  induced  by  disease  or  surgical  procedure. 
To  those  who  experience  it  wliile  still  far  removed 
from  the  usual  period  of  time  when  it  is  to  be  expected, 
the  symptoms  may  be  exaggerated;  but  not  necessa- 
rily so,  fori  have  seen  j'oung  girls  go  through  this 
change  with  scarcely  any  discomfort  or  unusual 
happening. 

Cessation  of  the  Menstrual  Flow. — The  leading 
symptom  is  the  disappearance  of  the  regular  monthly 
bloody  discharge.  This  cessation  may  occur  abruptly, 
the  flow  appearing  one  month,  disappearing  the  next 
and  never  reappearing.  This  may  be  explained  by 
the  fact  that  physical  maturity  has  been  reached,  just 
as  the  fruit  falls  from  the  tree  when  it  is  ripe ;  or  it  maj- 
be  the  result  of  disease,  of  removal  of  the  ovaries,  of 
intense  emotion,  etc.  If  the  cessation  of  the  men.ses 
occurs  in  young  women,  the  possibility  of  its  restora- 
tion in  due  season  must  be  considered.  Instead  of  an 
abrupt  cessation  the  flow  may  reappear  at  regular  or 
irregular  intervals,  two  months,  four  months,  six 
months  or  longer,  finally  ceasing  altogether  after  one, 
two,  or  three  years. 

Excessive  Flowing. — A  very  marked  feature  in  some 
cases,  when  the  flowing  has  become  irregular,  is  its 
profusencss.  It  was  formerly  thought  proper  to  do 
nothing  for  tliis  symptom  on  the  supposition  that  it 
was  simply  a  natural  discharge.  I  have  striven 
dihgently  for  years  to  combat  this  view.  Excessive 
loss  of  blood  is  always  unusual,  abnormal,  and  should 
be  investigated  and  arrested.  The  condition  of  the 
uterine  mucous  membrane  usually  calls  for  active 
treatment  in  such  cases  by  the  application  of  astrin- 
gent substances  to  it  or  the  removal  of  granulation 
tissue,  wliich  may  be  the  cause  of  the  hemorrhage,  by 
the  curette.  Tumors  and  other  disease  of  the  uterus 
assume  particular  importance  at  tliis  time,  and  one 
should  never  leave  to  the  unaided  efforts  of  nature  the 
disposal  of  a  burden  at  this  time  which  she  may  be 
unable  to  dispose  of  or  only  with  great  risk  to  the 
patient's  Mfe. 

Flushing  and  Other  Vasomotor  Disturbances. — Al- 
most as  common  a  symptom  as  the  arrest  or  irregu- 
larity of  the  menses  is  the  vasomotor  disturbance 
which  occurs  without  warning  many  times  a  day  until 
toward  the  end  of  the  change,  and  is  manifested  now 
by  flushing  and  heat,  and  now  by  pallor  and  chill. 
The  experience  of  each  paroxysm  may  continue  but  a 
moment,  but  it  is  annoying  and  in  some  cases  depress- 
ing and  weakening.  What  should  cau.se  this  pecuhar 
vasomotor  influence,  now  paralyzing  and  again  stimu- 
lating the  vascular  system,  can  be  only  a  matter  of 
conjecture.  It  is  an  experience  wliich  is  so  universal 
that  it  may  be  regarded  as  not  far  removed  from  the 
physiological.  It  is  one  of  the  first  symptoms  which 
occur,  it  continues  two  or  three  years,  and  by  that 
time  it  has  become  endurable  by  its  very  frequency. 
With  some  women  it  continues  uninterruptedly  to  the 
end  of  life.  It  seems  to  make  no  difference  whether 
the  menopause  is  natural  or  induced  as  to  the  fre- 
quency and  intensity  of  this  symptom.  It  may  be 
expected,  however,  that  with  those  to  whom  the  change 
comes  early  in  life  it  will  continue  longer,  as  a  rule, 
than  with  those  to  whom  it  comes  as  an  entirely 
natural  experience. 

Mental  and  A'ervous  Phenomena. — One  of  the  many 
notions  concerning  the  change  of  hfe  which  formerly 
prevailed  was  that  since  it  was  a  critical  time  all 
sorts  of  unpleasant  tilings  might  be  expected  to 
develop  in  connection  with  it.  If  a  woman  became 
crazy  at  that  time  it  was  the  change  of  life  which  did 
it,  and  it  was  more  than  hkely  that  she  would  be- 
come crazy  if  she  had  any  predisposition  or  predilec- 
tion to  mental  instability. 


The  arrest  of  the  menses  and  the  disturbance  of  the 
blood  tension  undoubtedly  may  cau.se  brain  disorder 
in  those  who  are  predisposed  to  such  trouble,  and  this 
may  vary  in  its  manifestation  between  headache  and 
violent  delirium  terminating  in  mania  or  melancholia. 
Many  women  are  queer  or  unusually  hysterical  at 
tills  time,  neuralgias  of  all  varieties  are  frequent, 
insomnia  is  nut  infrequent,  and  a  dispcsition  which 
has  heretofore  been  amiable  may  be  suddenly  or 
graduaUy  transformed  into  one  to  which  the  most 
unusual  or  grotesque  desires  or  actions  are  possible. 
The  outbursts  in  such  cases  should  not  all  be  attrib- 
uted to  the  change  of  life,  they  are  due  in  part  to  the 
previous  inheritance  of  the  individual  and  in  part  to 
the  tissue  changes  which  take  place.  Besides,  the 
great  majority  of  women  have  none  of  these  experi- 
ences at  aU,  so  that  they  must  be  considered  excep- 
tional and  not  a  customary  accompaniment. 

Changes  in  Nutrition. — Changes  in  nutrition  are  a 
noteworthy  feature  of  this  period,  the  active  up- 
building time  of  life  is  over,  and  the  tissues  now  and 
henceforth  are  less  substantial.  Muscular  tissue 
tends  to  degenerate  and  atrophy,  and  fat  is  accumu- 
lated. This  may  lead  to  improvement  in  the  general 
appearance  and  rounding  of  the  figure,  but  it  may 
also  lead  to  grossness  and  obesity.  Personal  beauty 
is  lost  in  some  ca.ses  while  an  unusual  attractiveness 
is  acquired  in  others. 

This  period  and  the  remaining  years  of  hfe  being 
the  era  of  degeneration,  it  is  not  strange  that  cancer 
of  the  breast,  the  womb,  and  other  genital  organs 
should  be  found  at  this  time  more  frequently  than  in 
earlier  life.  Cancer  is  not  necessarily  a  feature  or 
customary  accompaniment  of  the  change  of  life. 
This  is  a  fact  w-hich  I  have  insisted  upon  for  years  in 
spite  of  a  prevalent  opinion  to  the  contrary,  both  in 
the  profession  and  in  the  laity.  It  frequently  coexists 
simply  because  the  change  of  life  stands  at  the  en- 
trance of  the  degenerative  period.  We  look  for 
cancer  in  men  in  its  greatest  frequency  at  the  same 
period  of  life  that  we  look  for  it  in  women;  the  ending 
of  the  child-bearing  period  and  the  cessation  of  the 
menses  must  therefore  have  little  to  do  with  the  de- 
velopment of  malignant  disease. 

Disturbances  in  Various  Organs  of  the  Body. — These 
have  been  frequently  noted,  and  in  a  book  which  was 
written  by  me  upon  this  subject  ("The  Menopause," 
D.  Applelon  and  Co.,  1897)  various  comphcating 
affections  have  been  alluded  to.  It  has  always 
seemed  to  me  very  necessary  that  one  should  care- 
fully distinguish  those  comphcations  which  merely 
coexist  from  those  which  cause  or  are  caused  by  the 
change  of  life.  Dimness  of  vision  has  been  reported 
as  an  accompaniment  in  many  cases,  also  liver 
engorgement  or  other  derangements  in  efficient 
working  power  of  the  kidneys  and  urinary  bladder, 
loss  of  appetite,  indigestion  and  constipation,  rapid 
action  of  the  heart  and  dyspnea.  These,  it  will  be 
observed,  are  all  functional  disturbances,  and  it  is 
such  rather  than  organic  lesions  of  which  the  change 
of  hfe  is  most  hkely  to  be  the  cause. 

Impregnation  after  the  Change  of  Life  has  Occurred. 
— The  question  is  an  interesting  one,  and  it  has  often 
been  asked  whether  impregnation  could  occur  after 
the  menstrual  flow  had  entirely  ceased.  This 
question  may  be  regarded  as  entirely  settled,  indeed 
it  may  be  said  that  impregnation  has  very  little  to  do 
with  the  menstrual  flow  or  the  menstrual  flow  with 
it.  It  is  said  that  the  Esquimau  women  are  impreg- 
nated customarily  before  the  menses  have  appeared. 
Many  instances  have  been  observed  in  wluchasimilar 
event  has  occurred  in  our  own  latitude  before  the 
appearance  of  the  menses.  The  facts  in  regard  to 
impregnation  after  the  menses  have  ceased  and  the 
change  of  life  has  been  concluded  are  equally  authen- 
tic and  definite.  It  is  not  usual  for  such  an  event  to 
occur,  but  it  does  occur  occasionally.  It  is  believed 
that  the  ovaries  continue   their  functional  activity 
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from  the  beginning  till  the  end  of  life,  and  in  not  a 
few  instances  pregnancy  has  taken  plaoe  many  years 
after  it  was  supposed  t\\e  child-bearing  function  had 
ended.  I  am  personally  familiar  with  cases  in  wliich 
this  interval  has  been  ten  to  fifteen  years,  women 
from  fifty  to  fifty-five  years  of  age  giving  birth  to 
healthy  children. 

Tre.\tment. — It  must  be  remembered  in  consider- 
ing the  question  of  treatment  during  this  episode  in 
a  woman's  existence  that  we  are  dealing  with  a  situ- 
ation which  is  common  to  all  women  who  reach  the 
limit  of  the  child-bearing  period  though,  of  course,  it 
is  a  situation  which  is  by  no  means  identical  in  all 
women. 

It  is  not  a  disease,  though  di.seasc  frequenth' 
coexists  with  the  change  of  life.  It  is  a  physiological 
experience  which  is  often  attended  with  morbid 
symptoms.  The  treatment  of  the  coexisting  diseases 
does  not  differ  materially  from  that  which  would  be 
proper  if  the  change  of  life  were  not  associated  with 
them. 

Diseases  of  the  heart,  liver,  kidneys,  brain,  skin, 
blood-vessels,  etc.,  are  to  be  treated  as  such  while  the 
symptoms  which  mark  the  presence  of  the  change  of 
life  have  indications  of  their  own,  modified  sometimes, 
it  is  true,  by  these  diseases. 

It  seems  hardly  necessary  to  say  that  when  no 
symptoms  are  present  there  is  no  occasion  for  ad- 
ministering treatment  of  any  kind,  any  more  than 
there  would  be  at  any  other  time  in  life. 

With  vast  numbers  of  women  the  only  syinptoni  of 
which  they  are  conscious  is  that  their  monthly 
sickness  has  become  irregular  in  its  occurrence,  or 
has  ceased  altogether.  With  the  majoritj'  of  women 
there  is  no  such  thing  as  a  crisis  or  a  critical  period 
at  this  time.  Inasmuch,  however,  as  this  experience 
marks  an  epoch  in  life  correlative,  to  a  certain  extent, 
with  puberty  it  would  not  be  wise,  in  any  case,  to 
ignore  it. 

With  so  many  women  it  is  a  period  of  unstable 
equilibrium  that  it  can  do  no  harm  to  recommend 
universal  caution  and  watchfulness  during  its  con- 
tinuance. 

Diet. — Particular  care  should  be  exercised  in 
selecting  a  simple  but  nutritious  diet,  and  those  who 
have  been  in  the  habit  of  indulging  in  the  pleasures 
of  the  table  must  curtail  them,  avoiding  food  which  is 
highly  seasoned,  avoiding  fats  and  grease,  avoiding 
an  excess  of  meat,  and  using  a  minimum  of  alcohol, 
if  any.  Late  suppers  must  be  abstained  from  and 
all  dietetic  irregularities  which  demand  unusual  work 
from  the  digestive  machinery. 

Sleep. — Sleep  is  as  essential  as  food  at  this  time 
and  in  some  instances  is  more  essential.  Particularly 
is  this  the  case  with  hard-working  women,  with 
women  of  fashion,  and  with  those  who  are  neuras- 
thenic, neurotic,  and  hypersensitive.  If  it  is  possible 
to  get  eight  hours  of  sleep  every  night  and  one  hour 
every  afternoon,  this  will  have  a  great  influence  in 
making  the  change  of  life  an  uneventful  experience. 

Air  and  Exercise. — Plenty  of  fresh  air  alwaj's,  and 
exercise  out  of  doors  as  much  as  possible  are  also 
important  essentials  and  the  contrast  between  those 
who  follow  such  a  course,  whether  from  necessity  or 
choice,  with  those  who  live  indoors  and  are  habitually 
deprived  of  a  proper  allowance  of  oxygen  is  often 
noteworthy  enougli,  especially  in  the  phenomena 
which  are  connected  with  the  nervous  system. 

Clothing. — It  seems  superfluous  to  sound  a  note  of 
caution  in  regard  to  clothing  and  yet  the  mode  of 
dressing  at  the  present  time  is  notoriously  provocative 
of  diseases  to  which  those  who  are  going  through  the 
changes  of  life  are  particularly  sensitive.  The  expos- 
ure of  the  neck  and  chest  in  the  street,  the  exposure 
of  the  arms  and  body  in  evening  costume,  tne  in- 
sufficiency of  skirts  in  street  clothing,  the  unnatural 
shape  of  the  shoes,  these  and  other  freaks  of  fashion 


are  not  only  grotesque  and  inartistic,  but  are  so 
unhygienic  that  the  results  of  wearing  them  cannot 
help  being  injurious. 

It  is  no  wonder  that  the  chilling  of  bodies  thus 
exposed  in  winter,  .should  result  in  congestions  of  the 
respiratory,  digestive,  and  pelvic  organs,  and  not 
infrequently  in  consequences  which  are  serious.  It 
is  extremelv  important  that  the  clothing  of  those  who 
are  going  through  the  change  of  life  should  not  only 
fit  the  body  easily  but  should  protect  it  sufficiently 
from  changes  in  temperature,  and  this  applies  to  every 
article  with  which  the  body  may  be  covered. 

Bathing. — Bathing  is  a  most  u.seful  means  of 
treatment  in  this  condition,  particularly  for  those 
who  are  anemic  or  debilitated  or  depressed,  and  it  is 
unnecessary  to  take  a  long  and  expensive  journey  to 
a  fashionable  resort,  in  this  country  or  in  Europe,  in 
order  to  obtain  its  beneficent  influence. 

In  general  it  may  be  stated  that  warm  baths  are 
advisable,  and  cold  baths  inadvisable. 

Sea  baths  are  especially  stimulating  and  helpful 
but  not  in  water  which  is  either  very  cold  or  very 
rough.  Carbonic  acid  baths  and  salt  baths  may  be 
taken  at  one's  home,  under  proper  directions,  with 
great  advantage. 

Massage. — Systematic  massage  and  passive  ex- 
ercise with  Zander  and  other  forms  of  mechanical 
apparatus,  are  also  indicated  for  the  weak  and  de- 
bilitated, for  those  who  suffer  with  constipation,  and 
for  those  who  are  neurasthenic  and  rheumatic. 

Hot  Flushes. — The  most  annoying,  the  most  prev- 
alent, and  the  most  persistent  of  all  the  symptoms 
of  the  change  of  life  are  the  hot  flushes  or  hot  flashes, 
the  vasomotor  storms,  the  sudden  loss  of  control  of 
the  blood-vessels  on  the  part  of  the  vasomotor 
apparatus.  They  are  emphasized  by  capillary  en- 
gorgement and  heat  of  the  surface  of  the  body  and 
are  usually  followed  by  perspiration,  and  often  by 
a  copious  flow  of  colorless  urine.  To  relieve  this 
symptom  permanently  and  effectively  requires  the 
constant  use  of  drugs  and  the  symptom  is  not  serious 
enough  to  warrant  it.  If  the  attacks  are  frequent  an 
occasional  dose  of  asafetida  (10  grains),  of  bromide  of 
sodium  (20  grains),  or  of  the  tincture  of  valerian  or 
of  scutellarium  will  be  useful  as  a  sedative,  and  will 
certainly  be  preferable  to  the  narcotic  drugs  which 
are  too  often  given  unnecessarily  and  form  the  basis 
of  pernicious  habits. 

Headache. — With  the  hot  flashes  there  is  frequently 
an  accompanj'ing  headache  and  this  may  be  relieved 
by  one  of  the  above  mentioned  drugs  supplemented, 
if  necessary  by  a  combination  of  caffeine  (1  grain), 
camphor  (2  grains),  and  acetanilide  (5  grains). 

This  combination  has  usually  been  very  satisfactory 
in  the  writer's  experience. 

Constipation. — The  obstinate  constipation  which  is 
so  common  a  symptom  of  the  change  of  life  can 
usually  be  relieved  by  the  fluidextract  of  cascara,  or 
the  well-known  pill  of  aloin,  strychnine,  and  bella- 
donna better  than  bj'  the  more  powerful  cathartics. 
The  writer  has  found  these  agents  preferable  to  the 
salines,  except  possibly  the  sulphate  and  the  phos- 
phate of  sodium,  unless  the  case  is  one  in  which  there  is 
pelvic  congestion  and  it  becomes  desirable  to  unload 
the  vessels  by  means  of  copious  watery  discharges 
from  the  bowel. 

Pelvic  Congestion. — The  pelvic  and  other  conges- 
tions may  also  be  relieved  by  the  direct  abstraction  of 
blood  from  the  cervix  uteri.  This  may  be  done  by 
means  of  leeches,  by  punctures  with  a  scalpel,  or  by 
a  Bier  cupping-glass.  This  form  of  depletion  is 
particularh-  desirable  when  the  congestion  is  accom- 
panied with  sexual  desire  which  is  often  a  very 
annoying  sj-mptom  to  very  worthy  women. 

Anemia. — Many  women  suffer  with  anemia  at  this 
time,  either  as  the  result  of  profu.se  bleeding  from  the 
uterus  or  from  other  causes.  The  bleeding  must  be 
checked    by    hot    and    astringent    vaginal    douches, 
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rarely  by  uterine  douches,  by  tampon  of  the  vagina 
or  uterus,  by  application  to  the  endometrium  of 
ergot,  hydrastis,  antipyrine,  iron,  iodine,  alum,  etc., 
or  by  curettage  if  otner  means  have  failed.  If  the 
bleedings  are  too  persistent  it  may  be  necessary  to 
remove  the  uterus  and  this  is  especially  the  case  if 
the  curettage  indicates  that  malignant  disease  is 
developing. 

Worry. — Those  who  experience  discomfort  and  mis- 
ery during  the  change  of  life  are  also  the  women 
who  worrj',  who  are  troubled  with  social  and  domestic 
cares,  and  who  suffer  from  poverty,  disappointment, 
and  sorrow.  Furthermore  they  are  the  women  who 
have  led  irregular  or  dissipated  lives,  and  who  have 
suffered  more  or  less  from  disease,  particularly  from 
disease  of  the  pelvic  organs.  Of  course  the  effective 
removal  of  all  these  unfavorable  conditions  is  not 
always  possible.  In  so  far  as  they  can  be  removed  be- 
fore the  advent  of  the  change  of  Iffe,  to  that  extent 
wiU  the  result  be  favorable,  when  that  event  occurs. 

Internal  Treatment. — For  internal  treatment  tonics, 
quinine  and  strj'chnine,  are  useful  and  also  some 
approved  preparation  of  organic  iron.  There  are  of 
course  many  women  who  imagine  that  they  are 
sick  when  passing  through  this  experience,  but  who 
are  not,  so  far  as  careful  observation  can  determine. 

It  is  of  no  use  to  ridicule  such  women,  it  is  of  no 
use  to  fill  them  with  drugs.  They  should  receive 
kind  but  firm  treatment,  be  encouraged  to  cul- 
tivate self-control  and  to  devote  themselves  to 
some  absorbing  occupation  on  behalf  of  others. 
A  women  who  is  thoroughly  and  unselfishly  occupied 
does   not   have   time   to   conjure   up   imaginary  ills. 

Andrew-  F.  Currier. 


Channel  Islands. — The  Channel  Islands,  compris- 
ing Jersey,  Guernsey,  Alderney,  Sark,  and  several 
smaller  rocky  islets,  are  situated  in  the  bay  of  St. 
Michael,  off  the  coast  of  Normandy,  andlie  between  the 
latitude  of  49°  10'  and  49°  42'  North  and  2°  2'  and 
2°  40'  West  longitude.  Guernsey  and  Jersey  are  the 
only  two  islands  which  require  consideration  as  health 
resorts,  and  their  claim  as  such  is  based  upon  the 
mild  sunshiny  nature  of  their  cUmate,  especially  in 
the  late  autumn  and  winter.  "  Recent  statistics 
show  that  Jersey  receives  more  sunshine  than 
any  other  part  of  the  United  Kingdom."  In  these 
island  "'camellias  and  rhododendrons  flower  in  the 
open  in  February,  frost  is  rare  and  lasting  snow 
unknown."  St.  HeUer's  in  Jersey  and  St.  Peter's 
Port  in  Guernsey  are  the  chief  towns.  The  following 
table  gives  the  cUmatic  characteristics  of  Guernsey, 
which  are  practically  the  same  as  those  for  Jersey. 

Climate  of  Guernsey  and  Jersey.     Means  for  Ten  Years. 
Height  Above  Mean  Sea-Level,  180  Feet. 
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From  this  table  we  see  that  the  general  climate  of 
these  two  islands  (Jersey  and  Guernsey)  is  a  mild, 
moist,  marine  one.  The  diurnal  range  of  temperature 
is  small,  and  there  is  an  average  of  five  hours  of  daily 
sunshine.  Of  the  total  rainfall  one-fourth  occurs  in 
the  months  of  October  and  January.  March  and 
April  are  considered  the  most  trying  time  of  the 
year  on  account  of  the  northeasterly  winds. 

Of  course  the  islands  are  exposed  to  the  winds  from 
all  directions,  which,  coming  from  the  ocean,  are 
moist  and  salt-laden.  The  prevaihng  winds  are  west- 
erly and  southwesterly,  especially  the  latter. 

The  following  table  of  yearly  averages  of  wind  is 
given  for  Guernsey,  for  the  period  from  1845  to  1862, 
inclusive : 

Northeast  wind  prevailed  on  100  days. 
Southwest  wind  prevailed  on  104  days. 
Northwest  wind  prevailed  on  110  days. 
Southeast  wind  prevailed  on  51  days. 

The  drinking  water  is  obtained,  for  the  most  part, 
from  weUs.  The  drainage  at  St.  Heher's  and  St. 
Peter's  Port  is  by  sewers  into  the  sea. 

The  therapeutic  effects  of  this  climate  arise  from  its 
mild  sunshiny  nature  and  its  marine  atmosphere. 
Elderly  persons  with  low  vitality  and  those  with  bron- 
chial affections  derive  benefit  from  it.  It  is  also  of 
especial  value  for  deUcate  scrofulous  children  and 
those  of  rachitic  tendencies.  It  is  unfavorable,  on  ac- 
count of  its  moisture,  for  rheumatism,  neuralgia,  and 
renal  diseases.  Those  with  a  tendency  to  respiratory 
troubles  should  not  remain  after  the  end  of  February. 
The  Channel  Islands  are  reached  by  boat  from  South- 
ampton, Weymouth,  or  Plymouth  in  from  six  to  ten 
hours,  or  from  St.  Malo  or  Granville,  France,  in  two  or 
three  hours. 

From  a  personal  visit  to  Jersey  the  writer  can  testify 
to  the  delightful  scenery  of  the  island,  both  land  and 
water,  and  the  charm  of  the  lovely  drives  through  the 
winding  roads,  bordered  by  luxuriant  vegetation.  The 
air  is  fresh  and  invigorating  and  the  sunshine  most 
brilliant. 

The  writer  desires  to  express  his  indebtedness  in  the 
preparation  of  this  account  of  Guernsey  and  Jersey  to 
"The  CUmates  and  Baths  of  Great  Britain,"  by  the 
Royal  Medical  and  Chirurgical  Society  of  London, 
1895.  Edw  ARD  O.  Otis. 

Charcoal. — See  Carbo. 

Charcot.  Jean  Martin. — Born  in  Paris,  France,  on 
November  29,  1S25.  It  is  said  that,  even  as  a  lad, 
he  showed  a  strong  leaning  toward  two  vocations, 
viz  ,  that  of  an  artist  (a  painter,  more  particularly) 
and  that  of  a  physician.  Finally,  however,  he 
decided  in  favor  of  a  medical  career.  He  received 
his  degree  of  Doctor  of  Medicine  in  1853.  In  1862 
he  became  connected  with  the  department  for 
women's  diseases  in  the  Salpetriere  Hospital,  in 
Paris,  and  from  1866  to  1878  he  delivered  in  that 
institution  regularly,  every  year,  lectures  on  chronic 
diseases,  on  diseases  of  old  age,  and  especially  on 
diseases  of  the  nervous  system.  It  was  particularly 
the  lectures  on  the  latter  diseases  which  made  his 
name  so  famous.  In  1872  he  was  made  Professor 
of  Pathological  Anatomy  in  the  Medical  Faculty  of 
Paris.  Finallj',  the  French  CJovernment  decided, 
in  recognition  of  the  valuable  work  which  lie  was  doing 
in  nerve-pathology,  to  estabUsh  at  the  Salpetriere  a 
new  Clinical  Chair  of  Nervous  Diseases  and  to  confer 
it  upon  Charcot.  He  accepted  this  professorship 
and  continued  to  perform  its  duties  up  to  the  time 
of  his  death  on  August  18,  189-3. 

Both  as  a  lecturer  and  as  an  original  investigator 
Charcot's  career  was  e.xtraordinarily  successful. 
His  scientific  contributions  to  medical  literature 
are  very  numerous  and  cover  a  wide  extent  of  terri- 
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tory.  The  shorter  ones  are  to  be  found  in  the  three 
periodicals  which  he  aided  in  estaliHsliing  and  also 
in  editing,  viz.,  the  "Archives  de  pliysiologie  normale 
et  pathologique"  (from  186S  onward);  tlie  ''Archives 
de  ncuroiogie"  (from  ISSO  onward);  and  tlie  "  Kevue 
Mensuelle  de  ni^decine  ot  de  chirurpie"  (first  estab- 
lislicd  under  this  title  in  1877,  and  tlien  in  lS7s 
given  tlie  title  of  "Revue  de  in^decine").  In  the 
domain  of  nervous  diseases  he  published  two  larger 
treatises    of    first-class    importance,     viz.,     "  Legons 


Fig.  1351. — Jean  Martin  Charcot. 


sur  les  maladies  du  syst^me  nerveux  faites  a  la 
Salpetri^re,"  Paris,  fourth  edition,  1880  (it  has  also 
been  translated  into  many  foreign  languages);  and 
"Localisations  dans  les  maladies  du  cervoau  et  de  la 
moelle  ^pini^re,"  Paris,  1876-1880.  The  latter  work 
was  awarded  the  Monthyon  Prize  in  1880.  Pagel, 
from  whose  "  Biographisches  Lexikon"  the  data  for 
this  notice  have  been  obtained,  speaks  of  Cliarcot 
as  one  of  the  "grandes  gloires  de  la  nation  franQai.se." 

A.  H.  B. 


Charleston  Artesian  Wells. — Charleston  County, 
South  Carolina. 

Post-office. — Charleston. 

Several  artesian  wells  in  the  city  of  Charleston 
have  been  found  to  be  impregnated  with  mineral 
ingredients.  Those  mentioned  in  the  Geological 
Reports  are  the  "Old  Artesian  Well,"  the  "Citadel 
Green  WeU,  '  the  "Commercial  Cotton  Press  Well," 
and  "Chisholra's  Mill  Well."  The  following  is  an  an- 
alysis of  the  first  of  these,  made  in  1808  by  Dr.  C.  U. 
■Shepherd,  Jr.: 

Old  Artesian  Well. 
One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  bicarbonate 71 .06 

Calcium  bicarbonate .12 

Magnesium  bicarbonate -02 

Sodium  chloride 63.38 

Silica Trace. 

Organic  matter Trace. 

Iron  oxide Trace. 

Aluminum  oxide •79 

Carbonic  acid Trace. 

135.37 

This  water  has  a  temperature  of  87°  F.,  and  is 
therefore  a  thermal.  The  well  is  1,250  feet  deep,  and 
the  flow  of  water  is  estimated  at  1,200  gallons  per 


hour.  The  Commercial  Cotton  Press  ^^'ell  contains  a 
considerable  proportion  of  sulphate  of  magnesium. 
The  two  old  wells  on  the  corner  of  Wentworth  and 
Meeting  streets  are  owned  by  the  city  and  are  known 
as  the  Public  .\rlesian  Wells.  Une  is  1,180  l^;^•t  deep, 
the  other  is  1,210  feet  deep.  There  are  also  two 
2,000  foot  wells,  one  located  on  Marion  Square  and 
owned  by  the  city;  the  other  on  George  Street  and 
owned  by  the  Charleston  Water  Works  Company. 
The  water  from  the  latter  two  wells  is  better  and 
more  palatable  than  that  from  the  Public  Artesian 
Wells.  Emma  E.   Walker. 


Charleston,  S.  C— A  city  of  58,833  inhabitants 
and  one  of  the  chief  seaports  of  the  south,  situated 
upon  a  point  of  land  between  the  mouths  of  the  Ashley 
and  Cooper  rivers,  several  miles  from  the  Atlantic 
Ocean.  It  is  an  attractive  old-fashioned  town,  with 
rich  vegetation  of  a  more  or  less  semitropical  nature. 
It  is  a  convenient  and  interesting  place  to  spend 
some  time  in,  on  one's  way  north  from  the  more 
Southern  resorts,  especially  in  the  spring.  The  mag- 
nolia gardens  in  the  vicinity  are  most  interesting  and 
weU  worthy  of  a  visit.  Indeed,  both  by  water  and 
land  the  excursions  are  many  and  attractive. 
The  writer  recalls  very  vividly  the  delight  of  a 
visit  here  in  the  spring  when  returning  from  Florida. 
The  miJd  balmy  atmosphere,  the  profusion  of  roses, 
the  jasmine,  the  strawberries,  the  quaint  and  attract- 
ive streets  and  residences,  and  the  numerous  excur- 
sions, were  a  constant  source  of  pleasure. 

As  will  be  seen  from  the  climatic  table,  the  winter 
and  spring  climate  is  a  mild,  equable,  marine  one. 
The  proximity  of  the  sea  renders  the  relative  humid- 
ity greater  than  at  the  resorts  farther  inland;  hence 
this  is  not  a  favorable  climate  for  a  permanent  resi- 
dence for  the  consumptive. 


Climate  of  Charleston.  S.  C.     Latitude,  32°  47';  Longitdde 
79°  56'.     Period  op  Observation,  12  Years  10  Months. 
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Temperature  (Fahr.) — 

Average  or  normal 

49.5° 

57.8° 

82.8° 

57.2° 

65.9° 

Average  daily  range 

14.6 

15 

14.1 

14.1 

Mean  of  warmest 

.58.4 

67.1 

90.2 

65 

43.8 

52.1 

76.1 

50.9 

Highest  or  maximum 

80 

85 

104 

82 

Lowest  or  minimum 

23 

28 

67 

28 

Humidity — 

Average  relative 

75.4% 

69.6% 

74.3% 

74.7% 

73.8% 

Precipitation — 

Average  in  inches 

3.77 

4.47 

7.18 

3.51 

59.9 

Wind- 

Prevailing  direction 

N. 

S.W. 

S.W. 

N.E. 

S.W. 

Average  hourly  velocity 

7.3 

8.8 

7.7 

7.5 

7.9 

in  miles. 

Weathei — 

Average  number  of  clear 

9.5 

12.7 

10.4 

11.5 

134 

days. 

Average  number  of  fair 

days. 
Average  number  of  clear 

10.5 

10.8 

14.6 

10.5 

140.3 

20 

23.5 

25 

22 

274.3 

and  fair  days. 

1 

Edward  O.  Otis. 


Chartae. — Papers.  Sheets  or  strips  or  variously 
shaped  pieces  of  absorbent  paper  impregnated  with 
medicinal  substances.  There  is  one  official  charta,  and 
two  others  are  contained  in  the  National  Formulary. 
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Chabta    Sinap 
(Mustard  paper). 


s    U.S.  P. 


Composition. 


Charta    Cantharidis      N.  F. 
(Cantharidea  paper) . 


Charta  Potassh  N.  F. 

NiTRATis  (Potassium 
nitrate  paper). 


Black  mustard  100,  rubber  10, 
petroleum,  benzin,  and  carbon 
disulphide,  q.s.  To  be  dipped 
in  warm  water  and  applied  to 
the  skin  as  a  rubefacient. 

"White  wax  SO,  spermaceti  30, 
olive  oil  40,  Canada  turpentine 
10,  cantharides  10,  water  100. 
Employed  as  a  rubefacient  or 
vesicant. 

Potassium  nitrate  20,  distilled 
water  80.  Blotting  paper  is 
dipped  in  this  solution,  and 
then  dried.  It  is  burned  and 
the  fumes  are  inhaled  for  the 
relief  of  asthma. 


R.  J.  E.  Scott. 


Chassaignac,  Charles  .Marie  Edouard. — Born  in 
Nantes,  in  the  western  part  of  France,  on  December  22, 
1S04.  He  received  the  degree  of  Doctor  of  Medicine 
from  the  University  of  Paris  in  1S35.  The  name  of 
Chassaignac  is  known  to  the  medical  world  as  that  of 
the  man  who  introduced  two  important  surgical 
procedures  to  the  knowledge  of  the  profession,  viz., 
the  use  of  a  strong  steel-chain  snare  for  crushing 
through  the  pedicle  of  a  tumor  ("Traits  de  I'^crase- 
ment  lingaire,  etc.,"  Paris,  1856),  and  a  method  of 
effectively  draining  a  suppurating  wound  ("Traite 
pratique  de  la  suppuration  et  du  drainage  chirurgical," 
two  volumes,  Paris,  1859).  He  is  also  entitled  to 
credit  for  certain  improvements  which  he  made  in 
the  operation  of  tracheotomy  ("Lemons  sur  la 
tracheotomie,"  Paris,  1855),  and  for  having  written 
a  very  useful  work  on  clinical  surgery  ("Traits 
clinique  et  pratique  des  operations chirurgicales, etc.," 
two  volumes,  Paris,  1861  and  1862).  He  died  at 
Versailles  on  August  26,  1879.  A.   H.   B. 


Chattanooga,  Tenn. — A  city  of  about  45,000  in- 
habitants, situated  in  the  southeastern  portion  of 
Tennessee,  upon  the  Tennessee  River.  It  is  762  feet 
above  sea  level,  and  the  surrouncUng  mountains  are 
from  1,320  feet — Missionary  Ridge — to  2,160  feet — 
Lookout  Mountain — both  of  which  points  are  easy  of 
access.  The  scenerj'  is  varied  and  beautiful,  and"  the 
atmosphere  is  exhilarating  and  pure.  The  spring  is 
early,  opening  in  March,  and  the  vegetation  rich  and 
varied.  The  soil  is  dry  and  loamy,  and  the  drainage 
good.  There  are  occasional  winds  and  fogs,  but  the 
city  is  so  surrounded  by  mountains  that  it  is  greatly 
shielded  in  this  way  from  the  winds.  The  cUmate  is 
indicated  in  the  accompanying  table,  kindly  obtained 
for  the  writer  by  Dr.  \V.  A.  Applegate  of  Chattanooga. 
From  this  it  is  seen  that  the  winter  climate  is  moderate 
and  the  summer  not  excessively  hot.  The  relative 
humidity  is  quite  high,  and  the  average  number  of 
clear  and  fair  days  not  remarkai:)ly  large  in  comparison 
with  other  health  resorts  in  the  South.  The  daily 
range  of  temperature  is  also  seen  to  be  large. 

Judged  from  its  chmatic  conditions  solely,  Chat- 
tanooga would  hardly  fall  witliin  the  Ust  of  genuine 
health  resorts,  although,  Uke  so  many  partisan  reports 
upon  health  resorts,  its  "chmate  conditions"  are 
vaunted  as  "unsurpassed  by  any  point  in  this  coun- 
try." It  is  needless  to  say  that  the  writer  who  makes 
this  statement  gives  neither  fuU  chmatic  tables  nor 
any  series  of  results  obtained  in  the  treatment  of 
disease.  Undoubtedlj'  a  residence  in  some  of  the 
high  locahties  about  the  city  offers,  in  the  pure  and 
bracing  atmosphere,  mild  winter  temperature,  and  at- 
tractive scenerj-,  substantial  chmatic  advantages  in  the 
treatment  of  pulmonarj-  tuberculosis;  for  the  chief  end 
of  all  chmatic  treatment  of  consumption  can  well  be 
accomphshed  here,  namely,  constant  exposure  to  pure 
outdoor  air.  A  sanatorium,  for  instance,  on  Lookout 
Mountain,  conducted  as  Falkenstein  or  the  Adiron- 
dack Cottage  Sanitorium  is,  would  doubtless  exhibit 
equally  good,  if  not  better,  results.  Formerly  malaria 
was  very  prevalent  here,  but  since  the  sanitary  con- 
dition of  the  city  has  been  improved,  tliis  disease  is 
said  to  have  disappeared  to  a  very  great  extent. 


Chattanooga.  Tenn.     Latitude,  35°  4';  Lo.ngitude,  S5°  15'.    Climatic  Data  from  Observations  from  1879  to  1899  Inclusivb. 
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February. 
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O 

1 
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i 

Temperature  (Fahr.) — 

41.4° 
16 

45.4° 
17.4 

51.1° 
18.7 

61.0 
20.1 

68.5° 
20.8 

75.9° 
19.8 

78.4° 
18.4 

77.0° 
18 

71.8° 
19.2 

61.6° 
20.1 

50.3° 
18.5 

43.7° 
17.1 

59.9° 

19  3 

52.2 
33.6 
75 

54.0 
33.8 

78 

56.6 

45.7 
85 

65.0 
55.4 
90 

71.8 
65.4 
93 

78.9 
72.2 
98 

81.1 
75.4 
101 

80.8 
73.8 
100 

75.8 
68.1 
98 

67.2 
56.5 
91 

55.8 
45.4 
79 

57.2 
38.1 
73 

66.3 

55.3 

88.4 

Trf^wpst  or  »Tiini"m"i    ...:,... 

2 

-2 

15 

25 

40 

45 

56 

54 

38 

27 

16 

3 

26.9 

Humidity — 

76% 

71% 

67% 

64% 

69% 

73% 

75% 

77% 

76% 

74% 

71% 

74% 

74.2% 

Precipitation — 

6.19 

5.32 

5.95 

4.52 

3.89 

4.49 

4.22 

3.80 

3.70 

2.71 

3.71 

4.31 

52.81 

Wind- 

Prevailing  direction 

N.E. 

N.  W. 

N.  W. 

S. 

S.  W. 

S.  W. 

S.  W. 

N.E. 

N.E. 

N.E. 

S. 

S. 

Average  hourly  velocity  in  miles. 

6.9 

7.5 

7.7 

7.1 

5.S 

4.9 

4.8 

4.6 

4.6 

5.2 

6.1 

6.6 

5.9 

Weather — 

Average  number  of  clear  days..  . 

7 

7 

9 

11 

10 

9 

8 

9 

12 

15 

11 

8 

116 

Largest  number  of  clear  days.  -  . 

12 

13 

18 

18 

19 

16 

16 

15 

21 

23 

22 

14 

207 

Smallest  number  of  clear  days. . . 

2 

3 

4 

5 

2 

4 

2 

5 

5 

8 

6 

1 

47 

Average  number  of  fair  days 

11 

10 

11 

12 

15 

15 

16 

15 

12 

10 

9 

11 

147 

Largest  number  of  fair  days 

17 

17 

15 

18 

23 

19 

22 

19 

18 

15 

14 

15 

212 

Smallest  number  of  fair  days. .  .  . 

4 

6 

5 

6 

7 

11 

8 

10 

6 

4 

s 

6 

78 

Average  number  of  cloudy  days. 

13 

11 

11 

8 

6 

6 

7 

7 

6 

6 

9 

12 

102 

Largest  number  of  cloudy  days.. 

22 

16 

17 

14 

13 

15 

13 

13 

12 

13 

15 

17 

180 

Smallest  number  of  cloudy  days. 

7 

8 

4 

3 

1 

1 

1 

3 

0 

3 

3 

8 

42 

Average  number  of  rainy  days.. . 

14 

12 

13 

11 

11 

12 

14 

12 

9 

8 

9 

11 

136 

Smallest  number  of  rainy  days .  . 

9 

6 

7 

6 

5 

6 

6 

5 

2 

3 

3 

5 

63 

Largest  number  of  rainy  days. . . 

24 

22 

21 

17 

16 

19 

19 

18 

16 

13 

19 

17 

221 
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ChelytoB 


The  outdoor  attractions  are  many  and  varied;  ex- 
cursions to  the  various  battlefields — Chickainauga, 
Missionary  Hidge,  Lookout  Mountain,  and  Orchard 
Knob — are  all  full  of  interest.  The  view  from  Look- 
out Mountain,  as  the  writer  can  testify  from  per- 
sonal experience,  is  a  striking  one,  looking  down 
upon  the  winding  river  and  the  other  lesser  heights. 
The  roads  are  good,  and  driving  and  wheeling  are 
popular  amusements. 

The  accommodations  are  excellent  as  regards  both 
hotels  and  boarding-houses.  "Lookout  Inn"  on 
Lookout  Mountain  is  open  all  the  year  and  affords 
the  best  of  accommodations. 

Chattanooga  is  a  railroad  center  and  is  easily  ac- 
cessible from  all  directions.  Edward  O.  Otis. 

Chauffeur's  Fracture. — See  Automobile. 

Chaulmoogra. — Chaind-Mungri.  The  .seeds  of 
two  species  of  Gynocardia  (fam.  Flacourliacew)  of 
Southeastern  Asia;  also  the  oil  expressed  from  them 
and  the  bark,  the  latter  not  being  an  article  of  com- 
merce with  us.  The  seeds  of  commerce  are  commonly 
referred  to  G.  odorala  R.  Br.  This  species,  however, 
does  not  yield  the  ordinarj'  seeds,  which  contain  no 
prussic  acid,  but  a  different  variety,  rare  in  commerce 
and  rich  in  prussic  acid.  The  species  yielding  the 
commercial  seeds  appears  undescribed,  though  it  is 
indefinitely  referred  to  by  various  authors.  The  bark 
employed  is  possibly  that  of  the  G.  odorata,  because 
prussic  acid  is  developed  in  its  infusion,  which  is  also 
astringent,  hence  much  like  wild-cherry  bark.  It  is 
used  as  a  febrifuge.  The  fruit  pulp  is  used  to  poison 
fish.  The  seeds  and  the  oil  expressed  from  them  are 
extensively  employed,  externally  and  internally,  in  the 
East,  as  a  remedj-  for  leprosy  and  for  various  skin 
diseases. 

The  plant  is  a  tree,  and  bears  directly  from  its  trunk 
and  large  branches,  globoidal  berries,  as  large  as  a 
shaddock,  containing  numerous  seeds.  The  latter 
are  about  one  inch  or  one  inch  and  a  quarter  long, 
irregularly  ovoid,  angular  from  pressure,  and  dull  gray. 
The  kernel  shrinks  away  from  the  testa  in  drying, 
the  latter  being  thin  and  brittle.  The  oily  kernel,  at 
first  white,  becomes  brown.  It  has  a  disagreeable 
odor  and  taste.  The  seeds  consist  of  about  half  their 
weight  of  a  brownish-yellow  fixed  oil,  of  a  specific 
gravity  of  about  0.94.5.  The  active  portion  of  this  oil 
appears  to  be  its  twelve  per  cent,  of  gynocardic  acid, 
with  two  of  cocinic,  four  of  hypogeic,  and  sixty  of 
palmitic  acids.  The  oil  has  been  considerably  em- 
ployed in  professional  practice,  both  externally  and 
internally,  in  skin  diseases.  The  dose  is  TH.  iij.-iv. 
(0.2-0.25)  after  meals,  gradually  increased.  Doses  of 
Til,  X.  (0.6)  have  been  found  irritating  to  most  persons, 
resulting  in  vomiting  and  purging. 

Gynocardic  acid  has  also  been  employed  and  is  said 
not  to  cause  nausea.  An  ointment  made  of  fifteen  to 
twenty-five  grains  of  this  acid  to  the  ounce  of  vaseline 
has  been  recommended  as  an  application  to  dry 
patches  of  eczema. 

False  chaulmoogra  is  the  seed  of  Hydnocurpus 
anthelmintica  Pierre,  a  related  plant.  It  is  similarly 
used  in  native  practice,  and  also  as  an  anthelmintic. 

Henry  H.  Rusby. 


Cheese  Mites. — Mites  of  the  family  Troglyphince, 
minute  forms  with  a  soft  body,  without  eyes  or 
tracheal  respiratory  tubes.  Thay  livs  in  such  dry  or 
decaying  materials  as  flour,  sugar,  cheese,  and  prunes. 
Their  small  size  makes  their  introduction  on  or  into 
the  human  body  easy,  and  they  have  been  reported 
from  the  alimentary  canal  and  skin.     See  Ararknida. 

A.  S.  P. 

Cheilitis  Glandularis  Apostemose. — See  Myxa= 
denitis  Labialis. 


Chclidonium. — Garden  Celandine.  The  entire 
plant,  Chi  lidonium  tnajusL.  {{utn.  Fapaveracece).  In 
some  pharmaco  pceias  the  root  only  is  recognized,  but 
the  composition  and  properties  are  the  same  through- 
out. This,  the  only  species  of  the  genus,  is  a  perennial 
herb,  with  slender  branching  stem,  bright  yellow  deli- 
cate flowers,  and  an  acrid,  irritating,  disagreeable- 
smelling  yellow  juice.  Root  several-headed,  branch- 
ing, red-brown;  stem  about  twenty  inches  (.50  cm.) 
long,  light  green,  hairy;  leaves  al)out  six  inches  (1.5  cm.) 
long,  petiolate,  the  upper  ones  smaller  and  sessile,  light 
green,  on  the  lower  side  glaucous,  lyrate-pinnatitid,  the 
pinnse  ovate-oblong,  obtuse,  coarsely  crenate  or  in- 
cised and  the  terminal  one  often  three-lobed;  flowers 
in  small,  long-peduncled  umbels  with  two  sepals  and 
four  yellow  petals.  Capsule  linear,  two-valved  and 
many-seeded.  The  fresh  plant  contains  a  saffron- 
colored  milk-juice  and  has  an  unpleasant  odor  and 
acrid  taste. 


Fig.   1352. — Celandine,    slightly    reduced.     Seed    enlarged  about 
four  timea.     (Baillon.) 

Olandine  is  a  native  of  Europe,  but  has  been'abun- 
dantly  naturalized  in  the  United  States,  where  it 
affects  rich,  shaded  dooryards.  It  is  an  old  country 
medicine,  and  has  been  used  to  dissipate  warts  and  as 
a  dressing  for  ulcers.  Its  general  composition  is  very 
similar  to  that  of  bloodroot,  but  the  important  alka- 
loid is  chelerythrine,  associated  with  chelidonine,  a  and 
jS  komochelidonines  and  protopine.  There  are  also 
chelidonic  and  chelidoninic  acids.  Chelerythrine  acts 
in  a  markedly  different  way  from  its  close  relative, 
sanguinarine,  lacking  entirely  the  irritating  properties 
of  the  latter  upon  the  motor  centers,  which  it  depresses 
or  paralyzes  from  the  first.  It  also  depresses  the 
muscles.  The  ends  of  the  sensory  nerves  are  first 
irritated  and  then  depressed.  Chelidonine  tends  to 
counteract  this  primary  sensory  stimulation.  The 
homochelidonines  and  protopine  are  in  very  small 
amounts.  Their  effects  are  also  in  the  general  di- 
rection of  both  sensory  and  motor  depression.  Hence 
the  effects  of  celandine  are  not  violently  irritating 
like  those  of  bloodroot,  and  are  finally  soothing  and 
depressing.  There  is,  however,  enough  sanguinarine, 
in  connection  with  the  primary  sensory  irritation  of 
the  chelerythrine,  to  make  the  drug  strongly  irritating 
in  the  first  stage  of  action.  It  acts  as  a  laxative  or  a 
purgative,  and  has  always  been  regarded  as  an  active 
cholagogue.  Large  doses  may  cause  emesis,  but  the 
tendency  of  this  drug  is  purgative,  as  that  of  sanguin- 
arine is  emetic.  There  is  no  official  preparation.  The 
dose  is  gr.  xv.  to  Ix.  (1.0-4.0).  The  extract  is  mostly 
used,  in  doses  of  gr.  viij.  to  xv.  (0.5-1.0).  The  drug 
has  been  a  favorite  domestic  basis  for  poultices,  and 
the  juice  is  a  counterirritant,  similar  to  bloodroot. 

Hexky  H.  Rusby. 

Cheloid. — See  Keloid. 

Chelytus. — A  genus  of  mites  sometimes  found  among 
old  books  or  rags,   but  more  commonly  in  stables, 
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poultrj'  houses,  old  feed  bins  or  tobacco  store-houses, 
and  tombs.  Its  members,  though  predacious,  have 
not  been  known  to  attack  man,  but  they  are  often 
found  on  his  body.     See  Arachnida.  A.  S.  P. 


Chemistry,  Physiological. — Physiological  chemistry 
may  be  defined  as  the  cliemical  branch  of  physiology. 
It  is  concerned  with  the  chemistry  of  substances, 
processes,  and  conditions  relating  to  normal  organ- 
isms. For  this  purpose  the  facilities  offered  by 
physical  chemistry,  inorganic  chemistry,  and  organic 
chemistry  are  utilized.  Ph3'siological  chemistry  is 
therefore  fundamentally  chemical  in  its  methods  and 
essentially  physiological  in  its  purpo.ses.  In  accord- 
ance with  this  idea  the  physiological  chemist  seeks 
to  explain  physiological  phenomena  by  chemical 
methods. 

The  character  of  the  substances  that  must  engage 
the  attention  of  the  physiological  chemist  is  exceed- 
ingly diverse,  varj-ing  from  the  simplest  types  of 
chemical  compounds  to  those  of  extreme  complexity. 
Equally  variable  are  the  physiological  processes  and 
conditions  for  which  the  science  under  discussion  is 
endeavoring  to  offer  an  explanation. 

In  a  general  way  the  chief  object  of  physiological 
chemistrj-  is  a  complete  understanding  of  the  princi- 
ples of  normal  nutrition  in  its  broadest  sense,  that  is, 
a  complete  knowledge  of  the  laws  underlying  aU  the 
processes  concerned  in  the  normal  metabolism  of  liv- 
ing organisms  and  especially  those  relating  to  man. 
Nutrition  is  essentially  chemical  in  nature  and  there- 
fore in  the  solution  of  the  problems  concerned  chemical 
methods  are  imperative. 

It  is  difficult  to  make  a  sharp  division  between 
physiologial  chemistry  and  the  sister  science,  patho- 
logical chemistry,  since  physiologj'  and  pathology  are 
almost  inseparable.  In  many  instances  pathological 
conditions  and  processes  are  utilized  bj-  the  physio- 
logical chemist  for  the  explanation  of  normal  nutrition. 
From  the  foregoing  definitions  it  is  apparent  that 
physiological  chemistry  is  of  exceeding  great  im- 
portance in  its  relation  to  physiology,  pathology, 
and  the  practice  of  medicine.  The  importance  of 
physiological  chemistry  to  the  medical  sciences  may 
be  inferred  from  the  position  which  it  has  assumed 
in  the  curricula  of  the  medical  schools,  for  every  in- 
stitution deserving  the  designation  of  medical  school 
to-day  offers  courses  of  varying  merit  in  this  subject.  In 
the  best  courses  offered  the  student  makes  a  thorough 
study  of  the  chemical  composition  of  the  food-stuffs 
and  of  the  various  tissues  and  fluids  of  the  body.  The 
chemical  and  physiological  processes  of  digestion, 
absorption,  secretion,  excretion,  and  nutrition  in 
general  are  considered  together  with  the  application 
of  analytical  methods  to  tie  problems  of  metabolism 
and  to  the  identification  and  estimation  of  biological 
products. 

The  science  of  physiological  chemistry  is  compara- 
tively young  since  prior  to  the  j'ear  ISOO  practically 
little  had  been  accomplished  from  a  strictly  physio- 
logical chemical  standpoint.  With  the  old  medical 
chemistry  of  the  so-called  iatro-school  it  has  nothing 
in  common  and  in  no  way  is  it  to  be  regarded  as  a  de- 
velopment of  that  science.  It  is  true  that  previous  to 
the  date  given  above  certain  contributions  had  been 
made  concerning  the  chemistry  of  vegetable  and 
animal  substances  but  no  rational  theory  of  chemical 
combination  had  been  evolved  to  make  the  isolated 
facts  of  real  value.  Previous  to  the  discovery  of 
oxygen  by  Priestley  and  Scheele  and  to  the  time  of  the 
accurate  weighings  and  measurements  of  Lavoisier 
and  his  antiphlogistic  theory  very  little  resulted  from 
the  investigations  that  had  been  carried  on  for  hun- 
dreds of  years  by  able  physicians  who  zealously 
interested  themselves  in  the  chemistry  of  the  human 
body  and  its  processes.  However,  from  out  the  mass 
of  early  investigators  the  names  of  van  Helmont,  de 
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Graaf,  Boerhaave,  Reaumur,  Stevens,  Mayow,  and 
Spallanzani  are  especialh'  worthj^  of  mention  since 
they  are  intimatel}'  associated  with  the  beginnings  of  a 
clear  understanding  of  the  digestive  processes  and  the 
nature  of  respiration.  The  discoveries  of  Lavoisier 
published  in  the  latter  part  of  the  eighteenth  century 
led  to  a  clear  conception  of  combustion  as  a  process  of 
oxidation.  He  further  showed  that  the  oxygen 
inspired  through  the  lungs  is  used  in  the  bodj'  for  the 
oxidation  of  various  compounds,  carbon  dioxide  and 
water  being  among  the  decomposition  products. 
The  nature  of  animal  heat  was  carefully  considered 
and  the  role  played  therein  by  oxygen  was  demon- 
strated. In  short  the  fundamental  features  of 
respiration  were  established  and  a  clear  trail  was 
blazed  for  real  scientific  progress. 

With  the  beginning  of  the  nineteenth  century 
discoveries  of  special  importance  to  physiological 
chemistry  were  made.  Thus  Chevreuil's  investiga- 
tion of  fatty  bodies  of  animal  origin;  the  work  of 
Berzehus  on  urine  and  blood;  that  of  Prevost  and 
Dumas  on  the  composition  of  the  blood  and  urea  for- 
mation; the  researches  of  Tiedemann  and  Gmelin  on 
the  nature  of  digestion;  and  the  determination  of  the 
correct  formula  of  urea  by  Prout  as  early  as  1S19 
may  be  cited  as  especially  pertinent  examples  of 
investigation  which  have  since  become  classic.  L^p 
to  this  time  knowledge  of  the  chemistry  of  organic 
compounds  had  remained  far  in  the  background  of 
the  rapidly  increasing  information  concerning  inor- 
ganic chemistry.  For  this  reason  very  little  progress 
had  been  made  in  physiology.  The  turning  point, 
however,  was  reached  in  1828  when  Wohler  accom- 
plished the  synthetic  formation  of  urea  from  ammon- 
ium cyanate.  Up  to  this  time  urea  was  known  only 
as  a  product  of  animal  processes.  The  possibility  of 
the  preparation  of  this  organic  compound  from  inor- 
ganic materials  opened  up  an  entirely  new  line  of 
thought  which  has  led  to  the  present  day  position  of 
organic  chemistry,  and  has  been  of  prime  importance 
for  the  development  of  physiological  chemistry. 
Wohler's  experiment  will  ever  be  memorable  since  it 
removed  at  a  single  blow  the  artificial  barrier  that 
had  been  raised  between  organic  and  inorganic 
chemistry. 

During  the  early  portion  of  the  nineteenth  century, 
important  advances  were  made  in  other  fields.  Thus 
Kirchluff  in  1814  found  that  germinating  barlej'  seeds 
contain  a  substance  that  can  be  extracted  with  water 
and  which  is  capable  of  transforming  starch  into  sugar. 
Later  this  active  agent  was  isolated  and  given  the 
name  of  diastase;  in  1824  Prout,  Tiedemann,  and 
Gmehn,  independently  discovered  the  presence  of 
hydrochloric  acid  in  the  stomach  .secretion,  in  1825-33 
Wilham  Beaumont  conducted  his  classic  experiments 
on  Alexis  St.  Martin;  Leuchs  discovered  diastase  in 
saliva  in  1831;  in  1834  Eberle  prepared  an  artificial 
gastric  juice;  Schwann,  in  1S^6,  postulated  the  exist- 
ence of  pepsin  and  made  the  first  biliary  fistula;  three 
years  later  Wasmann  isolated  pepsin,  and  in  1842 
Bassow  and  Blondot  made  a  gastric  fistula  in  the 
dog;  Heinz  found  the  milk-curdhng  enzyme  in  1851 
and  in  the  same  j-ear  Lehmann  isolated  lactic  acid 
from  gastric  contents.  Five  years  later  Meissner  in- 
vestigated the  products  of  gastric  digestion  of  pro- 
teins and  in  1872  Ebstein  and  Griitzner  postulated 
the  existence  of  pepsinogen.  At  first  the  action  of 
enzymes  was  compared  to  that  found  in  alcohohc 
fermentation  induced  by  yeast  and  to  the  processes 
concerned  in  putrefaction.  It  was  Berzelius  who  first 
suggested  that  the  digestive  agents  act  by  catalysis. 

For  ten  years  subsequent  to  the  synthetic  formation 
of  urea  by  Wohler  inorganic  and  analytical  chemistry 
were  greatly  extended,  resulting  in  a  better  conception 
of  chemical  system  and  the  improvement  of  analytic 
methods,  much  of  which  was  due  to  the  labors  of 
Berzelius,  the  foremost  chemist  of  the  time.  In  the 
hands  of   Berzelius  and  Liebig  these   new  methods 
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greatly  iiicreasod  the  knowlt'dge  of  orgaiiio  clK'ini.stry. 
A  great  number  of  new  organic  conipoiuuls  were  pre- 
pared, l)ut  their  mode  of  formation,  their  charaeteris- 
ties  and  their  manner  of  decomposition  more  or  loss 
contradicted  the  tlieoretical  conceptions  which  Uer- 
zelius  sought  to  transfer  from  his  system  of  inorganic 
chemistry  over  to  the  organic  field.  There  now  arose 
a  thirt}'  years'  controversy  on  theoretical  chemistry 
wliich  was  waged  furiously  between  the  leading 
chemists,  but  it  proved  fruitful  in  investigation, 
especially  in  organic  cheniistrj'.  "Organic  synthesis, 
together  with  the  explanatit)n  of  theoretical  points; 
the  rearrangement  of  groups  on  physical  and  chemical 
grounds;  the  mechanical  theory  of  gases  and  va|)ors, 
which  first  gave  a  foundation  for  the  estimation  of 
the  relative  weight  of  molecules  and  the  n\imb<'r  of 
atoms  containefl  therein;  the  relation  of  atoms  in 
molecules;  and  the  theory  of  organic  chemistrj'  in  its 
essentials,  founded  on  the  affinities  of  the  carbon 
atoms — ofTering  many  points  difficult  of  solution  and 
still  controverted — all  was  the  fruit  of  this  period." 
The  progress  during  this  period  was  due  in  large  meas- 
ure to  the  work  of  Laurent  and  Kekul^,  although  it 
would  be  difficult  to  enumerate  all  the  cliemists  who 
are  entitled  to  a  share  of  the  credit. 

By  1.SG4  the  controversy  had  somewhat  abated  but 
in  the  meantime  physiological  chemistry  had  almost 
been  overlooked  save  for  the  work  of  Justus  von  Liebig 
(1S03-1S73)  who  may  be  regarded  as  the  father  of 
physiological  chemistry.  For  forty  years  he  labored 
to  advance  it  and  many  of  the  views  formulated  by 
him  are  accepted  at  the  present  time  although  perhaps 
somewhat  modified.  Among  his  more  important 
contributions  to  physiological  chemistry  may  be 
cited  the  theory  of  "the  origin  of  animal  heat.  It 
was  he  who  developed  the  idea  that  the  sensible 
heat  of  the  body  may  be  explained  by  processes  of 
combustion  accomplished  within  the  organism. 
From  investigation  of  the  source  of  animal  heat 
Liebig  was  led  to  a  consideration  of  the  nature  of  food 
itself  and  he  classified  foods  according  to  the  functions 
they  were  assumed  to  perform  in  the  organism.  "The 
food  of  man  and  animals,"  he  says,  "consists  of  two 
clas.ses  of  substances  essentially  different  in  their 
composition.  The  one  class  (consisting  of  nitro- 
genous substances,  albumin,  etc.)  serves  in  the  for- 
mation of  blood  and  building  up  the  various  organs 
of  the  body;  it  is  called  plastic  food.  The  other 
(consisting  of  non-nitrogenous  substances,  the  fatty 
bodies,  and  the  so-caded  carbohydrates)  resembles 
ordinary  fuel  serving,  as  it  does,  in  the  generation  of 
heat;  it  is  designated  by  the  term  respiratory  food. 
Sugar,  starch,  and  gum  may  be  looked  upon  as  woody 
fiber,  from  which,  it  is  known,  they  are  capable  of 
being  formed.  Fat,  by  the  quantity  of  carbon  it 
contains,  stands  nearest  to  coal.  We  heat  our  body 
exactly  as  we  heat  a  stove,  with  fuel  which,  con- 
taining the  .same  elements  as  wood  and  coal,  differs 
essentially,  however,  from  the  latter  substances  by 
being  soluble  in  the  juices  of  the  body."  While  this 
classification  of  foods  is  not  entirely  acceptable  to-day 
it  served  as  a  sure  foundation  upon  which  has  been 
built  the  imposing  superstructure  of  our  present 
knowledge  concerning  food-stuflfs.  p>om  his  study 
of  the  foods  we  are  also  indebted  to  Liebig  for  his 
theory  of  animal  nutrition.  "According  to  this 
theory,  the  plant  holds  a  position  intermediate  be- 
tween the  mineral  and  animal  world.  The  animal  is 
incapable  of  assimilating  the  compounds  stored  up 
in  inorganic  nature.  To  render  these  compounds 
subservient  to  the  purposes  of  animal  life  they  may 
have  to  undergo  a  preliminary  preparation  within  the 
living  organism  of  the  plant.  The  simple  mineral 
molecules  are  thus  converted  into  molecules  of  a 
higher  order,  fit  to  serve  in  building  up  and  main- 
taining alive  the  body  of  the  animal.  In  his  "Familiar 
Letters  on  Chemistry,"  he  says,  "How  admirably 
simple  after  we  have  acquired  a  knowledge  of  this 


relation  between  plants  and  animals,  appears  to  us 
the  i>rocess  of  formation  of  the  aninuil  Ijody,  the 
origin  of  its  blood  and  of  its  organs!  The  vegetable 
substances,  which  serve  for  the  production  of  blood, 
contain  already  the  chief  constituent  of  blood  ready 
formed,  with  all  its  elements.  The  nutritive  power  of 
vegetable  food  is  directly  jiroporlional  to  the  amount 
of  the.se  con.sanguineous  compounds  in  it;  and  in 
consuming  such  food,  the  herbivorous  animal 
receives  tne  very  same  substances  which,  in  flesh, 
support  the  life  of  carnivora."  "From  carbonic  acid, 
water,  and  ammonia,  that  is,  from  tiie  constituents 
of  the  atmosphere,  with  the  addition  of  sulphur  and 
of  certain  constituents  of  the  crust  of  the  earth, 
plants  produce  the  blood  of  animals;  for  the  carnivora 
consume,  in  the  blood  and  flesh  of  the  herbivora, 
strictly  speaking,  only  the  vegetable  substances  on 
which  the  latter  iiavc  fed." 

"  A  comprehensive  natural  law  connects  the  develop- 
ment of  the  organs  of  an  animal,  their  growth  and 
increase  in  bulk,  with  the  reception  of  certain  sub- 
stances essentially  identical  with  the  chief  constituents 
of  its  blood."  "  The  animal  body  is  a  higher  organism, 
the  development  of  which  begins  with  these  subtances, 
with  the  production  of  which  the  life  of  those  vege- 
tables which  are  commonly  usetl  for  food  ends.  The 
various  kinds  of  grain  and  of  plants  used  for  fodder, 
die  as  soon  as  they  have  produced  seeds.  In  the  in- 
finite series  of  organic  products  which  begins  with  the 
inorganic  food  of  plants,  and  extends  to  the  most 
complex  constituents  of  the  nervous  system  and 
brain  of  animals  the  highest  in  the  scale,  we  see  no 
blank,  no  interruption.  The  nutritive  part  of  the 
food  of  animals,  that  from  which  the  chief  material  of 
their  blood  is  formed,  is  the  last  product  of  the 
productive  energy  of  vegetables." 

No  account  of  Liebig's  achievements  in  the  domain 
of  physiological  chemistry  is  complete  witliout  refer- 
ence to  his  doctrine  of  the  origin  and  function  of  fat 
in  the  organism.  This  type  of  question  had  never 
been  duly  considered  previously.  As  a  result  of  a 
careful  series  of  investigations  he  was  led  to  the  con- 
clusion that  fat  formation  takes  place  within  the 
organism  and  the  materials  concerned  in  fat  formation 
are  the  carbohydrates  which  the  animal  finds  stored 
in  plant  tissue  ready  for  use.  Dumas  and  Bous- 
singault  in  France  were  especially  antagonistic  to 
this  view,  their  idea  being  that  fat  is  merely  transferred 
from  the  plant  to  the  animal.  Needless  to  say  Liebig's 
view  was  later  confirmed  and  is  accepted  at  present. 
In  other  directions  than  those  recorded  above, 
Liebig's  work  was  extensive.  His  examination  of 
the  blood  and  bile;  his  researches  on  the  chemical 
composition  of  the  urine  of  man  and  of  the  carnivora; 
his  study  of  the  relation  of  the  reaction  of  urine  and 
the  nature  of  the  food  consumed,  leading  finally  to 
the  elaboration  of  a  method  for  urea  estimation;  and 
the  classic  investigation  of  uric  acid  in  company  with 
Wohler  may  be  cited  as  examples.  Previous  to  the 
time  of  Liebig  little  was  known  concerning  the  nature 
of  the  juice,  or  extract,  of  meat.  Chevreuil,  twenty 
j'ears  previou-slj^,  had  indicated  the  existence  in  it  of 
a  substance  called  creatine.  Liebig  formulated  the 
structure  of  this  compound  of  which  even  the  chemical 
composition  was  unknown.  He  studied  its  decom- 
position products,  creatinine  and  sarcosine,  as  well  as 
many  otner  compounds  that  play  a  very  significant 
role  "in  the  animal  economy.  At  the  same  lime  his 
investigations  on  meat  extract  opened  up  a  vein  in 
organic  chemistry  the  depth  of  which  has  not  yet 
been  reached.  It  must  also  be  remembered  that  it 
is  to  Liebig  that  science  is  indebted  for  the  dis- 
covery of  chloroform  and  chloral.  In  cooperation 
with  Wohier  glucosides  were  discovered,  and  their 
recognition  of  tne  influence  of  enzymes  upon  glucosides 
was  an  important  contribution  to  the  knowledge  of 
enzymes. 

The  status  of  physiological  chemistry  in  the  time 
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of  Leibig  may  best  be  expressed  in  his  own  words 
written  in  1852.  "After  mineral  ehemistrj'  had 
gradually  attained  its  present  state  of  development, 
the  labors  of  chemists  took  a  new  direction.  From 
the  study  of  the  constituent  parts  of  vegetables  and 
animals,  new  and  altered  views  have  arisen;  and  the 
present  work  (Animal  Chemistrj',  or  Organic  Chemis- 
try in  its  Applications  to  Physiology  and  Pathology) 
is  an  attempt  to  apply  these  views  to  physiology  and 
pathology."  "  In  earlier  times  the  attempt  has  been 
made,  and  often  with  great  success,  to  apply  to  the 
objects  of  the  medical  art  the  views  derived  from  an 
acquaintance  with  chemical  observations."  "With 
all  its  discoveries  modern  chemistrj'  has  performed 
but  slender  ser\-ices  to  physiology  and  pathology:  and 
we  cannot  be  deceived  as  to  the  cause  of  this  failure, 
if  we  reflect  that  it  was  found  impossible  to  trace  any 
sort  of  relation  between  the  observations  made  in 
inorganic  chemistry,  the  knowledge  of  the  characters 
of  the  elementary  bodies  and  of  such  of  their  com- 
pounds as  could  be  formed  in  the  laboratory,  on  the 
one  hand,  and  the  living  body,  with  the  characters 
of  its  constituents,  on  the  other." 

"Physiology  took  no  share  in  the  advancement  of 
chemistry,  because  for  a  long  period  she  received 
from  the  latter  science  no  assistance  in  her  own 
development.  This  state  of  matters  has  entirely 
changed  in  the  last  five  and  twenty  years." 

"  How  clear  are  now  to  us  the  relations  of  the  dif- 
ferent articles  of  food  to  the  objects  which  thej' 
serve  in  the  body,  since  organic  chemistry  has  applied 
to  the  investigation  her  quantitative  method  of  re- 
search!" When  a  lean  goose,  weighing  four  pounds 
gains,  in  thirty-six  days,  during  which  it  has  been 
fed  with  twenty-four  pounds  of  maize,  five  pounds 
in  weight  and  yields  three  and  one-half  pounds  of  pure 
fat,  this  fat  cannot  have  been  contained  in  the  food. 
readj'  formed,  because  maize  does  not  contain  the  thou- 
sandth part  of  its  weight  of  fat,  or  of  any  substance 
resembling  fat.  And  when  a  certain  number  of  bees, 
the  weight  of  which  is  exactly  known,  being  fed  with 
pure  honey,  devoid  of  wax,  j-ield  one  part  of  wax  for 
every  twenty  parts  of  honey  consumed,  without  any 
change  being  perceptible  in  their  health  or  in  their 
weight,  it  is  impossible  any  longer  to  entertain  doubt 
as  to  the  formation  of  fat  from  sugar  in  the  animal 
body." 

"We  must  adopt  the  method  which  has  led  to  the 
discover3'  of  the  origin  of  fat,  in  the  investigation  of 
the  origin  and  alterations  of  the  secretions,  as  well  as 
in  the  study  of  all  the  other  phenomena  of  the  animal 
body." 

"The  imperfection  of  the  method  or  system  of 
research  adopted  by  phj^siologists  can  alone  explain 
the  fact,  that  for  the  last  fift^'  years  they  have 
established  so  few  new  and  solid  truths  in  regard  to  a 
more  profound  knowledge  of  the  functions  of  the 
most  important  organs,  of  the  spleen,  of  the  liver, 
and  of  the  numerous  glands  of  the  body;  and  the 
limited  acquaintance  of  physiologists  with  the  methods 
of  research  in  chemistry  will  continue  to  be  the  chief 
impediment  to  the  progress  of  physiology,  as  well  as 
reproach  which  that  science  cannot  escape." 

"Before  the  time  of  Lavoisier,  Scheele,  and  Priestlej', 
chemistry  was  not  more  closely  related  to  physics 
than  she  now  is  to  physiology.  At  the  present  daj' 
chemistry  is  so  fused,  as  it  were,  into  phv'sics,  that  it 
would  be  a  difficult  matter  to  draw  the  hne  between 
them  distincth'.  The  connection  between  chemistry 
and  physiology  is  the  same,  and  in  another  half 
century  it  will  be  found  impossible  to  separate  them." 
(A  prophecy  which  has  been  completely  fulfilled.) 

"  In  the  hands  of  the  phj'siologist,  organic  chemistry 
must  become  an  intellectual  instrument,  by  means  of 
which  he  will  be  enabled  to  trace  the  causes  of  phe- 
nomena invisible  to  the  bodily  sight." 

The  progress  in  phj'siological  chemical  research 
during  the  life  time  of  Liebig  was  tremendous  and 
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the  outlook  as  defined  bj'  him  one  of  great  inspiration. 
On  the  other  hand,  looking  backward  to  the  year 
1S30,  twenty  years  before  Liebig's  prophetic  words 
were  written  we  find  the  future  of  physiological 
chemistrj'  rather  hmited  if  the  words  of  Thomson 
may  lie  accepted  as  indicative  of  the  general  opinion 
on  the  subjection  under  discussion.  In  his  Historj- 
of  Chemistry,  he  says.  "The  only  functions  of  the 
living  body  upon  which  chemistry  is  calculated  to 
throw  light,  are  the  processes  of  digestion,  assimila- 
tion, and  secretion." 

The  measure  of  Liebig's  success  has  been  estimated 
b}'  Bischoff  in  the  foUowing  words.  "However  great 
and  immortal  may  be  tne  services  of  Aristotle, 
Galen,  VesaUus,  Harvey,  Linnaeus,  Haller,  Cuvier, 
Charles  Bell.  J.  Miiller,  and  others  to  physiology; 
however  greatly  they  and  others  may  have  enriched 
our  knowledge  in  the  province  of  organic  nature,  I 
can  find  no  proof  in  the  history  of  science  that  any 
single  one  of  these  has  so  influenced  and  altered  the 
views  and  methods  of  physiolog}-,  and  also  con- 
sequently of  medicine,  by  facts  and  methods,  as 
Liebig.  I  regard  Liebig  as  the  one  who  has  brought 
organic  natural  science  into  the  pathway  of  exact 
investigation." 

While  Liebig  in  Germany  was  applying  chemical 
principles  to  physiological  processes  Mulder  in 
Holland  was  pursuing  investigations  of  a  somewhat 
similar  but  more  restricted  nature.  Mulder's  work 
consisted  principally  in  attempts  to  determine  the 
nature  of  proteirs  and  of  such  substances  as  gelatin 
and  the  keratins.  He  also  pointed  out  the  close 
similarity  between  the  nitrogenous  compounds  found 
in  plants  and  those  which  occur  in  the  blood  of 
animals. 

Shortly  after  Liebig  had  begun  his  scientific  career 
investigations  of  a  chemical  character  were  insti- 
tuted in  France  by  Claude  Bernard  (1S13-187S). 
His  writings  are  verj'  voluminous  and  treat  of  a  great 
variety  of  topics.  Bernard's  doctorate  thesis  was 
entitled  "  Du  sue  gastrique  et  de  son  role  dans  la 
nutrition."  The  results  obtained  in  this  investi- 
gation undoubtedly  had  a  decided  influence  in  the 
determination  of  the  character  of  his  future  work. 
The  main  conclusion  of  the  thesis  was  that  cane  sugar 
when  injected  intravenously  promptly  reappears  in 
the  urine.  These  results  led  him  to  make  a  study  of 
the  sugars  and  their  behavior  in  the  body,  an  in- 
vestigation that  culminated  in  the  discovery  of  gly- 
cogen and  the  now  famous  researches  concerning  the 
functions  of  glycogen  in  the  organism.  It  is  pernaps 
needless  to  point  out  that  he  was  partly  actuated  to 
study  the  sugars  because  of  his  great  interest  in  the 
problems  suggesetd  by  the  pathological  state  diabetes; 
he  was  anxious  to  discover  the  cause  of  the  excess  of 
sugar  in  this  condition  and  so  perhaps  be  enabled  to 
find  a  remedy  for  it. 

When  Bernard  began  his  work  knowledge  of 
digestive  processes  other  than  those  connected  with 
the  stomach  was  practically  nil.  Gastric  digestion 
was  assumed  to  be  a  sufficient  preparation  for  the 
easy  absorption  of  food  products.  It  is  true  that 
bile  was  considered  of  significance  in  digestion  but 
the  function  of  the  pancreas  was  unknown.  The 
researches  of  Tiedemann  and  Gmelin  contained  "aU 
that  we  know  with  certainty  relative  to  the  changes 
which  the  chyme  undergoes  in  the  intestine"  and  all 
that  these  authors  have  to  suggest  is  the  possibility 
"that  the  casein  of  the  pancreatic  secretion  con- 
taining a  large  proportion  of  nitrogen  yields  a  portion 
of  this  element  to  different  ingredients  of  the  alimen- 
tary substances  which  contain  less  nitrogen,  so  as  to 
reduce  itself  to  their  standard  in  this  respect,  and  to 
convert  them  into  albumin."  It  is  mainly  to  Bernard 
that  we  owe  our  knowledge  of  the  action  of  pancreatic 
juice,  although  Valentin  in  1S44  demonstrated  that 
juice  expressed  from  the  pancreatic  gland  has  an 
action  upon  starch,  and  Eberle  had  suggested  that 
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the  pancreas  is  in  some  way  concerned  willi  fat  diges- 
tion. It  renuiiiu'd,  however,  for  Bernard  to  reveal 
its  three-fold  activity.  "lie  showed  that  it,  on  the 
one  hand,  emulsified,  and  on  the  other  hand,  split 
into  fatty  acids  and  glycerin,  the  neutral  fats  dis- 
charged from  the  stomach  into  the  duodenum;  lie 
clearly  proved  that  it  had  a  powerful  action  on  starch, 
converting  it  into  sugar;  an<l,  lastly,  he  laid  hare  its 
remarkable  action  on  protein  matters.  Pointing  out 
that  the  bile  precipitates  the  products  of  the  gastric 
digestion  of  protein  matters,  and  jjuts  an  end  to 
peptic  changes,  he  went  on  to  show  that  the  pancreatic 
juice  acted  subsequently  as  well  on  these  precipi- 
tated matters  as  on  those  protein  constituents  of  a 
meal  which  had  escaped  solution  in  the  stomach." 
"It  is,  in  fact,  the  pancreatic  juice  which  has  the 
special  property  of  completely  dissolving  the.se  two 
kinds  of  material,  for  tiie  digestion  of  nitrogenous 
substances  is  far  from  being  completed  in  the  stomach, 
though  this  is  the  accepted  view.  Two  acts,  perfectly 
distinct,  take  place  in  the  stomach  and  in  the  in- 
testine, the  one  duly  following  the  other.  Gastric 
digestion  is  only  a  preparatory  act."  The  study  of 
internal  .secretion  wliicli  has  since  proved  so  fruitful 
was  initiated  by  Bernard  in  liis  investigations  on  the 
function  of  glycogen. 

In  the  laboratories  founded  by  Liebig  and  Bernard 
were  trained  a  great  many  of  the  well-known  investi- 
gators of  the  closely  succeeding  years  and  the  large 
number  of  men  who  became  interested  in  the  problems 
of  physiological  chemistry  accounts  in  great  measure 
for  the  extremely  rapid  growth  of  the  science.  In 
the  space  allotted  it  will  be  impo.ssible  to  more  than 
briefly  mention  the  work  associated  with  some  of  the 
older  of  these  men  most  of  whom  have  passed  away 
only  within  the  last  few  years. 

The  succes.sor  of  Claude  Bernard  in  the  College  de 
France  was  Brown-S^quard  (1817-1S94)  to  whom 
science  is  indebted  in  a  great  degree  for  investigation 
of  problems  connected  with  internal  secretion,  the 
practical  application  of  which  by  him  in  1889  was  the 
starting-point  of  organotherapy.  In  1856  he  demon- 
strated that  the  adrenals  function  by  means  of  an 
internal  .section  and  from  this  point  of  view  valuable 
contributions  to  science  were  made  concerning  the 
function  of  various  other  ductless  glands,  particularly 
the  pituitary  and  the  thyroids. 

With  the  name  of  Max  Pettenkofer  (1818-1901) 
are  associated  the  Pettenkofer  test  for  bile  salts  and 
the  famous  Pettenkofer  respiration  chamber.  Petten- 
kofer, a  pupil  of  both  Scherer  and  Liebig,  early  mani- 
fested an  interest  in  the  study  of  metabolism.  Bis- 
chofT  in  Giessen  began  nutrition  experiments  upon 
dogs  and  later  worked  in  Munich  with  Voit.  These 
experiments  arou.sed  the  interest  of  Pettenkofer  and 
led  to  the  construction  of  the  respiration  chamber 
named  for  him  which  is  characterized  by  furnishing 
the  experimental  subject  a  current  of  fresh  air  within 
the  calorimeter.  This  is  significant,  for  Pettenkofer 
was  later  mainly  instrumental  in  bringing  about 
recognition  of  the  science  of  hygiene  especially  from 
its  experimental  side.  Pettenkofer's  object  in  build- 
ing a  calorimeter  was  to  obtain  complete  informa- 
tion concerning  the  .sources  of  loss  and  gain  to  the 
body  over  a  considerable  period  of  time,  the  man  or 
animal  experimented  upon  being  maintained  under 
perfectly  normal  conditions.  In  previous  experiments 
on  nutrition  and  the  influence  of  various  diets  upon 
the  same,  account  had  been  taken  only  of  the  nitrogen 
entering  and  leaving  the  body,  the  carbon,  hydrogen, 
and  oxygen  remaining  undetermined.  Thus  knowl- 
edge of  the  relation  of  diet  to  the  oxidation  of  material 
in  the  body  was  very  imperfect.  Through  the 
investigations  of  Pettenkofer  associated  with  Voit  a 
far  more  complete  insight  was  obtained  into  the  part 
played  in  nutrition  by  the  different  constituents  of 
the  food,  the  eflfects  of  variations  in  the  quantity  of 
food  ingested,  and  many  other  important  questions 


of  a  similar  character.  The  experiments  of  the 
Munich  school  (jf  which  Pettenkofer  was  tlie  head 
form  the  chief  basis  of  our  jiresent  knowledge  of 
dietetics.  The  presence  of  creatinine  in  the  urine 
was  one  of  the  important  tliscoveries  of  Pettenkofer. 

In  his  work  on  nutrition  Pettenkofer  was  associated 
from  the  beginning  with  his  pupil  Carl  Voit  (1831- 
1908)  who  had  also  studied  with  Liebig  and  Wolder. 
The  inspiration  which  Voit  had  cauglit  from  contact 
with  Liebig,  ANiihlcr,  and  Pettenkofer,  and  from  the 
classic  work  of  Bidder  and  Schmidt  inipc^llcd  him  to 
a  closer  investigation  of  problems  relative  to  nitro- 
genous metabolism.  Ilis  work  with  Bisclioff  on  the 
laws  of  nutrition  of  the  carnivora  remains  a  classic 
of  metabolism  studies.  The  present-day  conceptions 
of  the  fundamental  principles  regulating  protein  njcta- 
bolism  were  first  distinctly  described  by  \'oit.  Thus, 
the  laws  of  nitrogenous  metabolism  and  the  tlicory 
that  muscle  work  is  done  preferably  at  the  expen.se 
of  non-nitrogenous  substances  were  first  clearly  eluci- 
dated by  him.  In  the  study  of  intermediary  meta- 
bolism he  was  also  a  pioneer,  since  among  his  varied 
types  of  activity  may  be  mentioned  experiments  de- 
.signed  to  discover  the  significance  in  metabolism  of 
such  compounds  as  gelatin,  proteoses,  peptone, 
asparagin,  etc. 

While  Voit  was  enunciating  the  principles  of  nitrog- 
enous metabolism  at  Munich  Edward  Pfluger  (1829— 
1910)  at  Bonn  was  rendering  to  [jhysiological  chemis- 
try an  incalculable  debt  by  his  criticisms  of  theories 
promulgated  by  phy.siological  chemical  investigators. 
His  controversies  with  ^'oit  on  nitrogenous  meta- 
bolism in  particular  did  much  to  put  the  subject 
upon  a  basis  better  grounded  than  otherwise  might 
have  been  possible.  The  theory  of  Pfliiger  on  nitrog- 
enous metabolism  never  received  the  sujjport  accorded 
to  the  rival  theory  of  Voit  although  it  contains  some 
ideas  of  considerable  strength.  While  Pfliiger's  name 
is  closely  associated  with  nitrogenous  metabolism  the 
real  constructive  contributions  offered  by  him  were 
those  concerning  the  principles  of  glycogen  formation. 
In  spite  of  the  fact  that  his  scientific  life  was  one  of 
great  activity  and  the  number  of  papers  published  by 
him  was  very  large,  perhaps  his  greatest  infiucnce  upon 
the  development  of  pln'siological  chemistry  has  been 
to  subject  to  criticism  the  work  of  others  and  in  a 
sense  sift  the  wheat  from  the  chaff.  His  motto  "  Die 
Kritik  ist  das  wichtigste  Motiv  jeden  Forschrittes, 
deshalb  iibe  ich  .sie"  (Criticism  is  the  most  important 
motive  in  progress  of  any  sort,  therefore  I  practise 
it)  shows  his  peculiar  type  of  mind.  To  him  also 
belongs  the  credit  for  the  establishment  of  the  emi- 
nently succes.sful  Archill  fiir  die  gcsanite  Physiologie, 
known  as  Pfliiger's  Archiv,  the  purpose  of  which  was 
to  publish  articles  in  any  way  related  to  physiology. 

The  name  of  Felix  Hoppe-Seyler  calls  to  remem- 
brance the  Zeiischrift  far  pin/siologifclie  Chemie,  the 
first  journal  to  be  founded  for  the  publication  of  papers 
of  exclusive  physiological  chemical  interest.  In  1877 
Hoppe-Seyler  in  collaboration  with  Baumann  in 
Strassburg,  Gahtgens  in  Rostock,  Gorup-Besanez  in 
Erlangen,  H\ifner  in  Tubingen,  Huppert  in  Prag, 
Maly  in  Ciraz,  and  Salkowski  in  Berlin  issued  the 
first  number  of  the  journal  which  has  since  become 
such  a  source  of  strength  for  the  science  it  represents. 
In  the  introduction  to  the  first  number  attention  is 
called  to  the  fact  that  the  time  has  arrived  for  recog- 
nition of  physiological  chemistry  as  a  distinct  science, 
and  the  estaWishment  of  Hoppc-Seyler's  Zeitachri/l  is 
in  no  small  measure  responsible  for  such  recognition. 
At  this  time  (1877)  there  existed  no  se|)arate  labora- 
tories for  physiological  chemistry;  one  of  the  first  was 
that  of  Hoppe-Seyler  in  Strassburg.  Hoppe-Seylcr's 
attention  was  early  directed  to  the  desirability  of 
improvement  in  the  chemical  methods  then  in  use 
and  the  possibility  of  nuiking  new  ones.  Methods 
for  analysis  of  milk,  bile,  serous  fluids,  urine,  blood, 
proteins,  etc.,  are  in  many  instances  due  to  the  work 
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of  Hoppe-Seyler  in  large  measure.  He  rendered  par- 
ticular service  in  the  application  to  physiological  chem- 
istry of  the  physical  methods  employed  in  spectral 
analysis,  polarization,  methods  of  gas  analysis  as  prac- 
tised by  Bunsen,  and  the  colorimetric  principles  put 
forth  by  Vierordt  and  Hufner.  In  185S  appeared 
the  first  edition  of  his  "  Handbuch  der  physiologisch- 
und  pathologisch-chemischeu  Analyse"  which  was 
translated  into  all  the  modern  languages.  Not  less 
well  received  was  the  large  work  on  "Physiologische 
Chemie"  which  appeared  in  1877.  His  investigations 
upon  blood  and  blood  pigments  were  particularly  im- 
portant and  began  witli  the  discovery  of  the  ab.sorp- 
tion  spectrum  of  blood.  He  was  also  greatly  inter- 
ested in  the  oxidative  processes  of  the  organi.sm,  and 
in  the  study  of  metabolic  changes  under  pathological 
conditions.  His  attention  was  early  attracted  to  the 
chemistry  of  the  cell  and  under  his  direction  was  begun 
a  series  of  investigations  on  cholesterol  and  lecitliin 
as  well  as  Miescher's  work  upon  nuclein  which  later 
was  so  fruitful.  Hoppe-Seyler  also  contributed 
largely  to  our  knowledge  of  the  chemistry  of  urine. 
Thus  his  work  on  indican,  the  aromatic  acids,  phenols, 
cresols,  etc.,  from  putrefactive  processes  in  the  in- 
testine, the  origin  of  hippuric  acid,  etc.,  attest  to  his 
activity  in  this  direction. 

The  study  of  the  chemistry  of  nervous  tissue  was 
begun  in  the  latter  half  of  the  nineteenth  century 
and  the  names  of  Liebreich,  Diaconow,  and  Thudicum 
are  especially  associated  with  the  early  development 
of  our  knowledge  concerning  this  type  of  tissue. 

By  a  combination  of  the  principles  employed  in 
chemistry,  histology,  and  physiology  Rudolph  Heiden- 
hain  (1834-1S97)  in  Breslau  revolutionized  the  then 
prevalent  ideas  relative  to  the  processes  of  secretion. 
His  histological  study  of  the  structure  of  the  pancreas 
wherein  he  showed  the  changes  in  the  gland  cells  that 
accompany  secretion,  together  with  the  work  on  the 
formation  of  pepsin  in  the  pyloric  glands  and  in  those 
of  the  fundus,  remain  as  standard  e.xamples  of  this 
type  of  investigation.  Particularly  significant  were 
his  experiments  on  lymph  formation  and  urine 
secretion.  His  method  of  isolating  the  cardiac  end 
of  the  stomach  in  order  to  collect  its  secretion  was  the 
beginning  of  the  modern  method  of  research  in  this 
direction.  In  1883  appeared  his  classical  essay 
"Physiologie  der  .A.bsonderungsvorgange "  in  Her- 
mann's Handbuch  der  Physiologie.  A  defense  of 
vivisection  published  in  1879  was  reproduced  in  1884 
by  direction  of  the  Prussian  Minister  of  Education. 

The  modern  idea  of  the  nature  of  protein  digestion 
was  conceived  by  a  pupil  of  Claude  Bernard,  Willy 
Ki-ihne  (1837-1900),  who  first  suggested  that  protein 
disintegration  proceeds  by  a  .series  of  progressive 
hydrolytic  cleavages.  For  our  present  nomenclature 
of  the  protein  derivatives  we  are  indebted  to  Kiihne  as 
well  as  for  the  term  "enzyme"  as  a  designation  of 
digestive  agents.  .-Mthough  the  chief  contributions 
to  physiological  chemistry  from  Kiihne's  laboratory 
at  Heidelberg  relate  to  the  chemistry  of  digestion, 
his  work  on  blood  is  equally  well  known,  especially  the 
fact  that  in  1865  he  first  isolated  hemoglobin  in  a 
crystalline  form.  His  text-book  on  physiological 
chemistry  was  at  that  time  the  standard  work  on  the 
subject. 

It  was  the  re.searches  of  Edmund  Drechsel  (1843- 
1897),  that  initiated  a  new  phase  of  protein  chemistry. 
He  first  isolated  lysin,  the  hexone  base,  from  among 
the  products  of  casein  disintegration  and  thus  opened 
up  a  field  of  new  possibilities  in  various  aspects  of 
intermediary  metabolism.  His  second  base  lysa- 
tinine,  or  lysatine,  was  of  particular  interest  since  it 
indicated  the  possibility  of  a  direct  formation  of 
urea  from  protein.  It  had  long  been  known  that 
urea  was  the  chief  end-product  of  nitrogenous  meta- 
bolism but  the  ob.servation  that  urea  was  produced 
on  decomposition  of  lysatinine  pointed  to  this  com- 
pound   as    one    mother    substance    of    urea.     Later 


researches  have  demonstrated  that  lysatinine  is 
identical  with  compound  now  known  as  arginine, 
which  was  studied  by  Kossel. 

With  the  name  of  Marcelus  Nencki  (1S47-1901)  is 
associated  a  series  of  investigations  on  various  phases 
of  intermediary  processes.  From  his  laboratory  at 
St.  Petersburg  were  sent  out  many  contributions  to 
the  knowledge  of  the  behavior  in  the  body  of  a 
varied  list  of  organic  compounds,  especially  those 
belonging  to  the  aromatic  .series.  Perhaps  the  best 
known  and  most  significant  piece  of  work  completed 
by  Nencki  was  his  investigation  on  urea  formation 
and  the  role  of  ammonium  salts.  The  results  of  this 
research  form  the  basis  of  our  present  conceptions  con- 
cerning this  type  of  intermediary  metabolism. 

At  Berlin  and  Freiburg,  Eugen  Baumann  (1846- 
1S96),  a  pupil  of  Hoppe-Seyler,  devoted  himself  to 
the  task  of  elucidating  the  significance  of  sulphur 
compounds  in  the  organism;  the  intermediary  pro- 
cesses concerned  with  various  aromatic  compounds 
and  their  manner  of  elimination;  the  significance  of 
the  so-called  conjugated  sulphates;  the  chemistry  of 
the  diamines;  various  aspects  of  intestinal  putre- 
faction, and  the  relation  between  the  indole  of  the 
intestine  and  urinary  indican  was  made  plain. 
Furthermore,  our  knowledge  of  C3'stinuria  we  owe  in 
large  measure  to  Baumann.  By  his  investigations 
he  was  led  to  the  synthetic  formation  of  various 
hypnotics  now  widely  used  in  medicine,  namely, 
sulphonal,  trional,  tetronal.  etc.  lodothyrin  the 
active  principle  of  the  thyroid  glands  was  discovered 
and  isolated  by  Baumann. 

The  influence  of  Ernst  Salkowski  (born  1844),  a 
pupil  of  both  Kiihne  and  Hoppe-Seyler,  upon  the 
progress  of  physiological  chemistry  has  been  mani- 
fested in  many  directions,  evidenced  by  a  mere 
recital  of  the  several  lines  of  work  in  which  his 
interest  was  exhibited.  From  his  laboratory  at  Berlin 
have  come  a  large  number  of  acceptable  methods  for 
the  analysis  of  urinary  constituents  and  other  fluids 
of  the  body,  and  his  "Practicum  der  phj'siologischen 
imd  pathologischen  Chemie"  is  widely  employed. 
Among  other  types  of  investigation  carried  through 
by  Salkowski  may  be  mentioned  studies  on  putre- 
faction, acid  intoxication,  urea  formation,  hippuric 
acid  synthesis,  problems  in  digestion,  etc. 

In  the  United  States  phy.siological  chemistry  was 
practically  unknown  imtil  about  1880  when  the  first 
laboratory  for  the  pursuit  of  this  science  was  opened 
at  the  Sheffield  Scientific  School  of  Yale  University. 
Russell  H.  Chittenden  on  his  return  from  Germany, 
where  he  was  a  pupil  of  Kiihne,  offered  courses  in 
I)hysiological  chemistry  which  were  modeled  after 
those  given  in  Europe.  It  is  true  that  previous  to 
this  time  courses  in  medical  chemistry  were  given  at 
various  medical  schools  but  these  had  little  resem- 
blance to  the  modern  physiological  chemistry.  The 
establishment  at  New  Haven  of  this  course  of  study 
was  unique,  inasmuch  as  it  was  made  a  part  of  a 
preliminary  training  in  biology  preparatory  to 
medical  study  and  was  not  simply  a  cour.se  in  the 
medical  curriculum.  Some  of  the  best-known  medical 
men  and  representative  physiological  chemists  have 
received  training  in  this  laboratory.  The  research 
work  for  which  the  laboratory  has  been  especially 
noted  has  been  that  relating  particularly  to  the 
chemistry  of  digestion  and  other  special  phases  of 
metabolism. 

In  the  above  brief  sketch  of  the  later  development 
of  ph\-siological  chemistry  no  attempt  has  been  made 
to  include  the  names  of  all  the  investigators  whose 
work  has  been  worthy  of  mention.  Space  forbids 
such  a  treatment  and  the  names  selected  are  those 
of  men  who  have  contributed  to  the  science  by  botli 
research  accomplished  and  the  influence  still  felt  in 
the  work  of  the  large  number  of  pupils  who  surrounded 
them. 

In  the  last  decade  or  so  the  science  under  discussion 
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has  grown  with  great  rapidity.  Witli  growth  lias 
come  more  or  less  specialization  along  various  lines. 
The  subject  is  now  so  broad  that  it  is  practically 
impossible  for  one  individual  to  be  a  master  of  tin- 
entire  field.  Hence  at  present,  so  far  as  research  is 
concerned  various  laboratories  direct  their  energies 
into  one  or  more  highly  speciaUzed  lines  of  work,  as 
for  example,  problems  relating  to  digestion  or  carbo- 
hydrate metabolism.  This  has  continued  to  the  point 
where  to-day  a  given  laboratory  has  come  to  be  icienti- 
fied  with  a  particular  more  or  less  hmited  field  of 
investigation, 

The  multiplicity  of  discoveries  and  the  mass  of  facts 
that  have  accumulated  within  the  last  twenty  years 
relative  to  phj-siological  chemical  problems  make  it 
an  impossible  task  to  do  justice  to  all  lines  of  pro- 
gressive investigation  carried  through.  On  the  other 
hand  a  few  types  of  work  stand  out  so  prominently 
and  have  been  of  so  much  significance  in  the  very 
recent  growth  of  the  science  that  they  must  at  least 
be  mentioned.  The  investigations  of  Emil  Fischer  on 
the  carbohydrates,  the  purines,  and  the  proteins  have 
caused  an  entire  rearrangement  of  ideas  with  respect 
to  varied  phases  of  nutritional  processes.  The  con- 
ception of  a  humoral  path  for  the  conveyance  of 
chemical  substances  that  exercise  special  regulation 
over  physiological  functions,  as  exemplified  in  the 
"hormone"  or  "chemical  messenger,"  "secretin"  by 
BaylLss  and  StarUng;  the  work  of  Pawlowon  digestion; 
the  newer  conceptions  of  cellular  metabolism;  of 
enzyme  activity;  the  ideas  of  Loewi,  Abderhalden, 
and  others,  concerning  the  synthetic  powers  of  the 
animal  organism;  the  changing  views  of  the  food 
values  of  various  foodstuffs  during  growth  and  adult 
life;  the  methods  for  urinary  analysis  elaborated  by 
Folin  together  with  his  theory  of  protein  metabohsm; 
Chittenden's  investigations  on  the  minimal  quantity 
of  protein  compatible  with  health  and  vigor,  the  de- 
velopment of  adequate  ideas  of  the  role  of  the  purines, 
the  interest  in  the  interrelation  of  inorganic  .salts  and 
biochemical  processes,  as  e.xemplified  by  the  work  of 
Loeb  and  others,  the  inroad  of  physical  chemistry,  the 
great  recent  progress  in  the  chemistry  of  fermentation 
initiated  by  the  researches  of  Buchn;r,  the  more 
definite  knowledge  of  the  chemistry  of  the  cell  as 
developed  by  Kossel,  the  winner  of  the  Nobel  prize, 
all  these  are  but  indications  of  work  accomplished 
in  recent  years. 

The  future  development  of  physiological  chemistry 
cannot  be  foretold,  for  as  v'et  only  a  few  of  the  funda- 
mental principles  have  been  touched  upon  and  the 
field  is  immensurable.  The  progress  of  the  exact  sci- 
ences is  constantly  bringing  new  methods  to  the  phy- 
siological chemist  and  their  appUcation  is  continually 
throwing  more  and  more  light  upon  the  problems  of 
nutrition.  Until  each  detail  of  nutrition  is  known 
this  science  will  not  have  completed  its  mission.  How- 
ever, in  the  progress  of  medical  knowledge  it  will  un- 
doubtedly be  found  that  phy.^iological  chemistry  will 
occupy  a  more  and  more  conspicuous  position. 

Frank  P.   Underhili.. 
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Chemotaxis.^ — Microorganisms  are  attracted  or  re- 
pelled by  certain  chemicals.  This  phenomenon  is 
known  as  chemotaxis,  attraction  being  called  positive, 
and  repulsion,  negative  chemotaxis.  AU  varieties 
of  bacteria  do  not  respond  alike  to  this  influence,  for 
example,  oxj-gen  attractsaerobes  but  repels  anaerobes. 
For  the  majority  of  organisms,  however,  peptone  and 
urea  e.xhibit  positive  chemotaxis,  while  alcohol  and 
metallic  salts  repel  them.  Positive  chemotaxis  is  not 
always  a  favorable  influence  for  the  bacteria,  for  many 
are  attracted  by  a  mixture  of  peptone  and  bichlo- 
ride which  is  strongly  poisonous  to  them.  It  has 
been  thought  that  the  leucocytosis  resulting  from 
an  infection  is  due  to  the  fact  that  the  bacterial 
poisons  possess  some  attractive  force  for  the  leuco- 
cvtes  and  that  the  leucopenia,  seen  in  some  infectious 
di.seases,  is  an  example  of  negative  chemota.xis-  The 
chemotactic  influence  of  any  given  chemical  sub- 
stance may  be  tested  rouglily  by  filling  with  it  a  fine 
capillary  tube,  placing  the  tube  in  a  drop  of  the  culture 
and  examining  it  under  the  microscope  in  the  form 
of  a  hanging  drop.  The  accuracy  of  such  an  observa- 
tion is  of  course  impaired  by  the  amount  of  diffusion 
which  may  take  place. 
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Bacteria  not  free  to  move  may  respond  to  chemical 
influences  by  directing  their  growth  toward  or  away 
from  the  active  chemical.  This  is  called  chemotro- 
pism  and  is  closely  aUied  to  chemotaxis.  The  form 
taken  by  a  colony  of  mould  or  bacteria  when  grown 
on  solid  media  is  frequently  determined  bj'  this  in- 
fluence, the  active  substance  in  this  case  being  some 
body  excreted  by  the  organism. 

Ralph  G.  Stillmax. 


Chemotherapy. — Under  this  term  is  understood 
the  use  of  some  chemical  preparation  for  the  destruc- 
tion of  pathogenic  organisms  infecting  an  animal  body. 
It  has  of  course  been  long  known  that  microorganisms 
are  very  susceptible  to  the  action  of  chemical  poisons, 
so-called  bactericides,  and  are  easily  destroyed 
when  exposed  to  them  in  certain  concentration  in 
the  test-tube.  In  fact,  two  substances  have  been 
discovered  in  an  empirical  fashion  that  have  proved 
to  be  eminently  chemotherapeutic  agents  in  the  new 
sense;  they  are  quinine  and  mercury,  the  so-called 
specifics  of  the  old  pharmacopceia.  Both  these  sub- 
stances act  directly  upon  the  causative  organisms  of 
malaria  and  of  sMihilis  and  thus  cure  by  freeing  the 
body  of  these  organisms.  They  were  used  for  years 
before  the  infectious  nature  of  the  diseases  in  question 
was  recognized  and  before  their  specific  action  could 
be  demonstrated  in  any  other  but  clinical  fashion. 
It  seemed  as  if  bactericides  should  prove  as  useful  in 
other  infections  as  these  two  substances  in  malaria 
and  s>-philis.  It  was  soon  found,  however,  that  the 
avaDable  preparations  so  far  as  tested  had  either  no 
such  specific  eS'ect  upon  the  organisms  or  had  just 
as  destructive  eS'ect  upon  the  body  ceUs  as  upon  the 
infecting  bacteria.  Surely  mercury  bichloride  or 
solutions  of  formaldehyde  in  sufficient  concentration 
can  destroy  all  infecting  organisms,  but  the  amount 
necessary  for  such  action  would  result  in  death  of  the 
animal  by  poisoning  even  before  the  death  of  tlie 
infecting  "bacteria. 

Org.^notropism  .\nd  P.VR.VSITOTROPISM. — The  work 
of  Ehrlich  has  been  especially  aimed  at  the  over- 
coming of  these  diflnculties  and  this  at  a  time  when 
serotherapy  attracted  almost  the  exclusive  attention 
of  the  medical  workers  both  in  the  laboratory  and  in 
the  clinical  fields,  and  the  use  of  drugs,  other  than  the 
old  specifics,  in  the  treatment  of  infectious  diseases 
was  scoffed  at.  Ehrlich  saw  early  that  therapeutic 
substances  in  order  to  destroy  the  organisms  must  go 
into  chemical  combination  with  them;  they  must 
have  a  certain  affinity  for  the  bodies  of  the  organisms, 
must  anchor  them  in  other  words.  Such  substances 
Ehrlich  termed  parasitotropic.  But  we  have  seen 
above  that  the  know-n  bactericides  were  poisons  as 
well,  that  is  they  were  organotropic  as  well  as  para- 
sitotropic. The  problem  then  was  to  find  substances 
that  should  be  preeminently  parasitotropic  and  not 
at  all  or  only  very  little  organotropic  when  intro- 
duced into  an  infected  animal  body.  The  best 
objects  for  the  experimental  study  of  such  substances 
proved  to  be  tr>-panosomes :  they  could  be  plainly 
obser\-ed  under  the  microscope,  their  death  could  be 
easily  diagnosed  by  cessation  of  their  movements, 
they  were  not  apt  to  cause  a  high  degree  of  immunity 
in  the  animals  used  for  experiments,  thus  interfering 
with  the  study  of  the  results  of  medication,  and  they 
were  pathogenic  for  certain  animals  used  in  labo- 
ratory research. 

NUTRIRECEPTORS    .OCD    CHEMORECEPTOR.S. The    him- 

dreds  of  drugs  that  were  used  Ln  combating  infection 
with  trjTJanosomes  could  be  gathered  into  three 
distinct  groups:  (1)  The  group  of  arsenic  compounds, 
arsenous  acid,  atoxyl,  arsacetin,  arsenophenylglycin, 
etc.;  (2)  certain  azo  dyes,  trj-pan  red,  trj-pan  blue, 
trypan  violet;  and  finally  (3)  certain  basic  triphenyl- 
methane  dyes,  parafuchsin,  methyl  violet,   pyronin, 
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etc.  Ehrlich  much  earlier  assumed  that  the  mole- 
cules of  living  protoplasm  are  provided  with  various 
chemical  combinations  which  are  able  to  act  fairly 
independently  of  the  whole  body  of  the  parasite  in 
relation  to  the  substances  found  in  the  life  medium 
of  the  parasite.  He  called  these  chemical  entities 
'"side  chains"  borrowing  the  name  from  the  termin- 
ology of  organic  chemistry.  Such  chemical  com- 
plexes were  utilized  by  the  parasite  in  grasping  and 
assimilating  the  food  particles  found  in  the  surround- 
ing medium  and  hence  acted  as  nutrireceptors.  Later 
Ehrlich  came  to  think  that  similar  chemical  substances 
were  the  acting  elements  in  the  reactions  between 
drugs  and  the  body  of  the  parasite  and  therefore  gave 
them  the  broader  term  chemoreceptors.  When  a  drug 
was  brought  in  contact  with  a  given  protozoon, 
whether  in  a  test-tube  or  in  the  animal  body,  the 
following  results  were  found  to  take  place: 

1.  No  reaction  occurred  between  them;  this  of 
course  meant  than  the  protozoon  possessed  no  suitable 
chemoreceptors  and  the  drug  was  inert,  was  not  a 
"poison." 

2.  Parasites  combined  with  the  drug,  were  either 
inhibited  in  their  life  processes  or  completely  destroyed. 
This  meant  the  existence  of  suitable  receptors  which 
were  active  both  in  the  test-tube  and  within  the 
animal  body. 

3.  Parasites  combined  with  the  drug  when  in  vitro, 
but  not  when  free  in  the  animal  body.  This  striking 
result  showed  the  great  differences  in  the  behavior  of 
some  drugs  under  different  conditions.  Thus  Hata, 
a  coworker  of  Ehrlich,  found  that  methylene  blue 
had  almost  unlimited  power  of  inhibiting  the  life 
processes  of  the  spirochetes  of  relapsing  fever  when 
brought  in  contact  with  them  in  a  test-tube  but 
proved  to  be  completely  inert  in  the  animal  body. 
The  explanation  was  that  the  preparation  in  question 
and  any  similarly  acting  drug  was  more  organotropic 
than  parasitotropic  and  was  prevented  from  acting 
upon  the  infecting  organisms  by  being  quickly 
bound  to  the  cells  of  the  animal. 

4.  No  reaction  occured  in  vitro,  but  binding  of  the 
drug  by  the  parasites  took  place  in  vivo.  ,\toxyl  is 
an  example  of  a  drug  acting  in  this  paradoxical 
manner  and  the  explanation  assumed  by  Ehrlich  was 
that  the  drug  in  question  underwent  some  chemical 
change  in  the  animal  body  resulting  in  the  appearance 
of  a  related  substance  for  which  specific  chemore- 
ceptors existed  in  the  body  of  the  protozoon.  This 
assumption  was  later  proved  to  be  correct  by  the 
successful  manufacture  by  chemical  means  of  a  sub- 
stance derived  from  atoxyl  which  proved  capable  of 
destroying  the  parasites  both  in  the  test-tuble  and 
in  the  body. 

Serum-f.\stxess  .\xd  DRrG-F.\STNEss. — The  study  of 
the  action  of  the  drugs  named  above  upon  parasites 
led  Ehrlich  to  the  discovery  of  another  phenomenon 
which  has  proved  to  be  of  the  greatest  significance  in 
the  therapeutic  application  of  various  remedies  and 
even  in  the  explanatioTi  of  certain  characteristic  feat- 
ures of  infectious  diseases.  He  discovered  that  by 
treating  parasites  with  any  member  of  the  drug  groups 
mentioned  above  he  could  lead  to  the  appearance  of 
strains  which  were  no  longer  susceptible  to  the  in- 
hibiting or  destructive  influence  of  the  drug  in 
question,  though  they  remained  quite  susceptible  to 
other  members  of  the  same  group  or  to  the  influence 
of  any  members  of  the  other  drug  groups.  Such 
resistant  strains  of  parasites  became  chemofast,  to 
follow  Ehrlich's  phraseology,  this  property  being 
analogous  to  the  serum-fastness  of  parasites  which 
were  treated  by  the  antibodies  developed  by  the 
infected  animal  or  by  other  animals.  To  produce 
serum-fast  strains  all  that  was  necessary  was  to  expose 
the  parasites  to  the  influence  of  sublethal  doses  of  the 
specific  antibodies,  the  result  being  a  sudden  appear- 
ance  of   a   resistant   strain,    this    appearance    being 
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analogous  to  tlie  wpU-knowii  imitation  in  liercdity. 
This  now  characteristic  of  the  parasite  was  ])rovc(l  to 
be  due  to  atrophy  or  disappearance  of  the  s]>ecific 
receptors  in  the  body  of  the  parasite  which  made  tiie 
antiljody  circidating  in  the  blood  a  completely  in- 
di(Terent  snlistance  so  far  as  the  new  strain  of  the 
parasite  was  concerned. 

Tlie  explanation  of  chemo  fastness  seems  to  be  quite 
different.  Instead  of  disappearance  or  atrophy  of 
certain  receptors  tlierc  takes  place  a  change  in  certain 
chemical  functions  of  the  receptors  which  saves  the 
parasite  from  forced  combination  with  the  drug  or 
from  fixittion.  The  affinity  of  the  parasite  is  so 
reduced,  in  other  words,  that  the  balance  is  again  in 
favor  of  the  body  cells  and  the  latter  take  up  the 
drug  before  it  reaches  the  parasite.  Such  accom- 
modation of  the  parasite  sliows  of  course  the  wonder- 
ful economy  of  nature  for  it  prevents  the  total  loss 
of  reci'ijtors  which  may  exercise  other  functions 
while  dejjrived  of  their  capacity  of  combining  with 
the  special  substance.  The  difference  in  the  action 
of  antibodies  and  of  certain  drugs  in  the  rapidity 
with  which  resistant  strains  are  developed  and  in  the 
nature  of  such  resistance  is  explained  by  Ehrlich  by 
the  assumption  of  "flectuig"  and  "sessile"  com- 
bination between  the  parasite  and  the  substance; 
antiljodies  apparently  go  into  prolonged  combination 
with  the  parasite,  penetrate  it  in  other  words  most 
efTectivel.\-  and  lead  to  a  complete  loss  of  a  receptor; 
certain  drugs,  on  the  other  hand,  siniply  damage  or 
modify  the  nature  of  a  receptor. 

These  considerations,  all  of  which  were  experi- 
mentally proved  by  Ehrlich,  throw  a  great  light  upon 
the  nature  of  relapses.  These  are  sunply  flue  to 
the  development  of  strains  resistant  to  the  antibodies 
developed  in  the  serum,  and  the  number  of  relapses  is 
simply  the  index  of  the  number  of  such  resistant 
forms  that  the  parasite  may  be  able  to  assimie.  Of 
great  interest  is  the  fact  that  this  acquired  character- 
istic of  the  parasite  is  transferred  for  many  successive 
generations  if  reproduction  takes  place  by  simple 
division;  it  is  unmediately  lost  when  sexual  conjuga- 
tion takes  place.  Serum-fast  parasites  lose  this 
fastness  when  passed  through  a  fresh  animal;  drug- 
fast  organisms  may  lose  it  when  a  chance  for  sexual 
reproduction  is  given  by  the  passage  of  the  resistant 
strain  through  an  intermediate  host  of  the  parasite. 
Thus  a  trypanosome — Trypanosoma  lewisii — lost  its 
acquired  resistance  to  arsenical  preparations  after 
being  passed  through  the  body  of  a  louse  infesting 
certain  species  of  rats. 

The  cure  of  any  relapsing  infection  is  possible,  then, 
when  the  body  develops  a  sufficient  variety  of  anti- 
bodies to  destroy  the  various  resistant  strains  that  the 
parasite  In  question  is  able  to  assume  in  its  struggle 
for  self-preservation;  or  when  a  sufficient  variety  of 
specific  drugs  is  at  hand  to  effect  a  similar  purpose. 
Of  course,  the  possibility  exists  that  the  body  of  the 
host  may  succimib  in  the  interim  because  of  the 
damage  to  its  vital  cells  bj'  the  parasite,  by  the  drugs 
used,  or  by  the  effects  of  the  chemical  combination 
between  the  parasite  and  the  specific  antibodies  or 
drugs. 

Therapia  Stehilisans  Magna. — In  the  search  for 
more  effective  means  than  the  above  fractional 
method  of  destroying  parasites,  Ehrlich  w-as  led  to 
formulate  the  eiTects  aimed  at  in  the  following 
words:  "My  therapeutic  program  consisted  in 
producing  the  homologue  and  derivative,  in  the  most 
varied  ways,  of  substances  with  a  certain  efficacy, 
testing  the  effect  of  each  and  then  relying  on  the 
results  obtained,  to  attempt  to  get  better  and  better 
curative  substances.  ThLs  means,  therefore,  learn- 
ing to  shoot  (to  take  aim),  and  to  do  so  through 
chemical  variations."  The  end  of  such  endeavor  is 
the  complete  sterilization  of  the  infected  animal 
body  by  the  single  introduction  of  a  sufficient  amount 
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of  a  drug  having  .special  affinity  for  the  parasite  in 
(juestion,  in  otfu-r  words  therapia  slerilisaus  magna. 
That  such  therapy  need  not  be  an  idle  dream  has  Ijceri 
amply  proved  by  Ehrlich  in  tlie  case  of  numerous 
animals  inoculated  with  various  strains  of  trypano- 
sonies  or  s|)irochetes.  Well-authenticated  results  of 
similar  nature  have  been  reported  in  tlio  ca.se  of  man 
since  the  apjiearanco  of  Khrlich's  salvarsan,  though  it 
must  1)C  granted  that  such  results  have  been  the  ex- 
ceijtion  rather  than  the  rule  in  the  use  of  this  drug  or 
its  derivatives.  On  the  other  hand,  the  results 
oljtained  witti  fractional  sterilizing  therapy  have 
fully  justified  combined  medication  in  certain  in- 
fections, as  for  instance  the  use  of  mercury  and  of 
salvarsan  in  syijhilis,  and  have  pointed  the  way  to 
further  successes  in  similar  fields. 

TIk;  reader  is  referred  to  articles  on  salvarsan  and 
on  the  therapy  of  syphilis  to  learn  of  the  practical 
application  of  the  lore  of  chemotherapy  developed 
by  I*;hrlich  and  his  coworkers,  the  main  tenets  of 
which  are  sketched  above.  The  great  promi.se  lies, 
however,  not  so  much  in  the  practical  results  already 
obtained,  as  in  the  fact  that  the  production  of  a 
specific  drug  curative  of  an  infectious  disease  has 
Ijeen  due  not  to  an  accidental  finding,  but  has  come 
about  as  a  logical  outcome  of  theoretical  considera- 
tions and  of  weU-planned  work  founded  upon  such 
considerations.  B.  Michailovsky. 
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Chenopodium. — American  Wormseed;  Anserine 
vermifuge  (Fr.  Codex).  Tlie  dried  ripe  fruit  of 
Chenopodium  ambrosioides  L.  or  of  C.  anthebninlicum 
L.  (fam.  Chenopodiacece). 

The  first-named  species  is  the  old-fashioned  garden 
plant  Mexican  tea  or  Ambrosia,  native  of  tropical 
America;  the  second  appears  to  be  of  European 
nativity.  Both  are  common  weeds  in  the  Eastern 
United  States,  growing  along  roadsides,  about 
wharves,  lumber  yards,  etc.,  and  are  of  a  sprawling 
and  ascending  habit,  reaching  a  height  of  two  or  three 
feet.  They  have  a  strong,  heavy  odor,  disagreeable 
to  most  people.  The  fruits,  generally  called  "seeds," 
are  utricles  nearly  one-twelfth  of  an  inch  (2  mm.)  in 
diameter,  depressed-globular,  glandular,  dull-greenish 
or  brownish,  the  integuments  friable,  containing  a 
lenticular,  obtusely  edged,  glossy,  black  seed.  This 
seed  has  a  peculiar,  somewhat  terebinthinate  odor, 
and  a  bitterish,  pungent  taste. 

Chenopodium  is  now  scarcely  employed  in  med- 
icine, except  for  the  extraction  of  its  one  to  two  per 
cent,  of  volatile  oil,  which  is  its  active  constituent. 

Oleum  Chenopodii,  Oil  of  Chenopodium  or  of 
American  u-ormseed,  is  defined  by  the  (J.  S.  P.  as  a 
volatile  oil  distilled  from  C.  anlhelminlicum.  It 
should  be  distilled  from  the  fruits  but  is  usually  taken 
from  the  entire  plant. 

Great  care  should  be  taken  to  distinguish  between 
this  and  the  oil  of  Levant  wormseed  (See  Santonica), 
as  well  as  between  the  two  drugs.  This  is  a  thin,  and, 
when  fresh,  colorless  liquid  of  aromatic  odor  and  bit- 
terish taste;  specific  gravity,  0.1)05  to  0.9S5  at  25°  C. 
(77°  F.).  It  is  slightly  levogyrate,  and  should  dissolve 
in  five  parts  of  seventy  per  cent,  alcohol. 

Like  most  aromatic  herbs,  chenopodium,  in  small 
doses,  is  a  stomachic  tonic;  in  large  doses  it  is  irritating 
and  nauseating.  The  property  for  which  it  is  mostly 
prized  is,  however,  its  poisonous  action  upon  intesti- 
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nal  worms,  particularly  upon  the  lumbrici.  From 
five  to  fifteen  drops  of  the  oil  in  emulsion  or  on  sugar 
is  the  usual  range  of  doses. 

ToxicoLOGT. — Oil  of  Chenopodium  is  a  very  power- 
ful poison  in  overdoses.  The  symptoms  are  chiefly 
referable  to  intestinal  irritation  and  cerebral  conges- 
tion. There  are  drowsiness,  great  thirst,  abdominal 
pain,  perhaps  with  vomiting,  intense  sensitiveness  to 
light  and  sound,  but  with  indistinctness,  aphasia  of 
both  kinds,  stupor,  coma,  and  death.  The  treatment 
is  stomach  evacuation,  purging,  with  watery  stools. 
free  administration  of  water,  enemata,  brandy,  and 
e.\ternal  heat.  H.  H.  Rusbt.- 


Chequen. — Chekan.  The  leaves  of  Eugenia 
cheguen  Molino  (fam.  Myrtaceoe).  A  large  and  beauti- 
ful white-flowered  shrub  of  ChOe  and  Bolivia,  closely 
resembling  the  common  European  myrtle.  The  leafy 
twigs  were  originally  used,  but  in  this  form  by  far  the 
greater  portion  is  inert  woody  fiber.  The  leaves  aver- 
age about  half  an  inch  or  more  in  length,  frequentl.v 
with  an  obscure  tooth  on  one  side,  thick,  coriaceous, 
bright  green,  smooth,  and  punctate,  and  aromatic  in 
taste  and  odor.  They  contain  four  or  five  per  cent,  of 
tannin  and  two  or  three  of  volatile  oU,  the  latter  con- 
sisting chiefly  of  pinene,  with  some  cineol.  Chequen 
belongs,  therefore,  to  the  Eucalyptus  series  of  aromatic 
drugs,  its  action  being  specially  upon  the  respiratory 
mucous  membrane,  through  which  the  oil  is  largely 
excreted.  Its  use  is  as  a  tonic  expectorant,  particularly 
in  catarrhal  conditions.  It  is  commonly  given  in  the 
form  of  the  fluid  extract,  in  doses  of  fl.  5  i-ij-  (4.0-8.0). 

H.  H.  RrsBT. 

Cherry,  Wild. — SeePrunws  Virginiana. 

Cheselden,  \\'illiani. — Born  in  Burrow-on-the-Hill, 
Leicester  County,  England,  in  1688.  He  began  the 
study  of  anatomy  in  170.3,  under  the  celebrated 
anatomist  Cowper,  and  at  the  same  time  he  followed 
the  surgical  instruction  given  by  Fern,  the  Surgeon- 
in-chief  of  St.  Thomas'  Hospital.  He  was  only 
twenty-two  years  of  age  when  he  began  giving  public 
lectures  on  anatomy,  and  he  continued  tnis  course  of 
instruction  for  a  period  of  twenty  years.  The  great 
reputation  which  he  secured  by  these  lectures  and 
the  skill  which  he  displayed  in  his  surgical  operations 
made  it  easy  for  him  to  obtain  the  place  left  vacant 
at  St.  Thonaas'  Hospital  bj'  Dr.  Fern.  At  the  same 
time  he  received  the  appointment  of  Consulting 
Surgeon  to  St.  George's  Hospital  and  that  of  First 
Surgeon  to  the  Queen.  He  died  on  April  10,  1752, 
after  a  second  attack  of  cerebral  apoplexj',  the  first 
one  having  occvu-red  three  months  previously. 

Although  Cheselden  was  a  distinguished  anatomist, 
posterity  wUl  remember  him  chiefly  on  account  of 
what  hie  accomplished  as  a  surgeon.  The  titles 
of  his  principal  publications  are  the  following: 
"Anatomj'  of  the  Human  Body,"  London,  1713: 
"Treatise"  on  the  High  Operation  of  the  Stone," 
London,  172.3.  A.  H.   B. 

Chest.— See  Thorax. 

Chest,  Deformities  of  the. — The  chest  is  a  box 
or  cage  enclosing  and  protecting  the  heart,  lungs,  and 
great  vessels;  but  it  is  also  an  organ,  which  by  its 
rh\-thmical  expansion  and  contraction  plays  an  impor- 
tant part  in  the  respiratory  act.  It  consists  of  the 
thoracic  skeleton  and  of  the  soft  parts  covering  it;  but 
the  position  of  the  claWcles,  scapulse,  and  shoulders  is 
so  closely  related  to  the  shape  and  development  of  the 
chest  as  to  require  some  discussion  in  this  article. 

The  size,  shape,  and  mobUity  of  the  chest  vary  with 
the  race,  age,  sex,  development,  occupation,  activities, 
habitual  postures,  clothing,  and  idiosyncrasies  of  the 
individual,  and  it  is  as  difficult  critically  to  define  its 
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normal  limits  as  it  is  those  of  the  nose,  ear,  or  any 
other  organ  or  part.  It  is  often  impossible  to  say 
when  normality  becomes  peculiarity,  or  peculiarity 
deformity. 

According  to  Vierordt,'  one  expects  to  find  in  a  well- 
constructed  thorax,  bilateral  symmetry,  slightly 
marked  supraclavicular  depressions,  and  a  barely 
recognizable  prominence  at  the  junction  of  the  manu- 
brium and  corpus  sterni.  The  true  ribs  should  so 
leave  the  sternum  that  there  is  increasing  obliquity 
from  above  downward,  making  the  angle  between 
their  free  borders  almost  a  right  angle.  The  thorax 
should  be  well  developed,  and  the  scapulae  should  lie 
flat  upon  the  back;  only  the  lower  intercostal  spaces 
should  be  visible.  The  dimensions  of  the  chest  should 
be  proportionate  to  the  size  and  development  of  the 
body,  and  in  adult  life  its  transverse  diameter  should 
exceed  its  antero-po.'iterior  in  the  ratio  of  three  to 
two  or  less.  Vierordt 's  TabeUen^  give  various  chest 
measurements  according  to  the  most  reliable  observa- 
tions. The  mean  value  of  chest  play,  or  the  difference 
in  chest  circumference  between  inspiration  and  expira- 
tion, is  thus  given  as  three  or  four  inches.  According 
to  Lee,'  the  average  expansion  of  the  chest  in  eight 
hundred  United  States  recruits  was  three  and  four- 
fifths  inches. 

Departures  from  the  tj-pical  standard  are  very 
frequent,  and  may  be  quite  marked  in  perfectly 
healthy  persons.  The  two  sides  are  rarely  perfectly 
s>-mmetrical ;  indeed,  Vierordt  himself  says  in  another 
place  that  in  right-handed  people  the  right  semicir- 
cumference  of  the  chest  is  the  larger  by  0.5  to  2  cm.; 
in  the  left-handed,  on  the  contrary,  the  left  semicir- 
cumference  of  the  chest  is  equal  to  or  but  slightly 
greater  than  the  right.  The  chest  may  be  small  above 
and  wide  below;  the  angle  of  Louis  may  be  more  than 
usually  prominent,  and  the  epigastric  angle  excep- 
tionally acute.  The  supraclavicular  fossae  may  be 
marked,  without  disease;  but  if  they  are  unequal, 
apical  tuberculosis  may  be  suspected.  Certain  ribs, 
as  the  second,  third,  and  fourth,  may  project  in  front, 
or  the  lower  ribs  may  be  depressed.  All  these  peculi- 
arities are  more  or  less  atypical  without  being  exactly 
abnormal. 

The  broad  chest  of  man  with  the  square  shoulders, 
and  scapute  placed  posteriorly,  correlated  with  the 
upright  posture  and  pendant,  but  freely  mobile  and 
active  arms,  is  one  of  the  most  characteristic  and  strik- 
ing peetiliarites  of  the  human  skeleton.  According 
to  Hutchinson,*  this  position  of  the  scapulae  is  a  very 
important  factor  in  the  development  of  respiratory 
power.  Human  respiration  is,  or  should  be,  beUows- 
Uke,  the  fixed  flap  being  the  spine  and  posterior  chest 
wall,  rather  than  piston-like,  as  it  often  is  in  cramped 
or  rigid  chests. 

In  the  himian  embryo  at  the  fourth  month  the 
quadrupedal  or  deep  chest,  with  the  anteroposterior 
diameter  exceeding  the  transverse,  still  persists;  at 
birth  these  diameters  are  nearly  equal.  The  infant 
is  round-chested  and  round-bellied,  and  only  after 
three  or  four  years  of  age  do  the  chest  and  abdomen 
begin  to  assume  the  more  flattened  shape  character- 
istic of  adult  life.  In  adult  man  the  proportions  of 
the  chest  are  the  reverse  of  those  in  the  quadruped, 
the  transverse  exceeding  the  anteroposterior  diameter 
in  the  ratio  of  three  to  two  or  less.  Of  the  quadrupeds 
only  certain  monkeys,  moles,  and  bats,  all  animals 
possessing  great  power  and  freedom  of  motion  in  the 
anterior  extremities,  have  broad  chests.  The  evolu- 
tion of  the  human  chest  may  be  arrested  before  it  is 
complete,  either  from  congenital  defect  in  growth  or 
\-igor  or  from  faulty  habits  in  childhood;  we  then  get 
a  long,  rounded  cliest,  a  degenerate  or  rudimentary 
t>"pe,  and  one  often  associated  T\'ith  other  defects,  as 
will  be  pointed  out  in  the  sections  on  the  phthisical 
chest  and  on  round  back. 

Chest  deformities  may  be  divided  for  convenience  of 
discussion  into  fotir  groups:  the  congenital;  those  due 
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til  static  oonditioiis,  whether  patholoj^ical  or  not;  those 
iluc  to  external  constriction  or  pressure;  and  those  due 
to  conditions  of  the  internal  organs.  Deformities  of 
the  chest  due  to  violence,  to  new  growths,  to  local 
disease,  or  to  double  or  non-viable  monstrosities,  are 
beyond  the  scope  of  this  article. 

I.  Congenital  Deformities. — The  individual  bones 
of  the  chest  may  be  imperfect  or  wanting,  fissured,  mis- 
shapen, or  augmented,  and  the  thoracic  skeleton  may 
be  deformed  as  a  whole. 

Spine. — The  thoracic  spine,  like  the  cervical  and 
lumbar,  may  contain  too  many  or  too  few  vertebra'. 
Dwight'  states  that  since  he  has  been  looking  for  such 
anomalies,  he  has  found  them  with  surprising  fre- 
quency. The  commonest  anomaly  of  number  in  the 
dorsal  region  is  to  have  eleven  or  thirteen  vertebra; 
present.  Noble  Smith'  quotes  a  case  in  which  four 
and  one-half  thoracic  vertebrae  were  absent,  namely, 
the  right  half  of  the  third,  and  the  fifth,  sixth, 
eighth,  and  ninth.  There  were  only  two  cervical 
vertebra;  present  in  this  case.  Wedge-shaped  half 
vertebrjB  on  one  side  or  the  other,  as  in  the  above  case, 
are  not  extremely  rare;  or  a  vertebral  body  may  be 
made  up  of  two  \infused  halves.  The  arches  may  be 
incomplete — spina  bifida — a  condition  which  may 
extend  to  a  great  part  or  the  whole  of  the  spine,  and  is 
then  called  rhachischisis,  with  which,  as  with  ordinary 
spina  bifida,  protrusion  of  a  sac  and  various  anomalies 
of  the  soft  parts  frequently  occur.  In  these  cases 
various  abnormal  and  often  extreme  bendings  and 
curves  of  the  spine  and  accompanying  chest  deformi- 
ties are  often  seen.  A  good  paper  on  rhachischisis  is 
that  by  Thorndike.' 

Putti'"  has  an  exhaustive  paper  on  vertebral  anoma- 
lies with  literature  up  to  1910. 

It  is  well  for  bone  specialists  to  remember,  and 
probably  for  others  to  forget,  the  possibility  of  anoma- 
lies in  number  when  counting  vertebrae  in  the  living 
subject;  also  that  one  or  more  spinous  processes  may 
be  bifid,  or  project  to  one  side  or  posteriorly  without 
pathological  significance. 

Ster7ium. — According  to  Dwight,'  the  sternum  is 
about  9.5  per  cent,  of  the  total  height  for  men  and 
about  nine  per  cent,  for  women.  It  may  be  entirely 
or  partially  absent,  or  more  or  less  fissured  longitu- 
dinally or"  perforated.  These  defects,  like  the  un- 
closed arches  of  a  spina  bifida,  are  due  to  the  failure 
of  the  primitive  layers  to  unite  in  the  median  line. 
When  large  the  gap  is  covered  by  a  membrane;  when 
small  it  may  be  entirely  unnoticed  during  life.  Holes, 
fissures,  and  defects  are  more  common  and  of  greater 
extent  toward  the  upper  part  of  the  sternum.  The 
xiphoid  is  often  deflected,  split,  or  perforated.  _ 

Hibs. — Supernumerary  ribs  may  occur,  especially  in 
the  lower  cervical  and  \ipper  lumbar  regions.  Cervi- 
cal ribs  on  one  or  both  sides  may  sometimes  be 
palpated  at  the  root  of  the  neck  during  life,  and  may 
cause  trouble  by  pressure  on  the  brachial  plexus  and 
require  removal.  In  these  cases  the  pleural  sac  may 
rise  abnormally  high,  and  has  been  opened  (Planet'). 
Ribs  may  also  be  absent  or  rudimentary.  Cases  of 
complete  absence  are  rare;  a  case  has  recently  been 
reported  by  Carroll  Smith'"  of  complete  absence  of 
the  left  seventh  and  eighth  ribs  in  a  syphilic  infant. 
The  left  arm  fitted  accurately  into  the  depression  at 
the  side  of  the  chest.  Hurtlet'°  reports  five  cases  of 
rudimentary  first  ribs  in  English,  and  Helm"  sixteen 
cases  in  general  surgical  literature.  Cases  occa- 
sionally occur  in  which  several  ribs  on  one  side  with 
their  costal  cartilages  are  imperfectly  developed  and 
fail  to  meet  and  unite  with  the  sternum,  or  in  the  case 
of  the  lower  ribs  with  the  cartilage  above,  by  varyii\g 
intervals.  They  may  end  near  the  steriuim  or  free 
border,  below  the  axilla,  or  farther  back,  leaving  a 
depression  or  furrow  of  greater  or  lesser  extent  at  one 
side  of  the  sternum,  or  in  the  lateral  chest  wall, 
covered  only  with  skin  and  membrane;  this  may  rise 


and  fall  with  respiration,  jiulsate  with  the  heart  beats, 
and  through  it  the  underlying  organs  may  be  pal- 
pated. Through  this  unprotected  area  the  lung  may 
protrude,  or  if  in  the  iirecordial  region  an  ectopia  cor- 
dis may  take  place.  When  such  a  tendency  exists  the 
gap  should  be  protected  by  a  c<'lluloifl,  hard-nib- 
her,  or  metal  plate,  and  ])\ilrnonary  hernias  have  been 
known  to  recede  under  such  treatment,  or  to  disap- 
l)ear  spontaneously.  The.se  defects  of  the  skeleton  of 
the  chest  wall  are  due  to  an  arrest  of  growth  of  fetal 
structures,  which  fail  to  join  by  a  larger  or  smaller 
interval. 

The  following  cases  are  cited  as  examples  of  this  de- 
formity: 

.Miercrombie's'-  case  was  in  a  boy  of  two  months, 
with  abs(uice  of  the  second  and  third  costal  cartilages, 
left  side;  the  corresponding  ribs  ended  free,  leaving  a 
small    unprotected   siiace.     The    fourth    rib  lay  near 


Fia.  1353. — Dr.  Carroll  Smith's  Case  of  Total  Absence  of  the 
Seventh  and  Eighth  Ribs  on  the  Left  Side.  {Journal  of  the 
American  Medical  Association,  March  22,  1913). 


its  cartilage,  but  was  not  joined  to  it.  There  was  a 
notch  on  the  left  side  of  the  sternum  near  the  third 
interspace. 

Bennett's"  case  was  that  of  a  man  who  died 
suddenly  after  an  injury.  The  autopsy  disclosed  a 
defective  third  rib,  right  side,  which  failed  to  reach 
its  cartilage  by  a  considerable  interval.  This  case 
and  another  reported  by  Bennett  emphasize  the  dan- 
ger of  mistaking  certain  congenital  chest  deformities 
for  the  effect  of  injury,  recent  or  remote. 

Osborne's"  ca.se  w.as  in  a  boy  with  a  triangular  de- 
pression on  the  left  side  of  the  chest  duo  to  defective  de- 
velopment of  the  second,  third,  and  fourth  ribs,  which 
were  separated  from  their  cartilages  by  a  considerable 
interval.  The  extremity  of  the  fourth  rib  was  joined 
to  the  fifth  costo-cartilaginous  articulation. 

In  Townsend's''  case  tlie  ribs  of  the  left  side,  except 
the  first  two,  were  represented  by  short  rudimentary 
processes. 
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Lallemand's'^  case  was  in  a  man  who  had  a  depression 
as  big  as  a  fist  on  the  left  side  of  the  chest,  due  to  a 
deficiency  of  the  third,  fourth,  and  fifth  ribs. 

Harold's"  case  was  that  of  a  backward  boy  of  seven- 
teen years,  whose  costal  cartilages  in  the  left  side  below 
the  fifth  rib  were  missing;  at  this  level  the  left  half  of 
the  sternum  and  xiphoid  were  deficient,  and  the  peri- 
cardium was  protected  only  by  soft  parts. 

Homer  Gage'*  reported  a  case  of  congenital  absence 
of  the  sixth,  seventh,  eighth,  ninth,  and  tenth  ribs, 
left  side,  in  a  girl  of  seventeen  years.  There  was 
severe  lateral  curvature,  convexity  to  the  right,  with 
marked  deformity  of  the  chest,  and  a  protrusion  in  the 


Fig.  1354. — Osborn's  Case  of  Defect  of  Ribs.     (From  Haynes). 


unprotected  area,  supposed  to  be  due  to  a  hernia  of 
the  stomach.  The  heart  was  displaced  to  the  right, 
though  the  viscera  were  not  transposed. 

In  Hayne's"  case  the  cartilage  of  the  seventh  rib, 
left  side,  ended  three-fourths  of  an  inch  from  the 
sternum,  and  the  seventh,  eighth,  and  ninth  cartilages 
were  not  joined,  but  ended  free. 

Sometimes  the  costal  defect  is  accompanied  by  total 
or  partial  absence  of  the  greater  and  smaller  pectoral 
muscles  of  the  same  side,  as  in  the  case  reported  by 
Levy,™  in  which  the  third  and  fourth  ribs  of  the  right 
side  ended  below  the  axilla,  leaving  a  marked  depres- 
sion. There  was  a  well-marked  lateral  curvature 
with  convexity  toward  the  right. 

Schlesinger-i  has  shown  that  congenital  absence  of 
the  pectoral  muscles  is  frequently  associated  with 
defects  of  ribs  or  other  thoracic  anomalies,  and  cites 
the  case  of  a  man  of  twenty-two  j-ears  who  had  in 
addition  to  a  defect  of  the  third,  fourth,  and  fifth  ribs, 
and  of  the  costal  portion  of  the  pectoral,  a  congenital 
elevation  of  the  shoulder — Sprengel's  disease — all  on 
the  left  side.  It  would  seem  that  defects  in  the  costal 
apparatus  are  more  common  in  males  and  on  the  left 
side,  that  they  are  frequently  associated  with  other 
thoracic  anomalies,  and  that  they  sometimes  occur  in 
individuals  otherwise  or  generally  defective. 

Other  thoracic  deformities  sometimes  accompany 
congenital  malformations  of  the  heart;  there  may  be  in 
such  cases  a  projection  or  gibbosity  of  the  front  of  the 
thorax  above  the  xiphoid,  "thorax  en  proue,"  or 
"thorax  en  carene,"  or  the  thorax  may  be  prominent 
in  front  with  flattened  sides  (see  Charrin  and  Le 
Noir") . 

Occasionally  there  is  a  fusion  of  ribs,  usually  the  first 


two,  which  are  then  sometimes  called  a  bicinital  rib. 
Other  ribs  may  be  fused  at  one  or  more  points  {Deut- 
sche Chiruroic"). 

The  subject  of  rib  anomalies  is  very  thoroughly 
discussed  by  Kienbock"  who  divides  them  into  the 
following  groups: 

I.  Those  associated  with  congenital  elevation  of  the 
scapula. 

II.  Congenital  costal  deficiencies. 

III.  Cruveilhier's  rib  anomaly,  where  adjoining  ribs 
are  luiited  by  a  long  bony  process. 

IV.  Luschka's  forked  rib,  in  which  the  anterior  end 
of  a  rib  usually  the  fourth  or  fifth,  is  forked. 

V.  Serb's  sternum  rib  anomaly,  where  the  anterior 
ends  of  the  first  and  second  ribs  fuse  and  articulate 
with  a  bony  process  from  the  manubrium  of  the 
sternum. 

Rib  anomalies  are  frequently  associated  with 
congenital  anomalies  of  the  vertebrae  and  scoliosis. 

Stiller's  Costal  Stigma,  Cosla  Fluctuans. — Stiller 
maintains  that  the  majority  of  cases  of  enteroptosis 
begin  in  youth  and  are  associated  with  abnormally 
movable  tenth  ribs.  This  mobility  may  approximate 
that  of  the  two  lowest  pairs  of  ribs,  and  Ls  due  to  a 
congenital  and  possibly  inherited  defect  in  the  carti- 
lage which  joins  the  tenth  rib  with  the  cartilage 
above.  He  claims  that  enteroptosis  and  nervous  dys- 
pepsia are  identical,  and  that  children  exhibiting  the 
costal  sign  will  always  go  on  to  have  enteroptosis,  atony 
of  the  stomach,  constipation,  and  nervous  dyspepsia  or 
d}-speptic  neurasthenia.  He  finds  these  conditions 
nearly  as  common  in  men  as  in  women,  and  concludes 
that  tight  lacing  and  pregnancy  have  but  little  to  do 
with  enteropto.sis. 


Fig.   1353.- 


-Haynes'  Case  of  Defect  of  Lower  Ribs  on  the  Left 
Side.     (From  Haynes.) 


Absence  of  the  Pectoral  Muscles. — This  deformity 
occurs  more  frequently  on  the  right  side,  and  may 
involve  both  the  large  and  small  pectorals,  but  the 
pectoralis  minor  and  the  clavicular  portion  of  the 
former  often  escape.  The  affected  side  of  the  chest 
has  a  flattened  or  excavated  appearance,  but  the 
patient  has  full  use  of  the  arm  and  suffers  no  incon- 
venience, and  may  even  be  a  good  soldier  or  gymnast. 
An  infant  six  weeks  old  with  absence  of  the  costal 
portion  of  the  left  pectoral  was  exhibited  by  the  writer 
to  the  Orthopedic  Section  of  the  New  York  Academy 
of  Medicine  in  January,  189S,  and  by  a  singular  coin- 
cidence a  boy  of  sixteen  years  with  the  same  deformity 
on  the  right  side  was  shown  at  the  same  meeting  by 
Dr.  Royal  WTiitman.  In  these  cases  there  are  usually 
certain  anomalies  of  the  neighboring  soft  parts  such  as 
I  deficient  subcutaneous  tissue,  scanty  hair  over  the  ai- 
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fectcd  area  and  in  the  axilla,  imiierft'ctly  dovolopcd 
mainniilla,  breast,  and  anterior  axillary  border  of  the 
alTected  side.  In  certain  cases  defects  of  the  ribs  and 
anomalies  of  the  scapula  may  exist,  as  in  a  case  re- 
ported by  the  writer,-*  and  in  one  described  by  Schlesin- 
ger,-'  who  has  cnlU'cted  one  htindred  cases  of  pectoral 
defect  from  medical  literature,  and  who  states  that  in 
abo\it  one-c|\uuter  of  the  cases  the  pectoralis  minor  is 
also  absent;  in  one-tenth  of  the  cases  there  is  consider- 
able anomaly  of  the  thoracic  skeleton,  and  in  one  case 
in  twenty  or  twenty-five  there  is  pulmonary  hernia  or 
displacement  of  the  heart. 

Funnel  Chest,  Funnel  Breant,  Trichlerbrust,  Thorax 
en  Eritonnoir. — This  deformity  is  one  of  the  most  in- 
teresting   of   the    congenital    chest    deformities,    and 

has  attracted  consid- 
erable attention  since 
Ebstein's-"  paper  ap- 
peared in  18  8  2, 
though  the  condition 
had  been  previovisly 
described.  Steel- 
man^'  gives  the  ear- 
lier references. 

In  these  cases  there 
is  a  considerable  de- 
pression involving 
the  lower  portion  of 
the  sternum,  and  the 
adjacent  cartilages 
and  ribs.  This  de- 
pression may  be  large 
enough  to  contain  a 
man's  fist,  and  is 
usually  congenital, 
but  its  etiology  is  ob- 
scure. Some  authors 
suppose  it  to  be  due 
to  a  defect  in  devel- 
opment, others  tu 
the  pressure  of  the 
fetal  chin  or  heels. 
Certain  autliors  re- 
gard it  as  a  stign\a 
of  degeneration,  as  it 
has  been  found  in  the 
insane,  epileptic,  and 
neuropathic;  others 
have  observed  it  in  robust  and  well-developed  indi- 
viduals. It  occurs  more  frequently  in  men;  out  of 
thirty  cases  twenty -three  were  male. 

ArneilP'  reports  six  cases,  of  which  five  occurred  in 
one  family.  These  were  a  student,  his  brother,  fatlier, 
and  two  paternal  uncles.  This  patient  was  twenty- 
five  years  old,  six  feet  tall,  and  weighed  one  hundred 
and  seventy-four  poiuids;  he  was  well  developed  and 
in  excellent  health.  In  his  case  the  antero-posterior 
diameter  of  the  thorax  was,  at  the  right  nipple  17..'j 
centhneters,  at  the  left  16.8,  and  at  the  depression  in 
the  median  line  11.4.  The  greatest  depth  of  the 
depression  was  6.5  centimeters.  In  the  brother  the 
depth  was  4.7,  and  in  the  father  3.75.  There  was  one 
sister  who  was  free  from  defect.  Of  Klemperer's-' 
tiu-ee  cases  two  were  brothers.  The  writer  has 
recently  reported  the  cases  of  a  mother  and  daughter. 
Teterianz'"  reports  a  case  of  funnel  chest  with  con- 
genital metatarsus  varus  in  a  five-year-old  boy.  This 
rather  strengthens  the  intrauterine  pressure  theory  of 
causation. 

A  number  of  cases  of  acquired  funnel  chest  have 
been  reported.  The  deformity  may  be  acepured  l)y 
traction  from  within,  from  adhesions  or  bronchiectasis, 
or  by  pressure  from  without,  as  in  certain  occupations. 
An  excellent  account  of  this  and  other  chest  deformi- 
ties may  be  foimd  in  an  article  by  Marie.'"  As 
already  noted,  there  is  little  or  no  interference  with 
function,  and  some  individuals  are  able  to  take  violent 


FlQ.   1356. — Funnel  Chest. 
{Arneill's  case.) 


exercise,  as  respiratory  capacity  does  not  seem  to  be 
diminished.  lObstein-"  has  described  some  cardiac 
displacement  upward  and  to  tlie  left. 

Thorax  en  Goullihe. — Somewhat  similar  to  funnel 
chest  is  the  "thorax  en  gouttiiire"  of  F6r6  and 
Schmidt, ''  where  the  stermim  forms  the  bottom  of  a 
longitudinal  trough  or  gutter  whose  sides  are  the 
incurved  costal  cartilages.  These  authors  claim  that 
ten  per  cent,  of  epileiitics  show  this  deformity. 

Clai'irleK. — The  clavicles  may  be  wholly  or  partly 
absent  on  one  or  both  sides.  In  partial  absence  it  is 
usually  the  outer  extremity  which  is  wanting.  The 
shoulders  drop  forward  and  inward,  and  may  even  be 
made  to  meet  in  front,  but  there  is  siirprisingly  little 
interference  with  fimction.  The  writer's  clavicle 
splint'-  may  be  used  to  keep  the  shoulders  in  position, 
acting  on  tlie  ])rinciple  of  artificial  clavicles. 

CoH(ienitril  Elei'alinii  of  the  Scapula,  Sprcngel's 
Disease. — This  condition  was  first  described  by 
Sprengel  in  1891,  and  is  not  yet  thoroughly  understood. 
An  excellent  discussion  of  the  subject  nuiy  be';fo\md 
in  the  paper  by  Nov6-Josserand  and  Brisson,"  who 
report  twenty  cases  in  literature  and  their  own 
observation  of  a  girl  of  nine  years  with  the  right 
scapula    three    centimeters     higher    than    the    left. 


FlQ.  1.357 


-Congenit.il  Elevation  of  the  Right  Scapula. 
(Original.) 


Besides  being  elevated  the  scapula  was  rotated  so  that 
the  inferior  angle  was  nearer  the  spine,  and  the  spine 
of  the  scapula  pointed  downward  and  outward.  The 
upper  border  of  the  scapula  pointed  upward  into  the 
neck,  producing  a  noticeable  deformity.  The  right 
scapula  was  somewhat  smaller  than  the  left,  but  the 
clavicles  were  equal.  The  movements  of  the  shoulder- 
joint  were  free,  but  the  arm  could  not  be  raised  as  high 
as  on  the  opposite  side.  The  muscles  responded 
normally  to  electric  stimulation .  The  above  descrip- 
tion is  typical,  and  applies  to  most  cases.     In  about 
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half  the  cases  there  is  a  slight  scoliosis,  of  which  the 
convexity  may  be  from  or  toward  the  affected  side. 

In  some  cases  there  is  facial  and  cranial  asymmetry, 
the  side  of  the  elevated  scapula  being  the  less  devel- 
oped. The  scapula  itself  may  be  short,  wide,  or  small, 
and  the  arm  of  the  affected  side  may  be  shorter  and 
thinner.  Defective  and  anomalous  ribs  and  vertebrte 
and  muscle  defects  are  not  very  rare;  the  remainder 
of  the  opposite  side  may  be  smaU.  There  is  little 
disability,  sometimes  none,  and  when  treatment  is 
required  remedial  gymnastics  are  sufficient.  The 
writer"  has  reported  a  case  of  small  scapula  with 
absent  pectoral  muscle  on  the  right  side.  This  case 
seems  to  belong  in  tliis  group,  though  the  elevation 
of  the  shoulder  was  slight. 

A  peculiar  form  of  congenital  high  shoulder,  in 
which  the  scapiila  was  joined  to  the  spine  of  the 
seventh  cer\-ical  vertebra  by  a  bony  process,  has  been 
described  by  Wilson  and  Hugh.^*  A  number  of  cases 
of  costiform  bone  connecting  the  superior  angle  with 
the  spuious  process  of  one  of  the  lower  cervical  verte- 
brae have  been  reported  since. 

Congenital  Scoliosis. — This  deformity  involves  more 
or  less  all  the  bones  of  the  thorax.  The  cases  in 
which  lateral  curvature  is  congenital  are  rather  rare, 
though  Marie^"  tliinks  that  many  cases  of  lateral 
curvature  which  develop  in  childhood  may  be  due  to 
congenital  defects  of  the  thorax  or  spine,  which  re- 
main latent  or  without  visible  effect  for  years,  but 
finally  produce  a  visible  eur\-ature.  He  includes 
such  eases  under  the  term  "deformations  thoraciques 
cong^nitales  tardives."  In  a  recent  study  Hirsch- 
berger'^  attributes  a  certain  number  of  eases  of  eon- 
genital  lateral  curvature  with  defects  of  the  sjnnal 
column  to  intrauterine  pressure,  with  scanty  amni- 
otic fluid.  Another  group  is  associated  with  other 
anomalies,  showing  a  widespread  developmental 
fault.  A  few  cases  only  are  due  to  paralysis.  The 
attention  of  the  profession  has  lately  been  increas- 
ingly drawn  by  Bolim*'  and  others  to  the  considerable 
number  of  congenital  lateral  curvatures  with  rib  and 
vertebral  anomalies,  and  to  the  still  larger  number 
where  a  curvature,  unnoticed  untU  the  first  or  second 
septemiium,  has  its  basis  in  a  definite  vertebral 
anomaly. 

The  chest  deformities  associated  with  lateral  curva- 
ture will  be  more  fully  described  in  the  following 
section. 

II.  AcQumED  Deformitees. — (a)  Chest  Deformities 
Due  to  Static  Conditions. — This  group  comprises  the 
chest  deformities  due  to  the  various  forms  of  lateral 
curvature  of  the  spine,  weak  and  round  back,  to 
spondylitis,  and  in  part  to  certain  constitutional  dis- 
eases affecting  the  bones,  such  as  acromegaly,  osteitis 
deformans,  and  spondylitis  deformans.  It  should  not 
be  forgotten  that  the  shape  of  the  thorax  is  very  in- 
timately correlated  with  the  activities  and  habitual 
or  typal  postures  of  the  individual. 

Lateral  curvature  of  the  spine,  or  scoliosis,  is  the 
name  of  a  striking  symptom,  whose  causation  varies 
widely  in  different  cases,  and  in  many  is  exceedingly 
obscure.  The  list  of  diseases  and  conditions  with 
which  lateral  curvature  is  more  or  less  frequently 
associated  is  a  long  one,  but  in  all  the  efficient  cause 
is  an  asymmetrical  or  unilateral  weakening  of  the 
skeleton  or  muscles,  often  due  to  a  one-sided  incidence 
of  stress,  as  an  habitual  faulty  or  one-sided  postiire, 
loss  of  an  arm,  short  leg,  congenital  defects  of  spine  or 
chest,  torticollis,  Sprengel's  disease,  sacroiliac  disease; 
in  other  cases  to  asymmetrical  softening,  hardening,  or 
distortion  of  certain  parts  of  the  skeleton  as  in  rickets, 
cretinism,  achondroplasia,  acromegaly,  diffuse  hyper- 
ostosis (leontiasis),  osteomalacia,  rheumatism,  spinal 
osteoarthritis,  ost«itis  deformans  (Paget's  disease), 
pulmonary  osteoarthropathy,  and  often  tuberculous 
spondylitis;  also  in  certain  nervous  and  paralytic 
disorders  which  affect  the  spinal  and  trunk  muscles 
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in  an  asymmetrical  manner,  such  as  poliomyelitis, 
sciatica,  Friedreich's  ataxia,  syringomyelia,  hysteria, 
athetosis,  paralysis  of  certain  spinal  muscles,  and  some 
of  the  chronic  muscular  atrophies  and  dystrophies. 
The  commonest  and  most  important  class,  however, 
is  that  in  which  the  lateral  curvature  is  attributed 
to  muscular  weakness  and  habitual  faulty  postures, 
but  in  which  no  very  obvious  predisposing  cause  is 
evident  and  about  the  causation  of  which  very  little 
is  really  known. 

The  distortion  of  the  spinal  column  is  probably  the 
most  important  but  by  no  means  the  only  element  in 
the  deformity.  The  entire  thorax  becomes  by  de- 
grees warped  and  twisted,  and  while  the  different 
varieties  of  lateral  curvature  vary  in  their  character- 
istics, and  the  ordinary  or  postural  deformity  in  the 
degree  of  distortion  finally  reached,  it  is  not  too  much 
to  say  that  the  severer  grades  are  among  the  most 
distressing,  and,  unfortunately,  the  most  common 
of  severe  chest  deformities.  In  many  cases  the  dis- 
tortion or  debility  affects  not  only  the  trunk,  but  the 
pelvis,  head,  and  extremities. 

The  spine  usually  has  a  dorsal  and  a  lumbar  curve 
in  opposite  directions.  The  convexity  of  the  dorsal 
curve  is  to  the  right  in  a  large  majority  of  cases.  The 
spine  is  also  twisted  on  or  near  its  axis  in  the  same 
direction  in  which  it  curves,  owing  to  its  lying  free 
from  support  in  the  thoracic  and  abdominal  cavities: 


Fig.   1358. — Chest  Deformity  in  Severe  Scoliosis. 

the  line  of  the  vertebral  bodies  thus  comes  to  be  much 
more  curved  than  the  line  of  the  spinous  processes — 
in  other  words,  the  deformity  is  much  severer  and 
more  complicated  than  it  appears  to  be  from  external 
inspection.  After  the  deformity  has  lasted  some 
years,  the  bodies  of  the  vertebrae  become  wedge- 
shaped  and  twisted,  the  intervertebral  discs  com- 
pressed, and  the  deformity  becomes  fixed.  The  de- 
velopment of  this  spinal  distortion  has  a  profound 
effect  upon  the  shape  of  the  chest,  which  becomes 
shortened  in  height,  reduced  in  most  of  its  measure- 
ments, and  is  rendered  stiffer  and  less  flexible.  The 
ribs  on  the  side  of  the  dorsal  convexity  become  more 
bent  at  their  angles,  making  a  projection  under  the 
corresponding  scapula;  this  projection  is  sometimes 
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very  prominent,  proiliicing  a  large  posterior  boss. 
The  ribs  on  this  side  are  more  separated  at  the  sides 
and  in  front  and  become  broader,  bxit  are  crowded 
togetlier  l)ehiiul,  wliere  tliey  may  form  false  articula- 
tions with  the  spine  and  with  each  other.  On  the 
concave  side  the  ribs  become  .straighter  and  narrower, 
and  there  is  a  flattening  or  depression  in  and  below 
the  scapular  region.  Tlie  scapnla  is  usually  lower 
and  less  prominent  on  the  side  of  the  dorsal  concavity, 
higher  and  more  prominent  with  projecting  inferior 
angle  on  the  convex  side.  With  a  right  dorsal  convex 
curve,  the  left  side  of  the  thorax  is  jiroininent  in  front, 
and  the  left  breast  and  left  free  margin  of  tlie  ribs 
protrude;  the  diagonal  from  right  back  to  left  front 


Fig.   1359. — ,\nteropo9terior  Chest  Deformity  in  Severe  Scoliosis. 
The  posterior  boss  is  on  the  right  side  only. 

is  much  longer  than  normal,  and  exceeds  all  other 
horizontal  measurements;  the  opposite  diagonal  is 
much  shortened,  and  a  horizontal  transverse  section 
of  the  chest  shows  an  irregular  ellipsoid,  lying  in  the 
direction  of  the  long  diagonal.  Both  lungs  are 
cramped,  the  right  the  most,  breathing  capacity  is 
much  diminished,  the  heart  is  displaced  to  the  left, 
and  the  abdominal  and  pelvic  organs  are  crowded. 
The  direction  of  the  sternum  is  changed,  and  the 
whole  thorax  and  trunk  are  strangely  shortened  and 
twisted.  It  is  strange  that  chronic  pulmonary  disease 
is  so  seldom  met  with  in  these  severe  cases  of  lateral 
curvature.  They  are,  however,  not  strong,  and  do 
suffer  from  their  deficient  respiration  and  imperfect 
circulation  in  a  delicate  organization,  poor  blood, 
and  defective  nutrition.  Satterthwaite"  has  specially 
studied  the  displacements  of  the  heart  due  to  lateral 
curvatvire,  and  Faber''  the  respiratory  difficulties. 

The  foregoing  description  may  serve  to  indicate 
the  principal  characteristics  of  the  chest  deformities 
accompanying  the  commonest  form  of  lateral  curva- 
ture. In  the  lateral  curvature  due  to  morbid  proc- 
esses affecting  the  osseous  system,  the  bones  of  the 
chest  will  present,  besides  the  deformities  of  lateral 
curvature,  tho.se  due  to  the  special  morbid  process, 


such  as  softening,  hypertrophy,  or  local  flistortion. 
In  paralytic  lateral  curvature  there  is  le.ss  rigidity, 
and  there  may  even  be  increased  flexibility,  and 
paralysis  of  certain  mu.scle  groups  will  be  found. 

For  the  sym]itomatoloKy  and  treatment  of  lateral 
ciirvature,  and  for  its  effects  on  other  parts  of  the 
body,  the  reader  is  referred  to  the  article  on  that 
subject. 

Chest  Dcformilieif  Associated  inth  Parah/tic  Afff.rtions. 
— The  commonest  is  lateral  curvature  and  its  ac- 
companying tlioracic  distortions,  as  mentioned  in  the 
])rcc('ding  paraKrai)h,  and  the  commonest  variety  of 
paralytic  lateral  curvature  is  that  associated  with  a 
certain  numljcr  of  the  severe  cases  of  acut«  polio- 
myelitis, in  which  the  trunk  or  spinal  muscles  are 
asymmetrically  involved. 

In  the  progressive  myopathies  of  the  scapulo- 
Inimeral  type,  and  of  the  facio-scapulo-humeral  type, 
and  in  pseudohypertrophic  paralysis,  there  often 
occurs,  according  to  jMarie,^"  a  flattening  of  the  upper 
part  of  the  thorax.  .Xtrophy  of  the  pectorals  in  con- 
nection with  this  deformity  causes  the  upper  part 
of  the  chest  in  front  to  have  an  excavated  aspect. 
In  some  eases  this  depression  is  found  in  the  lower 
part  of  the  chest  giving  an  appearance  similar  to 
funnel  chest,  and  these  deformities  may  be  combined 
with-  scoliosis.  Certain  of  these  atrophic  affections 
produce  a  wasp  figure,  the  obliquity  of  the  ribs  being 
increased,  and  the  chest  being  straight  at  the  sides 
and  cylindrical,  with  a  marked  depression  or  con- 
striction between  the  lower  ribs  and  the  thoracic 
crests,  owing  to  atrophy  of  the  waist  muscles. 

Round  hack,  kyphosis,  round  shoulders,  stoop  shoul- 
ders, are  faulty  postures  or  deformities,  in  which  the 
head,  shoulders,  and  upper  chest  fall  or  sag  forward, 
from  improper  poise  and  muscular  weakness.  The 
result  is  a  rounded  back,  and  conseciuent  changes 
in  the  shape  of  the  chest,  position  of  the  head  and 
shoulders,  and,  indeed,  a  general  fault  of  attitude,  a 
de-energized  position  in  which  the  principal  stress 
is  shifted  from  the  muscles  to  the  ligaments.  There 
has  been  considerable  confusion  in  the  nomenclature 
and  in  the  description  of  this  affection,  or  rather 
symptom.  Round  shoulders  is  a  term  in  comnion 
\ise,  but  is  unsatisfactory  since  the  faulty  position 
of  the  shoulders  is  a  secondary  symptom,  largely  due 
to  the  shape  of  the  back  and  chest,  for  which  reason 
the  term  roimd  back  is  preferred  by  the  writer,  though 
this  term  also  fails  to  indicate  the  general  disturbance 
of  poise  which  is  usually  present.  The  term  kyphosis 
is  unfortunate,  since  it  is  also  used  to  designate  the 
deformity  due  to  Pott's  disease  of  the  spine,  from 
which  it  is  exceedingly  important  to  distinguish  it. 

Round  back  or  weak  back,  then,  is  that  position  of 
relaxation  into  which  the  body  falls  when  the  upper 
trunk  is  no  longer  held  up  by  the  weakened  spinal  mus- 
cles. Excluding  the  angular  projection  of  Pott's  dis- 
ease, which  becomes  roimded  only  in  the  latest  stages, 
the  affection  may  be  di\ided  into  several  varieties, 
namely,  those  due  to:  (1)  Imperfect  development  of  the 
chest:  (2)  congenital  or  acquired  weakness — convales- 
cence; (3)  old  age;  (4)  paralytic  affections;  (.5)  certain 
diseases  which  affect  bone  and  general  nutrition,  such 
as  rickets,  scurvy,  cretinism,  osteoartliritis,  or  .spondy- 
litis deformans, "osteitis  deformans  (Paget's  disease), 
acromegaly,  pulmonary  osteoarthropathy.  The  list 
is  very  similar  to  that  given  for  scoliosis,  l)ut  whereas 
in  that  case  the  V^ony  or  muscular  support  was  weak- 
ened on  one  side,  in  this  the  weakening  is  approxi- 
mately symmetrical. 

Most  of  these  kyphotic  conditions  have  in  common 
the  forward  sagging  of  the  spine  for  lack  of  bony  or 
inusciilar  support  or  both.  The  head  and  upper 
chest  fall  forward,  the  spine  becomes  more  or  less 
rounded,  the  chest  becomes  compressed  at  its  upper 
part,  but  may  become  narrower  rather  than  flatter 
as  a  whole;  the  ribs  drop  downward,  the  shoulders 

807 


Chest,  Deformities  of 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


and  scapute  downward  and  forward,  their  inner 
borders  receding  from  the  spine  and  their  inferior 
angles  becomuig  more  prominent.  The  position  of 
the  pelvis  is  changed,  the  feet  are  weak  or  flat  and 
everted,  and  there  is  a  tendency  to  knock-knee.  The 
che.st  is  usually  less  flexible  than  normal,  respiratory 
capacity  and  power  are  diminished;  there  is  often  a 
transverse  furrow  at  the  tipper  border  of  the  abdo- 
men. The  attitude  is  that  of  fatigue,  weakness, 
debility,  relaxation.  It  is  doubtless  an  attitude 
whicli  may  be  produced  or  intensified  by  habitual 
faulty  positions,  such  as  those  assumed  for  many 
hours  daily  by  school-children  or  clerks  at  their 
desks.  This  factor,  however,  must  usually  be  asso- 
ciated with  fault  of  structure  or  inherited  or  acquired 


Fig.   1360 — Severe  Round  Back.     (Original.) 

vice  of  nutrition,  muscle  tone,  or  skeletal  resistance, 
in  order  to  be  effective.  It  is  to  be  noted  that  the 
non-pathological  form  of  round  back  often  affects 
children  as  early  as  the  fourth  or  fifth  year,  and  that, 
as  already  remarked,  it  is  rather  a  general  than  a 
local  affection.  Weak  and  pronated  feet,  weak  eyes, 
and  slight  degrees  of  lateral  curvature  often  accom- 
pany it.  These  children  are  often  physically  delicate 
and  mentally  unstable.  They  may  inherit  an  imper- 
fect physique,  or  their  life  is  so  precocioiis  or  intense 
as  to  interfere  with  ample  and  symmetrical  develop- 
ment. In  other  words,  a  good  many  of  these  children 
are  degenerates  or  bordering  on  degeneracy,  and 
present  the  rounded  back  and  drooping  shoxilders  as 
striking  symptoms,  but  usually  show  other  unmis- 
takable signs  of  imperfect  development.  The  writer 
believes  that  in  a  certain  proportion  of  these  round- 
backed  children,  the  evolution  of  the  chest  has  been 
retarded  or  arrested  at  a  certain  stage  either  from 
inherited  tendency  or  from  causes  acting  in  early 
childhood,  irrespective  of  faulty  attitudes,  and  that 
this  rudimentary  chest  stands  in  close  relation  with 
the  pretuberculous  type  of  chest  described  by  Hutch- 
inson. It  is  probable  that  in  a  certain  class  of  cases 
the  faulty  attitude  is  in  large  measure  dependent  on 
the  long,  narrow,  and  deep  chest,  which  favors  droop- 
ing shoulders  and  abducted  scapulaj,  and  to  the  in- 
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stinctive  desire  of  the  delicate,  under-nourished,  and 
over-stimulated  child  to  shift  the  strain  of  bodily 
weight  from  the  tired  muscles  to  the  insensitive 
ligaments. 

It  follows  that  purely  local  treatment  rarely  fulfils 
the  indications,  and  that  management  with  a  view  to 
general  development  and  a  proper  regulation  of  the 
life  is  of  primary  importaiice.  The  chest  should  be 
amply  developed  in  early  years  by  a  free,  open-air 
life,  with  plenty  of  tree  and  hill  climbing,  romping, 
rambling,  swimming,  running,  and  ball-throwing, 
sports  that  involve  well-distributed  and  vigorous 
e.'iercise,  and  expecially  develop  arm  action  and 
respiratory  power. 


Fig.  1361. — Upper  Dorsiil    Pott's  Disease;  Exaggeration  of 
Chest  Deformity  From  Wearing  a  Cabot  Jacket.     (Original.) 

The  habits  should  be  regulated  and  overstimulation, 
avoided.  When  the  chest  deformity  is  pronounced, 
special  corrective  and  gymnastic  exercises  are  of  great 
benefit.  Remembering  that  the  fa\ilty  attitude  is 
general,  it  is  often  necessary  to  begin  by  strengthening, 
placing,  and  shoeing  the  feet,  in  order  to  secure  a 
correct  pose.  Thus  the  pupil  should  be  drilled  in  the 
jiroper  poise  of  the  body,  chest  forward  and  up, 
abdomen   and   hips  back,   weight   on   balls   of  feet. 
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After  these  matters  have  been  attended  to,  breathing 
and  corrective  exercises  may  be  successfully  applied 
to  the  chest.  Supportinp  apparatus  is  seldom,  and 
shoulder  straps  are  never,  required.  The  senseless 
admonition  to  throw  the  shoulders  back  without 
attention  to  tliese  preliminaries  would  he  produc- 
tive of  much  harm  if  it  were  not  almost  invariably 
disregarded. 

The  round  back  of  certain  occupations  and  that  of 
convalescence  are  varieties  of  the  round  back  of 
weakness.  The  round  back  of  old  age  is  accompanied 
by  changes  of  form  in  the  chest  similar  to  those 
de.soribed.  It  is  due  to  the  gradually  increasing 
muscular  weakness  and  ligamentous  rigidity  due  to 
advancing  age.  The  spinal  muscles,  whose  tonus  is 
diminished,  no  longer  sullice  to  hold  the  spine  erect 
and  the  chest  free.  The  drooping  spine  compresses 
the  intervertebral  discs  anteriorly;  their  elasticity 
is  impaired,  and  the  false  attitucle  finally  becomes 
fixed.  The  only  efficient  proijliylactic  is  an  active 
and  well-distributed  muscular  life  in  youth  and  man- 
hood with  the  avoidance  of  debilitating  influences. 

In  round  back  due  to  paralytic  disorders  the  spine  is 
often  extremely  flexible,  though  respiratory  power  is 
diminished  from  muscular  weakness.  The  chest  often 
remains  collapsed,  and  the  breathing  may  be  abdom- 


Fio. 


1362. — Rounded  Kyphos  of  Cured  Pott'a  Disease. 
(Original.) 


inal.  The  management  is  usually  that  of  the  dis- 
order upon  which  the  round  back  depends.  Special 
exercises  and  siipports  are  sometimes  of  service,  and 
the  writer  has  found  the  prone  position  on  an  inclined 
padded  board  or  mattress  to  have  an  excellent 
influence  in  stimulating  the  spinal  erector  muscles  to 
action,  and  in  correcting  the  deformity. 

The  round  back  of  paralj'sis  agitans  is  similar  to 
that  of  old  age. 

The  round  back  or  so-called  kyphosis  of  rickets,  in- 
fantile scurvy,  cretinism,  and  marasmus  usually  comes 
on  in  infancy  before  the  child  is  able  to  w'alk,  and 
consequently    before    the    evolution    of    the    normal 


anteroposterior  curves  of  the  spine.  The  sitting 
posture  probably  has  much  to  do  ivith  its  production, 
and  the  projection  is  of  a  different  character  from  that 
described  in  the  first  part  of  this  section.  It  is 
rounded  and  situated  in  the  middle  or  lower  part  of 
the  back,  though  it  may  involve  Tiearly  the  whole 
spine,  which  is  more  or  less  flexil)le  and  free  from 
musciilar  spasm;  there  is  no  characteristic  pain.  It 
differs   in    all    these   respects   from   the   kyphosi.s   of 


Fig.   1363.- 


-Kyphos  and  Chest  Deformity  of  Cured  Pott's 
Disease.     (Original.) 


spondylitis,  with  which  it  is  sometimes  confounded, 
and  which  it  is  exceedingly  important  to  differentiate. 
IMechanical  support  is  rarely  required,  as  the  de- 
formity usually  recedes  under  recumbency  for  longer 
or  shorter  periods,  together  with  the  treatment 
ai^propriate  for  the  dyscrasia.  In  the  rare*  cases  in 
which  the  deformity  persists  and  becomes  rigid  after 
the  cure  of  the  disease,  the  treatment  is  difiicult,  and 
mechanical  support  may  be  required. 

In  acromegaly  the  dorsal  spine  may  become  rounded, 
and  the  ribs,  sternum,  and  clavicles  hypertrophied, 
giving  a  massive,  deep  chest.  The  bent  back  and 
exaggerated  senile  attitude  may  occur  in  osteitis 
deformans  (Paget's  disease)  and  in  osteoarthritis  of 
the  spine. 

Angular  Kyphosis. — In  Pott's  disease  the  integrity 
of  tlie  spinal  cohmin  is  destroyed  by  local  tuberculous 
ulceration,  and  the  upper  section  of  the  trunk  falls 
forward  until  it  finds  support,  giving  rise  to  a  kyphos, 
or  hump  of  the  back,  which  is  at  first  always  angular, 
and  to  various  changes  in  the  shape  of  the  chest, 
especially  if  the  disease  affects  the  thoracic  vertebrte. 
In  disease  of  the  upper  dorsal  region  the  upper  part  of 
the  chest  is  flattened  in  front.  In  disease  of  the  mid- 
dorsal  region  the  ribs  become  more  sloping,  in  severe 
cases  resting  on  the  ilium  or  within  the  pelvis;  the 
ches'  becomes  shortened  and  laterally  comi)ressed; 
the  sternum  and  lower  ribs  become  proininent,  and 
the  anteroposterior  diameter  of  the  chest  is  increased. 
The  chest  also  becoTues  very  rigid,  and  the  breathing 
abdominal  and  accelerated. 

The  changes  in  the  shape  of  the  chest  take  place 
very  slowly,  and  are  only  fully  developed  after  several 
years.     There  are  always  rigidity  and  spasm  of  the 
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spinal  muscles  during  the  active  stage,  and  often 
restlessness  or  crying  at  night,  abdominal  pain,  and  a 
characteristic  attitude.  These  points  and  others 
differentiate  it  from  the  rachitic  spine  already  de- 
scribed. The  treatment  is  that  of  Pott's  disease, 
which  includes  attention  to  h.vgiene  and  nutrition, 
long-continued  spinal  support  by  special  appliances, 
the  avoidance  of  exercise,  and  more  or  less  recumbencj". 

The  Rachitic  Chest. — Besides  lateral  curvature  and 
kyphosis  there  are  other  deformities  of  the  chest  so 
frequently  found  in  rickety  children  as  to  merit 
separate  mention. 

Harrison's  Groove. — The  greatest  softening  in  the  ra- 
chitic cliest  takes  place  in  the  cartilages  of  the  lower 
ribs,  where  the  chest  is  unprotected  by  the  lifting 
action  of  the  upper  and  lateral  che.st  muscles.  Just 
below  the  nipples  there  is  nearly  always  a  depression, 
which  in  severe  cases  extends  upward  near  the  cos  to- 
sternal  junction  or  outward  toward  the  axillary  line. 
It  has  often  lieen  thought  that  this  depression  was 
dtie  to  the  traction  of  the  diaphragm,  but  it  lies  above 


Fig.   ia64.- 


-Rachitic  Chest,  Showing  Pigeon  Breast  and  Har- 
rison's Grove.     (Original.) 


the  diajjliragmatic  attachment.  The  free  border  of 
the  ribs  is  usually  prominent,  owing  to  enlarged  liver 
and  spleen  and  distended  abdomen.  These  lateral 
depressions  of  the  chest  are  in  such  a  position  that 
they  are  comfortably  filled  by  the  flexed  forearms  of 
the  child,  but  it  is  improbable  that  the  pressure  of  the 
arms  has  anything  to  do  with  their  production. 
According  to  Stone, ^'  flattening  of  the  sides  of  the  chest 
is  less  common  than  the  formation  of  a  transverse 
groove  and  occurs  in  about  a  quarter  of  the  cases. 
The  enlargement  of  the  costochondral  junctions, 
which  forms  the  rachitic  rosary,  is  often  so  great  as  to 
be  plainly  visible. 

Pigeon  Breast,  Pigeon  Chest,  Chicken  Breast,  Keeled 
Chest,  Pectus  Carinatum. — The  submammary  flatten- 
ing, the  formation  of  a  transverse  .sulcus,  tlie  flattening 
of  the  sides  of  the  chest,  and  the  flattening  of  the  upper 
anterior  chest  enter  into  the  formation  of  pigeon 
breast,  which  is  simply  the  final  outcome  of  a  process 
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of  which  the  flattening  in  the  first  stage  (Stone).  In 
pigeon  chest  the  sternum,  and  especially  its  lower 
part,  is  prominent,  and  the  costal  cartilages  slope 
away  abruptly  at  the  sides.  The  anteroposterior 
diameter  of  the  chest  is  increased,  the  lateral  dimin- 
ished, and  the  chest  is  much  narrowed  in  front;  it  is 
also  shorter  than  normal. 

The  reverse  condition  with  a  depression  over  the 
sternum  may  occur  as  the  result  of  rickets.  Both 
these  deformities  may  be  more  pronounced  on  one 
side.  These  rickety  chests  are  not  only  misshapen, 
but  after  the  subsidence  of  the  rickets  they  may 
remain  unduly  rigid  and  dwarfed. 

Besides  impeding  respiratory  movements,  these 
rachitic  chest  deformities  cause  very  little  trouble, 
and  when  fully  developed  are  practically  incurable. 
Amelioration  may  sometimes  be  obtained  by  respira- 
tory and  general  exercises.  During  the  stage  of 
development  the  treatment  of  the  rickets  is  very 
important. 

Similar  conditions  are  sometimes  due  to  obstruction 
of  the  air  passages  by  adenoids,  swollen  turbinates, 
enlarged  tonsils,  polypi,  or  hypertrophic  rhinitis. 
Tubljy"'  relates  several  such  cases,  giving  illustrations 
of  the  deformities  produced.  He  says  the  proof  of 
the  dependence  of  the  chest  deformities  upon  the 
conditions  named  is  given  by  their  rapid  improvement 
after  the  removal  of  the  obstruction  to  repiration.  A 
mild  grade  of  these  conditions  is  not  uncommon  in 
school-children,  and  is  often  accompanied  by  mouth 
breathing,  and  by  inattention  and  apparent  mental 
dulness,  which  clears  up  when  the  cause  is  corrected. 

Chest  Deformities  Due  to  Lacing. — Certain  chest 
tleformities  are  due  to  pressure  from  without,  and  of 
these  the  commonest  is  the  constriction  of  the  waist 
and  lower  chest  by  corsets  among  civilized  women. 
The  use  of  corsets,  even  when  loosely  laced,  prevents 
the  proper  expansion  of  the  lower  ribs  in  respiration, 
and  forces  the  breathmg  into  the  upper  thorax.  This 
effect  has  been  so  vmiversal  that  the  exaggerated 
upper  thoracic  breathing  of  women  is  usually  described 
as  a  normal  peculiarity  of  the  sex,  but  it  has  been 
jiretty  well  established  that  boys  and  girls  breathe 
alike  until  the  girls  put  on  corsets,  and  that  women 
who  do  not  wear  corsets  breathe  very  much  like  men, 
that  is,  with  a  l:)ellows  action  of  the  whole  chest,  and 
not  with  a  piston  action  of  part  of  it.  The  evU 
effects  of  this  abnormal  constriction  are  seen  not  only 
in  respiration,  but  even  more  in  the  crowding  and  dis- 
placement of  the  viscera.  The  liver  may  be  deeply 
indented  with  the  marks  of  the  compressing  ribs, 
and  the  ribs  themselves  are  often  misshapen  about  the 
waist.  According  to  Dickinson  and  Truslow,"  when- 
ever one  observes  in  unclothed  women  the  angle 
between  tlie  cartilages  of  the  rib  at  the  upper  part  of 
the  abdomen  which  approximates  that  of  the  male 
it  is  safe  to  guess  that  the  individual  is  a  singer.  The 
stomach,  intestines,  and  pelvic  organs  are  frequently 
displaced  downward,  with  many  resulting  Uls.  The 
rigidity  and  compression  of  the  stays  weaken  the 
waist,  back,  and  abdominal  muscles,  and  interfere 
with  the  natural  support  and  normal  mobility. 

The  pressure  of  a  back  brace  or  frame  often  flattens 
the  chest  posteriorly. 

Cobbler's  Chest. — Some  occupations  cause  special 
chest  deformities,  such  as  the  cobbler's  chest,  due  to 
the  pressure  of  the  last  against  the  end  of  the  sternum, 
producing  a  depression  similar  to  funnel  chest,  but 
lower. 

Tailors  who  sew  in  a  bent-over  attitude  often  have 
a  hollow  chest. 

Deformities  Due  to  Changes  in  the  Thoracic  and  Ab- 
dominal Contents. — The  last  division  of  chest  deformi- 
ties includes  those  that  are  due  to  changes  in  the 
thoracic  or  abdominal  contents. 

The  Inflated,  Distended,  or  Emphysematous  Thorax. 
— The    typical    chest    of    emphysema    is'  large    and 
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rounded  or  barrel-shaped.  It  is,  in  fact,  a  chest 
whicli  |)ennanently  retains  the  shape  of  extreme  in- 
spiration, owing  to  the  ballooning  of  the  enlarged  and 
dilated  lungs,  or,  according  to  Campbell,*'  to  overac- 
tion  of  the  inspiratory  muscles,  the  antagonistic 
pulmonary  elasticity  being  impaired.  The  increased 
rigidity  of  the  costal  cartilages,  which  Freund 
believes  to  be  causative  of  emphysema,  Sumita 
regards  as  a  sign  or  result  of  presenility.  The  ribs 
are  strong  and  leave  the  sternum  nearly  at  a  right 
angle,  making  the  thorax  appear  short.  The  sternum 
is  prominent,  especially  at  the  angle  of  Louis,  and  the 
epigastric  angle  is  large.  The  supraclavicular  depres- 
sions are  shallow  or  effaced;  they  may  even  be  con- 
verted into  elevations,  if  the  pulmonary  apices  are 
markedly  emphysematous.  This  is  by  no  means 
always  the  case:  they  may  even  be  deepened.  The 
chest  is  immobile,  and  the  breathing  abdominal. 
While  one  may  safely  infer  the  presence  of  eniphysenui 
from  the  rigid,  inflated  chest,  one  should  not  call  the 
large,  deep  chest  of  weU-built  and  active  men  em- 
physematous, nor  should  one  forget  that  in  many 
cases  of  emphysema  the  lungs  are  not  enlarged, 
and  the  chest  fails  to  present  the  above-described 
characteristics. 

One-sided  distention  of  the  chest,  particularly  in 
its  lower  part,  mav  occur  in  pleuritic  effusion  and  em- 
pyema of  one  side,  in  which  conditions  there  may  be 
bulging  of  the  lower  intercostal  spaces.  In  proportion 
as  the  breathing  is  crippled  on  the  affected  side,  there 
will  be  inflation  and  overaction  of  the  well  side, 
especially  at  the  upper  part  in  front.  Hypertrophy 
of  the  heart,  pericardial  effusion,  and  aneurysm  may 
cause  enlargement  in  the  precordial  region,  and 
marked  enlargement  of  the  liver  or  spleen  may  cause 
a  bulging  of  the  ribs  on  the  corresponding  side. 
Chronic  distention  of  the  stomach  and  bowels  may 
cause  prominence  of  the  lower  ribs  on  both  sides. 
Effusions  and  enlargements  of  the  internal  organs  will 
affect  the  shape  of  the  chest  in  proportion  to  its  flexi- 
bility. These  deformities  are  therefore  most  marked 
in  children,  less  in  ad\ilts,  and  least  often  observed  in 
the  aged.  In  individuals  with  rigid  chests  changes  in 
the  internal  organs  may  produce  but  slight  effect. 

The  Phthisical,  Phlhinoid,  Alar,  Paralytic,  or  Rudi- 
mentary Chest. — This  is  partly  a  rudimentary  and 
partly  an  atrophied  chest.  It  has  usually  been 
described  as  flat  or  flattened,  but  Hutchinson"  has 
shown  that  it  may  be  not  only  relatively  but  abso- 
lutely longer,  narrower,  deeper,  and  rounder  than 
normal,  approximating  the  quadrupedal  type.  It  is 
apparently  a  chest  whose  evolution  has  been  arrested 
at  a  lower  stage.  In  the  chest  of  phthisis  the  ribs  are 
depressed,  and  the  intercostal  and  supraclavicular 
spaces  may  be  sunken.  The  epigastric  angle  is 
diminished;  costal  breathing  is  les.sened  on  the  affected 
side. 

Freund''  regards  an  abnormal  shortness  of  the 
first  rib  and  a  sheath-like  ossification  of  its  cartilage  as 
a  predisposing  cause  of  phthisis,  but  Sumita'*  considers 
them  the  result  rather  than  the  cause  of  this  condition. 

If  chest  development  is  arrested  in  childhood  or  ado- 
lescence, the  liability  to  phthisis  is  increased,  and  one 
may  infer  a  certain  predisposition  to  pulmonary 
tuberculosis  from  the  existence  of  this  chest  in  the 
young.  The  investigations  of  Gabrilowitch"  confirm 
these  views.  He  found  that  the  ratio  of  the  circum- 
ference of  the  best-shaped  chest  to  the  total  height 
was  as  1  to  1.6.  The  ratio  of  the  mean  antero- 
posterior diameter  to  the  transverse  was  as  0.70  to  1 
in  normal  individuals,  but  in  phthisical  individuals 
the  proportion  was  0.73  to  1.  Rothschild"  criticises 
Gabrilowitch's  methods  and  conclusions,  and  gives  tlie 
ratio  of  chest  depth  to  chest  breadth  as  1  to  1.8  in 
healthy  individuals,  and  as  1  to  1.5  in  phthisical  sub- 
jects with  thorax  paralyticus.  He  gives  the  chest  cir- 
cumference as  one-half  the  total  height,  and  the 
length  of  the  sternum  as  one-fifth  the  chest  circum- 


ference in  the  healthy,  less  in  thorax  paralyticus. 
He  also  states  that  the  angle  of  Louis  and  the  angular 
movement  of  the  stermmi  in  respiration  are  less  in 
phthisis  (see  measurements  bj'  De  Giovanni").  The 
whole  subject  apparently  requires  more  exact  and 
extensive  study. 

During  the  destruction  of  lung  ti.ssue  atrophy  of  the 
mui~cles  of  the  chest  takes  place,  and  is  most  pro- 
nounced on  the  side  mo.st  seriously  involved,  and 
unilateral  if  the  disease  is  unilateral. 

Carcasonne"  finds  that  atrophy  of  the  scapulo- 
thoracic  muscles  takes  place  early  and  independently  of 
general  emaciation;  it  may  even  precede  auscultatory 
signs.  This  atrophy  is  not  accompanied  by  functional 
changes  in  the  muscles,  nor  is  their  electric  excitability 
altered;  it  advances  with  the  progress  of  the  pulmon- 
ary lesion,  and  is  of  considerable  diagnostic  value. 
The  analogy  of  this  concomitant  atrophy  of  the  mus- 
cles of  related  areas  witli  the  primary  atrophy  in 
joint  disease  is  evident.  In  the  latter  case,  however, 
the  tonus  and  mechanical  and  electric  excitability  are 
said  to  be  increased. 

The  very  great  importance  of  an  active  out-of-door 
life,  of  exercise  stimulating  deep  breathing,  and  of 
free  use  of  the  arm  and  shoulder  mdscles  for  the  round- 
shouldered  and  alar-chested,  is  apparent.  Swimming, 
running,  climbing,  and  throwing  are  particular!}' 
indicated. 

Unilateral  shrinking  of  the  chest  occurs  in  phthisis 
of  one  side.  The  deepening  of  one  supraclavicular 
fossa  is  an  evil  symptom.  Over  a  shrunken  cavity  the 
chest  may  present  a  depressed  appearance,  with  hol- 
low intercostal  spaces.  From  the  atrophy  already 
mentioned,  as  well  as  from  the  traction  of  adhesions, 
there  may  be  depression  of  the  chest  wall  without  cav- 
ity. After  pleurisy  and  empyema,  if  the  lung  does 
not  expand,  the  affected  side  of  the  chest  may  become 
markedly  shrunken,  and  the  whole  thorax  deformed 
with  a  scoliosis,  whose  convexity  is  toward  the  well 
side.  Hexht  Ldjq  Taylor. 
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Chest,  Physical  Examination. — See  Diagnosis, 
Physical. 

Chestnut. — See  Castanea. 

Chewstick. — The  stems  of  Gonania  domingensis  L. 
(fam.  Rhamnaceoe).  This  is  a  beautiful  woody  climber, 
growing  both  vrild  and  cultivated  in  the  West  Indies, 
and  other  parts  of  tropical  America,  whose  stems  are 
used  there  as  tooth-brush  and  powder  combined. 
These  stems  are  very  tough  and  iibrous,  and  when  cut 
in  shortish  pieces  the  ends  are  chewed  until  a  rude, 
stiff  brush  is  formed,  with  which  the  teeth  are  rubbed; 
a  pleasant  saponaceous  froth  of  an  aromatic  bitter 
taste  is  formed  in  the  operation,  and  the  teeth  are  said 
to  be  whitened  and  the  gums  hardened  by  it.  A  tinc- 
ture and  powder  are  proposed  as  dental  remedies. 
Internally,  it  acts  as  a  niild  aromatic  bitter,  and  is  used 
in  its  home  as  a  constituent  of  small  beers.  Manu- 
facturing houses  offer  a  fluid  extract,  the  dose  of  which 
isfi.  5  i.-ij.  (4.0-8.0).  Henry  H.  Rusbt. 

Cheyletidae. — A  subfamily  of  the  family  Throm- 
hidiidix  among  the  mites.  The  bodj'  is  fleshy  and 
transparent,  and  the  enormous  pedipalpi  are  formid- 
able weapons  for  attack.  Chelytus  is  the  principal 
genus,  and  the  curious  genus  Syringophylus  parasitic 
in  the  interior  of  birds'  feathers  appears  to  belong 
here.     See  Arachnida.  A.  S.  P. 


Cheyne,  John. — BornFebruan,-3, 1777,  inLeith,  of 
a  family  of  physicians,  his  father,  uncle,  and  maternal 
grandfather  being  medical  practitioners.  At  the  age 
of  fifteen  j-ears  he  began  to  attend  medical  lectures 
at  the  University  of  Edinburgh,  and  obtained  liis 
medical  degree  in  1795,  when  he  was  but  eighteen 
years  old.  After  graduation  he  served  in  the  medical 
corps  of  the  British  Army  for  several  years  and  was 
placed  in  charge  of  the  Ordnance  Hospital  at  Leith 
in  1799.  In  1S09,  having  resigned  from  the  army, 
he  removed  to  Dublin,  where  he  had  a  severe  struggle 
with  povertj'  for  several  years  but  finally  was  ap- 
pointed phj-sician  to  the  Meath  Hospital"  and  soon 
thereafter  was  given  the  newly  created  chair  of  the 
practice  of  physic  at  the  College  of  Surgeons.  He 
now  prospered  and  for  twentj-  years  had  a  very  ex- 
tensive practice,  enjoving  the  large  income  for  that 
time  of  from  £1,500  to  £2,000.     In  1831,  his  health 
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faihng,  he  retired  from  practice  and  on  January  31, 
1S36,  he  died. 

Cheyne  was  an  earnest  student  of  medicine  and  an 
acute  observer.  In  his  work  on  "  Cases  of  Apoplexy 
and  Lethargj',  with  Observations  on  the  Comatose 
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Fig.   1365. — ^John  Cheyne, 

Diseases,"  London,  1812,  he  described  a  peculiar 
change  in  the  respiratory  rhythm,  noted  also  at  a 
later  period  bj-  Stokes,  known  as  the  Chej'ne-Stokes 
respiration.  Among  the  other  works  pubUshed  by 
him  are:  "Essays  on  the  Diseases  of  Children,"  in 
two  volumes,  Edinburgh,  1801-08;  "An  Essay  on 
Hydrocephalus  Acutus,  or  Dropsy  in  the  Brain," 
Edinburgh,  1808;  and  "Pathology  of  the  Membranes 
of  the  Larnv.x  and  Broncliia, "  Edinburgh,  1809. 

T.  L.  S. 


Chej  ne=Stokes  Respiration. — A  t>-pe  of  respi- 
ration in  which  the  inspirations  slowly  increase  in 
depth,  reaching  a  maximum  at  the  eighth  or  tenth, 
whereupon  a  corresponding  diminution  occurs  up  to 
complete  cessation.  Then  after  from  five  to  thirty 
seconds  of  arrest,  inspiration  again  begins  and  the 
cjcle  is  repeated.  This  phenomenon,  which  had 
been  seen  by  John  Hunter,  was  made  known  to  the 
medical  profession  by  two  professors  of  medicine  in 
the  Royal  CoUege  of  Surgeons,  Dublin;  Cheyne  having 
described  one  case  in  1816,  while  Stokes  in  185-1  de- 
scribed the  phenomenon  as  a  symptom  perhaps  path- 
ognomonic of  fatty  heart.  It  is  of  interest  to  note 
that  Professor  James  Little,  a  successor  of  Cheyne 
and  Stokes,  writing  in  1911  makes  the  following 
statement  {Dublin  Journal  of  Medical  Sciences,  vol. 
cxxxi.).  "I  fear  all  we  know  about  Cheyne-Stokes 
breathing  is  that  it  is  a  very  striking  phenomenon, 
not  often  seen,  and  seldom  seen  until  the  close  of 
life."  This  statement  should  render  superfluous  in 
this  connection  any  detailed  account  of  the  incidence 
of  the  phenomenon.  In  addition  to  fatty  heart  the 
s}"mptom  has  been  seen  in  arteriosclerosis,  uremia,  and 
various  uncomplicated  intracranial  conditions.  The 
cardiac  component  is  very  puzzling  in  character,  fo 
while  on  the  one  hand  the  phenomenon  occurs  when 
the  muscular  fibers  of  the  ventricles  have  almost 
disappeared,  as  in  fatty  heart,  it  is  also  observed  in 
the  very  opposite  state  of  ventricular  hii-pertrophy, 
such  as  occurs  in  arteriosclerosis  and  advanced 
nephritis.  The  cerebral  component  is  apparent  in 
another  series  of  conditions,  to  wit,  uremia,  apoplexy, 
cerebral  congestion,  tuberculous  meningitis,  and  sun- 
stroke. The  so-called  modified  or  mitigated  form  of 
Che>-ne-Stokes  breathing,  characterized  by  the  ab- 
sence of  an  apneic  interval,  is  not  uncommon  and 
appears  to  show  merely  a  want  of  synergism  between 
the  circulation  and  respiration.  Naturally  of  ^■ital 
interest  to   the   practitioner  are   the  indi^duals   in 
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whom  tlie  plieiiomeiion,  even  when  typical,  possesses 
no  necessary  pathological  significance.  Tliese  com- 
prise sleeping  infants,  healthy  old  men.  and  certain 
cases  of  cerebral  hemorrhage.  Savill  mentions  a  case 
of  pontine  hemorrhage  in  which  the  phenomenon 
had  no  prognostic  significance.  E.   P. 


Chicago. — A  city  of  2,185,283  inhabitants,  situated 
upon  the  west  shore  of  Lake  Michigan.  Its  climate, 
althoiigh  a  very  variable  one  and  subject  to  sudden 
changes,  with  excessive  heat  or  cold  and  increased 
humidity,  is  not  an  unwholesome  one;  and  the  death 
rate  from  consum])tion  along  the  west  shore  of  the  lai^e 
is  less  than  farther  inland.  According  to  llr.  John 
A.  Robinson  {.\orth  ADierican  FrijctiHoner,  Chicago, 
1897,  ix.,  pp.  29()-2!)8,  "Chicago  as  a  Health  Resort") 
the  physiological  eflfeet  of  the  lake  climate  is  to 
promote  physical  activity  and  mental  vigor,  and  to 
increase  bodily  nutrition.  "I'orsons,"  he  says,  "wlio 
have  been  predisposed  to  pulmonary  tuberculosis  have 
enjoyed  robust  health  in  this  climate  so  long  as  they 
have  avoided  its  bad  features  and  observed  other  pre- 
cautions." The  favorable  features  of  the  climate,  as 
Dr.  Robinson  gives  them,  are:  first,  air  in  motion,  the 
winds  sweeping  down  into  the  dark  corners  of  the 
streets  and  alleys,  and  whirling  the  filth  into  the  high- 
ways wliere  the  rain  and  sunshine  disinfect  it ;  these 
winds  act  as  great  atmospheric  purifiers.  Second,  the 
lake  purifies  tlie  air  as  it  blows  from  its  surface  toward 
the  land.  Third,  the  large  amount  of  sunshine.  "  ()l)- 
servations  for  several  years,"  continues  Dr.  Robinson, 
"  prove  that  the  monthly  mean  of  cloudy  days  is  about 
ten  a  month;  which  means  that  the  sunshine  is  present 
about  two-thirds  of  the  time."  From  the  accompany- 
ing climatic  table  it  will  be  seen  also  that  tlie  num- 
ber of  clear  and  fair  days  is  two  hundred  and  fifty- 
seven  a  year. 

Climate    of    Chicago,    III. — Latitude,   41°  52';   Longitude, 
87°  38'.  Period  of  Observation,  Thirteen  Years. 


Data. 


Temperature  (Fahr.) — 

Average  or  normal 

Average  daily  range 

Mean  of  wannest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity — 

Average  or  relative 

Precipitation — 

Average  rainfall  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in 

miles. 
Weather — 

Average    number    of    clear 
days. 

Average  number  of  fair  days . 

Average  number  of  clear  and 
fair  days. 


a 


25.8° 

14.9 

32.6 

17.7 

65 

-20 

76% 

2.04 

S.W. 
9 

7.8 

12.9 
20.7 


45 

4° 

14 

3 

54 

39 

7 

83 

17 

66 

5% 

3 

65 

N. 

9 

5 

8 

1 

12 

2 

20 

3 

72.3° 

14.3 

80.1 

65.8 

99 

50 

70.6% 

3.96 

S.W. 
7.1 

12.9 

12.5 
25.4 


48.8° 


70. 
37 


58 


108, 


148 
257 


The  authority  above  quoted  does  not  think  the 
Chicago  cUmate  contraindicates  the  establishment  of  a 
sanatorium,  in  the  vicinity,  for  the  treatment  of  curable 
cases  of  consumption.  "At  any  rate,"  he  says,  "the 
climate  in  the  lake  region  affords  as  good  an  oppor- 
tunity as  the  climates  of  England  and  New  England." 
For  a  statistical  account  of  the  Chicago  climate  one  is 
referred  to  "The  CUmate  of  Chicago,"  by  Professor 
Hazen,  1803,  of  the  Weather  Bureau,  published  by 
the  United  States  Government. 

Edward  O.  Otis. 


Chickcnpox. — (Si/nonyms:  Varicella,  Crystalli, 
Swiricpo.K.)  Chickcnpox  is  ati  acute,  specific,  in- 
fectious disease  characterized  by  successive  crops  of 
vesicles  distributed  over  the  surface  of  the  body, 
whicli  disappear,  in  from  four  to  seven  days,  by  desic- 
cation. It  is  the  mildest  and  least  important  of  the 
eruptive  fevers. 

Tlie  belii^f,  formerly  generally  entertained  by  the 
|)rofcssion,  that  varicella  is  not  an  independent  af- 
fection bnt  a  modified  variola  is  now  abandoned,  save 
by  a  few  clinicians  who  accept  the  teaching  of  Hebra 
and  his  followers.  The  differentiation  was  not 
generally  acce])tcd  until  after  the  smalljiox  epidemic 
in  Ciermany  in  l!S70-73.  The  jjroof  of  the  non-iden- 
tity of  the  two  diseases  is  overwhelming. 

N'aricella,  like  the  other  members  of  the  exanthe- 
niatic  grou]),  is  due  to  a  specific  virus,  or  poison,  the 
nature  of  which  is  unknown.  It  is  pre-eminentlj'  a 
disease  of  early  life.  It  alfects  babes  at  the  breast, 
attains  its  maximum  frequency  about  the  fifth  year, 
and  is  rarely  mot  with  after  the  tenth  year  of  age.  It 
rarely  occurs  a  second  time  in  the  same  individual. 
.\dults  seem  to  have  special  immunity  from  the  dis- 
ea.se,  ev(m  when  uniirolecled  by  an  attack  in  child- 
hood. This  is  true  of  many  infectious  di.sea.ses,  but 
the  i)revalent  belief  that  varicella  is  a  rare  disease  in 
adult  life  is  erroneous  and  has  led  to  many  mistaken 
diagnoses. 

Sporadic  cases  of  chickcnpox  are  observed,  but  it 
usually  prevails  as  an  epidemic.  It  is  highly  con- 
tagious, and  few  children  who  are  susceptible  to  its  in- 
fluence escape  when  exposed.  The  mode  of  infection 
is  unknown.  The  weight  of  evidence  is  strongly 
against  its  transmission  by  inoculation  of  the  con- 
tents of  the  vesicles,  though  Steiner  claims  to  have 
been  successful  in  two  cases.  Holt  locates  the 
contagium  in  the  vesicles.  In  a  recent  epidemic  in 
a  native  prison  in  the  Philippine  Islands,  which  came 
under  the  observation  of  Dr.  Tyzzer,  repeated  inocu- 
lations of  the  contents  of  both  clear  and  clouded  vesi- 
cles were  made  with  negative  results.  The  period  of 
incubation  of  chickenpox  is  very  variable  and  is 
usually  given  as  from  ten  to  fourteen  days.  Some 
authors  give  even  a  wider  range.  The  incubation 
stage  is  without  symptoms. 

Symptoms. — Prodromal  symptoms  are  not  in- 
frequently whoUy  absent,  the  appearance  of  the  erup- 
tion giving  the  first  indication  that  the  child  is  ailing. 
When  present,  they  rarely  last  longer  than  twenty- 
four  hours,  and  are  such  as  usher  in  mild  febrile 
attacks,  namely,  anorexia,  lassitude,  general  bodily 
discomfort,  chilliness,  and  slight  elevation  of 
temperature. 

The  initial  fever  is  mild,  seldom  measuring  more 
than  101°  F.,  and  the  constitutional  disturbances  are 
correspondingly  slight,  but  in  exceptional  cases  they 
may  be  as  severe  as  those  which  commonly  attend 
mild  attacks  of  the  other  eruptive  diseases.  The 
eruption  follows  promptly  on  the  first  increase  in 
temperature,  and  in  a  few  hours  attains  its  full  de- 
velopment. Small  hypcremic  patches  resembling 
roseola  spots  first  appear  and  are  speedily  followed  by 
vesicles.  When  fully  formed,  the  eruption  consists 
of  perfectly  transparent  vesicles,  more  or  less  abun- 
dantly scattered  over  the  body,  globular  or  ovoid  in 
form,  and  varying  in  size  from  a  pinheati  to  a  spht  pea, 
or  even  larger.  Tliej'  are  unicellular  in  structure, 
collap.se  when  pricked,  and  leave  behind  no  swelling 
or  elevation  of  the  skin.  A  distinct  areola  may  or 
may  not  be  present. 

The  wall  of  the  vesicle,  formed  by  the  outer  layer  of 
the  epidermis,  is  verj'  thin  and  easily  broken. 

When  the  eruption  is  abundant  the  body,  as  weU  de- 
scribed by  Dr.  Gregory,  presents  the  appearance  of 
having  been  expo.seil  to  a  momentary  shower  of  boil- 
ing water,  each  drop  of  which  has  produced  a  small 
blister. 
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The  eruption  appears  first  upon  the  trunk,  and 
spreads  irregularly  over  the  entire  body.  It  is  most 
abundant  upon  the  back  and  breast,  and  least  so 
upon  the  face,  where  it  is  usuallj-  limited  to  the  fore- 
head. The  scalp  nearly  always  exhibits  a  full  crop 
of  eruptions,  which,  protected  by  the  hair,  maintains 
its  phj-sical  integrity  longer  than  in  any  other  loca- 
tion, and  thus  renders  valuable  aid  in  diagnosis.  The 
eruption  is  never  confluent. 

The  occurrence  of  two,  three,  or  more  successive 
crops  of  eruption,  each  running  an  independent  course, 
constitutes  a  striking  and  unique  feature  of  varicella. 
Between  the  vesicles  first  formed  new  roseola  spots 
appear,  and  soon  ripen  into  fully  developed  vesicles. 
Tnus,  newly  formed  vesicles  may  be  seen  side  by  side 
with  others  in  all  stages  of  development,  even  to 
advanced  desiccation.  The  irregularity  in  the  course 
and  development  of  the  eruption  is  an  important 
point  in  the  diagnosis  of  the  disease. 

The  varieties  of  chickenpox  described  by  authors 
under  the  names  of  Varicella  lenticularis,  Varicella 
conoides,  and  Varicella  globata,  based  on  the  various 
shapes  assumed  by  the  eruption,  may  be  wholly 
ignored,  since  in  everj'  well-marked  case  vesicles 
answering  all  of  these  descriptions  are  abundantly 
found.  In  fact  this  variabihtj-  in  size  and  form  of  the 
typical  varicellar  eruption  is  a  characteristic  feature 
of  the  disease. 

The  mucous  membranes  are  often  implicated.  The 
tongue,  buccal  membrane,  and  the  mucous  surfaces 
of  the  genital  organs,  especially  in  girls,  are  occasional 
sites  for  the  formation  of  vesicles.  In  these  locations 
the  vesicles  soon  lose  their  epithehal  covering,  and 
leave  small,  round,  superficial  ulcers  resembhng  the 
ulcers  of  herpetic  stomatitis. 

If  unbroken  by  accident  or  by  the  scratching  of  the 
child  to  reheve  "the  itching  so  generally  present,  the 
vesicles  remain  until  the  tliird  daj'  without  change, 
when  their  contents  become  clouciy  and  desiccation 
begins. 

At  this  stage  a  few  scattered  pustules  may  be  ob- 
served, but  these  are  purely  accidental  and  not  es- 
sential features  of  the  disease.  The  vesicles  begin  to 
drj'  up  in  the  center  and  form  thin,  brownish-yellow 
crusts,  which  soon  become  detached.  Faint  red  spots 
remain,  which  pass  away  in  a  few  days,  and  carry 
with  them  every  trace  of  the  eruption,  but  excep- 
tionally depressed,  slightly  pitted  cicatrices  per- 
manently mark  the  seat  of  a  few  of  the  vesicles. 
According  to  Osier  ("Practice, "  1912)  cicatrices  after 
chickenpox  are  more  common  than  after  varioloid. 

Mr.  Hutchinson  has  called  attention  to  the  gan- 
grenous ulcers  w-hich  sometimes,  though  rareh',  com- 
phcate  chickenpox  in  feeble,  ill-nourished  infants. 
In  these  cases  a  greater  or  lesser  number  of  vesicles,  in- 
stead of  pursuing  the  ordinary  benign  course,  become 
gangrenous,  increase  in  size,  and  form  black  scabs 
of  one-half  to  one  inch  in  cliameter,  surrounded  by 
dusky  red  areolae.  The  ulcers  heal  slowly.  In  fact 
this  condition  may  result  fatally  in  infants  whose 
constitutions  are  depraved  by  inherited  taints  or  bad 
surroundings.  Knowles  {X  .Y.  Med.  Journ.,  May, 
1911)  has  reported  a  case  of  hemorrhagic  varicella  in 
which  there  was  also  gangrene  and  has  collated  the 
recent  literature. 

Erj'sipelas  is  a  serious,  though  rare  compUcation. 
Holt  has  met  with  fatal  cases.  Synovitis  and  arthri- 
tis have  been  noted.  Rare  cases  of  fatal  streptococcic 
or  staphylococcic  infections  have  been  recorded. 

Henoch  and  others  have  reported  cases  of  nephritis 
occurring  both  as  complications  and  as  sequels.  Vari- 
cella is  not  infrequentlj'  complicated  by  other  in- 
fectious fevers.  The  combination  of  scarlatina  and 
varicella  has  been  often  observed. 

Diagnosis. — Varicella  derives  its  chief  importance 
from  the  liability  of  inexperienced  or  careless  diag- 
nosticians to  mistake  it  for  smallpox,  or  vice  versa. 

814 


In  variola,  or  well-marked  varioloid,  the  physiog- 
nomy is  so  distinctive  as  almost  to  preclude  the  possi- 
biUty  of  error.  But  in  exceptional  cases  of  varioloid 
the  constitutional  symptoms  are  so  mild  and  the 
eruption  so  rudimentary  and  irregular  that  a  careless 
examination  will  not  suffice  to  distinguish  them  from 
the  graver  forms  of  varicella. 

For  two  years  or  more  an  unusuaUy  mild  form  of 
variola  has  prevailed  extensively  throughout  the 
country,  especially  in  the  South  and  middle  West. 
The  mortahty  has  been  almost  nil.  During  most  of 
the  time  varicella  has  been  epidemic  in  a  part  of  the 
same  territory,  wliich  with  the  exceedingly  mild  type 
of  variola  has  given  rise  to  much  confusion  and  many 
mistakes  in  diagnosis.  Time  will  always  clear  up  the 
diagnosis,  but  in  the  meanwhile  the  reputation  of  the 
physician  and  the  safety  of  the  community  may  be 
seriously  compromised. 

The  absence  of  prodromal  manifestations,  the  short 
initial  fever,  the  rapidity  and  irregularity  with  which 
the  eruption  spreads  over  the  bodj',  the  globular,  non- 
umbihcated,  transparent,  unicellular  vesicles,  the 
absence  of  a  distinct  pustular  stage,  and  the  successive 
crops  of  eruption,  which  show  roseola  spots,  vesicles, 
and  crusts  in  close  proximitj',  will  rarely  give  room 
to  hesitate  in  the  presence  of  chickenpox. 

While  any  case  of  variceOa  may  present  an  oc- 
casional vesicle  shghtly  urabiUcated  or  with  purulent 
contents,  due  to  scratching  of  the  child  or  accidental 
causes,  the  fact  that  this  appearance  is  exhibited  only 
by  a  few  scattered  vesicles,  and  is  not  the  predominat- 
ing character  of  the  eruption,  will  suffice  to  establish 
the  diagnosis. 

It  is  well  to  bear  in  mind  that  a  vesicular  eruption 
which  occurs  in  a  cliild  over  ten  or  twelve  years  of 
age,  especially  if  unvaccinated,  or  in  an  adult,  is  open 
to  grave  suspicion.  The  writer  cannot,  however, 
agree  with  those  authors,  by  no  means  few  in  number, 
wno  maintain  that  varicella  never  occurs  in  the  adult. 
He  can  recall  several  recent  cases  in  adults  which 
have  come  under  observation. 

The  PROGNOSIS  is  wholly  favorable.  The  danger, 
if  any,  comes  from  the  rarer  sequelae  or  compUcations, 
of  which  nephritis  is  most  to  be  feared. 

Tre.^t.ment. —  Varicella  is  a  self-hmited  disease 
and  needs  care  rather  than  treatment.  Light  diet, 
coohng  drinks,  a  gentle  aperient,  and  confinement  to 
bed  during  the  febrile  stage  is  all  that  ordinarily  will  be 
required.  The  intense  itching  is  often  most  annoying 
and  should  be  allayed  by  ordinary  lotions.  The  hands 
should  be  kept  clean  and  the  nails  closely  cut  so  as 
to  lessen  the  danger  of  infection  from  scratching  the 
vesicles. 

To  prevent  spread  of  the  disease  isolation  should 
be  maintained  until  the  crusts  have  fallen,  however. 
The  matter  of  isolation  should  be  decided  for  each 
case  according  to  conditions.  Since  an  attack  very 
certainly  renders  one  immune  for  Ufe.  it  is  often  better 
to  get  through  with  the  disease  in  childhood  than  to 
run  the  risk  of  contracting  it  in  adult  Ufe  under  per- 
haps unfavorable  and  annoying  circumstances. 

W'.  J.  CONKLIN. 


Chicory. — Cichorium.  The  root  of  Cichbrium  in- 
tybus  L.  (fam.  Cichoriacece).  A  perennial,  milky- 
juiced,  European  herb,  with  dandelion-like  leaves  and 
tall,  sparsely  branching  stems,  bearing  large,  delicate, 
bright  blue  flowerheads.  It  is  very  abundantly  na- 
turalized in  this  country,  along  roadsides,  and  is  also 
extensively  cultivated  both  here  and  abroad.  The 
root  is  fleshy  and  branched,  very  much  like  that  of 
dandelion  when  dry,  but  rather  larger,  and  deficient  in 
regard  to  the  bright  yellow  woody  center  so  distinctly 
seen  in  the  cross-section  of  dandelion.  It  is  grayish 
brown  externalh',  whitish  within,  generally  odorless, 
and  but  slightly" bitter.     The  cultivated  root  is  larger 
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and  darker  than  the  wild.  It  occurs  in  commerce 
mostly  cnt  into  halves  and  quarters  of  transverse 
sections,  and  is  heavily  wrinkled  in  dryiti);.  The 
leaves,  which  are  somewluit  emi)loyed  as  a  salad,  are 
irregularly  jiinnatified,  with  a  large  terminal  and  small 
lateral  scRments.  They  resemble  lettuce  in  taste,  but 
are  more  bitter. 

The  roasted  root  is  very  extensively  used  as  an  adul- 
terant of,  or  addition  to,  or  substitute  for,  coffee,  and 
this  use  is  steadily  increasing.  In  some  European 
countries,  especially  England,  it  is  generally  assumed 
that  the  customer  desires  the  addition  of  chicory  un- 
less he  directs  otherwise.  To  the  natural  taste,  it 
imparts  a  bitter  and  nauseous  flavor  to  the  bever- 
age, but  this,  by  custom,  becomes  tolerable  or  even 
agreeable. 

Chicory  is  scarcely  entitled  to  rank  as  a  medicine, 
although  it  is  laxative  and  about  similar  to  dandelion 
in  its  effects.  The  root  contains  inulin,  like  many 
others  in  the  family,  hitter  extractive,  and  sugar.  The 
flowers  contain  a  peculiar  glucoside. 

Henry  H.  Rusdy. 


Chigger. — Chigoe,  jigger,  the  sand  flea,  Sarcopsylla 
penetrans.  The  female  of  this  species  buries  the  an- 
terior portion  of  her  body  in  the  flesh  of  man  and  her 
abdomen  becomes  enlarged;  .she  then  discharges  a 
number  of  eggs.  This  species  is  a  great  pest  in 
some  regions.  In  one  reported  case  a  man  had  three 
hundred  on  his  bodv.     See  Itisects,  parasitic. 

A.  S.  P. 

Chilbain. — See  Dermatitis  Calorica. 

Childhood. — Only  in  very  recent  years  has  the 
child  begun  to  come  into  its  own;  the  raising  of 
plants  of  many  kinds  and  of  brute  animals  has  for 
many  centuries  been  a  scientific  art.  biit  only  now  are 
we  beginning  to  realize  effectively  that  "children 
are  the  most  important  of  all  crops."  Childhood  is 
still,  however,  comparatively  little  understood  save 
in  the  most  obvious  respects,  and  there  yet  remain 
to  be  written  really  scientific  treatises  on  the  nature 
of  the  child,  physiological  in  particular,  properly 
adequate  to  the  unique  importance  of  the  subject. 

The  fourteen  years  or  so  between  birth  and  puberty 
we  may,  although  not  technically,  know  as  childhood. 
Its  beginning  is  the  separation,  for  the  most  part,  of 


it  begins  a  much  more  varied  career  and  liecomes 
more  nearly  unified  with  its  environment  through 
many  various  channels  and  in  a  large  number  of 
respects.  As  Fiske  long  ago  pointed  out,  it  is  because 
of  man's  uniquely  long  childhood  more  than  anything 
else  that  his  general  predominance  in  the  world  is 
due :  meanwhile  he  imitates  his  parents. 

Crowth  has  been  the  laborious  subject-matter  of 
many  researches  since  E.  Hitchcock's  work  and  that  of 
Henry  Pickering  Bowditch  on  Boston  school-children 
in  1878.  Of  late  more  attention  has  been  paid  to 
growth  in  relation  to  exercise  and  to  sex,  and  especially 
to  mental  growth.  H.  \'ierordt's  "  Daten  unrl 
Tabollen"  remains  the  chief  reference-book  on  the 
statistics  of  children's  growth  as  in  other  organic 
fields. 

Weight. — The  average  weight  at  birth  of  the  female 
child  of  American  parents  is  about  3,150  grams,  or 
seven  pounds,  and  that  of  the  male  child  is  one  or 
two  himdred  grams  more.  Largely  for  the  reason 
that  the  average  infant  assimilates  little  nourishing 
food  for  the  first  day  or  .so,  its  weight  falls  in  two  or 
four  days  17.5  grams  and  often  more.  In  babies  fed 
from  vigorous  breasts,  however,  this  loss  is  often 
much  less  or  even  none.  At  ten  days  of  age  the  child 
weighs  100  grams  more  than  at  birth.  For  the  first 
six  months,  .speaking  roundly,  the  infant  gains  twenty- 
five  grams  daily,  and  for  the  next  six  months  fifteen 
grams.  The  birth-weight  is  about  doubled  at  five 
months  and  trebled  at  fifteen  months.  When  a  vear 
old  the  child  weighs  9,000  or  9,800  grams  (20-21 
pounds),  and  this  weight  is  do\ibled  at  seven  years 
and  quadrupled  at  fourteen.  Breast-fed  liabies  gain 
in  weight  much  more  regularly  and  certainly  during 
the  first  half-year,  Init  later  the  difference  between 
these  and  those  fed  from  the  bottle  with  modified 
cow's  milk  is  not  so  marked.  The  liability  to  death 
is  very  much  greater  in  bottle-fed  infants,  especially 
if  the  milk  be  improperly  modified  and  cared  for,  and 
the  improvement  in  infant  mortality-rate  in  most 
localities  in  the  last  five  years,  since  this  matter  has 
been  properly  attended  to  by  education,  is  most  grati- 
fying and  should  encourage  the  medical  profession  to 
be  energetic  in  other  needed  reforms — for  the  reward 
is  great. 

Data  compiled  by  Burk  from  measurements  made 
by  Bowditch  and  others  in  Boston,  St.  Louis,  and  Mil- 
waukee (68,000  children)  give  the  weight-norms  in 
kilograms  for  American  city-children  as  follows: 


Approi.  age. 

i     6.5 

7.5 

8.5 

9.5 

10.5 

11.5 

12.5 

13.5 

14.5 

15.5 

16.5 

17.5 

Boya  . .  .■ 

20.50 

22.45 

24.72 

27.03 

29.66 

32.07 

34.88 

38.46 

43.18 

48.72 

64.88 

Girls 

19.69 

21.64 

23.81 

26.03 

28.53 

31.52 

35.70 

40.23 

44.59 

48.40 

50.94 

52.34 

the  new  indi^ndual  from  its  mother's  body.  Its  other 
terminus  is  the  commencement  of  the  time  when  this 
new  being  may,  in  turn,  become  mother  or  father  to 
another  generation.  In  most  all  respects  childhood 
merges  into  adulthood  gradually.  It  is  only  in  the 
reproductive  phases  of  mental  and  bodily  function 
that  entirely  new  events  begin,  although  these  widely 
pervade  in  one  way  or  another  both  the  body  and  the 
mind. 

The  commencement  of  childhood  is  likewise  gradual 
in  some  respects  so  far  as  the  various  bodily  func- 
tions go.  Yet  the  imique  act  of  being  born,  the  be- 
ginning of  respiration,  of  digestion,  of  excretion,  the 
changes  in  the  circulation,  and  the  starting  of  action 
in  most  of  the  sense  organs,  make  the  extrauterine 
life  sufficiently  different  from  that  within  the  womb. 
Formerly  the  fetus  was  influenced  from  without  itself 
almost  wholly  (aside  from  mechanical  impacts 
wholly)  through  the  mother's  blood.     Now,  however. 


Whipple  in  his  valuable  "Manual  of  Mental  and 
Physical  Tests"  (Baltimore,  1910)  reports  general 
results  as  follows  in  part  from  the  weight  data  already 
available:  As  in  case  of  height,  girls  exhibit  the 
prepubertal  increase  in  weight  some  two  years  earlier 
than  boys,  and  are  for  the  years  twelve  to  fifteen 
heavier  than  boys  of  the  same  age.  Growth  in  weight, 
as  in  height,  is  subject  to  some  lessening  of  rate  at 
nine  years  for  girls  and  at  eleven  for  boys.  Boys 
continue  to  increase  in  weight  after  girls  have  prac- 
tically attained  their  maximal  normal  weight.  Girls 
grow  most  rapidly  from  ten  to  fifteen  years,  boys  from 
twelve  to  seventeen  years.  Mean  variations  in 
weight  are  largest  during  the  period  of  fastest  grow-th. 
First-born  children  exceed  later-born  children  in 
weight  at  least  during  the  period  from  six  to  fifteen 
years,  though  the  reverse  is  true  of  weight  at  birth. 
The  difference  is  slight  but  very  regular  (Boas). 
Children   of  the  non-laboring  classes    are    as  a  group 
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heavier  than  children    of   the    laboring    classes    (Bow- 
ditch)  .    Children  of  American-born  parents  are  heavier 
than   those   of   foreign-born   parents.     The   boys   in 
truant  schools  are  lighter  than  boys  in  the  public 
schools   save   at   the   age   of  ten    (Kline,    Smedley). 
Children  with  abnormalities  are  below  the  average  in 
weight  (MacDonald). 

It  is  full  time  that  physicians  began  to  realize  that 
the  average  child  of  the  "laboring     classes  (the  term 

grams.     In  one  instance  (case  No.  4683)  the  protein 
was  only  twelve  grams  and  in  the  same  case  the 
carbohydrates  twenty-eight  grams.     It  will  be  seen 
that  the  average  number  of  calories  yielded  by  the 
school  diet  was  2,153  while  that  by  the  home  diet  was 
but  705,  or  a  ratio  of  nearly  three  to  one." 

The,  total  food  taken  is  shown  in  another  way  in  the 
following  table: 

is  wholly  misleading  unless  we  remember  as  we  use  it 
that  it  refers  to  muscular  rather  than  to  mental  or 
psychophysical  labor)  is  somewhat,  and  oft«n  greatly, 
underfed.     Knowledge   of  this  fact  by  the  medical 
profession  will  sooner  or  later  lead  to  reform.     Funda- 
mental evidence  of  the  truth  of  this  deplorable  propo- 

Weight in  kilograms. 

Av.  No.  of  calories  peT 
kilo,  of  body-weight. 

17  to  19  (5  cases) 

20  to  24  (7  cases)     

137.4 
112  5 

sition  is  to  be  had  from  the  extensive  work  of  Bowditch 
quoted  above  and  printed  in  italics.     More  direct 

25  to  29  (12  cases) 

30  to  34  (4  cases)    

103.8 
99  7 

confirmation  was  offered  lately   bv  E.    A.   Locke   of 

78.6 

Boston,  in  a  paper  before  the  American  School  Hy- 
giene Association  in  that  city.     Eighty-two  jer  cent. 
of  the  191  children  whose  home  diets  were  studied  were 

73  8 

55.45  (1  case) 

67  4 

between  the  ages  of  eight  and  fourteen  and  they  were 
all  tuberculous  in  one  place  or  another;  sLxty-six  per 
cent,  were  in  the  first  stage  of  the  disease. 

' '  The  investigation  of  the  home  diet  referred  to  above 
revealed  an  almost  uniform  deficiency  in  the  amount 
of  nutriment  furnished  the  children,  and  in  a  consider- 
able percentage  of  instances,   obvious  faults  in  the 
selection  and  preparation  of  the  food.     An  excellent 
idea  of  the  character  of  the  diet  provided  by  the 
family  as  compared  with  the  total  ingested  is  given 
by  the  following  table. 

These  amounts  are  from  50  per  cent,  to  100  per 
cent,  higher  than  the  food-requirement  standards  as 
given  by  Camerer.     No  forced  feeding  was  done  and 
close  observation  dailj-  faQed  to  show  any  sign  what- 
ever of   overfeeding.     "Our  experience  in  the   hos- 
pital school"  says  Locke,  "leaves  \is  with  the  convic- 
tion that  in  treating  tuberculous  children  in  open-air 
schoolrooms,  especially  during  the  winter  months,  a 
diet  comprising  from  90  to  120  grams  protein,  300  to 
400  grams  carbohydrate,  and  100  to  125  grams  fat,  or 

Case 

Wt. 
Lbs. 

Protein 

(Grams) 

Carbohydrate 
(Grams) 

Fat  (Grams) 

Calories 

Total 

No. 

School 

Home 

School 

Home 

School 

Home 

School 

Home 

Calories 

307 

5630 

5236 

78 
68 
59 
52 
59 

66 
76 
131 
45 
68 
56 
38 
80 
80 
84 
90 
65 
86 
73 
83 
77 
80 
55 
115 
127 
83 
75 
71 
90 
95 

26 
14 
26 
20 
21 
22 
40 
30 
14 
27 
25 
34 
16 
20 
38 
33 
29 
22 
67 
89 
23 
12 
22 
28 
24 

230                   70 
226                   54 
344                   55 
162                   94 

300  50 
239                   81 
216                 114 
298                   85 
265          i          79 
350          j          66 
249          1        101 
329                 161 

301  70 
292          '          88 
300                 112 
272                   90 
434                   96 
198                   89 
340                   79 
352                   77 
319                   78 

54 
71 
49 
42 
58 
54 
55 
81 
62 
71 
65 
61 
71 
57 
71 
63 
69 
46 
125 
148 
98 
53 
76 
71 

21 
16 
14 
20 
23 
23 
40 
37 
17 
27 
17 
25 
19 
31 
31 
32 
29 
25 
46 
58 
25 
IS 
22 
35 
27 

1,716                589 
1,899       '         428 
2,403                421 
1,239                653 
2,048                 505 
1,712        1          636 
1,553       ;       1,003 
2,303                 816 
1,991                 539 
2,440                 632 
1,994                 675 
2.182              1,033 
2,247                 529 
2,027        '          731 
2,230                 993 
1,917       !         802 

2,305 
2,327 
2,824 

6704 

5543 

1,892 
2,553 
2,348 

1315 

70 

102 

82 

2,556 

3564 

4770 

3,119 
2,530 

5020  . .      . 

3,072 

1418 

86 

2,669 

5571 

3,215 

6102 



2,776 

4758 

78 

56 

60 

70 

42 

102 

100 

110 

114 

94 

2,758 

6127 

3,133 

6164..    . 

2,719 

2771 

2144 

900 

2,749 
1,465 
3,028 
3,340 
2,559 
1,817 

782 
688 
1,107 
1,220 
647 
304 

3,531 
2.153 
4,135 

2472 

4,560 

6062 

3.206 

4683  . .    . 

248 
314 
299 
323 

28 
71 
65 
82 

2,121 

3604 

2.286                 586 
2,243                 719 
2,430                 686 

2,872 

1194 

2,962 

Home 

3,116 



Considering  the  fact  that  the  children  were  supposed 
to  have  a  full  meal  at  home  before  leaving  for  the 
hospital  school  in  the  morning  and  on  their  return  at 
night,  the  home  diet  is  surprisingly  deficient.  The 
uniformity  In  the  fuel  value  is  also  striking.  It  will 
be  seen  that  the  minimum  total  calories  provided  was 
304  (case  No.  4683)  and  the  maximum  1,220  (ease 
No.  2472)  and  the  average  705  calories.  An  examina- 
tion of  the  grams  of  each  food  constituent  in  the  home 
diet  indicates  that  all  participate  in  the  deficiency 
but  the  carbohydrate  to  a  proportionately  greater 
degree,  however,  than  either  the  protein  or  fat.  The 
average  amount  of  carbohydrates  was  but  eighty-one, 
the  protein   twenty-five,  and   the   fat   twenty-seven 
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a  value  of  2,500  to  3,200  calories  per  diem"  is  neces- 
sary. To  the  physiologist,  on  the  other  hand,  here 
is  e\'idence  enough,  when  added  to  that  of  the  under- 
growth of  relatively  indigent  children  (Bowditch),  and 
to  the  results  of  general  observation,  to  the  frequency 
of  tuberculous  infection  among  them,  etc.,  that  such 
children  are  often  if  not  usually  underfed. 

Height. — The  average  length  of  babies  when  born 
is  49  or  50  centimeters.  In  a  year  this  has  increased 
to  about  70  centimeters,  in  two  years  to  79  centimeters, 
in  three  years  to  86.5  centimeters,  in  four  years  to 
93  centimeters,  and  at  the  end  of  five  years  the 
average  height  is  almost  a  meter.  After  this  period 
the  child  grows  not  far  from  6  centimeters  yearly,  so 
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that  wlu'ii  ho  or  she  is  fifteen  the  height  is  jiust  about 
treljU^  that  at  birth,  or  150  centimeters,  its  (ioiibling 
having  occurred  at  the  beginning  of  the  seventh  year. 
Rotch  notes  that  growth  in  heiglit  is  fastest  in  the 
spring. 

Heubner's  table  of  statures  during  tlie  first  year, 
derived  from  various  observers,  is  as  follows: 


Boys. 


Girls. 


cm. 

At  birth 51.0 

End  of  the  first  month 52.5 

End  of  the  second  month 55 .  3 

End  of  the  third  month 57 .  8 

End  of  the  fourth  month 60.1 

End  of  the  fifth  month 61.3 

End  of  tlie  .sixth  month 62.6 

End  of  the  seventh  month 64.6 

End  of  the  eighth  month 65.6 

End  of  the  ninth  month 67.8 

End  of  the  tenth  month [67.01 

End  of  the  eleventh  month 69.0 

End  of  the  twelfth  month 70 . 3 


cm. 
49.0 
51.3 

54.8 
56 . 7 
58.7 
60.2 
61.5 
63.2 
64.3 
05.4 
67,2 
68.1 
69.2 


The  mean  statures  of  children  between  the  end  of 
the  first  year  and  school  age  are  lacking  owing  to  the 
inaccessibility  of  large  numbers  of  infants  at  this  age. 
Heubner's  figures  for  boys,  however,  seem  to  be  fair 
means;  at  end  of  first  vear,  70.6  centimeters;  second 
year,  81.1;  third  year,"  87.2;  fourth  year,  92. .5;  fifth 
year,  99.9  (a  boy  on  his  fifth  birthday  "shonld  be" 
in  Germany  a  meter  tall);  end  of  sixth  year,  106.5 
centimeters. 

The  best  figures  available  (because  made  by  ex- 
perts and  from  more  than  88,000  American  children) 
are  thus  arranged  by  Boas: 


earlier  to  stop,  and  less  in  the  total  than  in  normal 
children  and  adolescents. 

JIni(l-mciisiiremcnls  are  of  im7)ortance  in  estimating 
the  status  of  children  for  [)ractical,  as  well  as  for 
scientific,  purijoses.  Boas,  West,  C'hamberlain,  and 
other  Americans  have  made  such  measurements  ex- 
tensively and  these  are  thus  tabulated  by  West. 

DlAMF.TKlls  OF  THE  SkDLL,  AND  CePHALIC  InDBX. 


Average 

length. 

AvcriiKC 

width. 

Cephalic  index. 

Age. 

Boys. 

Girls. 

Boys. 

Girls. 

Boya. 

Girls. 

mm. 

mm. 

mm. 

mm. 

per  cent. 

per  cent. 

5 

176 

174 

140 

138 

79.56 

79.40 

6 

177 

172 

142 

139 

78.94 

79.60 

7 

179 

175 

142 

140 

79.42 

80.02 

8 

180 

174 

143 

141 

78.71 

80.41 

9 

181 

176 

144 

140 

79.63 

79.41 

10 

182 

177 

145 

142 

80.30 

79.46 

11 

183 

180 

144 

142 

78.80 

78.90 

12 

183 

180 

145 

143 

79.40 

79.40 

13 

184 

181 

147 

145 

79.50 

79.60 

14 

187 

183 

147 

144 

78.60 

79.00 

15 

188 

184 

148 

146 

78.59 

78.99 

IB 

191 

184 

149 

144 

77.81 

78.48 

17 

189 

185 

150 

146 

78.34 

78.50 

18 

192 

186 

151 

147 

78.88 

79.36 

19 

192 

183 

150 

145 

78.33 

79.68 

20 

195 

182 

152 

147 

77.88 

79.41 

21 

192 

186 

153 

145 

79.29 

78.36 

Whipple  notes  the  following  considerations  (among 
others)  from  these  statistics:  In  boys,  length  of 
head  continues  to  increase  until  the  age  of  twenty- 


Age. 

5.5     1      6.5 

7.5 

8.5          9.5 

10.5 

11.5 

12.5 

13.5 

14.5 

15.5 

16.5 

17.5 

18.5 

Boys       

105.90    111.58 
104.88    110.08 

116.83 
116.08 

122.04    126.91 
121.21     126.14 

131.78 
131.27 

136.20 
136.62 

140.74 
142.52 

146.00    152.39 
148.69    153.50 

159.72 
156.50 

164.90    168.91 
158.03  |159.14 

171.07 

Girls 

Whipple  reports  the  following  important  results 
among  others  from  stature  statistics  so  far  gathered: 
There  is  a  period  of  slower  growth  in  height  in  boys 
at  eleven  years  of  age,  and  a  similar,  though  less 
marked,  retardation  in  girls  at  nine  years  of  age. 
During  the  period  of  approximately  eleven  to  four- 
teen years  girls  are  taller  than  boys  of  the  same  age, 
because  the  prepubertal  acceleration  of  growth  oc- 
curs earlier  in  girls.  Boys  continue  their  growth  in 
height  later  than  do  girls.  Children  of  purely  Amer- 
ican descent  are  taller  than  those  of  foreign-born 
parentage  (Bowditch,  Peckham).  Children  of  the 
non-laboring  classes  are  as  a  group  taller  than  children 
of  the  laboring  classes  (Bowditch,  Roberts).  Accord- 
ing to  Bowditch,  large  children  make  their  most 
rapid  growth  at  an  earlier  age  than  small  ones,  but 
according  to  Boas  this  induction  is  untenable.  The 
height  of  American-born  children  is  modified  by  den- 
sity of  population.  Urban  life  decreases  stature  from 
five  years  of  age  (Peckham) .  According  to  Kline,  boys 
in  the  public  schools  are  taller  than  boys  in  truant 
schools,  save  at  the  age  of  ten.  Similarly,  Smedley 
found  the  boys  in  the  Chicago  School  for  Incorrigi- 
bles  and  Truants  shorter  than  more  nearly  average 
boys  from  the  tenth  year  on.  Children  with  ab- 
normalities are  inferior  in  height  to  children  in  general 
(MacDonald). 

Goddard  has  very  recently  published  statistics 
from  measurements  made  in  nineteen  institutions  by 
as  many  observers  which  show  that  the  feeble-minded 
are  heavier  at  birth  than  are  normal  children,  and 
that  the  growth  of  the  defectives  is  much  more  erratic. 
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one;  in  girls,  until  eighteen.  Growth  both  in  length 
and  -nddth  is  very  irregular.  Boys'  heads  are  longer 
and  wider  than  those  of  girls  throughout  the  whole 
period  of  growth,  and  consequently  throughout  life. 
Width  of  head  is  greater  in  precocious  children  than 
in  dull  children  (Porter).  Binet  similarly  finds  the 
heads  of  the  miintelligent  are  smaller  than  those  of 
the  intelligent  in  all  dimensions  save  in  vertical  di- 
ameter and  from  base  of  nose  to  the  end  of  the  chin; 
where  the  contrast  in  intelligence  is  very  great,  dif- 
ferences averaging  three  or  four  millimeters  appear 
particularlv  in  the  breadth:  bright  children  have  wide 
heads.  MacDonald  showed  that  dolicocephaly 
(long-headedness)  increases  as  the  ability  decreases; 
dull  and  unruly  boys  are  dolicocephalic.  German 
(Munich)  children  of  six  and  one-third  years  show 
results  somewhat  different  from  those  last  cited  for 
American  children.  Miss  Lee  fomid  no  correlation 
between  the  estimated  skull  capacity  and  the  intel- 
lectual capacity  (what  is  "intellectual  capacity"?) 
of  sixtv  men  and  thirty  women. 

Theoretically  more  important  than  the  norms  of 
weight,  stature,  etc..  are  two  related  subjects  that 
are  just  beginning  to  receive  something  of  their  duo 
attention — namely,  physiological  (as  contrasted  with 
chronological)  age;  and  the  Tcsnective  variabilities  in 
the  appearance  of  developmental  events.  The  former 
has  educational  importance  of  the  first  degree  and 
without  knowledge  of  the  latter  the  former  is  em- 
pirical rather  than  a  matter  of  scientific  determina- 
tion. Neither  Crampton's  criterion  of  jihysiological 
age   (pubescence)  or  Rotch's  (the  ossification  of  the 
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epiphyses)  seems  general  enough  to  be  an  adequate 
index  of  a  thing  so  extremely  complex  as  physiological 
and  psychological  age;  we  might  more  reasonably  seek 
it,  it  seems  to  the  writer,  in  some  such  event  as  the 
rise  or  awareness  of  conscious  personality  as  an  agent, 
the  "finding  of  one's  self,"  appreciation  of  motor 
capability  in  general,  conscious  skill  in  the  use  of 
the  neuromuscular  mechanism — or  however  else 
this  fairly  definite  milestone  in  personal  evolution 
might  best  be  denoted  and  described.  One  can 
readily  see  in  the  developing  individual  three  general 
stages — namely,  the  vegetal,  the  "animal"  (bnite), 
and  the  properly  human.  True  criterion  of  physio- 
logical age  will  be  delimited  only  when  someone  has 
defined  the  definite  characteristics  of  the  beginning 
of  the  tliird  stage.  Perhaps  the  functions  of  the 
neuromuscular  mechanism  will  most  accurately  pro- 
vide the  data  for  such  a  standard  of  comparison. 

Franz  Boas  of  Columbia  has  determined  the 
variability  of  various  structural  and  functional  events, 
and  we  quote  below  a  table  of  some  of  them.  It  is 
obvious  that  the  variability  in  general  is  inversel.v 
as  the  rate  of  rejuvenation  and  more  or  less  directly 
as  the  rate  of  senescence,  to  adopt  and  use  Minot's 
terms.  We  may  suppose,  then,  that  in  general 
variability  depends,  and  largel.v  perhaps  on  the  rate 
of  change  or  growth  at  that  period. 

"The  mean  square  variability  of  the  chronological 
age  at  which  a  certain  point  in  the  physiological 
development  of  an  individual  is  reached  is  contained 
in  the  following  table: 

Age.  Observations.  Varia- 

bility. 

0.0  Pregnancy =1=  0.04 

0.6  First  incisors =t  0.21 

1.6  First  molars ±  0.31 

4.2  Ossification  of  scaphoid  bone,  girls =*=  1.4 

4.2  Ossification  of  trapezoid  bone,  girls ±  1.2 

5 . 8  Ossification  of  scaphoid  bone,  boys ±  1.1 

6.2  Ossification  of  trapezoid  bone,  boys ±  1.3 

7.0  Inner  permanent  incisors,  girls ±  1.6 

7.5  Inner  permanent  incisors,  boys ±  1.4 

8.9  Outer  permanent  incisors,  girls ±  2.1 

9.0  Bicuspids,  girls =fc  2.8 

9.5  Outer  permanent  incisors,  boys ±  2.1 

9 .  8  Bicuspids,  boys ±  1.6 

11.2  Permanent  canines,  boys ±    1.4 

11.3  Permanent  canines,  girls ±    1.0 

12.7  Beginning  of  pubescence,  boys =t    1.6 

12.8  Second  molars,  girls ±    1.6 

13.2  Second  molars,  boys ±    2.0 

14  . 6     Completed  pubescence,  boys ±    1.1 

14.9  Puberty,  girls =t    2.0 

19.3  Wisdom  teeth,  boys =t    2. 1 

22 . 0     Wisdom  teeth .  girls ±    l.g 

35.0     Preauricular  wrinkles ±    6.6 

36.5     Hair  on  tragus ±    8.3 

44 .  5     Menopause dt    5,3 

62 .  5     Death  due  to  arterial  diseases,  men ±13.2 

"It  appears  from  this  table,  which  may  be  repre- 
sented in  the  form  of  a  curve,  that  the  variability  of 
the  physiological  stages  of  development  increases 
very  rapidly — roughly  speaking,  so  that  its  logarithm 
is  about  proportional  to  the  actual  age,  or,  to  use  the 
term  applied  by  Dr.  Crampton  and  Professor  Rotch, 
to  the  "chronological  age."  The  causes  that  lead  to 
this  rapidly  increasing  variability  are  so  far  entirely 
unknown.  It  is  certain,  however,  that  there  must 
be  definite  causes  at  work  which  bring  about  this 
phenomenon;  for,  if.  the  variability  were  due  to  ac- 
cidental causes  only,  it  would  increase  considerably 
Blower  than  in  a  ratio  proportional  to  the  increasing 
age." 

The  proportions  of  the  various  organs  differ  not  a 
little  in  childhood  and  adulthood.  Of  these  the 
relative  weights  of  brain  and  spinal  cord  to  the  bodv 
are  most  conspicuous.  According  to  Bischoff,  the 
brain  at  birth  weighs  one-eighth  as  much  as  does  the 
whole  body,  at  the  end  of  one  year  one-sixteenth  as 
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much,  and  at  fourteen  one-twentieth  as  much.  In  the 
adult  the  brain  is  only  about  one-forty-third  of  the 
body  by  weight.  Similarly  with  the  spinal  cord;  at 
birth  it  is  one  five-hundredth  as  heavy  as  the  body, 
but  in  the  adult  only  one  fifteen-himdredth  as  heavy. 
This  relative  preponderance  of  the  nervous  system 
is  clearly  seen  in  the  conduct  of  the  child.  The  actuat- 
ing aspects  of  the  ner\'ous  system  are  especially 
conspicuous,  while  its  inhibitory  functions  are  relatively 
little  developed. 

The  liver  and  the  adrenals  are  relatively  large  in 
childhood,  the  spleen  relatively  small. 

The  blood  is  relativelj'  less  abundant  in  new-born 
children  (1  :  15.5)  than  in  adults  (1  :  13),  as  is  also  its 
hemoglobin,  seventy-five  per  cent.  On  the  other 
hand,  the  lymph  is  more  abundant  proportionally,  as 
the  more  active  metabolism  of  the  child  demands. 

At  birth,  according  to  Schiff,  the  blood  contains 
from  seven  to  eight  million  erythrocytes  (reds)  per 
cuhiic  millimeter,  reaching  its  normal  figure  of  four 
and  a  half  or  five  million,  however,  in  about  a  fort- 
night thereafter.  Grendobin  found  the  leucocytes 
(white  cells)  also  more  numerous  soon  after  birth; 
from  the  tenth  day  to  the  end  of  the  first  year  the 
number  per  millimeter  varies  between  ten  and  fourteen 
thousand,  while  in  older  children  the  number  ranges 
from  seven  to  ten  thousand.  During  the  first  year 
from  three-quarters  to  two-thirds  of  the  leucocytes 
are  lymphocytes  and  only  one-third  polynuclears, 
while  in  the  adult  the  proportions  are  just  the  opposite. 
The  specific  gravity  of  the  blood  in  the  first  month 
is  about  1050  (Hoch  and  Schlesinger),  about  eight 
thousandths  less  than  the  mean  specific  weight  of 
adult  blood,  v.  Dusch  foiuid  that  in  the  newly  born 
the  ratio  of  the  heart  to  the  body  weight  is  at  its 
maximum,  that  it  sinks  during  the  second  year  to  a 
relative  mininumi,  rising  again  up  to  the  seventh 
year,  after  which  (cf.  the  brain)  the  ratio  remains 
constant,  save  for  the  life -minimum  during  the  last 
year  of  puberty. 

The  circulation  during  childhood  differs  from  that 
in  adult  life  chiefly  in  its  irregularity  and  variability. 
Especially  is  this  so  in  girls  and  during  the  first  six 
or  eight  years.  This  is  due  to  several  causes,  among 
which  are  the  greater  elasticity  and  variability  of 
the  tissues,  particularly  the  blood-vessels;  the  in- 
complete development  of  the  circulation  regulating 
nerve  centers ;  and  the  greater  irritability  of  the  nerves. 
There  is  often  a  better  marked  dicrotism  in  the  pulse 
of  a  child  than  can  be  found  in  adults.  This  is  due 
doubtless  to  a  greater  elasticity  of  the  arterioles. 
The  pulse-rate  appears  to  lessen  from  its  beginning 
early  in  fetal  life  (up  to  about  seventy  years,  when  it 
increases  slightly),  and  to  be  always  faster  in  females 
than  in  naales.  As  was  said  above,  in  the  fetus  it  is 
from  160  down  to  120  or  so;  at  one  year  it  is  about 
110;  at  four  years  100  or  more;  at  eight  years  85;  four 
years  later  80;  in  adult  years  fron  70  to  SO.  For 
girls  the  rates  are  considerably  higher.  Many  cases 
of  heart-rate  as  low  as  35  are  to  be  found  in  every 
long  series  of  pulse  records.  According  to  Vierordt 
the  circulation  lime  at  birth  is  twelve  seconds,  while 
recent  research  has  shown  the  time  required  in  the 
adult  to  be  about  forty  seconds.  There  is  little  satis- 
faction to  be  had  clinically  in  the  child's  pulse  because 
it  is  so  variable  a  process  even  in  perfect  health, 
especially  up  to  the  ninth  or  tenth  year. 

Because  of  the  more  active  muscular  life  and  metab- 
olism of  the  child,  the  lymph  flow  in  children  is  live- 
lier than  in  adults.  The  vital  process  is  correspond- 
ingly strong.  The  lymph  glands  and  the  lymph 
vessels  are  relatively  larger.  Digestion  (especially) 
of  fats)  and  nutrition  are  relatively  better  in  child- 
hood, the  lymph  taking  an  important  part  in 
nutrition. 

Respiration  during  childhood  differs  likewise  from 
the  adult  process  chiefly  in  its  greater  activity  and 
in  its  larger  variability  under  different  circumstanc  e  s 
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The  breath  luovements  are  more  (lia])liragniatie  and 
abdominal  tliaii  in  the  adnit,  the  intercostal  nnisolea 
being  relatively  weak.  The  respiratory  movements 
of  the  chest  according  to  L'ffelmann  are  at  birth  .'55 
per  minnto  (uii  to  (iO);  at  one  year  old,  27;  at  two 
years,  25;  at  six  years,  22,  and  "at  twelve  years,  20. 
Very  often  indeed,  however,  one  sees  breatli  rates 
averaging  five  higher  than  these  fignres  indicate. 
The  breath  rhythm  is  very  vague  during  the  first 
years  of  life  and  varies  greatly  from  little  causes, 
such,  for  exanii)le,  as  emotion.s,  muscular  activity, 
and  physiological  variations  in  body  temperature. 
Periods  of  apnea  of  short  duration  are  normal,  while 
the  rate  on  either  side  of  such  a  period  may  vary 
many  breaths  per  minute,  at  one  time  70,  at  another 
40.  The  imperfect  connection  of  the  various  vital 
centers  in  the  medulla  plus  the  relative  .strength  of 
the  emotional  expressions  will  in  part  explain  these 
irregularities. 

The  depth  of  breathing  (relative  volume  of  air  in- 
spired) by  infants  has  been  determined  by  Gregor. 
He  found  the  ntimber  of  cubic  centimeters" of  air  in- 
spired in  sleep  during  thefir.st  semester  to  average  35, 
at  the  middle  of  the  second  year  78,  and  at  the  end 
of  the  latter,  136.  In  waking  hours  these  figures  are 
smaller.  A  chOd  six  months  old  breathes  in  about 
2,500  c.c.  per  minute,  and  one  eleven  or  twelve  years 
of  age  about  double  that  amount — tliree  hundred 
liters  per  hour. 

The  bronchi  and  trachea  are  proportionally  larger 
than  in  adulthood,  while  the  alveoli  are  relatively 
smaller.  Because  partly  of  this  we  find  the  common 
pneumonia  of  infancy  to  be  of  the  bronchial  type, 
while  that  of  middle  life  affects  the  alveoli  liiore 
especially:  lobar  pneumonia. 

Nutrition  in  children  is,  in  general,  more  vigorous 
in  all  directions  than  it  is  in  adults,  excepting  in  the 
first  few  months.  The  full  power  of  the  digestive 
enzymes  does  not  develop  all  at  once,  but  more  or  less 
gradually  in  the  first  third  or  half  of  the  first  year. 
This  is  particularly  true  of  the  amylolytic  juices. 
Starch,  in  particular,  is  ill-digested  in  the  first  months. 
Normally,  that  is  in  woman's  milk,  the  only  carbohy- 
drate ingested  is  lactose  or  milk-sugar.  In  general, 
however,  the  child  from  three  years  onward  digests 
more  vigorously  than  the  adult  does,  for  the  supply 
of  digestive  juices  is  proportionally  greater  and  the 
alimentary  movements  more  active.  It  is  by  this 
means  that  the  child's  commissary  organs  are  able 
not  only  to  replace  the  protoplasm  worn  out  by  the 
intense  youthful  activities,  but  to  do  more — to  ca>ise 
the  rapid  growth  of  the  body.  As  we  have  seen,  this 
causes  a  doubling  of  the  body  weight  between  seven 
and  fourteen  years.  The  child's  digestive  system,  like 
all  his  others,  is  more  plastic  and  more  adaptable  than 
the  adult's,  not  having,  as  yet,  become  habituated  to 
certain  ruts  such  as  most  grown-up  persons  fall  into,  in 
part  of  mental  origin  but  always  in  the  nature  of  defect. 

Gundobin  found  the  length  of  the  intestine  of  the 
nursling  to  be  proportionally  greater  than  that  of 
the  adult  by  about  thirtj'-three  per  cent.;  the  small 
intestine  is  relatively  longer  than  the  large.  In  in- 
fants the  entire  intestine  varied  in  length  from  132 
to  376  centimeters  (as  compared  with  612  to  904  in 
the  adult).  The  number  and  height  of  the  valvuUe 
conniventes  are  less  proportionally  than  in  the  adult; 
there  averaged  in  five  intestines  examined  a  few 
weeks  old  between  200  and  400  of  these  (while  the 
adult  has  from  600  to  850).  On  the  other  hand,  the 
number  of  villi  is  greater  in  the  infant — seventeen  to 
twenty-six  in  a  running  millimeter  of  the  jejunum  to 
the  adult's  eight  to  sixteen.  The  glands  of  Lieber- 
kiihn  are  shorter  than  in  the  adult,  but  are  thicker 
and  more  numerous;  the  solitary  follicles  are  also 
more  numerous  and  Peyer's  patches  larger.  The 
musculature  of  the  intestine  of  young  children,  and 
its  nerves,  are  both  undeveloped  as  compared  with 
the  same  important  organs  in  the  adult. 


Korowin  found  that  the  parotid  gland  began  to 
secrete  ptyalin  only  in  the  fourth  week.  Zweifel 
found  the  pejisin  in  the  new-born  stomach  as  efficient 
as  in  the  adult,  and  recognized  protein-  and  fat-split- 
ting ferments  in  the  pancreas.  (Data  quoted  by 
Heubner.) 

Musndiir  nctinn  in  childhood  is  more  lively  V)ut 
inherently  less  accurate  than  that  of  the  adult.  The 
ultimate  usefulness  of  childhood  lies  in  its  aliility  to 
elaborate  the  neuronmsoilar  mechanism  into  the 
wonderful  perfection  seen  in  the  capable  and  clever 
adult.  All  know  how  vastly  complex  this  machine 
is,  how  countless  its  coordinations  and  its  combina- 
tions of  movement.  In  the  infant  up  to  four  months 
or  so  "voluntary"  movements  are  of  no  immediate 
use  at  all,  for  they  are  so  much  at  random  and  so 
grossly  inexact  as  to  be  only  general  tendencies  of 
action  toward  some  object  or  end.  From  this,  the 
merely  formative  stage  of  neuron  intcrknitting,  up 
to  the  expertncss  of  the  clever  craftsman  or  performer 
in  a  thousand  different  ways,  the  development  is  in 
the  direction  of  the  acquirement  of  better  and  ever 
better  and  more  numerous  coordinations  and  motor 
adjustments.  For  this  the  new  individual,  philo- 
sophically speaking,  was  "carnalized" — to  develop 
his  personality  in  one  way  and  another  by  satisfying 
effort,  and  always  only  by  means  of  his  neiironniscular 
mechanism,  Ijasis  of  his  life,  directly  or  otherwise. 

At  birth  the  outfit  of  the  human  animal  is  an  im- 
pulsive one,  because  biiilt  principally  out  of  proto- 
plasm which  has  inherent  in  it  the  impulse  to  activity. 
This  impulse  determines  action  of  some  kind.  In 
the  second  place,  the  efficient  organism  of  the  child 
at  birth  is  inherently  "reflex,"  the  neuromuscular 
part  of  it  being  made  up  of  a  series  of  circuits  and 
"reflexes"  that  includes,  in  the  third  place,  a  whole 
series  of  purely  reflex  inhibitions.  The  young  infant 
has  a  w-ell-defined  set  of  these  reflex  inhibitions,  as 
may  immediately  be  seen  from  the  phenomena  of 
reflex  attention  manifested  by  adapted  inhibitions  to 
sensory  stimuli  of  adequate  kind.  In  the  fourth  place, 
the  young  infant  at  birth  has  a  well-determined  set 
of  reflex  innate  desires  dominated  by  dull  pleasure 
and  pain.  In  these  four  ways,  at  least,  we  can  char- 
acterize the  psychomotor  outfit  of  the  infant  when 
he  "comes  into  the  world."  We  will  find  instances 
illustrating  all  these  characteristics  in  the  books  on 
child  study,  and  a  moment's  experimentation  dem- 
onstrates them  readily  on  the  latest  dear  comer 
into  our  household.  Such  an  impulsive  and  inhibi- 
tory reflex  mechanism  dominated  by  dull  pleasure 
and  pain  contains,  but  latent  and  potential,  the  ma- 
terial out  of  which  develops  the  motivated  freedom 
which  constitutes  humanity  free  to  do  or  not  to  do, 
and  therein  the  only  truly  mor.al  thing  on  earth,  as 
Immanuel  Kant  has  long  since  proclaimed. 

Aljout  the  actual  stages  of  development  of  the 
different  parts  of  tlie  brain  and  corti  in  the  child  at 
birth  there  is  still  much  unfortunate  ignorance,  so 
difficult  is  the  practical  problem  of  neurohistology. 
Already  then,  however,  the  cerebellum  is  more  or  less 
complete  in  general,  we  may  suppose,  because  it  is 
an  afferent  and  efferent  mechanical  center  carrying 
on  mechanical  coordinations.  Again,  the  reflex  ap- 
paratus of  the  cord,  etc.,  is  at  birth  fairly  well  finished. 
The  mechanism  of  reflex  inhibitions  is  more  or  less 
completed  (we  know  but  little  as  to  its  location  unless 
it  be  in  the  cortex)  and,  sometimes,  it  seems  as  if  re- 
flex recognitions  were  more  or  less  possible  very  early 
in  the  first  year.  In  this  suspected  recognition  we 
have  a  strongly  psychical  element,  and  a  highly  devel- 
oped and  complex  thing — reflex  recognition  of  the 
nursing  bottle  for  instance,  of  its  mother's  face,  and  of 
other  things  very  important  to  the  child,  such  es- 
pecially as  the  ])ower  of  recognizing  the  difference 
between  a  smile  and  a  frown.  It  would  be  difficult 
to  suggest  the  brain  pqths  for  such  functions  as  reflex 
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inhibition  and  recognition  that  did  not  involve -nidely 
separated  portions  of  the  cortex  of  the  hemispheres, 
if  not  of  the  internal  nuclei.  However  doubtful  the 
neurology,  the  facts  of  occurrence  at  an  early  date  allow, 
none  the  less,  of  no  doubt  at  all.  What  seems  espe- 
cially needed  is  definite  knowledge  as  to  the  relations 
of  the  cortex,  the  thalamus,  and  the  medullary  bulb 
at  and  soon  after  birth.  When  we  have  that  we  shall 
truly  understand,  it  seems  likely,  such  basally  im- 
portant human  functions  as  recognition  and  inhibition 
— and  not  before. 

A  child  three  or  four  months  old  of  course  cannot 
make  even  the  most  simple  voluntary  movement. 
Show  such  an  infant  a  big  red  rubber  liall,  and  how- 
ever much  he  wishes  it,  he  cannot  stretch  out  his 
hand  to  get  it.  He  can  and  does,  however,  make 
general  arm  and  leg  movements,  and  this  fact  shows 
that  there  is  read}'  comnnmication  of  indefinite  motor 
excitement  through  the  central  nervous  system.  It 
is  not  until  the  sixth  or  seventh  month  of  life  at  least 
that  the  child  begins  to  show  capability  of  stretching 
out  his  hand  deliberately  toward  an  object.  He  can- 
not do  it  before,  obviously  because  his  "motor" 
neurons,  the  "centers,"  have  not  developed  or  have 
not  interconnected,  or  both.  The  known  physio- 
logical facts  are  corroborated  by  observations  on  in- 
fant behavior  that  lead  us  to  believe  that  the  neuronal 
lack  in  question  is  largeh'  the  connection,  extensive 
and  complex,  between  the  rind  of  the  hemispheres 
and  the  reflex  vegetative  mechanism  of  the  sympa- 
thetic, the  cord  and  bulb,  and  cerebellum. 

The  first  step  in  the  process  of  the  persona!  evo- 
lution of  voluntary  movement,  then,  is  probably  an 
actual  development  in  the  extent  and  in  the  com- 
plexitication  especialh-  of  the  cerebral  neurons;  the 
underlying  development  of  voluntary  movement  is 
an  anatomical  one;  an  integration  of  the  personal 
nexirons  above  with  the  already  elaborate  system  of 
vegetative,  racial,  neurons  below.  For  the  purpose 
of  making  things  short  and  technical  we  may  call 
this  basal  process  "chemotactic  neuronal  integra- 
tion." Now,  in  fact,  we  do  not  know  much  about 
chemotaxis,  the  movement  of  certain  cells  toward 
or  from  other  cells  under  chemical  attraction.  The 
subject  has  been  discussed  chiefly  in  regard  to  the 
movement  of  plants  and  of  protozoa.  It  is,  at  any 
rate,  a  growth  or  movement  of  protoplasm  brought 
about  by  forces  we  call  chemical.  One  finds  an 
elaborate  discussion  of  the  subject  in  the  writings 
of  Max  Verworn,  for  example.  Ram6n  y  Cajal, 
conceded  to  be  one  of  the  experts  of  the  world  upon 
this  subject,  and  his  opinions  important  because  he 
has  studied  things  in  the  light  of  the  latest  methods 
(including  osmosis,  etc.),  supposes  that  the  inter- 
knitting  of  the  neurons  occurs  under  some  form  of 
chemical  reaction.  The  whole  tendency  of  physio- 
logical causation  being  in  this  same  direction,  and 
no  other  theorj'  even  as  satisfactor\',  we  may  tenta- 
tively accept  the  hypothesis  as  the  cause  or  method 
of  the  early  correlation  of  the  neurons  underlying 
the  evolution  of  the  individual  as  a  free  agent. "  As 
we  have  already  seen,  the  cerebellum  at  birth,  as 
the  mechanical  means  of  coordination,  is  much  more 
complete  than  the  cortex  of  the  larger  brain,  so  that 
we  ha\-e  to  think  of  the  growth  at  the  basis  of  motor 
development  as  taking  place  more  in  the  large  brain 
than  in  the  cerebellum  during  the  earl}'  months  of 
extrauterine  developments,  as  well  as  later,  and  in- 
deed throughout  the  life  of  the  individual.  The 
whole  tendency  at  present,  as  Hemmeter  has  recently 
pointed  out,  is  to  unify  chemotaxis  in  the  nervous 
system  with  harmonic  and  perhaps  with  kolyonic 
action  at  the  "synapses." 

Much  growth  at  the  basis  of  deliberate  motor 
development  takes  place  also,  there  can  be  little 
doubt,  in  the  large  internal  nuclei  of  the  hemispheres. 

Another  factor  in  the  process  of  the  development 
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of  voluntary  movements  in  the  young  infant  is  that 
of  a  gradual  conscious  clarification  of  the  "motor 
ideas."  Here  come  in  again  the  impulse  to  activity 
as  well  as  reflex  action.  In  fact,  from  the  earliest 
stages  of  intrauterine  life,  say  at  four  or  five  months, 
every  time  the  infant  moves  at  all  there  are  sensory 
impulses  or,  to  speak  more  accurately,  afferent  im- 
pulses, sent  to  its  brain,  and  the  brain,  as  we  know, 
is  the  chief  organ  of  consciousness.  Gradually,  in 
the  course  of  weeks  and  of  months  of  kicking  about 
and  of  general  reflex  activity,  these  sensory  impulses 
which  are  continually  being  sent  to  the  brain  become 
clearer  and  plainer  to  "the  organ  of  consciousness," 
if  not  to  the  actual  focussed  consciousness. 

A  third  factor  in  the  development  of  deliberate 
movement  as  a  faculty  in  the  infant,  for  lack  of  a 
better  term,  we  may  call  the  desire  in  each  case  to 
make  the  particular  movement.  This  factor,  always 
present  in  the  young  child  and  much  more  conspicu- 
ously than  in  the  adiilt,  is  obviously  a  feeling,  and 
an  inherent  part  of  the  neural  complex  of  the  in- 
fant's behavior.  It  is  a  part  of  the  innate  interest 
and  desire  to  have  and  to  do  things. 

A  fourth  factor  to  consider  in  the  process  of  the 
development  of  voluntary  movement  is  a  practical 
working  knowledge  of  spatiality,  of  that  which  we 
call  "space."  The  practical  development  of  the 
concept  of  space  in  the  infant's  mind  helps  to  de- 
velop its  powers  of  voluntary  movement.  A  child, 
for  instance,  would  not  reach  out  for  the  moon  if  it 
consciously  realized  that  the  moon  were  hundreds 
of  thousands  of  miles  away  from  its  grasp.  The 
child  does  things  which  the  rational  being  fully  in- 
formed would  not  attempt  to  do.  This  complex 
acquired  sense  of  space  is  apparently  one  of  the 
essential  factors  which  help  to  develop  the  power 
of  making  voluntary  movements,  just  as  this  phase 
of  our  elemental  understanding  of  things  depends 
for  its  existence  in  the  mind  on  the  tridimensional 
vohmtary  movements  of  the  body. 

The  last  factor  of  the  development  of  voluntary 
movement  that  we  need  here  specify  is  that  which 
we  may  designate,  but  too  elaborately,  as  self-con- 
fidence, always  more  or  less  important.  At  first  in 
the  infant  this  awareness  is  apparently  an  actual 
definition  of  a  clear  and  a  concise  knowledge  of  the 
power  to  make  one  particular  movement.  The  books 
detailing  oliservations  of  child  development  (see,  for 
example,  the  present  author's  "  Moto-sensory  Develop- 
ment," 1910,  page  141)  give  instances  that  show 
beyond  doubt  that,  except  in  movements  properly 
classed  as  semi-voluntary  or  hereditary,  this  kind  of 
cue  is  often  necessary  for  the  first  performance  of  a 
new  voluntary  movement.  With  all  the  mechanism 
constructed  and  put  together  needful  for  a  certain 
movement,  still  the  movement  may  remain  unper- 
formed for  lack  of  knowledge,  certain  and  definite, 
that  that  particular  movement  is  performable. 

Such  are  some  of  the  psychoneurological  condi- 
tions that  attract  most  conspicuously  the  attention 
of  the  physiologist  observing  infantile  behavior. 
Without  a  doubt,  these  and  other  determinants  are 
lively  conscious  experiences  (the  redundancy  here 
is  for  emphasis)  in  the  active  states  of  the  young 
baby.  There  is  no  one,  not  too  old  or  too  amnesic  to 
hark  far  enough  back,  groping  in  the  dim  dawn  of 
his  memory,  but  who  will  recall  that  even  at  that  late 
day  of  three  or  four  years  of  age  voluntary  efforts 
were  still  matters  of  serious  conscious  import,  al- 
though already  the  most  frequently  repeated  move- 
ments had  become  by  habituation  easy  and  their 
underlying  conditions,  sometimes  painfully  con- 
scious before,  subconscious  and  dim  to  almost  any 
extent.  This  is  the  process  that  goes  on  inevitably 
year  by  year  and  it  marks  at  all  stages  of  personal 
evolution  the  basal  opposition  between  the  reflex 
and  the  voluntary,  between  the  :nechanical  and  the 
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free,    between    the    vegetative    (or    racial)    and    tlic 
personal  or  human.  ■ 

Body  temperature  is  another  function  of  the  chiUl- 
organisin  which  is  characteristically  variable  and 
irregular  by  the  adult  standards.  For  a  few  days 
after  l)irth,  owing  to  the  lessening  in  the  metabolism 
from  lack  of  assimilation,  the  degree  of  heat  may  fall 
a  degree  or  so  below  the  daily  average  of  about  .57.2° 
(99°  F.).  Expo.sure  decreases  the  tem])erature 
readily.  Raudnitz  found  that  a  cold  bath  raised  the 
temperature  (as  indicated  in  the  rectum)  in  vigorous 
newborn  children,  but  lowered  it  in  feeble  infants. 
If  we  take  87.2°  (09°  F.)  as  the  average  temj)erature 
of  the  first  ten  years,  it  must  lie  considered  the  same 
as  all  averages;  that  is,  as  more  or  less  artificial.  The 
causes  of  variation  in  temperature  are  numerous, 
and  in  childhood  many  of  these  frec|uently  pro- 
duce effects  nuich  more  marked  than  among  adults. 
Thus  excitement,  especially  mental  excitement,  and 
intestinal  irritation  of  a  trivial  degree,  weak  toxins, 
and  fatigue,  raise  the  temperature  of  the  child  of  two 
or  three  years  in  a  way  not  observed  in  the  child  of 
tenor  in  later  life.  Tliis  great  variability  is  especially 
marked  in  girls;  but  in  both  girls  and  boys  it  consti- 
tutes the  chief  peculiarity  of  the  temperature  during 
childhood.  A  temperature  of  39°  (102.2°  F.)  in  an 
adult  iisually  means  sometliing  of  consequence,  but 
in  a  three-year-old  it  often  means  nothing  which  a 
movement  "of  the  bowels  will  not  promptly  dispel. 
Here,  as  elsewhere,  we  see  the  signs  of  neural  incom- 
pleteness and  of  nervous  instability. 

The  senses  of  children  are,  in  general,  more  acute 
than  are  those  of  adults,  save  in  so  far  as  training 
is  involved  in  developing  the  actual  sense-organs. 
Sensations,  however,  by  themselves  are  of  little  use 
comparatively,  aside  from  their  meanings  to  the 
individual.  The  cliild  is  relatively  deficient  in  this 
apperceptive  pow-er  and  does  not  know  yet,  moreover, 
how  to  use  his  senses  to  the  best  advantage.  Thus 
the  effective  result  of  sensation  in  general  in  childhood 
is  far  below  that  of  the  adult,  although  the  latter's 
actual  sense-organs  may  be  less  perfect  as  mechanical 
instruments  than  are  those  of  the  child. 

More  marked,  by  far,  than  the  bodily  characters  of 
childhood  are  those  of  the  mental  aspects  of  the 
individual  when  young.  Into  these,  so  amply 
discussed  are  they  in  pedagogical  and  psychological 
literature,  we  cannot  go  further  here.  Three  princi- 
ples, however,  must  be  mentioned  which  are  more  or 
less  important  in  medicine.  First,  the  young  child 
lacks  mostly  whatever  degree  of  voluntary  control 
over  physiological  and  reparative  process  the  adult 
mind  exerts.  This  makes  the  child  a  more  passive 
and  more  plastic  patient  as  well  as  pupil.  Its  phj-si- 
ology  is  perhaps  to  be  found  in  the  incomplete  com- 
mand over  the  so-called  "voluntary"  musculature 
■which  is  so  conspicuous  an  aspect  of  childhood, 
alread}'  discussed  above.  How  far  this  control  ex- 
tends over  the  vegetative  functions  in  the  clever  and 
accomplished  adult  we  do  not  as  yet  commonly 
appreciate. 

Second,  the  child  is  relatively  naive  and  open  to  all 
kinds  of  influences.  Habit  in  this  period  of  life  has 
not  yet  laid  its  all-encircling  resistless  fingers  on  the 
body  and  the  mind.  Children,  therefore,  are  more 
amenable  to  all  sorts  of  therapeutic  and  hygienic 
measures,  and  especially  to  those  which  like  sugges- 
tion do  their  work  through  the  mental  processes. 

Third,  worry  has  not  yet  fixed  its  hold  on  the 
normally  cared-for  child.  In  the  adult  this  is  a 
source  of  harm  whose  importance  it  would  be  hard 
indeed  to  exaggerate.  Chronic  emotion  of  fear,  as 
■worry  is,  its  asthenic  effects  on  bodily  processes  are 
certain,  and  none  the  less  so  because  the  mode  of  its 
action  is  not  fully  made  out.  It  is  hard  not  to  be- 
lieve that  worry  through  the  trophic  nerve-impulses 
depresses   the   metabolism   and   so   imdermines   the 


resistance  of  many  kinds  of  tissue.  Working  in  the 
opposite  dire<'tion  of  invigoration  and  stimulation, 
joy  and  liapi)incss  exert  a  wholly  beneficial  effect. 
('hildliood,  nornuxlly  the  joyful  age  in  our  too  strenu- 
ous "civilized"  life,  receives  the  full  benefit  of  this 
continiial  sthenic  influence.  Not  a  little  of  the 
versatile  freshness  of  the  child's  bodily  metabolism 
may  come  from  this  sort  of  mental  stimulation — as 
it  may  come  to  all  humanity  centuries  hence,  when  the 
old-time  worries,  largely  liascil  on  the  struggle  for 
existence  and  good  health,  sh.all  be  outgrown.  At 
present,  as  always,  the  great  problem  of  hygiene  and  of 
therapeutics  everywhere  (though  we  scarcely  realize 
it  as  yet)  is  how  to  rejuvenate  in  a  useful  way  the 
mind  and  body  of  the  experience-wise  adult! 

The  mental  development,  so-calletl  (really  psycho- 
motor evolution),  of  the  average  child  has  been  care- 
fully observed  in  a  relatively  few  cases — and  hundreds 
of  such  researclies  and  accounts  are  necessary  before 
we  can  begin  really  to  understand  the  minds  and  the 
action-systems  of  children,  as  the  bases  of  therapeutics 
(infantUe  and  adult)  and  of  education.  There  fol- 
lows a  chronological  epitome  of  the  evolution  for  the 
first  three  years  of  the  girl  "L."  as  discu.ssed  in  the 
I)resent  writer's  "  Moto-sensory  Development,"  (Bal- 
timore, 1910).  As  a  basis  for  comparison  this  epitone 
can  hardly  fail  to  be  of  value  to  physicians  and  to 
parents,  as  well  as  to  teachers. 

First  Week. — Blinking,  reflex,  from  stroking  of 
nose.  Coordination  of  eyes.  Finger  grasp,  reflex. 
Inhibition,  reflex,  from  touch  sensations.  Percep- 
tions, reflex,  of  touch.  Pursing,  reflex,  of  mouth 
from  touch  on  either  lip.  Shaking,  reflex,  of  head. 
Sneezing.  Suction,  reflex,  on  fingers.  Yawning. 
Hiccough.  Reaction,  sthenic,  to  light.  Smile,  re- 
flex. Closing,  reflex,  of  eyes  to  light.  Inhibition, 
general  reflex,  from  sound.  Reaction  to  sound. 
Sounds  perceived.  Turning  reflex,  of  head  from  light. 
Emotional  facial  reactions.  SmUe,  spontaneous. 
Unpleasantness.     Stretching,  reflex,  of  body. 

Second  Week. — Drawing  back,  reflex,  "of  head. 
Scratching,  reflex,  of  own  face.  Vomiting,  reflex. 
Extrusion,  reflex,  of  nipple  at  satiety.  Pleasantness 
reaction  at  a  person's  face.  Raising,  reflex,  of  arms, 
from  noise.  Touch  reflex,  fading  of.  Fright  gasp. 
Groping,^  reflex,  for  breast.  Eyes  follow,  reflexly, 
light.  Frown.  Internal  strabismus.  Perception. 
Sneezing,  from  light.  Spreading,  reflex,  of  toes,  from 
touch.  Unpleasantness  of  removal  of  fist  from  mouth. 
Eyes  follow,  reflexly,  hand.     Fixation  of  vision. 

Third  Week. — Replacing,  reflex,  of  finger  in  mouth. 
Reaction  to  discomfort.  Memory  image.  Laugh. 
Sitting  attempts,  reflex. 

Fourth  Week. — Reaching  with  arms,  reflex.  Recog- 
nition, (?)  reflex,  of  bottle. 

Seventh  Week. — Pupillary  reaction  to  light.  Tears. 
Flexion,  lateral  and  vibratory,  of  head,  hanging  free. 
Pleasantness  of  passive  movement  of  limbs.  Shak- 
ing of  head,  hanging  free. 

Eighth  Week. — Abduction,  reflex,  of  big  toes  from 
tickling  of  sole.  Extension,  reflex,  of  toes  from  tick- 
ling of  sole.  Flexion,  reflex,  of  log  from  tickling  of 
sole.  Holds  head  erect.  Rhythmic  reflex  move- 
ments of  four  limbs  from  massage  of  abdomen. 
Squaring,  emotional,  of  lower  lip.  Eyes  follow-,  vol- 
untarily. Heat,  pleased  enjoyment  of.  Seizing,  im- 
pulsive, of  left  ear.  (Habit  fading.)  \'ocalization 
of  ;\.     Opening  eyes  as  sign  of  pleasure. 

Ninth  Week. — Breaking,  passive,  of  habit  complex. 
Taste.  Anger  in  cry.  Imitation,  reflex,  of  gurgling. 
Recognition  of  mother.  Smell,  recognition  of  mother 
through  (?) 

Tenth  Week. — Perception,  conscious,  of  image  in 
mirror.  Grasping,  reflex.  Fear  of  passing  people. 
Pain,  crying  from. 

Eleventh  Week. — Perception  of  tridimensional  space 
(on  17th  week).  Reaching  with  arms,  voluntary. 
Habit  of  posture.     Rubbing  knuckles  in  her  eyes. 
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Twelfth  Week. — Vocalization  of  a,  oo.  Interest  in 
own  hand.     Direction  of  sounds,  perception  of. 

Thirteenth  Week. — Fear  of  cracliling  of  paper.  Imi- 
tation, reflex,  of  sliaking  left  hand. 

Fourteenth    Week. — Recognition    of    the    unfamili- 
arity  of  a  stranger. 
Fifteenth  Week. — Fear  of  piano  music. 
Sixteenth  Week. — Sitting  up,  refle.x,  by  drawing  on 
arms. 

Seventeenth  Week. — Closing,  voluntary,  of  lips 
against  cold  food  (ice  cream).  Perception  of  cold- 
ness of  food  by  lips.  Recognition  of  own  name.  Ac- 
commodation, before  this  time,  picking  up,  reflex, 
from   touch  stimulus.     Sthenia,   general,   of  redness. 

Eighteenth  Week. — Opening  of  hand,  voluntary. 
Seizing,  voluntary,  of  toes.  Wink,  reflex,  from  threat- 
ening movement. 

Nineteenth  Week. — Imagination.  Inhibition,  vol- 
untary  of  wink-reflex.     Rhythm,  in  babbling. 

Twentieth  Week. — Biting  of  fingers.  Fear  of  water. 
Expectancy.  Pulling,  voluntar}-,  of  hair.  Percep- 
tion of  similarity. 

Ticent-first  Week. — "Brown  study."  Interest,  vol- 
untary. Comparison,  deliberate,  of  an  object  and  its 
mirror  reflection.  Conception  of  similarity.  Won- 
derment.    Attempt  to  stand. 

Twenty-second  Week. — Association  of  noise  of  hand- 
clapping  and  the  movement.  Repetition  of  actions. 
Conscious  revery.  Memory  of  antics.  Rotation, 
voluntary,  of  hand.     Smell. 

Tirenty-third  Week. — Extension,  voluntary,  of  trunk. 
Missing  of  water  in  bath-tub.  Chewing,  reflex,  from 
hunger.  Association  of  her  name  with  herself.  Sit- 
ting up,  imassisted. 

Twenty-fourth  Week. — Delight  at  seeing  mother 
again.  Reaction  time  of  voluntary  grasp  greater 
than  that  of  reflex  grasp. 

Twenty-fifth  Week. — Imitation,  voluntary,  with 
mouth.     Shrugging  of  shoulders. 

Twenty-sixth  Week. — Discrimination  of  objects. 
Fear  of  dark.  Fear  of  harsh  noise.  Support  of  her 
weight  on  feet.     Walking,  reflex.     Fear  of  falling. 

Twenty-seventh  Week. — Creeping  attempt.  Dis- 
crimination of  red  from  green.     Perception  of  a  hair. 

Twenty-eighth  Week. — Imitation,  volimtary,  of  hand- 
wa\'ing.  Attention,  voluntary.  Self-possession. 
Unpleasantness  of  the  touching  of  fur,  etc. 

Twenty-ninth  Week. — Desire  grunt.  Tearing,  vol- 
untary, of  paper. 

Thirtieth  Week. — Vocalization,  voluntary,  variety 
in.     Moral  sense. 

Thirty-first  Week. — Inhibition,  voluntary,  to  turn 
around.  Discrimination  of  inflections.  Dreaming. 
Grimaces.  (Habit  gone  next  week.)  Sensibility  to 
ridicule. 

Thirty-second  Week. — Fear  of  bunch  of  keys.  Shak- 
ing, voluntary,  of  a  rattle. 

Thirty-third  Week. — Discrimination  of  colors,  red, 
yellow,  and  blue.  Traction,  voluntary,  on  string. 
Imitation,  voluntary,  of  complex  movements. 

Thirty-fourth  Week. — Swallowing,  voluntarj'.  Sur- 
prise.    Conscious  thought. 

Thirty-fifth  Week. — Marking,  voluntary,  with  pencil. 
Association  of  an  object  and  its  name. 

Thirty-sixth  Week. — Traction,  voluntary,  on  her  own 
dress  skirts  to  see  feet.     Vocalization  of  consonant. 

Thirty-seventh  Week. — Closing,  clonic  and  voluntary, 
of  right  hand  as  sign  of  desire  for  an  object. 

Thirty-eighth  Week. — "  Destructiveness."  Fear  of 
shod  foot. 

Thirty-ninth  Week. — Waving,  voluntary,  of  hand 
for  good-bye.     Pity,  from  tone  of  voice. 

Forty-first  Week. — Use,  spontaneous,  of  word  papa. 

Forty-third  Week. — Imitation,  voluntary,  of  gut- 
tural vocal.     Dancing,  reflex. 

Forty-fourth  Week. — Swinging  of  legs,  voluntary. 
Waving,  voluntary,  of  feet.  Blowing,  voluntary, 
through  nose. 
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Forty-fifth  Week. — Dancing,  voluntary.  Extension, 
voluntary,  of  tongue.  Delight  in  association  with 
another  ciiUd. 

Forty-sixth    Week. — Vocalization,  voluntary. 
Forty-seventh  Week. — Calling,  voluntary,  of  a  person. 
Forty-ninth  Week. — Play,  imitative. 

Fifty-second  Week. — Ambidexterity.  Blowing  vol- 
untary.    Smell,  disagreeable. 

Fifty-third  Week. — Jealousy.  Understanding  of 
pronouns. 

Fifty-fourth  Week. — Shaking,  voluntary,  of  head 
with  hands. 

Fifty-fifth    Week. — Creeping.     Taste,    disagreeable. 

Fifty-eighth  Week. — Delight  in  looking  at  pictures. 
Fear  of  the  uncanny.  Feeling  of  uncanniness.  Con- 
ception of  utUity  (of  a  pillow). 

Fifty-ninth  Week. — Bashfulness.  Pouting.  Sug- 
gestibility. 

Sixtieth  Week. — Anthropomorphism.  Noise  mak- 
ing, deliberate. 

Sixty-first  Week. — Standing,  voluntary.  Shaking, 
voluntarj-,  of  head. 

Sixty-second  Week. — Musical  sense.  Expression, 
voluntary,  by  facial  expressions.  Nodding  in  affir- 
mation.    Pretence. 

Sixty-fifth  Week. — Rolling,  voluntary,  of  ball. 
Vanitj'.     Vocalization  of  inflection. 

Sixty-sixth  Week. — Vocalization  of  liquid  sounds. 

Sixty-seventh  Week. — Walking,  voluntary.  Laugh- 
ter at  picture  of  crjing  child. 

Sixty-eighth  Week. — Circular  movements  in  draw- 
ing.    Personal  opposition. 

Seventieth  Week. — Use  of  "Doo!"  in  desire. 

Seventy-first  Week. — Talking  in  sleep.  Eagerness 
for  language.     Effort  unpleasant  to  imitate  words. 

Seventy-third  Week. — Imagination,  reproductive,  of 
tune.     Use,  spontaneous,  of  "good  night." 

Seventy-fourth  Week. — Conception  of  the  meaning- 
fulness  of  printed  letters.     Repetition  of  words. 

Seventy-fifth  Week. — Getting  up,  voluntary,  to 
stand. 

Seventy-seventh  Week. — Conception  of  causality. 
Self-consciousness.     Orderliness  habit. 

Seventy-eighth  Week. — Discrimination  of  brightness 
(3"ellowishness). 

Seventy-ninth  Week. — Discrimination  of  colors  other 
than  red,  yellow,  and  blue.     Walking  backward. 

Eighty-first  Week. — Catching  of  object  let  fall. 

Eighty-second   Week. — Closing,   voluntary,  of  ej'es. 

Eighty-third   Week. — Vocalization  of  sentence. 

Eighty-fourth  Week. — Wiggling,  voluntary,  of  toes. 
Feeling  and  understanding  of  humor 

Eighty-fifth  Week. — Control,  voluntary,  of  sphinc- 
ters. 

Eighty-sixth  Week. — Conception  of  time.  L^se, 
spontaneous,  of  word  tomorrow. 

Ninety-first  Week. — Perception,  disagreeable,  of 
wetness  on  fingers.     Use  of  prepositions. 

Ninety-eighth  Week. — Disgust  at  mushj'  foods,  etc. 

One  Hundred  and  Second  Week. — Dreaming,  rec- 
ollection of. 

One  Hundred  and  Third  Week. — Going  upstairs. 
Perception,  stereognostic.  Absent-mindedness.  Pref- 
erence for  redness. 

One  Hundred  and  Fourth  Week. — Rotation  move- 
ment ■n'ith  fingers.  Understanding  of  the  measure- 
ment of  space.     Use,  spontaneous,  of  word  yesterday. 

One  Hundred  and  Sixth  Week. — Modesty,  personal. 
Use  of  plural  forms  of  words. 

One  H undred  and  Tenth  Week. — Conception  of  three- 
ness.     Use,  spontaneous,  of  I. 

One  Hundred  and  Twelfth  Week. — Conception  of 
tomorrowness. 

One  Hundred  and  Eighteenth  Week. — Comparison, 
deliberate,  of  faces,  etc. 

One  Hundred  and  Twenty-first  Week. — Counting  to 
thirteen. 
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One  Hundred  and  Fortieth  Week. — Recognition  of  a 
melody. 

One  Hundred  aJid  Fifty-second  Week. — Pretence  of 
being  someone  else.  Singing  of  a  part  of  a  tune  rightly. 
Use  of  nonsense  words. 

There  are  two  principles  other  than  those  noted 
above  that  are  absohitcly  basal  in  the  knowledge  and 
science  of  childhood  (in  ICurope  often  called  Paidology) 
which  the  business  of  the  average  physician  inal<cs  it 
essential  that  ho  should  know  more  of  than  is  usual; 
the  widespread  secondary  and  tertiary  sexual  differences 
in  boys  and  girls  from  the  very  beginning  on,  and  the 
equally  comprehensive  contrast  between  childhood  and 
adulthood  in  many  important  respects.  In  elaborat- 
ing these  two  principles  and  demonstrating  them  for 
the  physician's  practical  use  there  i.s  ample  sanction 
for  the  writing  of  about  the  only  kind  of  medical 
text-book  not  yet  on  the  market,  namely,  a  really 
adequate  treatise  wholly  on  the  psychophysiology  of 
the  child.  While  child  psychology  is  still  in  its  ear- 
liest infancy,  child  physiology  has  not  yet,  strangely 
enough,  even  come  to  term.  The  reason  is  close  at 
hand — few  realize  as  yet  how  unlike  the  adult  in 
nearly  every  way  the  child  is;  and  how-  different  are 
boys  from  girls  in  most  important  ways  other  than 
those  primarily  sexual. 

Boas  lays  the  anthropological  basis,  to  a  degree, 
of  this  latter  matter  in  a  little  table  and  remarks 
giving  the  results  of  the  observations  available  in  this 
particular  narrow  field. 

"It  might  seem,"  says  Prof.  Boas,  "that  the  differ- 
ence between  the  sexes  does  not  develop  until  the  period 
of  adolescence;  but  a  study  of  the  eruption  of  the 
teeth  which  I  made  a  number  of  years  ago,  and  tlie 
more  recent  interesting  investigations  by  Rotch  and 
Pryor  on  the  ossification  of  the  carpus,  show  that  the 
difference  in  physiological  development  between  the 
two  sexes  begins  at  a  very  early  time,,  and  that  in  the 
fifth  year  it  has  already  reached  a  value  of  more  than  a 
year  and  a  half. 

"I  give  here  a  tabular  statement  of  the  available 
observations : 


Age  in  years. 


Boys.        Girls, 


Ossification  of  scaphoid 

Ossification  of  trapezoid 

Eruption  of  inner  permanent  incisors 
Eruption  of  outer  permanent  incisors 

Eruption  of  bicuspids 

Minimum  increase  of  annual  growth 

Eruption  of  canines 

Maximum  increase  of  annual  growth 

Eruption  of  second  molars 

Maximum  variability  of  stature 


5.8 
6.2 
7.5 
9.5 
9.8 
10.3 
11.2 
13.2 
13.2 
14.8 


4.2 
4.2 

7.0 
8.9 
9.0 
8.2 
11.3 
11.2 
12.8 
12.4 


Differ- 
ence. 


-1.6 
-2.0 
-O.S 
-0.6 
-0.9 
-2.1 
-1-0.1 
-2.0 
-0.4 
-2.4 


These  data  are  not  very  accurate  and  must  be 
considered  a  first  approximation  only." 

Every  bisexual  table  of  growth  in  stature  and 
weight,  every  physiological  research  in  which  both 
sexes  serve  as  subjects,  etc.,  etc.,  only  enlarges  this 
earlv  and  late  basal  difference.  In  the  psychological 
realm  the  conditions  are  exactly  the  same,  certainly 
not  less  conspicuous.  Medically  and  pedagogically 
appreciation  of  this  general  fact  is  long  overdue;  when 
it  arrives  in  the  common  knowledge,  many  minds 
will  rapidly  supply  the  details,  and  soon  practical 
medicme  aiid  hygiene,  as  well  as  education,  will  have 
taken  one  more  stride  forward,  toward  universal 
normalitv. 

Knowledge  of  the  contrast  between  the  child  and 
the  adult  seems  to  be  passing  through  the  same 
evolution  as  the  realization  of  the  thorough-going 
difference  in  the  sexes.    The  text-books  of  pediatrics 


must  be  compared  at  present  with  those  on  adult 
practice  and  tlicrapeutics,  etc.,  if  one  would  learn  the 
differences  in  drug  stisceptihility,  and  so  forth,  between 
child  and  adult.  But  the  direction  in  which  the 
average  medical  man  most  needs  a  hint  apropos  of 
childhood,  j)erhaps,  is  the  extreme  liability  of  even 
the  normal  child  to  fatigue  of  a  mental  kind.  Here 
the  average  i>hysician  is  certainly  an  unwitting 
accoinj)lice  of  the  average  school-teacher.  Muscular 
fatigue  takes  care  of  itself  by  di.sposing  to  abundant 
sound  sleep  and  thus  often  is  almost  a  benefit,  but 
mental  fatigue  has  little  or  none  of  this  action  and  is 
"all  to  the  bad."  Every  measurement  of  school 
fatigue  ((■.(/.  by  Claparcde  and  by  Binet)  shows  how 
real  it  is  and  psychophysiology  demonstrates  its 
harmfulness.  It  is  the  jjrivilege  of  the  .\merican 
medical  men  and  women  to  urge  the  reform  of  our 
public-school  system  so  that  it  shall  conform,  some- 
what at  lea.st,  to  our  advancing  knowledge  of  the  real 
(as  opposed  to  the  traditional)  child.  Children  are 
not  little  men  and  little  women,  but  children,  each 
peculiar  to  himself — and  the  most  important  and  the 
most  valuable  things  in  the  world.  To  realize  in  a 
scientific  manner  and  degree  their  juvenile  character- 
istics is  the  first  necessary  step  toward  the  attention 
and  the  study  which  their  preeminent  importance  in 
this  world  demands. 

George  V.  N.  Deahborn. 

Chilodon. — A  genus  of  ciliated  protozoans  which  are 
oval,  broad,  flattened  on  the  ventral  surface,  have  the 
tlor.sum  strongly  arched,  and  the  cytopharvnx  much 
curved.  They  are  usually  free  living  but  liave  been 
found  as  accidental  parasites  in  the  human  intestine 
in  a  case  of  dysentery.     See  Protozoa.         A.  S.  P. 

Chimaphila. — Pipsisseiva;  Bitter  or  False  Winter- 
green;  Prince's  Pine.  The  dried  leaves  of  Chimaphila 
umbellata  (L.)  Nutt.  (Pyrola  umhtilata  L.;  C.  corytnbosa 
Pursh. — fam.  Pyrolaccm). 

This  very  pretty  little  plant,  native  of  dry  woods 
throughout  the  cooler  regions  of  almost  the  entire 
North  Temperate  zone,  is  an  herb-like  undershrub, 
having  an  erect  stem  a  few  inclies  in  height,  arising 
from  a  short,  prostrate  portion.  The  leaves  are 
crowded  near  the  ground  and  the  scape  bears  several 
very  pretty,  five-merous,  wax-like,  white,  subpendu- 
lous  flowers,  about  a  half  an  inch  broad.  The  leaves 
are  from  2.5  to  5  centimeters  (I  to  2  in.)  long  and  1  to 
1.5  centimeter  (1  to  S  in.)  broad,  oblaneeolate,  the 
lower  half  cuneate  and  entire,  the  upper  coarsely  and 
sharply  serrate,  acute  or  obtusish,  thick  and  rigid, 
brittle,  above  dark-green  or  brownish-green,  and 
slightly  shining,  the  veins  strongly  impressed,  under- 
neath paler,  the  veins  very  prominent;  odor  very 
slight,  tea-like;  taste  astringent  and  bitterish. 

The  constituents  are  almost  identical  (as  are  the 
properties  and  uses)  with  those  of  I'va  Ursi.  There 
is  between  four  and  five  per  cent,  of  tannin,  arbutin, 
sugar,  gum,  etc.,  and  a  small  amount  of  the  yellow, 
crystalline,  neutral  substance,  Chimaphilin,  which  is 
inodorous  and  tasteless,  soluble  in  alcohol,  ether,  and 
chloroform,  but  only  .slightly  solulile  in  water.  For 
its  mildly  astringent  and  diuretic  properties  and  uses, 
see  Uva  Ursi.  The  Pharmacopoeia  provides  a  fluid 
extract,  the  dose  of  which  is  fl.  3  ss-  to  i.  (2.0-4.0). 

He.n'uV  H.  Rusbt. 

Chinaphthol. — Betanaphthol  alpha-nionosulphon- 
ate  of  quinine,  (C^HjOHSOjII),.  C,„H,.NjO,.  This 
is  a  yellow  crystalline  powder  of  bitter  taste,  insoluble 
in  cold  water,  somewhat  soluble  in  hot  water  and  alco- 
hol, and  containing  about  forty-two  per  cent,  of  qui- 
nine. Hiegler  states  that  in  the  intestines  it  is  decom- 
po.sed  into  quinine  and  naphthol-sulphonic  acid,  and 
therefore  is  both  an  intestinal  antiseptic  and  an  anti- 
pyretic.    He  has  used  it  with  satisfaction  in  typhoid 
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fever,  dysentery,  intestinal  tuberculosis,  and  acute 
rheumatism,  in  daily  dosage  of  gr.  viij.  to  Ixxv. 
(0.5-5.0).  W.  A.  Bastedo. 

Chinaseptol.— (C,H5.0H,S0,,HN.).  Diaphtol,  or- 
tho-oxvchinolin-meta-sulphonic  acid.  This  occurs  in 
yellowish  crystals  melting  at  295°  C.  (563°  F.),  and 
is  slightly  soluble  in  water,  the  solution  turning  green 
with  ferric  chloride.  Chemically  it  bears  the  same 
relation  to  chinolin  as  phenol-sulphonic  acid  bears  to 
benzol.  It  is  used  as  a  non-poisonous  antiseptic  or 
as  a  substitute  for  salol.  W.  A.  B.vstedo. 

Chinoidine. — See  Cinchona. 

Chinoline. — See  Quinoline. 

Chinosol. — The  neutral  oxychinolin  sulphate, 
(C3H,OX),H,SO„  and  the  potassium  salt  are  both 
known  as  chinosol.  Both  are  yellow  crystalline 
powders  of  feebly  aromatic  odor,  freely  soluble  in 
water  and  insoluble  in  alcohol  and  ether.  Their 
dilute  aqueous  solution  turns  green  wit  h  ferric  chloride, 
and  forms  a  green  coating  on  steel  instruments. 
Chinosol  is  stated  to  be  a  more  powerful  antiseptic 
than  bichloride  of  mercury,  with  great  penetrating 
power,  and  is  higUy  spoken  of  by  European  clinicians; 
a  1-500  solution  "killed  the  plague  bacillus  in  ten 
minutes.  It  has  been  used  with  advantage  bj-  GiUes 
in  vaginitis  in  strength  of  1  to  S.OOO  to  1  to  1,000,  also 
in  lepro.sy  and  bone  tuberculosis.  Mixed  with  five 
to  ten  per  cent,  of  boric  acid  it  may  be  used  as  an 
antiseptic  powder  in  place  of  iodoform.  Hobday 
found  it  a  powerful  disinfectant  for  the  hands,  the 
.site  of  operation,  and  sutures,  a  solution  of  1  to  60 
producing  no  irritation.  For  cellulitis  or  other  .severe 
infection  it  should  be  used  in  strength  of  1  to  500, 
but  for  ordinary  use  1  to  1,000  is  better.  Cipriani 
recommends  it  "by  mouth  and  hypodermicaUy  for 
tuberculosis.  It  lias  Iso  been  used"  as  an  antipyretic. 
Hobday's  e.xperiments  on  cats  indicate  the  limit  of 
safe  do.sage  to  be  gr.  ,'.j  (0.0037)  per  pound  (400.0)  of 
body  weight.  Cadavers  are  said  to  be  effectivel3' 
pre.served  by  intraarterial  injection  of  five-per-cent. 
solution. 

Pulvis  chinosol  composila  consists  of  chinosol, 
chinaseptol,  talc,  and  silica.  W.  A.  B.\stedo. 


Chirata. — Chiretta.  The  entire  plant,  Swertia 
chirayila  (Roxb.)  Hamilton  (ia,va.Gentia)iaceas). 

Chirata  is  a  native  of  Northern  India,  espeeiall.v  in 
mountainous  districts  in  Nepal,  where  it  is  found  at  an 
elevation  of  from  five  to  nine  thousand  feet.  Its  use 
was  introduced  from  India,  where  it  has  laeen  long  em- 
ployed, into  European  medicine  about  fifty  years  ago. 

The  plant  is  gathered  when  fully  grown;  the  flower- 
ing stems  being  pulled  up  entire,  dried,  and  tied  into 
long  bundles. 

Root  nearly  simple,  about  seven  centimeters  long; 
stem  branched,  nearly  one  meter  long,  slightly 
quadrangular  above;  containing  a  narrow  wood  circle 
and  a  large  yellowish  pith.  Special  attention  should 
be  given  to  this  large  pith,  as  there  is  a  spurious  article 
■which  is  destitute  of  it,  being  quite  hollow.  Leaves 
opposite,  sessile,  ovate,  entire,  five-nerved.  Flowers 
numerous,  small,  with  a  four-lobed  calj'x  and  corolla. 
The  whole  plant  smooth,  pale  brown,  inodorous,  and 
intensely  bitter. 

In  composition,  Chirata  is  almost  the  exact  equiva- 
lent of  gentian,  as  it  is  also  in  properties  and  uses. 
Bitter  ophelic  acid  (CuHjoOio),  soluble  in  both  alcohol 
and  water,  replaces  the  gentisic  acid  of  the  latter, 
chiratin  (C26H4SO15),  a  yellow,  bitter,  crystalline  glu- 
coside,  soluble  in  warm  water  and  alcohol,  replaces 
gentiopicrin,  and  as  with  gentian,  there  is  no  tannin, 
though  ferric  salts  produce  a  dark  color,  without  inky 
precipitate. 

824 


Chirata  is  a  simple  bitter  and  tonic.  We  have  offi- 
cial a  fluid  extract,  dose  fl.  5  i  to  i.  (1.0-4.0),  and  a 
ten-per-cent.  tincture,  made  with  sLxtv-five-per-cent. 
alcohol,  dose  fl.  5  i  to  ij.  (1.0-8.0)."  The  latter  is 
much  the  better  preparation,  especially  in  small  doses. 

Hexhy  H.  Rdsbt. 


Chitin  forms  the  chief  organic  basis  of  the  shell  of 
cephalopods,  etc.,  and  it  probably  exists  in  combina- 
tion with  a  protein-like  substance.  Chitin  is  charac- 
terized by  being  very  insoluble,  although  on  boiling 
with  mineral  acids  it  yields  a  compound,  chitosan, 
which  on  farther  decomposition  gives  rise  to  gluco- 
samine. Frank  P.  Underhill. 

Chitosamine. — See  Glucosamine. 

Chlamydobacteriaceae. — A  family  of  the  higher 
bacteria,  in  Migula's  classification,  occurring  just  be- 
low the  Hj-phomycetes.  They  are  cells  of  various 
shapes,  forming  branched  or  unbranched  chains,  en- 
closed in  capsules  or  sheaths.  The  following  genera 
are  included  by  Migula  in  this  family.  Cladothrix, 
Crenothrix,  Phragmidiothrix,  Streptothrix,  and  Thio- 
thrix.  The  grouping  is,  however,  rather  uncertain, 
and  several  of  these  genera  are  classed  by  Zopf  un- 
der Leptotrichese;  a  number  are  placed  definitely 
among  the  Hyphomycetes  or  moulds.  T.  L.  S. 


Chlamydophrys. — A  genus  of  rhizopods  in  which  the 
animals  are  provided  with  a  transparent  silicious 
shell.  The.^e  protozoans  have  been  found  in  the  feces 
of  many  vertebrates  including  cow,  guinea-pig.  turtle, 
and  man.     See  Protozoa.  A.  S.  P. 


Chloasma. — Synonyms:  Liver  Spot,  Moth  Patch, 
Mask;  Fr.,  Chloasme;  Ger.,  Pigment flecken. 

Definitiox. — An  abnormal  pigmentation  of  the 
skin  occurring  usually  in  patches  of  yellow,  brown, 
or  black  color,  of  various  snapes  and  sizes. 

It  is  used  as  a  generic  term  and  includes  all  dis- 
colorations  of  the  skin,  either  circumscribed  or  diffuse, 
which  are  not  accompanied  by  any  other  apparent 
objective  changes.  The  color  is  of  a  yellow,  brown, 
or  black,  changing  in  some  conditions  to  a  bronze  or 
black  (melanoderma).  The  discolorations  may  be 
unilateral,  irregular,  or  symmetrical  in  their  distri- 
bution, consisting  of  patches  or  of  more  or  less  diffuse 
pigmentations,  stopping  abruptly  at  the  border,  or 
they  may  shade  off  into  the  normal  color  of  the  part 

Varieties. — Chloasma  is  usually  divided  into  the 
idiopathic  and  the  symptomatic  varieties. 

Idiopathic  chloasma  is  due  to  external  causes  or 
irritants:  (1)  Mechanical;  (2)  chemical;  (3)  thermal; 
(4)  para.sitic. 

1.  Mechanical. — As  a  result  of  abra.sions  and  of 
trauma,  and  also  in  consequence  of  scratching,  in 
pruritus  senilis,  prurigo,  and  other  pruriginous  dis- 
eases, deep  pigmentation  occurs  in  certain  indi- 
viduals, especially  the  run-down  and  elderlj'. 

2.  Chemical. — ^"in  this  class  may  be  placed  those 
cases  in  which  pigmentation  follows  sinapisms,  vesic- 
ants, and  counterirritants.  It  is  a  question  whether 
this  is  due  directly  to  chemical  effect  or  merely  to 
the  irritation.     Tattooing  may  be  placed  here. 

3.  Thermal. — Bronzing  following  the  erythematous 
stage  of  sunburn  is  not  a  true  cliloasma;  it  is  simply  a 
pigmentation  of  the  exposed  parts — deep  brown  in  the 
case  of  blonde.s — produced  by  the  sun's  rays,  and 
occurring  generally  in  rather  large  and  well-defined 
areas.  Older  people  of  a  certain  type  have  a  tendency 
toward  patchy  pigmentation  of  the  neck,  arms,  hands, 
and  face,  which  is  undoubtedl)'  excited  and  increased 
by  the  sun's  rays.  Stokers  and  those  exposed  to  hot 
fires  often  have  peculiar  darkened  areas  upon  the  ex- 
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posed  parts.  Cold  lias  been  known  to  produce  like 
oondilions. 

4.  Parasitic. — Do  Aiiiiois  has  lately  deseribed  a  pe- 
culiar caf^-au-lait  pigmentation  upon  the  chin  and  lip, 
due  to  the  demodex  folliculoruni.  Ulajoeclu  has  like- 
wise seen  two  cases.  Pityriasis  nigricans  (Willan)  is 
the  deep  pigmentation  seen  in  vagrants  and  tramps, 
produced  by  scratching  and  generallj'  due  to  pediculi 
corporis. 

The  various  fungi  which  flourish  upon  the  skin  and 
caii.se  yellowish  or  brownish  s])ots,  such  as  tinea  versi- 
color, erythrasma.  mal  del  pinto,  are  described  under 
their  respective  titles. 

Symplomalic  chloasma  may  be  a  .sequel  of,  or  ac- 
company, certain  physiological  or  pathological  con- 
ditions of  the  .system. 

After  certain  inflammatory  skin  diseases — e.g.  der- 
matitis herpetiformes,  psoriasis,  lichen  planus,  eczema, 
.syphilitic  eruption.s,  etc. — the  sites  occupied  by  the 
former  eruption  often  display  a  yellow  or  brown  pig- 
mentation, a  part  of  which  is  of  hematogenous  origin, 
while  another  part  comes  from  the  cells  of  the  locality. 

In  ea.ses  of  varicose  veins  the  legs  often  have  a  deep 
patcliy  brown  color,  beginning  about  the  follicles. 

Chloasma  uterinum  is  cither  a  physiological  or  a 
pathological  condition.  Pregnant  women  usually 
have  a  deepening  of  the  color,  in  pigmented  portions  of 
the  body,  of  a  greater  or  lesser  degree.  They  also  some- 
times are  affected  with  an  abnormal  depo.sit  of  pig- 
ment, which  occurs  in  patches  of  a  dirty  yellow  to 
brown  color  over  the  face,  especially  on  the  forehead, 
cheeks,  and  chin.  Often  it  becomes  difTu.se  in  the 
shape  of  a  sharply  defined  mask,  the  so-called  masque 
dcs  femmes  enceintes. 

In  uterine  and  ovarian  diseases  a  similar  condition 
may  be  seen,  the  pigmentation  occurring  either  in 
spots  or  in  the  form  of  a  diffuse  mask.  In  the  latter 
case  the  neck  is  especially  involved,  though  in  this 
location  the  rough  and  tightly  fitting  ruffle  or  neck 
ornament  may  be  a  contributing  factor. 

In  an  cases  of  pigmentation  of  the  face  and  neck  the 
uterus  and  ovaries  should  be  examined. 

Various  biood  diseases  of  unknown  origin  (hemato- 
chromatoses  of  von  Recklinghau.sen)  are  sometimes 
accompanied  by  abnormal  pigmentation  of  the  skin. 

In  exophthalmic  goiter,  abnormal  pigmentation,  in 
the  form  of  patchy  or  diffuse  freckles,  is  quite  common, 
especially  along  the  course  of  the  musculocutaneous 
nerves  on  the  hands  and  arms,  and  over  tho.se  parts 
of  the  face  which  are  supplied  by  the  fifth  nerve 
(Blake). 

In  abdominal  tumor.s,  tuberculosis,  cancer,  and 
lymphoma,  pigment  is  common  on  the  face  and  hands. 

Diseases  of  the  liver  give  rise  more  often  to  jaundice, 
but  they  are  also  accompanied  by  a  patchy  or  diffu.se 
pigmentation  of  the  skin,  often  simulating,  in  this 
respect,  Addison's  disease,  as  is  seen  in  diabetic 
cirrhosis. 

It  was  formerly  the  fashion  to  ascribe,  in  a  general 
way,  all  "moth  spots"  or  patchy  pigmentations  to 
liver  di.sordors  (so-called  "liver  spots").  This  idea 
was  erroneous,  for  the  pigment  due  to  liver  diseases 
is  deposited  more  or  less  generaUy,  and  not  in  sharply 
circum,scribed  spots  or  patches,  as  is  the  case  in  the 
so-called  "liver  spots."  These  remarks  may  also  be 
applied  to  malarial  pigmentations,  which  are  pro- 
duced by  chronic  malarial  poLsoning. 

Disea.ses  of  certain  glands — e.g.  the  suprarenal 
(Addison's  di.sease)  and  the  thyroid  (Graves'  disease) 
glands — are  accompanied  by  dyschromias. 

Pigmentations  of  varying  degree  and  extent  have 
been  observed  in  cases  of  melanotic  cancer  and  also  in 
those  of  other  forms  of  malignant  growths. 

Cachectic  conditions  often  produce  a  universal 
deepening  of  pigment,  from  a  sallow  yellow  to  a 
yellowish-brown  color.  This  is  particularly  true  of 
tuberculosis,  chronic  rheumatism,  .syphilis,  and 
leprosy;  in  the  last-named  disease  the  pigmentation 


is  fpiite  marked  abotit  the  face  and  extreniities  in  tlie 
late  stages. 

It  is  a  fact  which  is  often  overlooked,  that  ga.itroin- 
cestinal  disorders  play  a  role  in  certain  cases  of 
thloasnia.  Chronic  constipation  and  iideslinal  and 
gastric  fermentation  of  a  chronic  character,  in  which 
certain  poisonous  bodies  are  absorlwd,  produce 
besides  other  symptoms  a  patchy  pigmentation  tif  the 
face  and  hands,  which  is  almost  always  .symmetrically 
distributed. 

iSyphilitic  pigmentation  of  the  neck,  u.sually  seen  in 
women,  is  accompanied  by  other  local  symptoms  and 
does  not  belong  here. 

In  respect  to  drugs,  the  most  important  discolora- 
tion is  produced  by  nitrate  of  silver,  for  which  .see 
Argyria. 

Ar.senic  also  produces  a  brown  or  bronze  pigmenta- 
tion of  the  face,  neck,  and  abdomen  after  prolonged 
administration  of  the  drug,  but,  as  I  have  endeavored 
to  show,  this  is  not  an  e.ssential  primary  pigmentation, 
for  it  is  always  preceded  by  a  sensible  degree  of 
inflammation  of  the  skin. 

Pathology. — Little  is  known  of  the  histopathology 
of  chloasma.  The  pigment,  in  the  more  superficial 
forms,  is  deposited  in  the  epidermis,  either  as  some- 
thing which  was  not  there  before,  or  else  as  an  addi- 
tion to  a  previously  existing  deposit;  but  in  many 
varieties  the  cutis  also  contains  a  great  amount  of 
yellow  granules,  either  in  connective-tissue  cells, 
w  hich  maj'  form  pigment  themselves,  or  in  the  lymph 
spaces. 

\an  der  Vegt  foiind  that  in  sections  the  epidermic 
pigment  was  sohdjle  in  a  weak  solution  of  caustic 
potash  in  peroxide  of  h3'drogen,  while  that  of  the 
cutis  was  not  .soluble  in  this  solution,  though  perfectly 
.so  in  strong  hydrochloric  acid. 

Treatment. — The  treatment  of  chloasma  consists 
simply  in  properly  treating  the  cau.se  or  the  disease 
upon  which  it  is  dependent.  Con.scquently  the  reader 
is  referred  to  the  different  articles  wliicli  treat  of  the 
various  conditions  above  mentioned.  Hut  no  matter 
what  the  cause  may  be,  the  pigment  is  always  slow  to 
disappear;  however,  local  treatment  may  in  some 
cases  assist  in  its  removal.  The  results  from  local 
treatment  depend,  of  course,  upon  the  depth  and  loca- 
tion of  the  pigment.  The  remedies  commomly  used 
for  this  purpose  cause  desquamation  of  the  epidermis, 
thus  attempting  by  the  desquamation  to  remove  the 
pigmented  cells.  Some  of  these  remedies  arc  also 
supposed  to  have  a  bleaching  effect,  which  at  least  is 
doubtful. 

If  after  a  thorough  trial  of  the  usual  remedies  no 
marked  improvement  is  perceptible,  treatment 
should  be  discontinued,  as  this  probably  shows  that 
there  is  a  deposit  in  the  cutis,  and  such  a  deposit  is 
often  increased  by  continued  irritation.  Even  in 
ea.ses  in  which  the  "spots  are  removed,  there  is  often  a 
reappearance  with  increa.sed  pigmentation. 

The  smaller  areas  can  be  very  effectually  removed 
by  electrolysis,  by  inserting  the  needle  just  to  the 
cutis  margin,  or  by  quick  successive  superficial  stabs 
of  the  instrument. 

Peroxide  of  hydrogen  is  recommended.  It  should 
be  applied  on  cotton  and  allowed  to  remain  on  the 
spot  several  minutes.  This  procedure  may  be  re- 
peated several  times  a  day.  .-Applications,  cautiou.sly 
made,  of  the  carbon  dioxide  snow  .sometimes  seem  to 
be  useful.  Trichloracetic  acid  barely  brushed  over 
the  surface  and  not  allowed  to  run  over  the  contiguous 
skin,  and  carbolic  acid  similarly  employed,  are  useful 
in  limited  patches. 

The  various  .scaling  agents  u.sed  arc:  salicylic  acid  in 
a  saturated  alcohol  .solution  or  in  a  paste:  resorcin  in 
from  ten-  to  twenty-per-cent.  solution  in  alcohol  or  in 
a  paste;  corrosive  sui)limate,  one  per  cent,  in  almond 
emulsion;  and  nightly  frictions  of  green  .soap.  The 
following  prescription  is  to  be  recommended: 
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B.     Hydrarg>-ri  ammoniati. 

Bismuthi  suboitxatis aagr.xl. 

Vaselini 5  i- 

Olei  rosse q.s. 

M.     Sig.:  Apply  gently  to  the  discolorations  at  night,  and 
wash  off  in  the  morning  with  green  soap. 

This  ointment  in  the  course  of  time  will  materiaUy 
lighten  the  patches,  and  is  greatly  to  be  preferred  to 
the  strong  lotions  of  corrosive  sublimate,  which  often 
produce  disastrous  results. 

William  A.  Hardawat. 


Chloral. — Bv  the  term  chloral  is  ordinarily  meant 
not  what  is,  chemically  speaking,  chloral  proper,  but 
an  entirelj"  distinct  body,  chloral  hydrate  or  hj'drated 
chloral,  the  Chloraium  Hydratum  of  the  U.  S.  P. 
Chloral  proper,  C,HC1,0,  is,  chemicallj-,  acetic 
aldehyde  (common  aldehyde)  with  three  atoms  of 
hydrogen  in  the  molecule  replaced  by  chlorine. 
Its  chemical  name  is,  therefore,  trichloraldehyde, 
and  its  constitutional  formula  COH.CCl,.  It  is  a 
thin,  oily,  colorless,  heavy  fluid.  On  nii.ving  chloral 
with  water  the  two  bodies  unite,  forming  a  crystalline 
hydrate  of  cliloral,  CoHCl^O,  H,0,  which'  is  the 
substance  used  in  medicine  under  the  misnomer 
chloral.  Chloral  hydrate,  or  '"chloral,"  appears  in 
"separate,  rhomboidal,  colorless,  and  transparent 
crystals,  having  an  aromatic,  penetrating,  and 
slightly  acrid  odor,  and  a  bitterish,  caustic  taste; 
slowly  volatilized  when  exposed  to  the  air.  Freely 
soluble  in  water,  alcohol,  or  ether;  also  in  chloroform, 
benzene,  petroleum,  benzin,  carbon  disulphide,  fi.xed 
and  volatOe  oUs.  It  hquefies  when  triturated  with 
about  an  equal  quantity  of  camphor,  menthol,  thymol, 
or  phenol.  When  dried  and  heated  to  about  58°  C. 
(136.4°  F.)  it  melts,  forming  a  Uquid  having  a  specific 
gravity  of  about  1.575,  which  at  a  higher  temperature 
should  not  evolve  inflammable  vapors.  Liquefied 
hvdrated  chloral  sohdifies  to  a  crystalline  mass 
between  35°  and  50°  C.  (95°  and  122°  F.).  Hydrated 
chloral  is  decomposed  by  caustic  alkalies,  alkaline 
earths,  and  ammonia,  chloroform  being  formed,  and  a 
formate  of  the  base  produced.  A  freshly  prepared 
aqueous  solution  of  hydrated  chloral  is  neutral,  but 
gradually  acquires  an  acid  reaction."  (U.  S.  P.) 
Chloral  hydrate  should  be  kept  in  glass-stoppered 
bottles  in  a  cool  and  dark  place. 

The  effects  of  chloral  hydrate  upon  the  animal 
economy,  while  much  resembhng  those  of  chloroform, 
yet  differ  therefrom  in  manj'  marked  respects.  Chlo- 
ral hydrate,  hke  chloroform,  is  locally  a  snarp  irritant, 
and  constitutionally  a  powerful  neurotic,  capable  of 
producing  arrest  of  the  more  important  of  the  nervous 
functions,  and  so  death.  The  most  important 
difference  between  the  action  of  chloral  and  that  of 
chloroform  is  that  the  former  drug  has,  relatively,  a 
greater  tendency  to  determine  sleep,  depression  of 
respiration,  and  fall  of  temperature,  and  a  distinctly 
less  pronounced  power  to  dull  sensation,  than  has 
chloroform.  The  pharmacopceial  dosage  Ls  gr.  xv. 
(1.0),  and  ordinarilj-  the  dose  for  an  adult  should 
not  exceed  gr.  xxx.  (2.0).  Often  twice  and  three 
times  that  quantitj-  is  well  tolerated,  but  until 
the  individual  susceptibility  of  a  given  subject  is 
tested,  it  is  best  to  prescribe  the  smaller  doses. 
The  remedy  is  given  in  solution,  with  the  sharp 
twang  of  the  taste  disguised  bj'  some  syrupy  and 
aromatic  addition.  In  ordinary  medicinal  dosage 
of  gr.  xy-xxx.  (1.0-2.0),  the  only  marked  effect  of 
chloral  hydrate  is  a  gentle,  calm,  agreeable,  dreamless 
sleep,  which,  if  induced  at  bedtime,  wUl,  unless  there 
be  special  reasons  to  the  contrary,  probably  last  tiU 
morning,  and  from  which  the  waking  will  be  natural, 
unattended  by  the  disagreeable  by-effects  of  an  opiate. 
During  the  chloral  sleep,  forced  awakening  is  as  easy 
as  during  a  natural  heavy  sleep,  and  the  subject, 
when  roused,  is  perfectly  rational.     Pulse  and  res- 
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piration  are  a  httle  slowed,  but  otherwise  the  func- 
tions are  not  obviously  affected.  In  increased 
dosage  natural  sleep  deepens  into  coma:  respiration, 
blood  pressure,  and  pulse  rate  are  markedly  depressed, 
or  the  heart's  action  may  be  rapid  while  weak; 
temperature  distincth'  falls:  sensation,  after  an 
initial  temporarj'  hyperesthesia,  becomes  moderately 
blunted;  motor  parah'sis,  voluntary  and  reflex, 
comes  on,  and,  if  the  dose  has  been  sufficiently  large, 
death  ensues  by  failure  of  respiration;  or,  if  the  action 
has  been  sudden  and  overwhelming,  death  is  bj-  syn- 
cope as  in  shock.  The  principal  postmortem  reve- 
lation in  fatal  chloral  poisoning  is  congestion  of  the 
lungs  and  of  the  cerebrospinal  axis.  These  various 
phenomena  are  undoubtedly  produced  by  a  direct  ac- 
tion of  the  poison  upon  the  nerve  centers  presiding 
over  the  functions  deranged.  Of  the  effects,  those  of 
greatest  cUnical.  importance  are  the  hypnotism  and 
the  paresis  of  the  respiratory  center  and  of  the 
motor  tract  of  the  spinal  cord  generally. 

When  chloral  hydrate  is  taken  habitually,  certain 
peculiar  effects  may  follow.  Perhaps  the  most 
common  is  some  form  of  skin  eruption,  which  is 
generally  erythematous,  though  sometimes  papular. 
In  certain  subjects,  urticaria  or  purpura  may  result; 
in  other  cases,  conjunctival  or  faucial  irritation;  in 
still  others,  dyspnea;  and  in  unique  cases,  pa  ns  in  all 
the  limbs  and  partial  paraplegia  have  clearly  been 
traced  to  chloral  poisoning  (Anstie).  Qmte  a  com- 
mon effect,  seen  even  in  cases  of  single  dosage,  is 
one  where  chloral  and  alcohol  have  been  taken  to- 
gether, namely,  deep  flushing  of  the  face  and  throb- 
bing of  the  vessels,  exactlj-  as  produced  by  amyl 
nitrite.  Prolonged  habitual  use  of  the  drug  probably 
tends  to  debase  the  mind  and  morals  of  the  subject  in 
the  same  manner  as  indulgence  in  alcohol,  ether,  or 
chloroform;  and  sudden  discontinuance,  after  a 
fixed  habit  of  e.xcess,  may  naturally  lead  to  the  same 
consequences  as  the  sudden  breaking  of  a  pro- 
nounced alcohol  habit. 

In  the  matter  of  to.xicology,  ca^es  of  fatal  or  of 
even  dangerous  poisoning  have  generally  resulted 
from  inadvertent  medicinal  overdosage.  The  small- 
est authenticated  fatal  dose  is  twenty  grains  (1.3 
grams),  and  the  fact  that  such  dose — one  less  than  the 
usual  medicinal  dose — has  killed  onlj-  emphasizes  the 
fact,  now  pretty  generally  recognized  by  the  pro- 
fession, that  individuals  show  very  different  degrees 
of  susceptibility  to  the  action  of  chloral  hydrate. 
The  condition  of  dangerous  poisoning  is  one  of  narcosis, 
distinguishable  from  the  narcosis  of  opium,  with 
which  it  is  most  likely  to  be  confounded,  bj'  the  con- 
ditions of  the  pupils.  The  pupils,  in  chloral  poisoning, 
are  either  dilated,  or  if  contracted  are  but  moderately 
so,  and  dilate  upon  the  subject's  awakening.  Very 
often,  also,  in  chloral  narcosis,  the  face  is  deeply 
flushed  and  somewhat  bloated,  the  hps  and  eyelids 
swollen,  and  the  eyes  blood-shot.  The  treatment  of 
poisoning  by  chloral  h3-drate  is  to  evacuate  the 
stomach,  best  by  the  stomach  tube,  and  to  sustain 
the  flagging  lungs  and  heart  by  artificial  respiration. 
Medicinal  respiratory  and  cardiac  stimulants,  though 
theoreticaUj'  indicated,  are  practically  of  little  use, 
because  of  the  already  hopelessly  paralyzed  condition 
of  the  tissue  upon  which  they  are  to  act. 

Therapeutically,  chloral  hydrate  is  available  to 
procure  sleep,  to  oppose  spasm,  and  to  blunt  pain. 
As  an  hj'pnotic  it  takes  front  rank  among  medicines, 
because  of  the  combined  certainty  and  yet  pleasant- 
ness of  its  action.  Yet  the  indiscriminate  use  of  the 
drug  in  all  conditions  of  wakefulness  may  easily  work 
great  harm.  Thus,  remembering  the  strong  specific 
action  of  chloral  h3'drate  to  depress  respiratory 
activity,  it  is  plain  that  in  the  restlessness  and 
wakefulness  that  result  from  dj^spnea,  in  such  con- 
ditions as  congestion  of  the  lungs,  emphj-sema,  or 
bronchitis  with  obstructed  circulation,  the  drug  is  the 
most    improper    thing    that    could    be    prescribed. 
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Similarly,  from  its  associated  cardiac  depression,  all 
conditions  caused  or  attended  by  feeble  or  embar- 
rassed circulation  contraindicate  chloral.  As  an 
antispasmodic,  chloral  liydrate  is  peculiarly  ap- 
propriate when  tlie  cause  of  the  spasms  is  morbidly 
excited  reflex  irritability  of  the  nerve  centers.  In 
tetanus  it  has  thus  worked  many  cures.  As  an 
anodj-ne  tliis  remedy  is  inferior  to  many  others,  as 
might  be  inferred  from  the  fact,  alreaily  mentioned, 
that  anesthesia  is  not  a  very  pronounced  element  of 
its  physiological  operation. 

A  special  use  of  chloral  hydrate,  not  medicinal,  5'et 
utihzed  by  the  physician,  is  as  a  preservative.  Like 
the  related  substances,  the  volatile  alcohols  and 
ethers,  chloral  hydrate  is  markedly  antiseptic,  and 
possesses  the  peculiar  feature  that,  while  preserving 
putrefiable  tissues  from  decay,  it  yet  does  not  ob- 
viously change  the  physical  appearance  of  even  the 
most  deUcate  structures.  The  agent  is,  therefore, 
peculiarly  useful  as  a  preservative  for  urines  set 
aside  for  microscopical  examination.  As  much  of  the 
drug  in  crystals  as  will  lie  on  the  thumb-nail  added  to 
about  100  c.c.  (about  fl.  5  iij.)  of  urine  will  preserve 
the  same  perfectly  for  days  or  even  weeks,  and  that, 
too,  without  affecting  the  ready  recognizability  of 
casts,  blood  or  pus  corpuscles,  epithelial  scales,  or 
spermatozoa.  Trie  addition  does  not  affect  the  heat 
and  nitric  acid  test  for  albumin,  but  it  vitiates  the 
test  for  sugar  by  Fehling's  solution,  since  a  solution  of 
chloral  hydrate  of  sufficient  concentration  will  itself 
reduce  the  copper  of  that  test  fluid.  The  antiseptic 
action  of  chloral  hydrate  is  available  for  use  in  sur- 
gerj--,  and  lotions  of  from  one  to  three  per  cent, 
strength  have  been  proposed  for  wounds.  Such 
weak  percentages  are  necessary,  else  the  application 
will  smart  and  perchance  develop  constitutional 
poisoning  by  absorption.  Edw.\hd  Curtis. 

R.  J.  E.  Scott. 


Chloral  Alcoholate.— This  body,  C^HCljO.  CHeO, 
forms  during  the  process  of  manufacture  of  chloral 
from  alcohol.  It  is  in  white  crystals,  distinguished 
from  those  of  chloral  hydrate  by  their  insolubility  in 
cold  water,  although  they  melt  on  admixture  with 
hot  water.  This  body  is  not  used  as  a  medicine.  Its 
chief  interest  arises  from  the  fact  that  it  is  formed  on 
adding  chloral  hydrate  to  alcoholic  liquids,  and  that 
it  causes  rapid  coma  and  coUapse.  Cliloral  hydrate 
added  to  beer  or  whiskey  makes  the  well-known 
"knock-out  drops''  which  are  used  for  criminal 
purposes.  W.   A.   B.\stedo. 

Chloralamid . — See  Chloralformamidum . 

Chloral-Ammonium  is  obtained  by  passing  dry 
ammonia  gas  through  a  solution  of  chloral  in  cliloro- 
form.  It  forms  colorless  needles  melting  at  S-t°  C. 
(183.2°  F.)  and  is  almost  insoluble  in  water.  Boiled 
with  water  it  forms  cliloroform  and  ammonium  for- 
mate. It  is  given  as  an  analgesic  and  hypnotic  in 
dose  of  gr.  xv.-xxx.  (1.0-2.0). 

W.    A.     B.V.STEDO. 


Chloral  Camphor. — This  name  has  been  applied  to 

the  clear  fluid  that  results  from  trituration  of  equal 
parts  of  chloral  hydrate  and  camphor.  In  the 
National  Formulary  of  1906,  it  bears  the  name  of 
camphorated  chloral.  It  is  soluble  in  alcohol,  ether, 
glycerin,  and  fixed  oils,  but  on  mixture  with  water 
suffers  precipitation  of  the  camphor.  It  possesses  the 
medicinal  properties  of  its  ingredients,  and  in  a  tea- 
spoonful  dose  in  one  case  produced  severe,  irritant, 
and  narcotic  poisoning.  Practically  its  only  use  is 
externally  as  a  counterirritant  in  toothache  and  various 
muscular  and  neuralgic  pains.        W.   A.   Bastedo. 


Chloralformamidum. — Chlorulformamide  or,  as  it 
was  formerly  called,  chloraUiinide,  is  "a  cryslullinc 
solid  made  by  tlie  direct  union  of  forinamide  and 
anhydrous  choral."  (U.  S.  P.)  Its  formula  is 
CClX'H,OH,CONH,.  The  production  of  tliis  com- 
pound is  due  to  the  efforts  of  chemists  to  introduc 
into  choral  .some  known  stimulant  to  overcome  the 
depression  of  the  circulation  that  accompanies  the 
use  of  choral.  In  addition  to  this  ab.sence  of  a  de- 
pressing effect,  other  advantages  over  choral  are 
claimed:  It  is  much  less  di.sagrecable  in  taste  and 
more  soluble,  characteristics  which  render  it  easy 
of  administration.  It  is  less  irritating  to  the  stomach, 
does  not  derange  the  digestive  organs,  and  seldom 
causes  headache,  giddiness,  or  any  disturbance  of  the 
nervous  system. 

It  occurs  in  white  crystals  which  have  a  faintly 
bitter  taste  and  no  odor,  and  are  neutral  in  reaction. 
It  is  soluble  in  ten  parts  of  cold  water  and  in  one  and 
a  half  parts  of  alcohol.  The  salt  should  never  be  dis- 
solved in  liot  water,  nor  heated  above  120°  F.,  as  at 
that  temperature  it  is  decompo-sed.  It  is  also  de- 
composed by  alkaUes  and  alkaline  carbonates.  It  is 
compatible  with  weak  acids,  which  increase  its  solu- 
bihty  and  rentier  the  solution  more  stable. 

Cliloralformamide  is  emploj-ed  as  a  sedative  and 
hjpnolic  in  all  the  conditions  in  which  chloral  hydrate 
is  indicated;  notwithstanding  its  reputed  safety  when 
there  is  cardiac  weakness,  it  is  advisable  to  employ  it 
in  such  cases  with  caution. 

The  dose  advi.sed  by  the  pharmacopoeia  is  gr. 
XV.  (1.0),  and  this  should  be  used  to  start  with. 
The  dose  usually  emploj-ed  is  somewhat  larger,  being 
about  gr.  xxx.  (2.0).  As  a  rule,  it  is  advisable  to 
begin  with  a  smallerdoseof  gr.  xv.  to  gr.  xx.  (1.0-1.3), 
when  the  insomnia  is  not  accompanied  by  pain  or 
excitement.  On  account  of  its  solubility  in  alcohol, 
cliloralformamide  is  easily  given  in  solution  diluted 
with  some  aromatic  elixir.  It  may  also  be  given  in 
cachets.  For  whooping-cough  and  other  spasmodic 
affections,  it  is  given  in  doses  of  gr.  ij.  (0.12)  every 
two  hours.  R.  J.  E.  Scott. 


Chloralose. — CgH^CljO,,  anhydro-gluco-chloral. 
By  heating  chloral  and  glucose  together  for  an  hour  at 
about  96°  C.,  chloralose  and  parachloralose  are  formed. 
The  latter  is  not  use  in  medicine.  Chloralose  occurs  in 
fine,  colorless  needles  or  small  crj-stals  of  bitter,  un- 
pleasant taste,  soluble  in  170  patrs  of  cold  water  and 
readily  soluble  in  hot  water  or  alcohol.  The  crystals 
melt  at  1S4°-1S6°  C.  (363.2°-366.8°  F.).  Following 
experiments  on  dogs,  it  was  introduced  in  1893  by 
Hanriot  and  Richet  as  a  certain  hypnotic  devoid  of 
depressing  effects  on  respiration  and  circulation.  In 
1897  following  experiments  on  man,  Richet  again  rec- 
ommended it  highlj',  yet  subsequent  investigations 
have  shown  it  to  be  extremely  variable  in  its  effects, 
and  even  unsafe  in  so  small  a  dose  as  eight  or  ten 
grains.  It  is  said  to  cause  nausea,  vomiting,  slow 
weak  heart,  involuntary  urination  during  sleep,  and 
various  nervous  .symptoms,  such  as  delirium,  tremors, 
and  paralysis.     The  clo.se  is  gr.  iij.-viij.  (0.2-0.5). 

By  treating  arabinose  and  xylose  in  the  same 
manner  as  glucose,  the  above  investigators  have 
obtained  analogous  compounds  named  respectively 
arabinoclloralose  and  xylochloralose.  The  former  is 
stated  to  (iroduce  quiet  "sleep  without  nervous  symp- 
toms and  to  be  much  less  toxic  than  chloralose. 
Xylochloralose,  however,  was  found  to  be  more  toxic 
and  less  hypnotic.  W.   A.   Bastedo. 


Chloraloximes  are  compounds  of  chloral  with 
various  oximes.  They  are  nearh'  insoluble  in  water, 
decomposed  by  hot  water,  and  soluble  in  alcohol. 
The  principal  ones  are  chloralacetoxime,  cliloral- 
camphoroxime,  chloral  acetaldoxime,  chloral  nitroso- 
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betanaphtholoxime,  chloral  benzaldoxime,  and  chloral 
acetophenonoxime.     They  all  act  as  hj'pnotics. 

W.   A.   Bastedo. 

Chloralum  Hjdratum  (U.  S.  P.). —Bee  Chloral. 

Chlorates  are  the  salts  of  chloric  acid.HClOj.  Only 
the  potassium  and  sodium  chlorates  are  used  in 
medicine. 

PoTASSimi  Chlorate:  KCIO3.  The  salt  is  official 
in  the  United  States  Pharmacopoeia  under  the  title 
Potassii  Chloras,  Potassium  Chlorate.  This  is  a 
permanent  salt,  occurring  in  colorless,  shining, 
prismatic  crystals  or  plates,  odorless,  and  having  a 
cooling,  saline  taste.  It  dissolves  in  IG  parts  of  cold 
water,  but  in  1.7  parts  of  boiling  water;  insoluble  in 
absolute  alcohol,  and  but  slightly  soluble  in  diluted 
alcohol.  If  heated  or  triturated"  with  organic  sub- 
stances, such  as  sugar,  tannic  acid,  or  cork,  or  with 
easily  oxidizable  chemicals,  such  as  sulphur  or  phos- 
phorus, a  dangerous  explosion  is  likely  to  occur.  The 
salt  should,  therefore,  be  kept  in  glass-stoppered 
bottles  and  handled  with  care. 

The  chemical  relationship  between  chlorates  and 
nitrates  is  paralleled,  as  usual  in  such  cases,  by  resem- 
blance in  physiological  action.  (See  Potassium.) 
The  present  salt  thus  closely  resembles  niter  in  its 
effects,  the  principal  difference  being  in  intensity  of 
power,  the  chlorate  being  the  weaker — a  fact  probably 
in  part  due  to  the  less  ready  solubility  of  the  salt. 
Yet  the  chlorate  is  strong  enough,  in  full  concentrated 
dose,  to  be  fatally  poisonous,  with  symptoms  of  intense 
gastrointestinal  irritation,  and,  in  too  lavish  medicinal 
use,  as  was  once  the  fashion  in  diphtheria,  to  be  the 
likeh  cause  of  much  of  the  nephritic  disorder  thought- 
lessly attributed  to  the  disease  instead  of  to  the  medi- 
cine! For,  like  the  nitrate,  the  chlorate  of  potassium 
has  a  distinct  tendency  to  irritate  the  kidneys.  Potas- 
sium chlorate  does  not  give  up  its  oxygen  in  the  system, 
as  was  formerly  belic-'.-ed.  The  only  rational  place  of 
this  salt  in  medicine  hinges  on  the  following  fact: 
The  chlorate  is  largely  eliminated  by  the  salivary 
glands,  and  probably  also  by  the  mucous  follicles  of 
the  mouth  and  pharynx,  and  in  inflammatory  condi- 
tions of  the  surface  textures  of  these  parts  distinctly 
tends  to  healing.  Sore  mouth  or  sore  throat,  catarrhal 
or  ulcerative,  is  therefore  treated  with  advantage  with 
potassium  chlorate  in  the  form  of  wash  or  gargle,  or 
in  tablets  with  or  wdthout  the  addition  of  borax;  these 
tablets  should  be  allowed  to  dissolve  in  the  mouth, 
and  are  not  to  be  swallowed  whole.  A  convenient 
practice  is  to  prescribe  a  five-per-cent.  aqueous  solu- 
tion of  the  salt,  which  is  upon  the  verge  of  a  saturated 
solution,  and  direct  this  to  be  used  as  a  mouth  wash 
or  gargle  every  two  hours,  and  at  the  same  time  a 
couple  of  teaspoonfuls  to  be  taken  internally.  Such 
quantity  will  represent  about  0.50  gram  (gr.  viij.)  of 
the  salt— a  moderate  single  internal  dose.  Of  prepa- 
rations, the  United  States  Pharmacopoeia  makes 
official  Trochisci  Potassii  Chloralis,  Troches  of 
Potassium  Chlorate,  the  ingredients  being  the  salt, 
sugar,  and  tragacanth.  Each  troche  contains  0.15 
gram  (about  gr.  ijss.)  of  chlorate.  In  ordinary  sore 
throats  or  sore  mouths,  for  the  treatment  of  which 
affections  the  preparation  is  especially  intended,  these 
lozenges,  if  allowed  to  dissolve  naturally  without 
chewing,  may  be  taken  occasionally  through  the  day. 

SoDiTOi  Chlorate:  NaClOs. — The  salt  is  official 
in  the  United  States  Pharmacopoeia  as  Sodii  Chloras, 
Sodium  Chlorate.  It  occurs  in  colorless,  transparent 
tetrahedrons  of  the  regular  system,  permanent  in  dry 
air.  It  is  odorless,  wdth  a  cooling  saline  taste.  It 
dissolves  in  about  1  part  of  cold  water,  and  readily 
in  boiling  water.  It  is  sparingly  soluble  only  in  cold 
alcohol,  and  dissolves  in  about  40  parts  of  boiling 
alcohol;  it  is  also  soluble  in  about  5  parts  of  glycerin. 
If   mixed   with    organic    substances   or   with   readily 
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oxidizable  chemicals,  such  as  sulphur  or  phosphorus, 
trituration  or  concussion  may  cause  a  dangerous  ex- 
plosion, as  in  the  case  of  potassium  chlorate.  Sodium 
chlorate  should  be  kept  in  glass-stoppered  bottles. 
Sodivuu  chlorate  has  the  peculiar  medicinal  proper- 
ties of  the  potassium  salt  except  in  regard  to  the  effect 
of  potassium  compounds  as  such.  It  is  important  only 
because  of  its  excess  of  solubility  as  compared  with 
potassiimi  chlorate.  The  medicinal  uses  are  the  same 
as  those  of  the  latter-named  salt,  which  see  above. 

Toxicology. — Owing  to  its  frequent  use  in  medicine 
potassium  chlorate  is  responsible  for  quite  a  number  of 
poisonings.  The  sodium  salt  can  be  ignored  in  this 
connection.  The  symptoms  are  those  of  gastro- 
intestinal irritation,  severe  abdominal  pain,  vomit- 
ing, and  diarrhea.  The  effect  on  the  blood  is  peculiar; 
it  exerts  a  hemolytic  action  in  the  red  blood  corpus- 
cles, and  converts  the  hemoglobin  into  methemoglobin. 
CKher  changes  chiefly  of  a  degenerative  kind  have  been 
noted  in  the  blood.  At  autopsy,  the  blood  is  of  a  choco- 
late-brown color.  The  poison  is  eliminated  almost 
entirely  by  the  urine,  and  very  slightly  by  the  saliva. 
The  minimiun  lethal  dose  is  given  by  Witthaus  as 
approximately  three  drams  (twelve  grams)  for  an 
adult,  one  and  a  half  drams  (five  grams)  for  a  chUd,  and 
fifteen  grains  (one  gram)  for  an  infant.  But  over  700 
grains  have  been  taken  without  causing  death.  The 
same  authority  outlines  the  treatment  as  follows: 
"Emetics  should  be  given  or  the  stomach  washed  out. 
Excretion  by  the  saliva  may  be  stimulated  by  hypo- 
dermics of  pilocarpin.  Stimulants  and  digitalis  are 
indicated.  Inhalation  of  oxygen  may  be  serviceable. 
Transfusion  of  blood  was  tried  in  one  case  with  results 
beneficial  at  first,  but  afterward  not  so  favorable,  and 
without  saving  the  patient."  The  chief  pathological 
changes  are  found  in  the  blood,  kidnevs,  and  spleen. 

R.  J.  E.  Scott. 

Chloretone. — Aneson,  anesin,  acetone-cliloroform; 
tertiary  trichlorbutylalcohol,  (CH3),C.0H.CC1,.  Po- 
tassium hydroxide  is  slowly  added  to  a  mixture  of 
equal  weights  of  acetone  and  cliloroform,  and  then 
steam  is  blown  through.  The  resulting  chloretone 
forms  a  white  crystalline  mass  resembling  camphor 
and  having  a  camphoraceous  odor.  It  is  slightly 
soluble  (1  in  200)  in  cold,  more  so  in  boiling  water, 
is  fairly  soluble  (1  in  10)  in  glycerin,  and  freely  .soluble, 
(3  in  2)  in  ninety  per  cent,  alcohol,  and  in  ether  and 
cUoroform.  It  is  decomposed  by  strong  sulphuric 
acid,  but  is  not  affected  by  weak  acids  or  alkalies. 

Cliloretone  is  anti.septic,  locally  anesthetic,  and 
hypnotic.  Combining  the  properties  of  an  anti- 
septic and  an  anesthetic,  it  is  of  considerable  value 
in  minor  surgery.  Kossa  and  Vamossy  found  it  to 
be  slower  in  its  action  than  cocaine,  and  somewhat 
less  penetrating;  yet  it  had  more  anesthetic  power,  as 
a  one-per-cent.  solution  was  equivalent  to  a  2.S-per- 
cent.  solution  of  cocaine.  A  lacerated  wound  or  a 
burn  .soaked  in  a  weak  solution  of  chloretone  soon 
becomes  anesthetic,  and  permits  of  incision,  suturing, 
etc.,  without  pain.  For  other  minor  operations, 
especially  about  the  mouth,  nose,  and  eye,  or  for 
circumcision,  it  is  fairly  efficacious,  and  is  used  as  in 
such  weak  solution  as  not  to  have  any  systemic  effect. 
It  is  non-irritant  and  does  not  dilate  the  pupil,  and 
being  a  very  stable  compound  its  antiseptic  power 
may  be  increa.sed  by  the  addition  of  mercuric  bi- 
cliloride,  phenol,  thymol,  etc. 

Houghton  and  also  Albrich  have  found  chloretone 
to  be  readily  absorbed  from  the  stomach,  and  rapidly 
distributed  throughout  the  body.  It  tends  to  slow 
the  heart  without  weakening  it,  and  it  has  no  effect 
on  the  arteries  or  on  the  blood.  In  animals  kiJled 
after  large  doses  the  greater  amount  of  the  drug  is 
found  in  the  brain.  It  is  sedative  and  readily  pro- 
duces hypnosis,  but  has  little  or  no  effect  on  the  im- 
portant centers  in  the  medulla  oblongata.     It  is  not 
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eliminated  as  such  by  the  kidneys,  the  skin,  or  the 
lungs,  and  as  the  clilorides  in  the  urine  are  increased 
during  its  administration,  it  is  probable  that  the  drug 
is  broken  up  in  the  system.  When  chloretone  is 
given  by  the  mouth,  the  mucous  membrane  of  the 
alimentary  canal  becomes  in.sensitive,  nausea  and 
seasickness  are  relieved,  and  in  gastric  cancer  or 
ulcer,  the  pain  and  persistent  vomiting  are  over- 
come. As  a  hypnotic,  it  does  not  irritate  the  stomach 
or  the  kidneys,  and  has  been  for  this  purpose  used 
in  cardiac  and  respiratory  diseases.     Five  to  twenty 

f rains  (0.3-1.2)  may  be  given  in  powder  or  capsule 
alf  an  hour  before  bedtime,  as  its  action  is  fairly 
rapid.  As  an  anesthetic  it  maj'  be  used  in  one- 
per-cent.  solution,  either  directly  applied  to  the 
surface  or  subcutaneously.  It  has  been  used  as 
an  inhalant  (1  part  to  50  of  liquid  paraffin)  in  rhinitis 
and  bronchitis.  \V.  A.   B.*,stedo. 


Chlorides. — The  chlorides  used  in  medicine  are: 
among  the  chlorides  of  the  hea\-j-  metals,  those,  sever- 
ally, of  iron,  mercurj-,  gold  and  sodium,  and  zinc; 
among  the  chlorides  of  tlie  alkalies,  those,  severally, 
of  sodium,  ammonium,  and  calcium;  and  among  the 
chlorides  of  the  alkahne  earths,  the  chloride  of  barium. 
TVith  the  single  exception  of  mercurous  chloride 
(calomel),  the  chlorides  of  the  heavy  metals  are  dis- 
tinguished among  their  sister  salts  for  comparatively 
free  solubility  and  great  intensity  of  action.  The 
iron,  gold,  and  zinc  chlorides  are,  furthermore,  deli- 
quescent to  a  high  degree.  For  detailed  discussion  of 
the  metallic  chlorides,  see  articles  under  title  of  the 
several  metals,  and  for  barium  chloride,  see  under 
Barium.  In  the  case  of  the  chlorides  of  the  alkali 
bases,  the  influence  over  nutrition  which  they  derive 
from  their  chlorine  element  exceeds  in  medicinal  im- 
portance what  properties  are  due  to  the  basic  radicle. 
The  chlorides  of  the  alkalies,  therefore,  may  properly 
be  regarded  as  constituting  a  distinct  group  of 
medicines. 

Sodium  Chloride. — Sodium  chloride,  NaO,  well 
known  as  common  salt,  table  salt,  sea  sali,  or  simply 
salt,  is  official  in  the  United  States  Pharmacopceia  as 
Sodii  Chtoridum.  It  occurs  as  "colorless,  trans- 
parent, cubical  crj-stals,  or  a  white,  crystalline  powder, 
odorless,  and  having  a  purely  saUne  taste.  Perma- 
nent in  drj'  air.  Soluble  in  2.S  parts  of  water  at  25°C. 
(77°  F.),  and  in  2.5  parts  of  boiling  water;  almost  in- 
soluble in  alcohol.  When  heated,  the  salt  decrepi- 
tates; at  a  red  heat  it  fuses,  and  at  a  white  heat  it  is 
slowly  voIatiMzed  and  partly  decomposed.  To  a  non- 
luminous  flame  it  imparts  an  intense,  yellow  color. 
An  aqueous  solution  of  the  salt  is  neutral  to  litmus 
paper."  (U.  S.  P.)  While,  as  described,  perfectly 
pure  sodium  chloride  is  permanent  in  the  air,  com- 
mercial table  salt,  containing,  as  it  does,  variable 
Eroportions  of  magnesium  chloride,  is  more  or  less 
ygroscopic,  becoming  damp  on  exposure  to  moist 
air.  Salt  is  the  principal  sahne  ingredient  of  sea 
water,  and  occurs  native,  also,  in  enormous  quantities 
as  a  mineral.  It  is  obtained  for  commerce  from  salt 
mines,  and  also,  to  a  certain  e.^tent,  by  evaporating 
the  water  of  the  sea  and  of  sahne  springs. 

Sodium  chloride  is  an  important  normal  constitu- 
ent of  the  body  fluids,  and  accordingly  is  harmless 
to  swallow  in  any  ordinary  quantity,  if  the  kidneys 
are  healthj'.  The  only  effects  following  its  special 
administration  are,  in  moderate  dosage,  an  improve- 
ment of  appetite  and  digestion,  and  probably  also 
a  quickening  of  assimilation  and  nutrition.  In  large 
single  doses  salt  is  decidedlj'  emetic,  especially  if 
taken  in  a  lukewarm  draught,  but  is  not  sufficientlj' 
powerful  for  urgent  requirements.  Accordingly, 
it  is  used  rather  as  an  adjuvant  to  more  active  emetics, 
than  as  itself  a  vomiting  agent.  Another  application 
of  salt  is  its  administration,  drj',  in  quantity  of  a 
teaspoonful  or  so,  in  hemorrhage  of  the  lungs,  over 


which  it  is  supposed  to  have  some  control;  but  such 
use  should  not  be  to  the  exrlusion  of  more  potent 
remedies.  In  the  matter  of  external  application,  it 
is  well  known  that  salt  water  is  more  stimulating 
to  the  skin  than  fresh,  and  that,  for  the  purpose  ol 
the  constitutional  reaction  to  tje  obtained,  salt  baths 
are  more  serviceable  than  fresh,  and  are  borne  by 
weaklings  with  le-ss  danger  of  giving  "cold."  The 
dose  of  salt  as  an  appetizer  is  about  ten  grains  (0.65) 
but  the  dosage  is  oliviously  very  indeterminable,  and 
much  may  be  left  to  individual  peculiarities  of  taste. 
As  an  au.\iliary  emetic,  210  grains  (IG.O),  may  be 
given  in  a  tumblerful  of  lukewarm  water.  For  saline 
baths  sea  water  is  best,  but  when  not  available  a  good 
substitute  is  afforded  by  a  three-per-cent.  aqueous 
solution  of  common  table  salt  (a  pound  to  four  gal- 
lons). For  the  batliing  of  sensitive  mucous  mem- 
branes, sucli  as  the  conjunctiva  or  the  Schneiderian 
mucous  membrane  in  its  upper  portion,  a  weak  solu- 
tion of  common  salt  affords  a  fluid  far  less  painful 
than  simple  water,  for  the  reason  that  such  solution 
approaches  more  nearly  the  normal  specific  gravity 
of  the  fluids  of  the  part.  The  solution  should  range 
between  one-half  and  one  per  cent,  in  strength,  but 
it  is  near  enough  for  practical  purpo.ses  to  make  the 
solution  by  adding  to  a  couple  of  fluidounces  of  water 
as  much  salt  as  will  he  on  the  thumb  nail.  For  injec- 
tion into  the  nasal  cavit}',  the  solution  should  be 
blood- warm.  The  so-called  physiological  (commonly, 
though  incorrectly,  termed  normal)  salt  solution  is  a 
0.6  per  cent,  solution  of  sodium  chloride  in  distilled 
water.  It  is  largely  employed  for  irrigation  of  sup- 
purating cavities,  cleansing  of  wounds,  hypodermocly- 
sis,  enteroclysis,  and  in  histological  technique.  It 
may  be  roughly  prepared  extemporaneously  by  adding 
a  teaspoonful  of  sodium  chloride  to  one  pint  of  boiled 
or  distilled  water. 

Ammonium  Chloride. — This  salt,  XH.CI,  commer- 
cially known  as  sal  ammoniac,  and  still  often  called  by 
the  old-fashioned  chemical  name  muriate  of  ammonia, 
is  official  in  the  United  States  Pharmacopceia  only  in  a 
purified  condition,  under  the  title  Ammonii  Chtori- 
dum. Commercial  sal  ammoniac  is  now  most  com- 
monly obtained  from  an  ammoniacal  hquor  that 
occurs  as  a  by-product  in  the  making  of  illuminating 
gas,  and  is  in  the  form  of  fibrous  crvstalline  cakes  of  a 
pecuharly  tough  texture,  making  tlie  substance  very- 
difficult  to  pulverize.  In  this  condition  the  salt  is 
contaminated  with  chloride  of  iron,  and  has  to  undergo 
a  purification  therefrom  to  fit  it  for  medicinal  use. 
The  purified  ammonium  chloride  presents  itself  as  "a 
white,  crj'stalline  powder,  without  odor,  having  a 
coohng,  sahne  taste,  and  permanent  in  the  air. 
Soluble  in  2  parts  of  water,  in  50  parts  of  alcohol, 
and  in  5  parts  of  glycerin  at  25"  C.  (77°  F.),  and  in 
one  part  of  boiling  water.  On  ignition  the  salt  is 
completely  %-olatilized,  without  charring."     (U.  S.  P.) 

Physiologically,  ammonium  chloride  seems  to  com- 
bine to  a  certain  extent  the  pecuhar  Wrtues  of  am- 
monia (see  Ammonia)  with  those  of  the  chlorides. 
In  continuous  full  dosage  it  deranges  the  stomach 
and  bowels,  exciting  vomiting  and  purging.  Its 
medicinal  apphcations  have  been  very  varied,  but 
those  which  have  best  stood  the  test  of  well-observed 
experience  are  the  use  of  the  salt  to  reUeve  nn-algia 
and  some  neuralgias,  and  to  promote  free  expectora- 
tion in  bronchial  catarrhs  in  tlie  second  stage,  especi- 
aUv  in  cases  in  which  the  secretion  is  thick,  tenacious, 
and  difficult  to  dislodge.  By  German  practitioners 
the  salt  is  much  emploj-ed  also  in  inflammatory 
affections,  generally  where  there  is  some  product  of  the 
inflammation  whose  reabsorption  is  desirable.  The 
average  dose  of  ammonium  chloride  is  gr.  viii.  (0.5) 
every  two  or  three  hours.  It  is  generally  given  in 
solution,  as  an  ingredient  of  composite  prescriptions, 
and,  since  its  taste  is  very  disagreeable,  it  is  well  to 
have  a  httle  hcorice  added  to  the  mixture  to  disgui.se 
the  flavor.     Troches  of  ammonium  chloride  are  official, 
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each  containing  0.10  gram  (gr.  iss.)  of  the  salt. 
Externally  applied,  ammonium  chloride  in  solution 
is  a  gentle  irritant,  and  an  aqueous  solution,  from  one 
to  three  per  cent,  in  strength,  may  be  used  as  a  lotion 
to  sluggish  ulcers,  etc.,  requiring  a  mildly  irritant 
impression.  A  local  apphcation  in  respiratory 
catarrhs  has  also  been  devised  whereby  the  patient 
inhales  the  salt,  formed  in  a  fine  cloud  in  air,  by  an 
arrangement  that  brings  together  the  vapors  of  hydro- 
chloric acid  and  water  of  ammonia.  Lasth',  ammo- 
nium chloride  furnishes  a  possible  means  of  applying 
cold,  since  by  solution  in  water  it  reduces  the  tem- 
perature thereof  quite  decidedh'.  Thirty-five  parts 
each  of  ammonium  chloride  and  pota.ssium  nitrate  to 
one  hundred  of  water  will  lower  the  temperature  from 
ten  to  fifteen  degrees  of  the  Fahrenheit  scale.  In  the 
absence  of  ice  such  a  mixture  may  be  put  into 
a  rubber  bag  and  applied  for  purposes  of  refrigera- 
tion during  the  time  that  the  salts  are  in  process  of 
dissolving. 

Calcium  Chloride. — Calcium  chloride.  CaCL,  "ren- 
dered anhydrous  by  fusion  at  the  lowest  possible  tem- 
perature," is  official  as  Calcii  Chloiidum.  Such  fused 
salt  occurs  in  "white,  shghtly  translucent,  hard  frag- 
ments, odorless,  having  a  sharp,  saline  taste,  and  very 
dehquescent.  Soluble  in  1.3  parts  of  water,  and  in 
8  parts  of  alcohol  at  25°  C.  (77°  F.);  in  1.5  parts  of 
boiUng  alcohol,  and  very  freely  in  boiUng  water,  usually 
leaving  a  slight  residue.  Below  a  red  heat  the  salt 
fuses,  and,  on  cooUng,  sohdifies  without  change  in 
composition."  (U.  S.  P.)  Calcium  chloride,  because 
of  its  e.xtreme  deliquescence,  must  be  kept  in  well- 
stoppered  bottles. 

Calcium  chloride  is  credited  with  increasing  the 
coagulability  of  the  blood;  and,  consequently,  it  is 
administered  in  cases  of  purpura,  hemophilia,  aortic 
aneurysm  and  internal  hemorrhages  (such  as  hemop- 
tysis and  hematemesis).  It  has  also  been  used  in 
urticaria.  In  all  these  conditions  it  is  advisable  to 
give  one  large  dose  daily  rather  than  several  divided 
doses.  Thirty  grains  (2.0)  may  be  administered;  and 
it  has  been  claimed  that  doses  of  this  size,  if  admin- 
istered for  several  daj-s  beforehand,  will  render 
Eossible  the  performance  of  surgical  operations  upon 
emophiliacs.  Calcium  chloride  has  a  decided  tonic 
effect  on  the  heart  and  blood-vessels,  and  has  been 
used  to  avert  and  to  combat  cardiac  failure  resulting 
from  post-infiuenzal  pneumonia.  In  these  cases  the 
drug  should  be  used  for  a  considerable  period  of  time, 
in  dosage  of  about  seven  grains  (0.5)  every  four  hours. 
Calcium  lactate  po.s,sesses  coagulating  properties 
similar  to  those  of  the  chloride,  and  it  is  used  in  the 
same  way.  Dixon,  however,  denies  this  property  to 
both  of  these  salts  when  administered  per  os;  but  he 
claims  that  when  injected  under  the  skin,  they  both  re- 
duce the  coagulation  time  of  the  blood  very  promptly. 

This  salt  presents  a  combination  of  an  acid  and  a 
basylous  radicle,  both  of  which  are  peculiarly  effective 
in  the  determining  of  sound  nutrition.  Accordingh* 
a  course  of  calcium  chloride  has  been  found  beneficial 
in  cases  of  indurated  and  enlarged  glands,  or  of  a 
manifest  scrofulous  cachexia,  or  of  tabes  mesenterica. 
In  large  dose  the  salt  is  a  dangerous  irritant.  The 
therapeutic  dose  is  gr.  viii.  (0.5),  dissolved  in  a  wine- 
glassful  of  tnilk  and  taken  after  eating. 

Edward  Curtis. 
R.  J.  E.  Scott. 


Chlorine. — Chlorine  is  a  greenish-yellow  gas,  soluble 
in  water,  possessed  of  a  peculiar  and  disagreeable  odor, 
and  an  intensely  irritant  action  upon  animal  tissues. 
Even  in  the  comparativelj'  weak  dilution  of  one  per 
cent,  in  air  chlorine  excites  violent  spasm  of  the  larynx, 
and  if  actually  inhaled  leads  to  irritation  and  inflam- 
mation of  the  air  passages,  accompanied,  perhaps,  bj' 
hemorrhages,  and  possibly  followed  by  death.  Habit, 
however,  establishes  considerable  tolerance,  so  that 


workmen  in  bleacheries  get  to  breathe  without  distress 
a  chlorinated  atmosphere  impossible  of  respiration  to 
one  unaccustomed.  Feebh'  chlorinated  air  excites 
only  a  glow  of  warmth  in  the  air  passages,  and  an  in- 
crease of  bronchial  mucus.  Taken  internally,  in  the 
form  of  strong  chlorinated  solutions,  chlorine  is  power- 
fully irritant  and  even  corrosive.  In  poisoning  by 
inhalation  of  chlorine,  the  sufferer  should  be  made  to 
breathe  cautiously  the  fumes  of  ammonia,  or  a  weak 
mixture  of  sulphureted  hj'drogen  in  air.  In  poisoning 
by  swallowing,  albumin  should  be  given  freely,  and 
the  lesions  treated  upon  general  medical  principles. 

Chlorine  has  a  strong  affinity  for  hydrogen,  with 
which  body  it  unites  to  form  hydrochloric  acid.  By 
virtue  of  this  affinity  chlorine  can  decompose  water, 
especially  in  the  Ught,  appropriating  the  hydrogen 
and  setting  free  the  oxygen.  Such  nascent  oxygen 
is  then  active  for  oxidizing,  and  will  attack  and  de- 
compose by  oxidation  any  organic  matter  that  may 
happen  to  be  within  reach.  Vegetable  coloring  mat- 
ters and  noisome  products  of  putrefactive  or  fermen- 
tative processes  fall  particularly  easy  prey  to  active 
oxygen,  and  as  a  result  of  their  oxidation  the  color  of 
the  one  group  and  the  smell  of  the  other  undergo  com- 
plete abrogation.  In  a  roundabout  way,  therefore, 
chlorine,  in  the  presence  of  moisture,  is  a  powerful 
bleacher  of  organic  dyes  and  a  deodorizer  of  organic 
foulness. 

Gaseous  chlorine  is  used  to  deodorize,  disinfect,  or 
both.  For  purposes  of  deodorizing  simply,  chlorin- 
ated hme  or  chlorinated  soda  is  fairly  efficient,  but  for 
aerial  disinfection  chlorine  gas  must  be  generated  in 
greater  volume  than  can  conveniently  be  gotten  from 
those  preparations.  For  a  reasonably  reliable  effect, 
chlorine  gas  should  be  evolved  in  great  excess  of  esti- 
mated minimum  percentages,  with  the  room  as  per- 
fectly closed  as  possible,  and  with  all  articles  to  be  dis- 
infected as  freely  exposed  on  aU  sides  to  the  atmosphere 
as  may  be.  Much  more  commonly,  however,  chlorine 
has  been  used  on  the  small  scale  in  sick-chambers 
while  still  inhabited  by  the  patient — a  procedure  which, 
from  the  point  of  view  of  genuine  disinfection,  is  not 
merely  futile,  but  leads  to  the  positive  danger  of  the 
omission  of  other  and  really  potent  disinfectant  meas- 
ures. Gaseous  chlorine  is  most  conveniently  gener- 
ated in  considerable  volume  by  Wiggers'  method,  as 
follows:  "Mix  IS  parts  of  finely  ground  common  salt 
with  15  parts  of  finely  pulverized  good  binoxide  of 
manganese;  put  the  mixture  into  a  flask,  and  pour  a 
completely  cooled  mixture  of  45  parts  of  concentrated 
sulphuric  acid  and  21  parts  of  water  upon  it,  and  shake 
the  flask;  a  uniform  and  continuous  evolution  of  chlo- 
rine gas  will  soon  begin,  which,  when  slackening,  may 
be  easily  increased  again  by  gentle  heat"  (Fresenius). 
According  to  Squibb,  "about  two  hundred  grains  of 
the  common  salt  mixture,  and  half  a  fluidounce  of  the 
sulphuric  acid  mixture,  liberates  in  the  course  of 
twelve  or  twenty-four  hours  about  fifty  cubic  inches 
of  chlorine,  giving  it  off  pretty  rapidly  for  the  first 
two  or  three  nours,  and  very  slowly  afterward." 

Locally,  chlorine,  applied  in  the  form  of  chlorinated 
substances  and  solutions,  operates  as  a  disinfectant, 
detergent,  and  deodorant,  and,  by  virtue  of  its  irritant 
properties,  also  as  a  stimulant  to  healthy  action  in 
wounds  and  sores.  The  United  States  Pharmacopceial 
preparations  of  chlorine,  available  for  the  purposes 
thus  suggested,  are  the  following: 

Liquor  Chlori  Compositus,  Compound  Solution  of 
Chlorine,  Chlorine  Water;  to  replace  the  Aqua  Chlori 
of  the  1S90  Edition  of  the  Pharmacopana.  "An 
aqueous  solution  of  chlorine,  containing,  when 
freshly  prepared,  about  0.4  per  cent,  of  chlorine." 
(U.  S.  P.)  Chlorine  gas,  generated  by  the  action  of  di- 
luted hydrochloric  acid  up6n  black  oxide  of  manganese, 
is  conducted  into  a  bottle  of  distilled  water  until  the 
latter,  after  agitation,  is  saturated  with  the  gas  in 
solution.  The  product,  from  its  extreme  proneness 
to  spontaneous  change,  must  be  put  up  in  "  dark,  am- 
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ber-colored,  glass-stoppered  bottles,"  and  these  eoni- 
pletelj'  filled  and  kept  in  a  dark  and  cool  place.  Chlo- 
rine water,  when  freshly  made,  is  a  "clear,  greenish- 
yellow  liquid,  having  the  sufTocatiiig  odor  atid  dis- 
agreeable taste  of  chlorine,  and  leaving  no  residue  on 
evaporation.  It  instantly  decolorizes  dilute  solutions 
of  htmus,  indigo,  and  other  vegetable  coloring  mat- 
ters." (U.  S.  P.)  Chlorine  water,  especially  on  ex- 
posure to  light,  tends  to  lose  strength  by  reason  of 
the  chlorine  decomposing  the  water,  and  uniting  with 
the  hydrogen  thereof  to  form  hydrochloric  acid;  when 
wanted  of  full  strength,  therefore,  the  preparation 
should  be  freshly  made. 

Chlorine  water  is  used  in  medicine  mainly  as  a  local 
application,  either  as  a  lotion  for  foul  or  indolent  ulcer- 
ated surfaces  upon  the  skin,  or  as  a  gargle  in  analogous 
conditions  of  the  mucous  membrane  of  the  throat.  If 
freshly  made  it  is  intolerably  pvingent  of  chlorine,  and 
should  be  diluted  severalfold  with  water  for  use. 

Calx  Chtorinala. — Chlorinated  Lime.  This  is  the 
preparation,  commonly  miscalled  chloride  of  lime, 
which  results  from  exposing  calcium  hydroxide(slaked 
lime)  to  chlorine  gas.  The  hme  absorbs  the  chlorine 
with  the  formation  of  a  pecuhar  product,  which  by  the 
standard  of  the  United  States  Pharmacop(via  should 
contain  "not  less  than  thirty-five  per  cent,  of  avail- 
able chlorine."  Chlorinated  lime  is  in  the  form  of 
"a  white,  or  grayish-white,  granular  powder,  e.vhahng 
the  odor  of  hypochlorous  acid,  having  a  repulsive, 
sahne  taste,  and  becoming  moist  and  gradually  de- 
composing on  exposure  to  air.  In  water  or  in  alcohol 
it  is  only  partially  soluble.  The  aqueous  solution  first 
colors  red  htmus  paper  blue,  and  then  bleaches  it.  If 
chlorinated  hme  be  dissolved  in  chluted  acetic  acid,  an 
abundance  of  chlorine  gas  will  be  evolved,  and  only  a 
trifling  residue  left  undissolved."  (U.  S.  P.)  Chlor- 
inated hme  undergoes  spontaneous  change  on  ex- 
posure to  air,  and  accordingly  must  be  kept  in  well- 
closed  ve.ssels  in  a  cool  and  drj'  place.  If  put  up  in 
glass-stoppered  bottles,  the  stoppers  must  be  guarded 
by  a  thin  smear  of  paraffin,  else  they  will  become 
irremovably  fixed  to  their  seats. 

The  important  chemical  reaction  upon  which  the 
medical  virtues  of  the  compound  rest  is  the  ready  de- 
composition of  chlorinated  lime  by  any  acid,  however 
weak — even  carbonic  acid — with  the  evolution  of  free 
chlorine.  Hence,  by  mere  exposure  to  the  atmosphere, 
the  preparation  continuously  disengages  chlorine 
through  attack  by  the  carbon  dioxide  ever  present  in 
the  air,  and,  if  treated  with  an  acid  of  any  power,  such 
as  hydrochloric,  nitric,  acetic,  etc.,  the  yield  of  chlorine 
is  prompt  and  decided.  Its  only  drawbacks  are  its 
chlorinous  odor,  its  powerful  bleaching  action,  and 
the  fact  that  it  attacks  metals.  For  use  as  a  disin- 
fectant or  deodorant,  chlorinated  lime  may  be  thrown 
in  bulk,  and  liberally,  down  privies,  drains,  or  sinks,  or 
into  chamber  vessels  (of  china  or  glass)  before  use;  or 
strewn,  before  scrubbing,  upon  foul  floors;  or  in  solu- 
tion, from  one  to  three  or  four  per  cent,  in  water,  used 
as  a  detergent  lotion  upon  corpses,  sloughing  wounds, 
or  strong-smelling  feet  or  armpits,  etc.  In  these 
various  applications  the  preparation  must  not  be 
appUed  strong  to  colored  or  delicate  fabrics,  lest  the 
color  be  discharged  and  the  texture  injured.  Apart 
from  its  mere  deodorant  property,  chlorinated  hme  is 
serviceable  in  promoting  health}'  action  in  sluggish 
and  foul  sores,  skin  eruptions,  etc.  For  this  purpose  a 
one-per-cent.  lotion  is  a  convenient  form  of  appUca- 
tion.  A  last  and  special  application  is  the  inhalation 
of  the  fumes  of  clilorinated  hme  in  cases  of  poisoning 
by  breathing  sulphureted  hydrogen,  as  may  occur 
to  workmen  entering  .sewers.  The  gas  is  always  im- 
mediatelj-  decomposed  by  the  chlorine  of  the  lime 
compound. 

Liquor  Sodcc  Chlorinatce. — Solution  of  Chlorinated 
Soda;  Labarraque's  Solution.  This  preparation  is 
made  by  pouring  a  boiling-hot  aqueous  solution  of 
sodium  carbonate  into  a  filtered  aqueous  solution  of 


chlorinated  lime.  The  sodium  and  calcium  change 
places,  calcium  carbonate  being  precipitated,  and  a 
chlorinated  compound  of  .sodium  analogous  in  com- 
position to  the  preexisting  calcic  rom|)ouiid,  remaining 
m  sidution.  But  the  sodium  carbonate  being  ordered 
in  excess,  some  of  this  salt,  unchanged,  remains  in  the 
preparation.  The  mixture,  after  filtration,  is  brought 
to  standard  strength  by  the  addition  of  water.  The 
product  must  be  kept,  protected  from  the  light,  in  well- 
stoppered  liottles,  and  if  these  be  glass-stoppered,  the 
stoppers  should  be  overlaid  with  a  thin  smear  of 
melted  paraffin,  else  they  will  soon  become  irre- 
movably fixed.  Solution  of  chlorinated  .soda  should 
contain  "at  least  2.4  per  cent.,  by  weight,  of  available 
chlorine."  The  preparation  is  "a  clear,  pale,  greeni.sh 
liquid,  having  a  faint  odor  of  chlorine,  and  a  dis- 
agreeable, alkaline  taste.  Specific  gravitv  about 
1.0.50  at  25°  C.  (77°  F.).  The  solution  at  first  colors 
red  litmus  paper  blue,  and  then  bleaches  it.  The 
addition  of  hydrochloric  acid  to  the  solution  causes 
an  evolution  of  chlorine  and  carbonic  acid  gas." 
(U.  S.  P.) 

Chlorinated  soda  has,  intrinsically,  properties  simi- 
lar to  those  of  chlorinated  lime,  and,  like  the  latter, 
is  readily  decomposed  by  acids  with  the  evolution 
of  free  chlorine.  Its  therapeutic  uses  are  therefore 
the  same  as  those  of  the  lime  compound.  The  solu- 
tion may  be  used  as  a  deodorant  disinfectant,  poured 
down  drains,  sinks,  or  into  chamber  ves.sels  of  crockery 
or  glass,  or,  diluted  from  five  to  tenfold,  employed  as 
a  detergent  and  gently  irritant  lotion  to  foul  ulcers, 
skin  eruptions,  etc.  Like  chlorinated  lime,  this 
solution  has  been  given  internally  in  zymotic  diseases, 
the  dose  being  fifteen  minims  (1.0),  well  diluted  with 
water,  and  repeated  every  two  or  three  hours. 

Edw.\rd  Curtis. 

K.  J.  E.  Scott. 

Chlorobrom  is  the  trade  name  of  a  preparation 
which  is  said  to  consist  of  chloralamide  ami  potassium 
bromide.  An  ounce  of  the  mixture  contains  thirtj' 
grains  of  each  of  these  ingredients  in  syrup  and  water. 
It  is  used  as  a  sedative  and  a  hypnotic;  it  is  also  a 
much  vaunted  remedy  for  sea-sickness.  The  dose  is 
four  to  eight  drams.  R.  J.  E.  Scott. 

Chlorodyne. — This  title  has  been  arbitrarily  appUed 
to  mixtures  differing  considerably  in  composition, 
none  of  them  official  in  the  United  States  Pharraa- 
copceia.  It  is  a  valuable  but  dangerous  remedy,  and  the 
physician  should  have  an  accurate  knowledge  of  the 
amount  of  morphine  contained  in  the  preparation 
before  he  uses  it.  The  dose  is  usually  given  as  fifteen 
minims;  and  in  this  dose  there  may  be  anywhere 
from  y.Vy  to  i  grain  of  morphine  hydrochloride. 
Hence,  It  is  evident  that  one  brand  of  this  dangerous 
preparation  may  be  thirty-two  times  as  powerful  as 
another  brand."  The  National  Formulary  ofTers  a 
"chloroform  anodyne"  under  the  title  Mistura  Chloro- 
formi  el  Cannabis  Indiccv  Composila.  N.  F.,  Com- 
pound Mixture  of  Chloroform  and  Cannabis  Indica. 
This  preparation  has  a  definite  composition,  and  may 
be  prescribed  as  a  safe  substitute  for  the  various  and 
variable  "chlorodynes."  Each  fluidram  of  this 
mi.xture  represents  about  seven  and  one-half  minims 
of  chloroform,  eleven  minims  of  tincture  of  cannabis 
indica,  two  minims  of  tincture  of  capsicum,  and 
one-seventh  grain  of  morphine  sulphate;  it  is  flavored 
with  oU  of  peppermint.  The  average  dose  is  thirty 
minims  (2.0).  R-  J-  K.  Scott. 

Chloroform. — Chloroform,  chemically  trichlormeth- 
ane,  CHCI3  (formerly  called  terchloride  of  for  my  I.  and, 
popularly,  chloric  ether),  is  an  ethereal  body  at  one 
time  obtained  by  distiUing  cautiously  a  mixture  of 
chlorinated  hme^  alcohol,  and  water,  but  now  most 
commonly  produced  by  the  distillation  of  acetone  with 
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chlorinated  lime.  Commercial  chloroform  is  very 
frequently  impure,  and,  though  unobjectionable  for 
external  medical  use,  or,  pharmaceuticaUy,  for  solvent 
purposes,  is  entirely  unfit  for  administration  by  inhala- 
tion as  an  anesthetic.  Under  the  simple  title  Chloro- 
foTmum,  Chloroform,  the  United  States  Pharmaco- 
poeia recognizes  a  purified  article  "consisting  of  99  to 
99.4  per  cent.,  by  weight,  of  absolute  chloroform,  and 
0.6  to  1  per  cent,  of  alcohol."  The  presence  of  alcohol 
in  purified  chloroform  is  for  preservative  purposes, 
since  absolutely  pure  chloroform  is  prone  to  sponta- 
neous decomposition.  Chloroform  is  "  a  heavy,  clear, 
colorless,  mobile,  and  diffusible  hquid,  of  a  character- 
istic, ethereal  odor,  and  a  burning,  sweet  taste.  Speci- 
fic gravity  not  below  1.476  at  25°  C.  (77°  F.).  Sol- 
uble in  afjout  200  times  its  volume  of  cold  water,  and, 
in  all  proportions,  in  alcohol,  ether,  benzene,  petro- 
leum, benzin,  and  the  fixed  and  volatile  oils.  Chloro- 
form is  volatile  even  at  a  low  temperature,  and  boils 
at  60°  to  61°  C.  (140°  to  141.8°  F.).  It  is  not  inflam- 
mable, but  its  heated  vapor  burns  with  a  green  flame." 
(U.  S.  P.)  Chloroform  is  affected  by  fight,  and  ac- 
cordingly it  should  be  kept  in  dark  amber-colored 
bottles,  which  in  turn  should  be  well  stoppered  and 
stored  in  a  cool  dark  place.  Chloroform  of  standard 
quality  is  now  readily  obtainable,  but  nevertheless, 
since  an  impure  article  is  positiveh'  dangerous  for  use 
as  an  anesthetic,  it  is  well  for  the  surgeon,  before 
using  an  unknown  sample,  to  apply  the  following 
simple  tests:  Pour  a  httle  of  the  chloroform  upon  a 
clean  piece  of  filtering  paper  (or  blotting  paper,  if 
filtering  paper  be  not  at  hand)  laid  upon  a  clean  plate 
or  saucer.  Rock  the  plate  from  side  to  side  till  the 
chloroform  is  evaporated,  and  as  the  odor  of  the 
chloroform  disappears  there  should  be  no  adventitious 
smell  left  to  f  oUow  it.  Ne.xt,  shake  thoroughly  in  a  test 
tube  a  portion  of  the  chloroform  with  an  equal  vol- 
ume of  distilled  water,  and  allow  the  two  fluids  to 
separate  by  standing.  The  upper,  aqueous  portion 
should  then  not  redden  htmus  paper,  nor  be  affected 
by  a  five-per-cent.  solution  of  either  silver  nitrate  or 
potassium  iodide. 

In  its  action  upon  the  animal  economy,  chloroform 
combines  the  properties  of  an  irritant  and  a  specific 
neurotic.  It  is  a  substance  of  high  diffusion  power, 
and  hence  capable  of  rapid  and  intense  action.  Ap- 
pUed  pure  to  the  skin  in  such  manner  as  to  prevent 
its  being  dissipated  by  evaporation,  chloroform  ex- 
cites redness  and  burning  pain,  readily  followed,  if  the 
application  be  prolonged,  by  blistering.  Absorbed 
into  the  blood  it  produces  profound  perversions,  of 
which  the  most  important  are  derangement  of  the  cere- 
bral faculties,  beginning  with  emotional  excitement 
and  ending  in  entire  unconsciousness;  derangement 
of  sensation,  shown  most  markedly  in  exaltation  of 
the  hearing  and  dulling  of  the  tactUe  sense;  and 
derangement  of  motility — first  tremblings,  or  even 
spasms,  and  exaltation  of  reflex  activity,  and,  later, 
paresis,  paralysis,  absolute  muscular  relaxation  and 
abolition  of  the  reflexes,  and  finally,  if  the  dose  be 
sufiBcient,  arrest  of  action  of  heart  and  lungs. 

For  the  anesthetic  use  of  chloroform,  see  Anesthe- 
sia, General  Surgical. 

Elimination  of  absorbed  chloroform  is  principally 
by  the  lungs  and  kidneys,  and  the  greater  bulk  of  the 
poison  escapes  unchanged. 

The  therapeutic  applications  of  chloroform  are  locally 
as  an  addition  to  hniments  for  rubefaction,  or,  in  di- 
lute mixture,  as  an  anodyne  for  the  reUef  of  itching 
or  of  surface  pains;  by  the  stomach,  principally  as  an 
antispasmodic,  notabh'  in  intestinal  coUcs,  where  the 
power  of  cliloroform  is  unrivalled;  and  by  inhalation, 
as  an  antispasmodic,  an  anodyne,  or,  carried  to  full 
narcosis,  as  an  anesthetic  in  surgical  procedures. 

For  the  local  uses  of  chloroform  the  United  States 
Pharmacopoeia  offers  Linimentum  Chloroformi,  Chloro- 
form Liniment,  a  preparation  compounded  of  chloro- 
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form,  three  parts,  and  soap  hniment,  seven  parts,  by 
measure.  In  continuous  apphcation  as  an  anodyne, 
this  liniment  should  be  applied  under  some  air-proof 
texture  to  prevent  the  dissipation  of  the  chloroform 
by  evaporation.  Chloroform  is  also  much  used  as  a 
local  anodyne  in  the  form  of  an  extemporaneous  oint- 
ment, made  bj^  incorporating  one  part  of  chloroform 
with  eight  or  nine  parts  of  some  simple  fatty  basis. 
For  giving  by  the  stomach,  chloroform  itself  may  be 
prescribed  in  extemporaneous  mixture  with  glycerin, 
mucilage,  or  syrup.  The  dose  ranges,  for  an  adult, 
from  a  few  drops  to  a  teaspoonful.  The  latter  dose, 
however,  is  a  large  one:  it  will  be  apt  to  produce  de- 
cided narcotic  symptoms,  and  often,  also,  vomiting. 
If  ordered  by  drops,  it  must  be  remembered  that  the 
drop  of  chloroform  is  unusually  small,  the  number  re- 
quired to  fill  the  measure  of  4  c.c.  (fl.oi.)  ranging  from 
one  hundred  and  eighty  to  two  hundred  and  seventy, 
according  to  the  circumstances  of  the  dropping.  Most 
commonly  chloroform  is  given  internally  in  the  form 
of  one  or  other  of  the  following  official  preparations  of 
the  United  States  Pharmacopoeia:  Spiritus  Chloro- 
formi, Spirit  of  Chloroform.  This  is  a  solution  of 
chloroform  in  alcohol  of  the  strength  of  six  per 
cent,  of  chloroform  by  measure.  Dose,  tliirty  minims 
(2.0),  diluted  in  some  form  of  mixture.  Emulsum 
Chloroformi,  Emulsion  of  Chloroform,  is  compounded 
of  chloroform,  expressed  oil  of  almond,  tragacanth, 
and  water,  the  chloroform  being  present  in  the  pro- 
portion of  four  parts,  by  measure.  This  emulsion 
keeps  well,  dilutes  smoothly  with  water,  and  so  forms 
a  convenient  preparation  for  the  giving  of  chloroform. 
Since  it  contains  no  alcohol,  the  dose  may  be  propor- 
tionately greater  than  that  of  the  spirit  just  described, 
and  is  given  in  the  Pharmacopceia  as  5ij  (8.0). 
Aqua  Chloroformi,  Chloroform  Water.  This  is  simply 
a  saturated  solution  of  chloroform  Ln  distilled  water, 
and  is  necessarily  a  feeble  preparation,  since  chloro- 
form dissolves  in  water  but  sparingly  (1  part  in 
200).  The  water  may  be  given  by  itself  in  doses 
of  one  or  two  tablespoonfuls,  but  it  is  more  commonly 
used  as  a  watery  menstruum  in  composite  prescrip- 
tions, wherein  the  chloroform  of  its  composition  acts 
as  a  preservative. 

ToxicoLOGT. — In  the  matter  of  the  toxicology  of 
chloroform,  the  first  point  to  note  is  that  chloroform 
taken  by  swallowing,  even  undiluted,  is  much  less 
dangerous  than  would  be  supposed.  The  smallest 
fatal  dose  of  which  the  writers  have  read  was  a  dram 
taken  bj'  a  child  four  years  old  (Taylor).  Witthaus 
says  that  the  smallest  quantity  of  which  he  can  find  rec- 
ord as  having  certainly  caused  the  death  of  an  adult, 
is  six  fluidrams  (24.0).  On  the  other  hand,  cases 
have  been  reported  of  recovery  after  doses  of  from 
half  an  ounce  to  four  ounces.  The  symptoms,  in 
poisoning  by  swallowing,  are  the  production  of  a  nar- 
cosis generally  similar  to  that  induced  bj'  inhalation  of 
chloroform,  accompanied  in  many  cases  by  gastric 
troubles  due  to  the  direct  irritation  of  the  potion. 
The  treatment  must  be  conducted  upon  general  prin- 
ciples, since  there  is  no  chemical  antidote  to  the  drug. 
Belonging  to  the  subject  of  toxicology  is  the  ques- 
tion whether  it  is  possible  to  narcotize  a  sleeping  person 
by  chloroform  inhalation  without  the  subject's  first 
awakening  from  the  natural  slumber  so  as  to  become 
cognizant  of  the  attempt.  From  recorded  cases  and 
the  results  of  experiments,  there  seems  to  be  no  doubt 
but  what  the  question  is  to  be  answered  in  the  affirm- 
ative, if  the  subject  is  in  sound  slf.ep  when  the  adminis- 
tration is  made.  But  otherwise  the  attempt  wiU 
certainlj'  be  recognized.  Probablj'  sleeping  children 
may  be  more  easily  rendered  unconscious  by  chloro- 
form than  adults;  and  children  have  in  tliis  way  been 
anesthetized  for  surgical  operations. 

Edw.^^rd  Curtis. 

R.  J.  E.  Scott. 
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